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LO1 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 st dung chua hop 1y, ding trude nguy co mot
ngay nao do chung s€ can kiét nhién liéu hoa 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 chiéu co cau trdc tir khang cho 6t6 dang duoc sir
dung rong réi. La loai dong co wu viét dung cho 6t trong thoi diém hién tai,
Véi cau triic don gian nhung van dé hoat dong trén dai tbc d6 cia dong co rat
rong ludn 1a muc tiéu tim hiéu. Vi vay em dugc bo mon giao cho dé tai: “Tim
hiéudéng co tir Khang va tir khang co cdu trac méi sie dung cho 6 té dién”.

D6 4n gom 3 chuong:

Chuong 1:Tdng quan tinh hinh nghién ctu 6 t6 dién trén thé gigi
va tai Viét Nam

Chuong 2:Tim hiéu dong co tir khang

Chuong 3:Tim hiéu dong co tir khang cd cau tric méi sir dung
cho 6 t6 dién

Em xin cam on céc thay cd trong bo mén Pién Tu Pong Cong Nghiép
va dac biét 1a thay GS.TSKH Than Ngoc Hoan da hudng dan nhiét tinh, cing
véi qué trinh tim hiéu cta ban than gitp em hoan thanh ban do an nay.

Hai Phong, ngay ... thang... nam....

Sinh vién



CHUONG 1.

TONG QUAN TINH HINH NGHIEN CcUU O TO BIEN
TREN THE GIOI VA VIET NAM

1.1. SO LUQC VE LICH SU O TO PIEN
1.1.1. Thoi ky dau

O t6 dién khdng phai 1a mot khai niém méi ma trén thuc té da co lich
sir 1au doi. Tur dau thé ky 19, xe chay bang ngudn ning luong dién da co vi
thé canh tranh tuong duong véi xe chay bang dong co hoi nuéc.

Vao khoang nhiing nam 1832 va 1839, Robert Anderson nguoi
Scotland dd phat minh ra loai xe dién chuyén ché dau tién. Nam 1842, hai nha
phat minh nguoi My la Thomas Davenport va Scotsmen Robert Davidson tro
thanh nhitg nguoi dau tién dua pin vao st dung cho 6 t6 dién. Bén nhiing
nam 1865, Camille Faure da thanh cong trong viéc nang cao kha nang luu trir
dién trong pin, gilp cho xe dién co thé di chuyén mot quang dudng dai hon.
Phéap va Anh 1 hai qubc gia dau tién dua 6 to dién vao phat trién trong hé

théng giao thong vao cubi thé ky 18.

Hinh 1.1. a) Chiéc xe dua La Jamais Contente (1899)



b) Edison va chiéc xe Detroit (1914)

1.1.2. Suy yéu va bién mat

Dén dau thé ky 20, 6 to dién tro nén yéu thé so voi 6 td st dung dong
co dét trong do nhitng nguyén nhan chinh sau:

- Va0 thoi diém nay, ngudi ta da tim ra nhitng mo dau 1on trén thé gioi
dan dén viéc ha gia thanh cua dau va cac san pham dan xuat trén toan cau.
Van dé nhién liéu cho xe chay dong co dét trong tré nén don gian.

- Vé gia thanh, nam 1928, mot chiéc xe chay dién co gia khoang 1750
USD, trong khi d6 mét chiéc xe chay xing chi c6 gia khoang 650 USD.

- Vé mat ki thuat, cong nghé ché tao dong co ddt trong va cong nghiép
6 t6 cO nhitng tién bd vuot bac: Charles Kettering di phat minh ra bd khai
dong cho xe chay xang, Henry Ford di phat minh ra cac dong co dbt trong c6
gia thanh ha, v.v.

Két qua 12 dén nam 1935, 6 t6 dién dd gan nhu bién mat do khéng thé

canh tranh duoc véi xe chay dong co dot trong.



1.1.3. Sw tré lai va phét trién

Bat dau tur thap nién 60, 70 cua thé ky trudc, thé gisi phai d6i mat véi
hai van dé Ién mang tinh toan cau:

- Van d& ning luong: cac ngudn ning lwong hda thach nhu dau mo,
than d4 khong phai 1a vo tan, ching cd kha ning bi can kiét va khdng thé tai
tao dugc. Cac phuong tién giao théng sir dung tryuc tiép ngudn ning lwong nay
(xang, dau) chac chan s& khong ton tai trong twong lai. Trong khi dé, dién
nang la loai nang luong rat linh hoat, n6 c6 thé duoc chuyén hoa tir nhiéu
ngudn ning lugng khac, trong d6 co cac ngudn ning lugng téi tao vo tan nhu
nang luong gid, mat troi, song bién, v.v. Do vay, cac phuong tién st dung
dién 1a phuong ti¢n cua tuong lai.

- Véan dé& méi trudng: khong kho dé nhan ra ring moi truong hién nay
dang bi 6 nhiém nghiém trong, ma mot trong nhitng nguyén nhan chinh 1a khi
thai tir cac phuong tién giao thong, dic biét 1a 6 t6 . O to dién 14 16i giai triét
dé cho van dé nay do n6 hoan toan khong cé khi thai.

Nhu vay, ta thay rang 6 to dién la giai phap tdi uu cho ca hai van dé
l6n, d6 13 1y do khién né tré thanh méi quan tam dic biét tir nira sau thé ki 20
tro lai ddy, va cang ngay cang tré thanh méi quan tdm Ion cta nganh céng
nghiép 6 t6 va cac nha khoa hoc trén toan thé giéi.
1.2.TINH HINH NGHIEN CUU VA PHAT TRIEN O TO PIEN TREN
THE GIOI
1.2.1. Hoa Ky

Nam 2009, trong chuyén thim Trung tim Nghién ctru O t6 dién Edison
tai mién Nam California, tong thong My Barack Obama da duyét khoan chi
2,4 ty d6-la cho viéc nghién ciru 6 t6 dién. Khoan chi tir ngan sach nay duogc

phan bd nhu sau:



2,4 ty do-la

cho 0 t0 dién

}

A 4 A 4
500 tri¢u do-la 1,5 ty do-la A an .
A L 400 triéu do-la cho viéc
cho viéc nghién ciru céac cho viéc nghién ciru A . oA
. X an " A 1 K A nghién ciru cac van dé veé
hé truyén djng sir hé thong nguon X x .
a 24 x ‘n co’ s6 ha tang nhu cac
dung dong co di¢n, nang lugng hi¢u P
X tram nap ac quy, .v.v.
V.V suat cao

Tir co cau khoan chi trén, ta thay rang nguon niang luong va hé truyén
dong 1a nhitng van dé then chdt trong nghién ciru 6 t6 dién.
1.2.2. Chau Au

Tai Chau Au, xe plug-in hybrid va cac bo bién doi dién tir cong suat 1a
nhitng van dé chinh duoc quan tdm nghién ctu. O t6 dién lai (plug-in hybrid
electric vehicle) 1a loai xe sir dung hdn hop ca ning luong xing va dién nhu
tén goi “hybrid”. Thuat ngir “plug-in” cho biét rang xe c6 b nap tich hop san,
ngudi dung chi can cidm dién vao ngudn ludi dan dung ma khong can mot bo
nap bén ngoai. Mot sé6 dong xe hybrid da duoc luu hanh tai Viét Nam nhu

Toyota Prius, Ford Escape Hybrid, Honda Civic Hybrid, v.v.
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Hinh 1.2.Cau hinh xe plug-in hybrid.



1.2.3. Nhat Ban

Tai Nhat Ban, cac hdng 6 to I6n dang lan lugt dua cac miu xe thuan
dién (pure Evs) ra thi truong. Nissan “tréng giong ¢ mé” voi Nissan Leaf,
tuy vay Mitsubishi méi 1a hing dau tién tung ra xe dién thuong pham vai i-
MIEV. Xe i-MiEV d3 duogc gisi thiéu ¢ Viét Nam tai trién 1dm O t6 Vietnam
Motor Show 2010.

Dé c6 thé dua ra thi trudng mau xe 6 t6 dién i-MIiEV, hang Mitsubishi
Motors da mat hon 40 nam nghién ctu. Tur khi 4p u nhiing ¥ tuéng dau tién
vé xe 0 to dién, chinh thuc bat dau nghién cau tr nim 1966, cho dén nay,
hang Mitsubishi Motors da ché tao ra 10 mau xe concept véi hon 500.000 km

chay thir nghiém trén toan cau.

Hinh 1.3.Xe 6 t6 dién i-MiEV dugc dua ra thi truong.

Trong gisi nghién ctu, cac truong dai hoc 16n & Nhat déu cd nhiing
phong thi nghiém, trung tam nghién ctu vé 6 to dién. Trung tm nghién cau
dué6i sy lanh dao cua Gido su Yoichi Hori (sau ddy goi tat 1a Hori-Lab) tai
Vién Khoa hoc Cong nghiép, Truong Pai hoc Tokyo la mét trong nhitng don
vi tién phong nghién cau vé xe dién tai Nhat Ban. Nhitng nghién ctu cua
Hori-Lab tap trung vao 2 linh vuc chinh: (1) Diéu khién chuyén dong (Motion
Control) va (2) Hé théng niang luong cho xe (Vehicle Power System).



Linh vuc (1) diéu khién chuyén dong duogc thuc hién véi nhitng nhanh
sau:

- Piéu khién chuyén dong bam mat dudng.

- Piéu khién 6n dinh dong hoc than xe trén co s& quan sat cac bién
trang thai va quan sat nhiéu.

- Piéu khién hé thong lai.

Linh vuc (2) nghién ctu hé théng niang luong cho xe dwogc tap trung
vao hai nhanh chinh:

- Str dung céng nghé siéu tu dién (Ultra-capacitor) tich trir nang luong.

- Sir dung cdng nghé truyén tai dién khong day (Wireless Power
Transmission).

Cac nghién ciu cua Hori-Lab déu duoc thyc nghiém trén hé théng xe
dién thi nghiém xay dung tai trung tam gom xe UOT Electric March I, 1l st
dung ngudn ic quy va hé théng xe dién nho COMS 1, 2, 3 chay hoan toan

bang siéu tu dién.

Hinh 1.4. (a) Xe dién nh6 COMS3 sur dung siéu tu



(b) Xe dién UOT Electric March 11

1.2.4. Han Quéc va Trung Quéc

Cong nghé truyén tai dién khong day ¢ng dung trong xe dién dugc khai
thac manh mé boi cac nha nghién cau thuoc Vién Khoa hoc va Coéng nghé
tién tién Han Quédc (KAIST) véi dyu én ché tao xe dién nap ning luong tir
du6i dat trong sudt qua trinh hoat dong (OnLine Electric Vehicle — OLEV).
Céc san pham xe bus dién thudc du an nay dang chay thir nghiém rat tbt trong
khuon vién cua KAIST va Cong vién Grand Seoul.

Pin cho triong hop khan cap Duong day dién

Thiét b cho xe khach giup
dat cong suat cao

Hinh 1.4.Xe dién OLEV nap dién khdng day online tai KAIST
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Tai Thuong Hai, Trung Quéc, xe bus dién sir dung siéu tu cua hidng
SINAUTEC dang gay tiéng vang manh mé. Siéu tu duoc nap nhanh chéng tai

mdi diém dirng caa xe bus.

Hinh 1.5. Xe bus dién sir dung siéu tu tai Thuong Hai.

1.2.5. Xu thé phat trién cia o to dién

Theo thoi gian, ta c6 mot s6 mbc du doan nhu sau:

- Cudi nam 2010: Mot s6 6 to dién da duoc gioi thiéu va xuat hién trén
thi truong.

- Nam 2011: Rat nhiéu hang s& cho ra doi san pham 6 to dién (theo cac
tuyén bé trude do).

- Nam 2015: Chau A — Thai Binh Duong sé la thi truong 16n nhat vé 6
to dién.

Vé ciu hinh xe, cac chuyén gia déu thong nhat ring 6 to dién thuan
(pure EV) 1a diém phat trién cao nhat cua 6 to dién, cac cau hinh xe lai
(hybrid) chi 1a budc dém vé cong nghé trong qua trinh qua do tir xe chay dong

co d6t trong 1én xe dién.
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1.3.0 TO PIEN TAI VIET NAM

Trong khi 1an séng nghién ctru 6 t6 dién dang ndi 1én manh mé trén thé
gidi thi tai Viét Nam, d6i twong nay chua nhan duoc Sy quan tim thich dang
cua cac nha khoa hoc, giéi doanh nghiép cling nhu cac nha lam chinh sach.
Qua khao st tinh hinh nhitng nam vira qua, ¢ thé khang dinh rang & Viét
Nam chua hé c6 mot nghién cau ndo thuc su bai ban, khoa hoc va mang tinh
hé théng vé 6 to dién.Trong vai nam trd lai diy, mot s6 san pham xe dién
mang tinh thr nghiém da dugc nghién cau ché tao boi cac nha khoa hoc va
nhitng nha sang ché khdng chuyén Viét Nam. Mot sé san pham mang tinh sao
chép don thuan, ché tac lai vé miu mi va sau d6 ciing khong tiép tuc phat
trién. Co6 thé ké ra mot sé san pham do ngudi Viét tu thiét ké va ché tao, nhu
nam 2008, 6ng Tran Van Tam song tai Ci Chi — thanh phé HO Chi Minh da
tu nghién cau va ché tao xe dién 3 banh c6 stc chira 3 ngudi, toc d6 35km/h,
sir dung dong co mot chiéu 48V — 800W, 4 ac quy khd 12V/50Ah, chay 40km
nap mot lan. Pay 1a thanh céng dang khich 18 doi voi mot nha sang ché
nghiép du, tuy nhién nhiing chi tiéu chat luong cua xe con thap, xe duoc ché
tao voi phuong phap mang tinh k¥ thuat, chua c6 ham lugng khoa hoc va quy
trinh céng nghé.

Trong khi thé gioi di co nhitng budc tién 16n trong cong nghé ché tao 6
t6 dién, Viét Nam cho dén nay van dung ngoai dong chay cua xu thé tat yéu
nay. Néu khdng nhanh chéng trién khai nghién ciru, nudc ta sé lai tiép tuc bi
1& thudc vao thé gioi. O to dién gop phan giai quyét van dé Un tic giao thong.
Un tic giao thong tai Viét Nam dang 1a mot van nan, su bung nd vé sé luong
xe 6 t6 12 mot trong nhitng nguyén nhan chinh cua van dé nay. O t6 dién di
nhién khdng thé giai quyét tron ven bai toan phtc tap nay, nhung co thé gop
mot phan vao 10i giai ma bay lau nay chung ta dang dau dau tim kiém. Céc

cong nghé tro 1ai dién, diéu khién doc 1ap 4 banh, v.v. cho phép nguoi 1ai diéu

12



khién 6 t6 dién rat linh hoat, co dong, phi hop véi cac con dudng nho va hep

(so véi nude ngoai) ¢ Viét Nam.
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CHUONG 2.
TIM HIEU PONG CO TU KHANG

2.1.GIOI THIEU

May dién (PM) nam cham vinh ciu dya trén nguyén tic cua sy tur
thong dong ngit da duoc nghién cau trong nhiéu thap ky. N6i chung, cac loai
may d6 c6 mot rd to cuc 16i va cac nam cham dit trén phan tinh. Mot may
phat mot pha c6 tir thong dong ngit da dugc md ta trong [1] va duoc tiép tuc
nghién cau trong [2]; May phét ba pha tir thong dong ngat dya trén nguyén
tac tir thong dong cuc va nguyén tac tir thong ludng cuc gan day da dugc mo
ta trong [3] - [5] va [6] - [8], tuong tng; Cc&c loai m&i cua mot pha va may PM
tir thdng dong ngit 3 pha trong d6 c6 mot cip nam cham vinh ctru duoc dat
trén bé mat caa mdi ring stato di duoc trinh bay twong ung trong [9] va [10],
, trong khi d6 tinh chét cua caa dinh luat tré (mot loai may c6 tir thong dong
ngat dugc han ché goc) da duoc nghién cau trong [11]. Vé mat Iy thuyét, cac
loai nhu may co tir thong dong ngat co thé dugc kich thich bai cuén day mang
dong [12] - [16], nam cham vinh ctu [1] - [11], hodc két hop ca hai [17], [18].

Hinh. 1(a) cho thay mot may PM tir thong dong ngat 3 pha dién hinh
[6] - [8] cua céc loai may dugc nghién ctru trong dd an nay. Loi thép cia nam
stato cyc 16i 1a 14 thép mong hinh chit U, giira cac 1a thép dat cac phan tar nam
cham hinh tron nhiém tr trén co sé tir nam cham bén canh. Cudn day stato |
cudn day tap trung. Mdi cudn day duoc quan 1én mot ring hinh thanh boi 2 14
thép canh nhau va mot nam cham. Nam cham cyc hién giong nhu dién tur
khang déng ngat sé lwong cuc cua rd to va sé rang cua stato khac nhau bai 2.
Mic dau vay so sanh véi loai PM khong chéi than thuong dién tich ranh giam
hon khi nam cham chuyén dich tir rd to sang stato, cai d6 1am giam nhiét dé
hon va vi vay nhiét ¢6 nam cham giam.Hon nita su tap trung tir thdng c6 thé
dé dang ap dung do d6, nam cham ferrite chi phi thap c6 thé duoc st dung

[6].

14



(b)

Hinh. 2.1. So sanh cia may PM tir thong dong ngat 3 pha va may PM cuc 16i
kép. (a) may PM tir thong dong ngit (stator 12 rang/ rotor 10 cuc), (b) may

nam cham vinh cttu ndi bat gap doi (stator 12 ring/ rotor 8 cuc).

Ngoai ra, do cac cuén day va nam cham duoc kich tir song song mot
cach c6 hiéu quachtr khdng phai mac ndi tiép nhu may PM thong thuong phan
ing phan ung 1én diém lam viéc cua nam cham gan nhu duoc loai bo.Két qua
13, tai dién va kha ning mo-men cu thé cuia may PM tir thong dong ngiat c6
thé rat cao. Ngoai ra, dién cam mdi cudn day do bang dai luong tuong ddi cao
c6 thé dé dang dat dugc. Do d6, loai may nay rat thich hop cho cac hoat dong

cong suat khong doi o téc do cao tuc l1a cd kha nang nhu lam yéu tir trudng.

CAu tric cua may PM tir thong dong ngit twong tu VGi cau trdc cua

may PM r6 to cuc 16i kép [3]-[5] cho & Hinh. 1(b), trong dé cuc tir cua stato

15



va cuc 16i rd to trong ca 2 may dat ¢ stato két qua 1a mé men cha yéu tir sy

kich tir m6men nam cham vinh ctru, tic 1a, mé-men dao dong co thé bo qua.

15
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Hinh 2.2. Phan tich phan tir hitu han da chuan hda lién két tir thdng pha va
dang s6ng phan sdd. (a)May PM tir thong dong ngit. (b) May PM cuc 16i kép

Tuy nhién dang tir thdng moc vong pha cua may PM tir thong dong
ngat 1a ludng cuc. Vi vay suc phan dién dong cua no khong doi va kha nang
md men Ién hon cta loai PM cuc 16i kép tir thong ctia nd cé dang song don
cuc. Str dung phan tir hitu han tinh toan du bao dién hinh tir théng méc vong
va sdd cua 2 loai may: tir thong déng ngat va loai cuc hién kép cho ¢ Hinh 2.1
dugc so sanh trong Hinh.2.2. Nhu chiing ta thdy dang song sdd cua may PM
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tir thong dong ngit cd dang hinh sin con sic phan dién dong cua cia may PM
cuc 16i kép c6 dang hinh thang, diéu d6 cho thdy may PM tir thong dong ngit
phu hop hon véi hoat dong cia may khdng chdi than mot chiéu.

Nguyén ly cia may PM tir théng dong ngét nghién ctu & [6]-[8] va [9],
[10] trén co s& 1a khoang cach mdi cuon day 1a bang budc cuc. Tuy nhién
trong [6]-[8] mdi cudn day bao boc 2 moé dun 1a thép va mot nam cham don
nhu trong Hinh. 2.3(a), va tir thong duoc tao ra bai nam cham va cudn day la
song song, trong [9], [10] mot cap nam cham dwoc gan trén mat caa mdi ring
stato va tir thong dugc tao ra bai nam cham va cudn day la ndi tiép. Két qua
1a, may tir thong dong ngat [9], [10] c6 cam ung tir cudn day nho va nam
cham c6 thé bi ton thuong cho viéc khir tir khdng thé dao nguoc va cé thé lam
giam ton hao dong Fuco Ion va kinh nghiém luc tir ban kinh twong ddi 16n
nhu nd duoc tryuc tiép 16 ra su thay doi tro tir cua rd to c6 cuc 16i. Tuy nhién,
nhitng van dé nay phan I6n duoc phac phuc trong cac may PM tur théng ngat
mach duoc mé ta trong [6]-[8], trong d6 cic nam cham ciing d& dang hon dé

gan két.
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3
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1890 150° 1599 1200 990 699 399 L

(b)

=
M

Hinh 2.3. M6 hinh may PM tir thong dong ngat trong toa do hinh chi
nhat. (a) Rotor tai 0 do. (b) rotor tai 9 do
Mic du phuong phap phan tir hitu han duoc sir dung rong rai dé phan
tich hiéu suat dién tir caa may dién [4], [6], tham sé tap trung md hinh mach

tir thuong dugc wa thich ¢ gian doan thiét ké, vi duy, dé tinh toan cac dang
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s6ng phan dién dong, cudn day cam khang, va dic tinh mé-men xoian tinh [5],
[19], [20]. Do dé, trong dd &n nay, tham sé tap trung mé hinh mach tir phi
tuyén duoc phét trién, dé du doan hiéu suat dién tir tit may tir thong ngat

mach.

Du doan su phéan chia tir truong tai khe hd khéng khi, dang séng phan
dién dong, cudn day cam khang va mo-men xoan dién tir duoc x4c nhan boi
ca phan tich phan tir hiru han 2D va 3D va cac phép do trén may PM tir thong
ngat mach 3 pha, 12 ranh, 10 cuc. Ngoai ra, hiéu tng cudi va céc théng sb
thiét ké ti uu, nghia la do rong cuc roto, do rong phan khuc rang stator va ty
I& phan chia (vi dy, ty 1¢ bén trong t&i duong kinh stator bén ngoai) da diéu
tra, bang cach st dung tham sé tap trung mé hinh mach tir d3 dugc phét trién

va phan tich phan tir hitu han.

2.2.MO HINH MAY PM TU THONG PONG NGAT

Mot may dién tir thong dong ngat 3 pha 12 ranh 10 cuc chi ra &
Hinh.2.4(a) 1a d6i xang 180° . Vi vay ta chi can mé hinh mot nira may. Hon
nira do s6 luong cuc va ranh nhiéu nén may co thé dugc mé hinh hda trong hé
toa do hinh chir nhat, ma khong lam anh huéng dén do chinh xac, nhu s&
duogc thdy sau khi so sanh véi du doan phan tir hitu han. Phuong trinh co ban
ma diéu chinh mdi phan tir ciia tham sé tap trung mé hinh mach tir duoc tinh

bang:

= F (1)

Trong d6 ®, A va F lan luot 12 tir thong, do tham tir va luc tir dong

tuong tng:
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A=mm? (2)

=N

HIHII

(a)

(b)
Hinh 2.4. Phan bé tir trudng md mach. (a) Phan bé tir trudng ma mach.

(b) Bon gian hoa duong tur thong trong vung khe ha khong khi
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X1

]

Hinh 2.5. Dic trung d tir tham tai khe hé khong khi

X,

@Ay = (0LaX1)/(9)- (0) Az = (2hoLa)/(@In (1 + 70,
(A5 = (oLa)/(M)In (1 + =23, (d) Ay = ZEe— 4+ 2g.

(e) As = 0.26pyL,.

Nhu da dé cap trong phan giéi thiéu, may PM tir thong déng ngat duoc

xem xét, tir théng nam cham va tir théng cudn day 1a song song, va su bién
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d6i cuia mat do tir thdng trong cac nam cham la rat nho. Nhu vay, nam cham

vinh ctu chi ¢6 thé duge md hinh hoa nhu mot std tuong duong :

B,
Fn = (3)
va do tir thdm Hrtto
1
Am = pirtio E" 1 (4)

Trong d6 hy, va I, 1a do day nam cham va chiéu rong twong tng, va B,
cam tng tur du.

Trong mdi khe startor, std MMF, E,, 1a duoc cho bai :

Fy = (li = I2)N¢ (5)
Trong d6 N, 1a s6 vong cudn day, va I, va I, 1a dong dién pha trong cac

cudn day duoc cung cap chd & trong cac ranh.

(b)

Hinh 2.6. Pon gian héa dudng tir thong ton hao. (a) Ton hao tir thdng trong
mat phang r — 8. (b) T6n hao tir thdng trong mit phang z — 6.
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Trong khi d6 tham tir cua ving sét tir va nam cham vinh ctru 13 twong

d6i dé dang dé xac dinh, d6 tham tir cua ving khe ho khdng khi phuc tap hon,

nhu c6 thé dugc thy rd tir sy phan bé tir truong khi mach hé trong hinh 2.6

(a). Nhu vay, phan tir théng trong khe hd khdng khi xung quanh mdi doan

stato hinh chit U dugc don gian hoa, nhu minh hoa trong hinh. 2.6 (b), va bé

mit stator va rotor duoc gia dinh 1a dang thé. Hinh. 2.6 (b) chi ra nim duong

tur thong don gian ¢ khe ha khéng khi gita stator va rotor, trong khi Hinh. 2.5

cho thay phuong trinh @ tham tir tuong Gng.

Do tham tir cia lwong tir théng ro ri trong 16i stator va trong cac khu

vuc cudi ¢ thé duoc xac dinh twong tw, nhu cong lai cac duong tir thong don

gian biéu dién trong hinh 2.5.

M2 | M1 M2 M1
1] | (L] ) (18] L] (1]
T2 | T1 T2 T1
P2 P1 P2 P1
Pmol Pmel? Prmol Dmoll Prol Omol2 Prol (1l
= I e 2 >
P Fm2 | Fwl pgy | Fml p, Pm Fm2 | Fwl Bsil Fml Prn
o — [ — S e ~H
Dm2 Dz Oml Pmz Dein Pm1
H Pstll H Pstl2 ]Pnll []I‘sl.ﬁ] H Pst2l Pstl2 H Pstll H Pst62
Y021 Yoz ¥Oen ¥ Oas2 ¥ 1 ¥ Perzz ¥ Oaenn Dses2
Pmil? Psl1 $s11| Pmill Pmil? psll Pall| Pmill
_ — s e e B B e e
Bminz D1l Qmilz Dmin
Ps2lp?| | Psl2p2 Psl2pl | | Psllpl Psf2pl Ps2lp2 Fsl2pl Psllpl Ps6lpl
s21p2 ¥ Paazpz Dazply Paaipr ¥ Oss2p1 Peatpr ¥ Pazpr ¥ Paa1p1 ¥ Pes2pl
Prpl Prpl Prp2 Prpl
vOmz Pl Pl Drpl Oz Oril Pri Depi

il SN |

(a)
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M2 M1 M2 M1
(@18 (0101 [@19] (O] [ole] [ [@]@]

T2 T1 [ T2 Ti [
P2 P1 —‘ P1 Ps
Prmol Omol2 Pmol Qmall Pmol (lmal2 Pmol (moll
N I Ny — > -
Pm Fml | Fwl p.q | Fml p,, P Fmd | Fwl poy | Fml po
—— e e T ——— — T e
Bm2 sin Om1 | O Dsil (U} L
Hrsm HPstl! HP,m Hmsz [ Pst2l Hﬁ-cr.l Hmu [ Pst62
Bsea1 Pz yYOau ¥ Os2 Ounn yOs2 vy O Dste2
Pmil2 psll 01| Pmill Pmil2 ps11 Da1| Pmin
—_—t e e —1 {1 -
Ominz Omin (rmi1z Omin
Ps2lpz | |Bsl2zpl | |Psllpl | |Ps62ps Ps2lp? Psllpl | |Ps62ps
Doz yhazpn yPanpr ¥ Peszps Gsuipr ¥ Dssaps
Prpl Trpl Prp5s Prpl PrpSD
Oz Pril Pril Orpr  Pris Pris Dups Gri1 Pril Op1r Oris Pris Orpsy
Il S (SN T o g SR |
(c) (d)

Hinh 2.7. M6 hinh tham sé tap trung & cac vi tri khac nhau cua rotor . (a) M6 hinh 1
(46 tir tham gitta T1 va P2 = 0). (b) M6 hinh 2 (d9 tir tham giita T1 va P2 = 0 va
gitta T2 va P2 = 0). (c) M6 hinh 3 ( d tir thim gita T1 va P5 = 0 va giita T2 va P2
= 0). (d) M hinh 4 ( d¢ tir tham gitra T1 va P5 = 0 va giita T2 va P5 = 0).

Nhu vay, tham sé tap trung mo hinh mach tir cia may PM tir thong
ngat mach c6 thé thu duoc. Tuy nhién, vi su phan bd tir thdng & khe h khong
khi thay d6i khi quay rotor, md hinh can phai dugc stra d6i thich nghi phi hop

Vai Vi tri rotor.

Do d6, cac tham sb tap trung md hinh mach tir caa may tir thong dong
ngat ¢ thé thu duoc. Tuy nhién, vi sy phan b tir théng & khe hd khong khi
thay d6i khi quay rotor, mé hinh can phai dugc stra d6i thich nghi phu hop voi
vi tri rotor. Sau tham sé tap trung mé hinh mach tir khac nhau duoc yéu cau
cho ting phan khuc stator dé giai thich cho su thay di trong phan b tir thong
& khe ho khong khi nhu quay rotor, nhu thé hién trong hinh. 2.7 cho may 12

ranh, 10-cuc. D6 bio hoa duoc tinh bang céch giai quyét cac tham sé tap
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trung md hinh mach tur 1ap di 13p lai, ¢6 tham tir cua viing stator va rotor dugc
thay doi theo mat do tir thdng caa ching, bang cach st dung duong cong B —
H thich hop.

Cac ky hiéu trong Bang. 2.1, trong d6 cac chi s6 lién quan cho ranh
stator trong rng hoac cuc rotor, nhu sau :

Bang 2.1. Bang ky hiéu

B Do tir tham nam cham chinh
Pinol Do tir tham ro bén ngoai nam chim
Pl Po tir tham rd bén trong nam chim
I Stec tir dong nam cham
5y Strc tir dong khe
Bt PO tir tham & phan khic ring stator
By Do tir tham ton that dong stator
Bo Do tir tham gilra rang stator va cuc rotor
j 238 Do tir tham cuc rotor
N Do tir tham sat tir & rotor
Pm T thong nam cham chinh
Pmol T thong ro 11 bén ngoai nam cham
Pmil Tu thong ro 11 ben trong nam cham
st Tu thong o phan khuc rang stator
Osi Tu thong sat tir ¢ stator
dsp T thong gitra phan khuc rang stator va cuc rotor
Orp Tir thdng & cuc rotor
Pri T thong sat tir & rotor

Cac ki higu trén bicu twong Pmii, Fn,®m, @mot, $mirs Psir $sis Firr Prp,
Grpy Priy ¢y dugce lién két v6i mot nam cham cu thé, phan doan stator, cuc
rotor, va rotor back iron. Lién quan dén cac ki hiéu trén ¢, va P, cac chit s6

dau tién 1 s6 phan doan stator va thr hai 1 s6 ring ma phan khiic d6 thudc

VE.
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Céc ky hiéu s12 va pl trong Pgjop; VA Psiop 12 c6 lién quan dén sb phéan

doan stator (s1) cta so banh rang (2) va sb cuc rd to (pl).

Bang 2.2 Thiét ké dir liéu va théng sé ki

thuat cua may PM tir thdng ngat mach

50 pha, m 3

56 cue rotor, p 10

56 ring stator, N, 12

Ban kinh nzoai stator. K, 45mm

Ban kinh trong stator, 27.5mm

Dé dai khe hé khéng khi, g (1L.5mm

Chidu dai true, L., 25mm
56 vong day trén 1 pha, N 72

B)6 tir thim nam cham, B, 1.2T

B tir tham nam cham teong doi, A 1.05

Tir khang cia nam cham, ff, -909 46k A/m
Dién ap DC, Ve 6V
Déng dién pha (rms), [, 11A
Momen ca dinh , 1y 2.2Nm
Toc d6 cb dinh |, iy 400rpm
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Hinh 2.8. Dinh nghia truc d, g, rang stator va cuc rotor

Trong phan tiép theo, hiéu suat dién cua may PM tir théng ngat mach
12 rénh, 10 cyuc dugc du doan bang cach su dung tham sé tap trung mé hinh
mach tir ¢ trén, trong khi anh huéng cua hiéu ¢ng cudi s& duoc nghién ciu tai

muc 2.4, va toi wu kich thudc may sé duoc diéu tra tai myc 2.5.

2.3.DU BAO TINH CHAT BOI THAM SO TAP TRUNG MO
HINH MACH TU VA SO SANH VGI1 PHAN TiCH PHAN TU HOU
HAN

Hiéu suat cac may PM ngat mach tir thong, ¢ cac tham sé thiét ké va
dic diém ky thuat hoat dong chinh duoc dua ra trong Bang 2, duoc du doan
bang céach sir dung céc tham s tap trung md hinh mach tir va phan tich phan
tt hitu han 2D, ban dau bé qua cac hiéu tng cubi.

Dong dién truc d va truc g, Iy va 13 c6 lién quan dén dong dién 3 pha

I, I, va I, nhu dugc cho trong (6) [13]
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[Lf} _2 [ cos(f)  cos(f —120°)  cos(f +120°) }
3

I —sin(f) —sin(f —120°) —sin(f + 120°)
Ilfi.
e Ig, (6)
I

Trong d6 6 1a goc chuyén rotor, trong khi hinh. 2.8 cho thay cac vi tri
tuong ddi gitra truc d va truc g, va cac ring stator va cuc rotor. Nhu da trinh
bay, khi cuc rotor P1 duoc doi -9° tir trung tdm caa nam cham M1 lién két tir
thong pha A dat gié tri tdi da ctia no, chi ra rang vi tri rotor nay tuong (ng voi
truc d va truc q trong khi vi tri rotor trung véi trung tdm ctia nam cham M1 la
truc .

2.3.1.Phan bé tir trwong & khe hé khong khi

Hinh2.9 so sanh tham s6 tap trung md hinh mach tir va phan tir hitu
han, du béo phan bé tir trudng khe hé khong khi. Ching ta sé& thay, mot thoa
thuan tét dat duoc, ca trén khong tai va cé tai khi truc d 1y = 0 va dong dién
truc qtwong tng 1a 1, = 0 va I, = 16A. Do d6 cau trdc caa may 16i 2 phia, su
phan bd tir truong & khe ha khong khi 1a khong sin va chira lwong song hai
dang ké, giong nhu may dong ngat cam khang. Tuy nhién, do don gian hoa
cac duong suc tir & khe hg khong khi, sy phan b tir truong & khe ho khdng
khi thu dugc tir cac tham s tap trung md hinh mach tir 1a mugt ma hon rat
nhiéu so vai nhiing két qua thu dugc tir phan tich phan tir hitu han, trong d6
mat do tir théng cuc b cd thé vuot qua 2 T, nhu két qua cua su tap trung

xung quanh cac goc cia rang stator va cuc rotor .

27



90

(b) (d)
Hinh 2.9. So sanh du doan phan bé tir truong ¢ khe ho khdng khi. (a) 14 =0,
I, =0, rotor tai 9 d9. (b) 4=, 1= 0, rotor tai -9 d9. (c) l4=, 1 =16 A,
rotor tai 9 do. (d) 14 =, 4= 16 A, rotor tai -9 do.

15 5

@ o
Hinh 2.10. Lién két tir théng pha va dang séng phan sdd.
() Lién két tir thdng pha. (b) Phan sdd pha.
2.3.2.Giai doanlién két tir théng va sirc phan dién dong
Giai doan lién két tir théng c6 thé duoc du doan truc tiép tir cac tham s6
tap trung moé hinh mach tur, va giai doan phan dién dong duoc xac dinh tur :

di

E:—E.

(7)

Nhu trinh bay trén Hinh. 2.5, cac mdi lién két tir thong dy doan va dang

song phan dién dong cho giai doan mot cudn day al va a2 khac nhau doi chit,
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do su khéc biét trong vi tri twong ddi giita cac ring stator va cuc rotor. N6
cling c6 thé duoc nhin thay tir Hinh. 2.6 (a) khi méi lién két tir théng trong
pha a 1 tdi da, trén truc cta cuc rotor dudi cudn al duogc thay thé bang -9° tir
truc cua cudn day al, trong khi truc cua cuc rotor dudi cudn a2 duoc thay thé
bang +9° tir tryc cua cudn day a2. Mot vong quay nguoc chiéu kim dong caa 9
két qua trong céc lién két tir théng cua pha a tro thanh 0, hinh. 2.6 (b), khi cuc
rotor dudi cudn al thang hang véi truc caa cudn day, va truc cua cudn day a2
duoc lién két véi cac trung tam caa mot ranh rotor. Hinh 2.5 ciing cho thay
rang ké tir khi bdo hoa tir trudong cuc bo duoc tinh vao phan tich phan tu hitu
han, cac phan ta hiru han, du doan dang séng phan dién dong cé noi dung
so6ng hai thap hon so véi véi nhitng céi c6 nguon goc tir cac tham s tap trung
mo6 hinh mach tir phi tuyén. Hon nita, mac dd mdi lién két tir thong va dang
s6ng phan dién dong cho cuon day al va a2 1a khéng hinh sin, giai doan két
qua tir thong lién két va giai doan dang séng phan dién dong co ban la hinh
sin.

2.3.3 Giai doan tw cim va twong hd

Giai doan ty cam va tuong hd co thé thu duogc tir bién doi lién két tur

théng pha vai dong dién, tac la :

-'gl."r — -'gl."r
L{,!, 5 fiJﬂI ) [31
]
Ya_g, =1
Map = - H—IJ}IE Ya0 (9)
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(b)

Hinh 2.11. Phan bé tir truong hd mach. (a) Lién két tir théng cua
pha A = max. (b) Lién két tir théng cua pha A =0

Hinh 2.12 so sénh céac théng s6 tap trung md hinh mach tir va phan to
hitu han, du doan ty cam va twong hd ¢6 cuén cam. Ching ta sé thay, do vj tri
tuong d6i khac nhau giita cic rang stator va cuc rotor, cac do tu cam va hd
cam cua cudn day al va a2 khac nhau d6i chat. Noi chung, théa thuan tét

duogc thuc hién, mac di du doan phan tir hitu han cac cuon cam khac nhau it
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hon vai vi tri rotor tir hiéu ing bdo hoa tir truong nodi dia hoda la khéng tinh
vao mé hinh mach tir phi tuyén tap trung. Do céc phan doan stato hinh chir U,
d6 tu cam gitra cac pha la trung binh, khoang mét nira pha tu cam, nhu trong

quy udc may PM, nhu minh hoa trong hinh. 2.13.

—& MO0 hinh tham 50 tip trung
s FEM )

—o— M0 hinh tham 50 tip trung Al
e

-

—

0.3

Al FEM )
M5 hinh tham 50 tip trung A2
A2 FFEM

-9~ Mo hinh tham 50 tip trung

- FEM

0.2 =0~ MO hinh tham 50 tp trung AB1
=% ABIFEM

&= N[5 hinh tham 50 tép trung AB2
—+ AB2FEM

03 ; i -
0 9 18 27 36

(b)
Hinh 2.12. Do ty cam va ty cam tuong ho.

(a) Do tu cam. (b) Do tu cam twong hd

B1 I Al & | C2

O] D& © O DO
: v v

s v ale

‘l—'A/z LﬁA ‘I’A/z

Hinh 2.13. Buong tir thong pha a da don gian hda
2.3.4 Lién két tir thdng mé mach va truc d va cugn cam truc g
Lién két tir thong PM truc d, 1,,, va truc d va cudn cam truc q, Lg va Lq

c6 thé duoc tinh tir chuyén hoa abc — dq, duoc hién thj trong hinh. 2.14,
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Chung ta sé& thdy, cac lién két tir thong PM truc d 1 gin nhu lién tuc véi
vi tri rotor, trong khi , Lg4 va L cling tuong ty nhu trong d¢ 16n. Vi vay, mac
du may PM tir thong dong ngit c6 céu trac lién két mot rotor cuc 16i, mé-men
xodn cudng birc 13 twong ddi nho.

2.3.5 M6 men di¢n tir

Ké tir khi mo-men dién tir trong may PM ngat mach tir thong c6 thé

duoc bé qua, mb-men xoin dién chi ¢d thé dugc tinh tur:

T= %f”.-';"rrrjq- (10)

Hinh. 2.15 cho thiy c4c bién thé cua mo-men xoan véi vi tri rotor, du
bao tir ca hai tham s6 tap trung md hinh mach tir va phan tich phan tir hitu
han. Chuing ta s& thiy, may thé hién rat it gon mé-men xoéan, mic du thuc té 1a
n6 cd mot cau trac lién két kép 10i.

Tom lai, du doan hiéu suét dién tir cac tham sb tap trung mé hinh mach
tir so sanh tét véi nhitng phan tich tir phan tir hitu han 2-D, khi hiéu tng cudi

bi bé qua.
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12

- MO hinh tham so tap trung
i -« FEM

0.4

02| -
-5 MO hinh tham s tap trung Lq
-~ MO0 hinh tham s6 tap trung Ld
0.1 + LqFEM

Ld FEM

0 9 18 27 36
(b)

Hinh 2.14. Lién két tir théng tru d va do ty cam tryc q.
() Lién két tir thong truc d. (b) Do tu cam truc d va q

1.6

1.2

-s- MO hinh tham s6 tép trung

0 % FEM

0.4

0 T Y
0 9 18 27 36

Hinh 2.15. Sy bién d6i cua tir théng so véi vi tri rotor (I =0 va I, = 16A)
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2.4.50 SANH VOl CAC PO LUONG VA NGHIEN CUU HIEU
UNG CUOI

Hinh. 2.16 so sanh do giai doan dang song phan dién déng va dong
dién mo-men xoan dic trung véi dy doan tham sb tap trung md hinh mach tur
ca hai c6 va khong c6 dai dién cua céc hiéu tng cudi. RO rang, hiéu ung cudi
c6 thé 1am giam dang ké suc phan dién dong va md-men xoin.Viéc sao nhang
cac hiéu tng cudi trong may dang duoc xem xét (vi dy, mot phép tinh 2D) két
qua trong 10% danh gia qua cao trong ca hai mdi lién két tir thdng va phan
dién dong, nhu da dugc xac nhan bang céch thuc hién phan tich phan ta 3D.
Hinh 2.17 cho thay mé hinh phan ti 3-D, trong khi Hinh. 2.18 cho thay su
thay d6i dy doan cua tir truong tai khe ha khdng khi doc theo truc cua may,
cling véi mot du doan twong (ng tir mét mé hinh phan tir 2-D. C6 thé thay
rang, do anh huong két thiic, moi lién két tir théng trong khu vyc hoat dong
duoc giam khoang 10%, phu hop véi mac giam trong phan dién dong va mé-

men Xoan.
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= Dy dodn ma khong co
hiéu ung cuoi

25| .
- Du doan c6 hiéu ung cuoi
~ Di tong hop
S0 9 18 27 3

(a)

2 . . (
0 5 10 15 20
(b)
Hinh 2.16. So sanh céc du doan va do luong dang song phan sdd va

momen. (a) Gian doan phan sdd. (b) Momen dién tir

Hinh 2.17. M6 hinh phan tir hitu han 3D
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15F
1F
Viing kich hoat déng co +— Viing két thiic
05F
0
. . : (m)
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Hinh 2.19. So sanh céc du doan va do luong d6 tu cam
va ty cam twong hd (1, =0 A).
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Hinh 2.20. So sanh céc du doan va do luong d6 tu cam truc d va g
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Cac tham sd tap trung md hinh mach tir du doan do tu cam pha, truc d
va cudn cam truc q duoc so sanh vai cac phép do trong hinh 2.19 va 2.20.
Nhin chung, cac cudn day dién cam du doan va do phu hop rat tot, xem xét
don gian duoc gia dinh cho cac duong dan tir thdng & khe ha khdng khi trong

cac tham s tap trung mé hinh mach tur tinh.

2.5. THIET KE TOI UU HOA SU DUNG THONG SO TAP
TRUNG KIEU MACH TU

Trong phan nay, chiéu rong tdi wu cuc roto, chiéu rong rang stato, va ty
Ié ctia bén trong téi bén ngoai duong kinh stator (vi du, ty I¢€ phan chia) duoc
diéu tra, c6 sy tham khao cac thiét ké may tinh ban dau, vi duy, trong d6 ring
stato, khe cim mé cura, va cuc rotor co do rong gidng hét nhau.

2.5.1 Rang stator rgng

Hinh. 2.21 cho thdy anh huong cia chiéu rong ring stator trén mo-men
X04n, tién doan tir viéc ca hai tham sé tap trung mé hinh mach tir va phan tich
phan tir hitu han, khi ton that dong khong doi. N6 cho thay rang mo-men xoan
t6i da 1a khi chiéu rong ring stator bang vai chiéu rong cua cac 16 khe. Mic
dd khu vuc khe chtra cac cudn day cé thé duoc ting 1én bang cach giam chiéu

rong rang, rang s& trd Nén nang né hon bao hoa va giai doan tir thong lién két

sé dugc giam.
25
23 ___——'3':'—_—__:‘—_—:__;——____:-"_\,__
/x e Tt o
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Hinh 2.21. Anh huéng cua d6 rong ring stator trong

momen khi chia ty & va do rong cuc rotor ¢b dinh.
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Nguoc lai, su gia ting chiéu rong ring stator s& lam giam d6 bdo hoa,
nhung mé-men xoan dién s& giam, ké tir khi khu vyuc khe duoc giam cho mat

d6ng khong doi.

2.5.2 Cuc rotor rgng

Khi dong dién pha dugc duy tri lién tuc, md-men xoan dién tir thay doi
theo chiéu rong cuc rotor nhu hinh. 2.22. Ching ta s& thiy, mé-men xoin toi
da dat duoc khi chiéu rong cuc rotor 14 ~1,4 - 1,6 1an so véi gid tri ban dau
(d6 1 bang vai phan khic chiéu rong rang stator va chiéu rong caa khe ma).

Diéu nay c6 thé duogc giai thich bang cach tham khao Hinh. 2.23.

3
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B T - Mo hinh tham so tap trung
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0.6 0.8 1 12 1.4 1.6 18 2

Hinh 2.22. Cac thay doi cuia momen véi do rong cuc rotor

khi chia ty 18 va d6 rong rang stator ¢ dinh.

Hinh. 23 (a) cho thiy vi tri twong d6i caa mot cuc rotor va mot ring
stato cho giai doan lién két tir thdng téi da, khi cuc va ring duogc thay thé
bang 9°, véi chiéu rong cuc rotor bang véi phan khic chiéu rong ring stator.
Tuy nhién, bang cach 1am cho chiéu rong cuc rotor 16n hon phan khic chiéu

rong rang stator nhu vay ma mot canh cua cuc la lién két véi cac canh cua
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phan khuc rang stato, nhu thé hién trong hinh. 2.23 (b), giai doan lién két tur

thong tdi da duoc tang 1én.

0? 7.5°

0% 7.5°

| !

-

>

0° o0
(a)

0'0 9'0

(b)

Hinh 2.23. T4i uu hoa do rong cuc rotor. (a) BJ rong cuc rotor dap trng

duoc d6 rong phan khiic rang stator. (b) T6i uu hoa do rong cuc rotor.

2.5.3 Phéan chiaty 1€

Ty 1& phan chia toi wu, tic 14, ty I& bén trong cho téi duong kinh ngoai
cua stator, 1a mot trong nhiing théng sé thiét ké quan trong nhat ké tir khi mé-
men xoan ti 1& v4i binh phuong cua dudng kinh canh quat, trong khi khu vuc
khe stato giam nhu duong kinh rotor ting 1én. Hinh. 2.24 cho thay cac bién
thé cua mo-men xoan vai ty 1é phan chia cho mot mat mat déng cb dinh, mé-
men xoin dién tdi da dat duoc khi ty ¢ chia 14 0,55-0,6.

2.5

= M5 hinh tham s6 tap trung
* FEM

w

1
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75

Hinh 2.24. T4i wu hoa ty I¢ phan chia khi d6 rong

Cuc rotor va do rong rang stator dugc sb dinh.
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CHUONGS3.
PONG CO TU KHANG CcO CAU TRUC MO
SU DUNG CHO O TO PIEN

Mic du ra doi da 1au, dong co tir khang (PCTK) van it duoc chl y st
dung do mét sé nhuge diém mang tinh tién dinh, c6 nguén gdc tir nguyén ly
cia dong co, d6 1a: mdé men quay chtra nhiéu hai bac cao (momen lic), gay
nhiéu tiéng 6n va hiéu suat thap.

Chi tirdau thap Ky 90, khi cac linh vuc cam bién, dién tar cong suat, va
dac biét 1a vi diéu khién/vi xu Iy tin hiéu dat dugc nhitng tién bo dang ké, cho
phép khic phuc cac diém yéu néi trén bang cac giai phap phan mém mét cach
rat co hiéu qua dong thoi dam bao gia thanh hé théng thap. Khi iy, PCTK lai
dugc quan tdm dén, dic biét trong nhitng tng dung cong suat nho. Uu diém
noi bat cua DCTK 1a: ton that xuat hién chu yéu & phia stator va do d6 rat dé
lam mat, quan tinh rotor bé nén cd két cau bén viing va phu hop cho toc do
quay cao, md men khai dong 16n, chiu qua tai ngan han rat tot. Thém vao do,
DPCTK c6 gia thanh ché tao thap nhat trong cac loai dong co va khong can bao
dudng.

3.1.MAY NAM CHAM VINH CUU CUC LOI KHONG CHOI
THAN MOI STATOR KEP PUQC CAP PIEN TU 2 PHIA

Véi su quan tAm ngady cang ting vé bao vé mdi trudng va bao toan ning
luong viéc st dung 6 t6 dién (Evs) cho giao thong trén duong la sy quan tam dac
biét. Bé c6 kha niang két hop truc tiép véi 6 to dong co dot trong dong co EV
nham muc dich dé dat duoc hiéu suat cao, mat ¢ cong suat Ion, kha ning diéu
khién I6n pham vi téc d6 rong va dé bao quan khi van hanh. [1]. Dé theo duoi
muc dich nay mot may nam cham vinh ciru cuc 16i kép (DSPM)duoc gidi thiéu,
may nay tich hop wu diém ctua ca may PM khéng chéi than va may dong ngat

cam khang(SR) [2], [3]. Tuy nhién né van con chira mot sé nhuoc diém do gia
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thanh cua vat liéu 1a nam cham vinh cttu(PM) cao va khong c6 kha ning diéu
khién tir théng cua PM.

Dé l1am giam bét van dé ndy, mot may dién stato kép cip dién tir 2 phia
(SDFDS) dugc trinh bay & [4], trong d6 thay thévat liéu PM bang cudn day kich
tir de dé d& dang 1am yéu tir thdng & ciing toc do cao. Tuy nhién so d6 nay chac
chan can mot cudn day co std 16n dé thyuc hién viéc 1am yéu tir truong theo yéu
cau vi nd da 1am giam tai dién cling nhu mat do cdng suat caa né. Trong d6 an
nay, mot may dién SDFDS-PM khdng choi than mai duge dé xuat may do
khong nhitng giam dugc ca vat liéu lam PM va std cudn day kich tr ma con dua
ra nhimg wu diém caa ving lam viéc véi P=const(cu thé dat téi 4 lan toc do co

s&) may nay rat quan trong trong cong nghé EV
Gong tir
Puong tir thong mo rong

o khe ho khong i
Cuon day

Cue Stator

Cuc rotor

Nam cham vinh ctou

Cuon day kich tir

Hinh 3.1. Cau tric may
3.1.1 Cau tric may

Hinh 3.1 1a so dd cau tric cia may SDFDS-PM dé xuat, may gdém 3 pha

stato 6/4(6 cuc stato 4 cuc rotor). N6 chira 2 cun day stato va cuon day 3 pha
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phan &ng va cudn day kich tir. Cudn day 3 pha phan ¢ng hoat dong giéng nhu
cuon day cuaa may DSPM [3], tuy nhién cudn day kich tir khéng chi lam viéc
nhu 1a mot nam chdm ma con nhu mot thiét bi 1am yéu tir trudng hoac 1am téi wu
cdng suét. Luu ¥ rang hoat dong 1am yéu tir thdng 1a can thiét khi 6 to ting toc
trén duong tuy nhién viéc diéu khién dé cé hiéu suat toi wu lai 12 ban chat ddi voi
EV trong pham vi truyén dong.Loai cau tric méi nay 1a c6 mot duong khép kin
tir thdng ngoai song song véi mdi cuc nam cham vinh ciu. Néu nhu std khi hoat
dong lam yéu tir thong lam cho std cia PM manh 1én thi duong tir théng ngoai
s& kéo theo hiéu mg lam tang tir thdng moc vong, két qua 1a lam ting hiéu ung

lam yéu tir thong.
3.1.2 Nguyén ly hoat dong

Duéi gia thiét rang hiéu ing dao dong dugc 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 cuia dn, Xay ra khi cé sy trung gitra cuc cua rd to va cuc cua stato
con gia tri cuc tiéu cua tir thong dpin Xay ra khi ching khéng tring nhau.

Khi @ ting 1én dong phan tng i voi gia tri duong I, dugc cap cho cudn
pha vi vay no s€ tao ra mé men duong, tuong tu khi @ giam mot dong am —I,
s& duogc cap cho cudn pha dé sao cho cling tao ra md men duong. Nhu vay 2
kha nang m6 men da sinh ra 2 ving dugc sir dung hoan toan. Dang song ly

thuyét caa @ va i twong tng theo gdc @ biéu dién trén hinh 3.2
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Hinh 3.2. Tur thdng trén ly thuyét va dang song dong dién

Nhu vay stc phan dién dong E cam @ng ¢ khdng tai cé thé da bi giam di.

_dd AP
E=N— Wy A N EL&JP

df (1)

Trong d6 N 1a s6 vong day ndi tiép cua mdi pha ,A® 13 hiéu clia By VA
Opin ,AB 12 hicu s6 goc giira vi tri rd to clia Opay va Dpmin cON ol toe d6 cua

ro to
3.1.3 Phan tich mach tw

Nhu d trinh bay & trén cau trdc caa may dién méi 1a ¢d st dung dudng
tir thdng ngodi song song véi mdi mot cuc tir PM. Bé ¢6 thé minh hoa wu
diém cia nd, mot md hinh mach tir twong duwongduoc sir dung dé phan tich.
Hinh. 3.3 1a mach tir tuong dwong ciia may dé xuat khi khong tai cu thé Ia
dong phan ¢ng bang khong. Dua trén mach nay tir thong & khe hg khdng khi
c6 thé biéu dién:

Fic(Rs+ Rpy) + FpyuRs
RsRy + Rpyv Ry + RsRpy

g g =
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Hinh 3.3. Mach tir tuvong duong tai khong tai

Trong d6 Fy. la std dc cta cudn day kich tir, FPM la std caa PM, RPM-
la tir khéng cua cuc tir PM, Rs-la tir khang ctaa duong khép tur thdng ngoai con
Ry 1a tir tro cua khe ho khong khi. Khi khong c6 tir thong kich tir Fg=0 thi tir
thong o khe h khong khi ¢ thé biéu dién nhu sau:

FpyRs

L
90 = RsR, + Rpy R, + RsRpy

(3)

Khi std kich tir ¢6 gia trj duong Fe=Fec, thi tir thong tai khe he khong khi lai
cé gia tri:
Ficy (Rs + Rpayr) + FparRs

P =
ot = RSR{J + RP‘LI-RQ + RHRP‘LI

(4)

Tuong tu Khi std kich tir 6 gié tri &m Fy.=Fg.. thi tir thdng ¢ khe hé khong
khi lai co gia tri:

Fi— (Rs + Rpap) + FparRs

P, = . 5
7 RsRy + Rpa Ry + RsBRpy ©)
Vi (3) va (4), (5) ta sé€ co:
Doy
E, ‘Dﬂﬂ—F . 6
I = _RL.LL 1 PM (6)

Tuong tu, stir dung (3) va (5), ching ta nhan duoc:
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_Eﬂ:

Pgn
Fae— = R—r{ﬁl Fpar- (7)
Ho

Khl ta Chon {RS/RPJI} = 1/{-3-. ((I}_fj"l‘/{l}.r.l'ﬂ) =2 Vé. {(I}q—,"r(]:}q[:]} == 1}"{2

biéu thirc (6) va (7) c6 thé viét lai nhu sau:

F

Eff‘l :% {3]
Fp;

Fae = FE2. o

Pidu d6 minh hoa ring su thay déi gip 4 1an tuc 13 (Pa+/®Ps—) = 4 chi can
mot sy thay doi nho Fycu thé 13 =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 & viing toc do cao.

3.1.4 Tinh chat caa may

Pé cap nhat tinh chat ciia may dé xuat khi chiing ta nhan vao tinh toan
ca tinh b&o hoa cia mach tir, tir thong tan, va phan ung phan tng ta ap dung
phan tir hiru han caa may dé xuét c6 cac thong s cho & bang 3.1.

Bang 3.1. Thiét ké thong s6

bién 4p dinh muc 48 V
Dong dién dinh mirc 6.5A

S6 pha 3

S6 cuc stator 6

So cuc rotor 4

Sb vong day / pha 54 x 2
Puong kinh ngoai stator 166.0 mm
Duong kinh trong stator 81.2 mm
Duong kinh ngoai rotor 80.0 mm
Duong kinh trong rotor 26.0 mm

Tu thong ting 1én véi Fdc=600A/vOng va khi tir thdng yéu Voi
Fdc=300A/vong tuong tmg. Dac biét Hinh. 3.4(c) chi ra rang dudng tir thong
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ngoai du dé tao tir thong méc 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 khéng tai va chay véi tbe do khong d6i thi tir thdng méc vong tng
véi nhiing vi tri khac nhau cua ré to dudi didu khién Kich tir khac nhau cu thé
600, 0 va 300 A/vong. dugc md phong trén h.3.5. N6 ciing cho ta thay rang
ca khi tir thong ting va tir thdng giam hoan toan dat duoc bang diéu khién
dong dc. Cing nhan thdy mau mé phong nay hoan toan phd hop vai ly thuyét
chi ra ahinh. 3.2. Khi may hoat dong véi tai dinh mic cu thé 1a dong phan
tng 1a 6.5A, thi phan ung phan ung gay nén lam bién dang tir théng chinh.
Tuy nhién do tir trudng caa duong khép kin tir thdng phan ¢ng phan tng va
anh huong cua né 18n tde do 1a tuong dbi nho. Hinh. 3.4 chi ra su phan bé cua

may dé xuat dudi diéu kién kich tuvéi Fdc=0.

(bl

Hinh 3.4. Phan bé tir théng tai cac vi tri kich tir khac nhau.

(a) Khdng kich tir. (b) Tang cuong tir théng. (c) Suy yéu tir thdng.
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Hinh 3.5. Lién két tir thong tai cac vj tri kich tir khac nhau

Bang tng dung phuong phap Maxwell mo men phat trién ang véi vi tri
ré to khi khéng cé kich tir dong dc ¢ thé md phong nhu hinh3.6. Ta nhan
thay rang tong md men gom 2 thanh phan cu thé 13 mé men PM va mé men tir
khang. Tuy nhién dac tinh co ctia may dé xuat véi nhitng dong kich tir khac
nhau md phong trén hinh 3.7. Ching ta cé thé thay ring pham vi téc d6 c6

thémo rong tuong d6i 16n gap 4 lan toc do co ban.

_-l.-wlld.--l""""'--'-II

180 240 300 360

— Momen térﬂg
= = = Momen PM

= = Momen cwréng birc

Hinh 3.6 Momen tong va cac thanh phan caa né
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Hinh 3.7. Bic diém téc d6 momen tai céc vi tri kich tir khac nhau

3.2.PIEU KHIEN PONG CO TU KHANG

Tap trung vao ba ti€u chuan chinh cua diéu khién dong co EV, mat do
nang lugng cao, hi¢u qua cao va dai tbc do rong. V& co ban, triét 1y nay bao
gom hai phuong phap méi. Phuong phép tiép can dau tién nam & su phat trién
ctia ciu hinh dic biét cia diéu khién dong co khong choi than nam cham vinh
ctru két hop véi chién luoc kiém soat moi. Didu thir hai 1a dé phat trién thiét
ké dic biét diéu khién dong co khong chdi than lai nam cham vinh ctru béng

cach két hop ca hai nam cham vinh ctru va cudn day tu truong.

3.1.5 Pong co truyén dong nam cham vinh ciru khong choi than

Vi mat do nang luong von ¢6 ctia n6 va hiéu suét cao, dong co truyén
dong nam cham vinh ctru khong chéi than di hira hen cac mg dung cho
chuyén dong EV. Tuy nhién, nhitng nd lyc phat trién lién tuc hon nita 1a can
thiét dé dap mg cac yéu cau dic biét cta 6 to dién. Tinh mdi la cua dé xuat
dong co truyén dong nam cham vinh ctru khong chdi than bao gom ca thiét ké
dong co va chién lugc diéu khién. So véi dong co truyén dong khong chdi
than nam cham vinh ctru thong thuong, chung cé cac tinh nang riéng biét sau

day:
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C6 nhiéu cuc va hai cuc lién ké tao nén mot cap cuc dé cho céc dudng
dan tir thong cuia cac cip cuc khac nhau duge doc lap. Sép xép mach tir da
cuc nay cho phép 1am giam sit tir, két qua 1a giam khdi lugng va trong luong.
Hon nira, bdi vi tinh ddc 1ap cta cac duong dan tir thong , cac dong co niy
vbn 1a cac pha tach biét.vi rang budc cudn day stato dugc thiét ké bang budc
cuc phan nhé ra cta cudn day co thé duoc giam dang ké, do do két qua 1a tiét
kiém dong ciing nhu tiép tuc giam bdt khdi lugng va trong lugng.

Bﬁng viéc sir dung s6 1¢ cua céac rinh trén méot cuc mot pha luc tir dong
giita stator va rotor & bat ky vi tri quay 1a dong nhat,diéu dé loai trir su dao
dong ctia md men so v6i dong co truyén dong khong chdi than thong thuong.

Do cac pha duoc tach biét dong nang cua dong co nay la tuyét voi. Tuy
nhién viéc diéu khién lam yéu tir truong & vung diéu khién cong suat khong
d6i khong c6 kha ning. Vi vy mot chién thuat diéu khién méi dugc phat
trién, chién lugc d6 thuc hién sdd bién ap chéng lai sdd quay ¢ vung diéu
khién cong suat khong doi ¢ toc do cao.

Nam cham vinh ciru ¢6 thé duoc gan trén bé mit canh quat hodc bi
chon trong rotor. Cac loai bé mit nam cham co loi thé 1a don gian. Do do dan
tor cia nam cham vinh cuu 1a tuong ty nhu khong khi, né s¢ hitu mot lugng
16n khe ho khong khi hiru ich. Mat khac, cac loai nam cham chén c¢6 191 thé 1a
tinh toan ven co khi baoi vi, nam cham vinh ctru dugce bao v¢ vat ly. Tuy nhién
su tap trung tr thong co thé dugc thuc hién dé tang mat do tr thOng & khe ho
khong khi.

Céac dong co khong chdi than nam cham vinh ctru ¢ thé cip ngudn
hinh sin hodc hinh chit nhat. Kiéu cép nguén hinh sin c6 loi thé 1a3 md men it
dao dong do su tuong tac cia dong dién hinh sin va tir thOng hinh sin. Mat
khac, su tuong tac ciia dong dién hinh chir nhat va tir thong dang chir nhat co6

thé tao mot moé men 16n hon cho cung gié tri hiéu dung.
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Hinh 3.8. C4u hinh khong chdi than nam cham vinh ciru

voi giai doan tach pha

Hinh 3.8 trinh bay so d6 don gian cta dong co PM khong choi than 5
pha va 22 cuc cac pha tach biét nam cham vinh ctru dugc gan trén miat ding

cho truyén dong.

3.2.2.Pong co truyén dong nam cham vinh ciru khdng chéi than lai

Gan day, mot huéng nghién ctru mai1 da duge xac dinh dya trén sy phat
trién ctia dong co truyén dong nam cham vinh ciru khong choi than lai. Sy doc
déo 1a do sy tdn tai cia ca hai loai nam chdm vinh ctru va cac cudn day tur
truong. Nam cham vinh ctru dugc tich hgp vao rd to trong khi cudn day
thuong duoc ¢d dinh & mot gid d& tinh. Khong can st dung bat ky chién luoc
diéu khién dic biét nao, céc dong co truyén dong von di s& hitu pham vi hoat

dong téc d6 rong. Piéu quan trong 1a do thuc té rang tir thong & khe ho
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khong khi c6 thé diéu khién mém bang diéu chinh dong kich tir de. Can luu ¥
rang viéc diéu khién tir truong nay 1a linh hoat, dic biét co kha ning 1am suy
yéu tir trudng & toc d6 cao, ddy 1a mot yéu ciu cho hoat dong & ving cong

suit khong d6i ddi véi dong co dung cho 6 t6 dién.

Mot dong co truyén dong nam cham vinh ctru khong chdi than lai duoc
dé xuat cho dong co day EV. N6 c¢6 mdt cau tric doc ddo trong d6 bao gdm
loai 16 to dang tay quay cudn kich tur tinh va stato. Nam cham vinh ctru duogc
tich hop vao 16 to, trong khi cudn day tur truong va gia do ctia n6é duogc dat o
mot khu vue hinh vanh khuyén ¢ dinh hinh thanh béi cac bd phan bén trong
va bén ngoai cua rotor. Vi vay, cac bd phan cua khe hé khong khi, tuéng tng
tao ra boi nam cham vinh ctru va cudn ddy tir truong duge méc song song
trong tu nhién. Cac vu diém va tinh ning dic biét cia mo to truyén dong nay
nay duoc tom tat nhu sau:

Bﬁng viéc ap dung cau trac roto kiéu canh doc déo, tir thong tan co thé
dugc giam thiéu va cdu tric tré nén nho gon. Hon nita, bang cich gan cac
cudn day tir truong nhu mot stator bén trong, chiéu dai truc dong co cb thé
duoc rat ngén va céc vt liéu tiéu hao c6 thé duogc giam thiéu.

Do sy ton tai cia nam cham vinh ciru va cac cudn day kich tir, dong co
¢ thé duge thiét ké dé dat duoc mat do khoang cach khong khi cao hon va
mat do nang lugng do do cao hon. Lép dat nam cham vinh ctu thong qua sép
xép tap trung tir thong, cho phép mat do tir thong & khe ho khong khi tré nén

16m hon so v&1 mat do tir thong cia nam cham vinh curu riéng 1€.
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L1 sét stator

cudn déy stator
N

e rotor phia bic

Khung 46

N Cusn day t trring cb dinh

i Cwc rotor phia nam

Gia d% cudn déy by trréng
(a) (b)

Hinh 3.9. Cau hinh may lai khong chdi than nam chim

vinh ctru véi kiéu banh ring rotor. (a) So dd.(b) Cau truc.

Bang cach diéu chinh huéng va d6 16n cia dong dién kich tir dong co
mot chiéu, tir thong & khe ho khong khi ¢ thé duge diéu chinh linh hoat, do
d6 cac dic tinh mo men téc d6 c6 thé dé dang dinh hinh dé dap tng yéu cau
dac bi¢t cho dong co déy EV. Dac biét, béng cach st dung diéu khién dong
dién kich tir dé lam suy yéu tir théng & khe hé khong khi dugc tao ra boi nam
cham vinh ctru, pham vi tbc d6 hoat dong cong suét khong ddi co thé duoc
mo rong dang ké. Bang cach tich hop diéu khién dién ap va dong dién tir
thong dc, so dd hiéu qua cua dong co truyén dong co thé duge tdi uu hoa
trong subt pham vi hoat dong toan bd. Nhu vay, hi€u qua tai cac vung hoat
dong cho dong co day EV, chiang han nhu leo ddi téc d6 thap md men xodn

cao va mo men thap cho hoat dong tdc dd cao co thé dugce cai thién.
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3.2.3.Phéan tich vé Iy thuyét
3.2.3.1 Phan tich tir trwong — dién truwong
Ké tir khi dé xuit dong co khong chdi than nam cham vinh ciru ¢6 céu
hinh dic biét, qua trinh thiét ké va tdi wu héa phan tich dién - tir truong. Quy
trinh ¢6 thé dugc tom tit nhu sau.
- Khéi tao cac cAu hinh dong co va hinh hoc.
- Tao ra cac ludi tu dong cho cac khu vuc quan tam.
- Ap dung phuong phép phan tir hiru han (EM) dé phan tich dién - tir
truong.
- Panh gia cac thong s6 dong co va biéu dién.

- Thay ddi hinh hoc dong co lap di lap lai.

Hinh 3.10.Vung phan tich dién — tir truong

Do ciu hinh dong co ban dinh ky, cac khu vuc quan tdm dugc thé hién

trong H3.10. Phuong trinh Maxwell tuéng timg dugc biéu dién nhu sau:

g [ 9A N d [OA 3. —y oM, N baM,,.
— | r— — | —}==-J, - f——
dx \ Oz Oy - Ox Ay

(1)
(trong do A 1a véc-to thé tir , J 1a mat do dong di¢n hién tai trong hudng X, V -
khang tr, B =rot A)

Trong d6 x va y dugc thé hién nhu sau :
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0A

B.=7 3)
dA
B,=->. “)

Dua trén cac khu vuc quan tam, cac dic€u kién bién dugc dua ra boi

Alr1 = Al =0 | (5)
Aln1 = —Alne. (6)
Céac két qua phan bd mat do tir thong dugc thé hién trong hinh. 3.11.
Dua trén nhimg két qua nay, hinh hoc dong co c6 thé duoc diéu chinh nhu

mong mudn dé dat dugc té1 uu hoa.

Hinh 3.11.Phan b mat do tir thong

3.2.3.2 Phuwong trinh toan hoc
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bong co s& hiru dac diém cua tach pha, dién cam tuong hd giita cudn
day pha la khong dang ké. Nhu vy, phuong trinh dién ap cta dong co véi

pha m cé thé duoc thé hién nhu

OF (wt + g — (= l)ﬁ> = Ri; (wi + 8y — U~ Uﬁ)

m m

m

+e (wt - ﬂ) )

KIL:

+ Lpi; (wt'—|~ Bo —

Trong d6 j = 1,2,. . ., m, vg la dién &p ap dung, Ri la dién tr¢ giam dién ap,

Lp 1a cam ung tir gy sdd do hién tuong bién ap va e la sdd quay.

Gia tri cua dién cam L duoc xac dinh br?mg cach stir dung cac phan tich
dién tur truong noi trén. Dya trén céc dinh luat Faraday, sdd (EMF) luan phién
6 thé duoc thé hién nhu :

Trong d6 A;1a moi lién két tir thong trong j-th cudon day pha nho cac
nam cham vinh cttu, 6 la goc gitra cic tur truong va truc stator cudon day,
vawla toc do goc.Can luu y réngdlj /dO1a hé s6 EFMC, j» trong d6 dac biét

hitu ich cho viéc phan tich dong luyc.Do d6, mo men xoanT.duoc cho boi:

Te(wt) = éifﬁj (wt — (3_—?;11_)'”_)

=1

xij(thrag- U—;nl)i) ©)

Bat ngudn tor mé-men xodn dién tu, phuong trinh mé-men xodn cua

dong co co thé duoc thé hién nhu sau :
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T.(wt) — Ty — Bw(t) = Jpw(t) (10)

Trong d6 : T)la md-men xan tai, B 1a hé sb giam xoc, J 1a m6-men quan
tinh. Nhu vay, bang cach st dung (1) - (10),hiéu suat ning dong cua dong co

co thé duoc xac dinh.

3.2.4Chién thuét diéu khién

T 2
| Tien D2 on _— e '[3:—?"'1
- : ;I \ ___.____!a_ﬂ__':_ ' Blon
A /}\VA\? AL 1
N R T
1 | . | | . .
T i i i wt
2 | \ N P
‘ . U\ ot i eI 108 144] 18"
Il 36 7 108° 144 80°
! | P Doéng dién pha o
|_ ------ Dong dién pha ——— EMF quay
—— EMF quay 1 — Di¢n ap hicu dung
— Dién 4p hiéu dung = Bién4p EFM

Hinh 3.12. Dang song dién hinh. (a) Hoat dong cta

hang s6 momen. (b) Hoat dong ctia hang s6 cong suat

Céc chién lugc diéu khién dong co truyén dong gdm hai chwong trinh,
cu thé 12 bo diéu khién tir tré va diéu khién gbc dan vuot trudc tuong ung cho
hoat dong lién tuc mé-men & tbc do thép hon tdc d6 co s& va hoat dong lién
tuc cong suat o toc do trén toc do co sé. Hinh 3.12(a) cho thdy dang song dién
hinh ctia pha dong dién, EMF quay va di¢n &p hi¢u dung trong thoi gian mo-
men xoan khong doi. Trong thoi gian din cta 71°, dién ap 1a luon ludn 16n
hon so v&i sdd va chung luén ludn trong pha. Nhu vay, pha dong dién tang

dan va cuoi cung la gidi han dao dong trong bang tan tré mong muon. So do
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bo diéu khién tré duogc st dung rong rai cho vung hoat dong M=const ddi vai
dong co PM.

Khi tdc do cao hon téc d6 dua trén, EMF quay ting 1én nhanh chong
trong mot cach ma hoat dong lién tuc dién co thé khong con dugc duy tri &
tbc do cao.Thong thuong, dé cho phép diéu khién dong co khong choi than
nam cham vinh ctru hoat dong nang lugng khong ddi tde do cao, diéu khién
suy yéu tir truong két hop véi toa 6 chuyén doi dugc théng qua.Piéu quan
trong ctia phuong phap kiém soat nay 1a s dung cac pha dong dién dé lam
suy yéu the air-gap field duoc tao ra béi nam cham vinh ctru, do d6 1am giam
g6c quay EMF. Tuy nhién, phuong phap nay chi c6 thé duoc ap dung cho
diéu khién dong co khong chodi than nam cham vinh ctru cAp nguon hinh sin.
N6 khong thich hop cho diéu khién dong co da dé xuét vi né cap ngudn song
hinh chit nhat va tinh ning tach pha. Mic du tinh nang dau tién vé mat 1y
thuyét co thé duoc xir Iy bang cach st dung phén tich Fourier dé thé hién lan
song hinh chit nhat vao songs hai hoa hinh sin va song con ban, tinh ndng thir
2 lam kiém soat suy yéu tir truong thong thuong khéng ap dung duoc.

Pé doi pho voi van dé ndy, mot cach tiép can kiém soat mai duoce dé
Xuat cho phép tat ca cac diéu khién dong co khong chdi than nam cham vinh
ctru, bao gom ca thong thudng, giai doan tach, sin dn va cac loai hinh chix
nhat dn, dat duoc téc do cao hoat dong lién tuc dién. Diéu quan trong 1a cb
tinh str dung cac EMF bién 4p dé chong lai EMF quay ma tham chi con Ién
hon so vé6i dién ap duoc &p dung & toc do cao. Bién ap EMF nay, ty ¢ thuan
Vv6i dan xuat cua pha dong dién, duoc diéu khién bang cach day thoi gian dan
trong mot cach ma né dan EMF quay mot goc khong gian8,, goi 1a géc dan
tién tién.

Nhu vay, bién &p EMF la tich cuc céi chi ra rang ning luong dugc luu
trir trong cuon day pha. Khi EMF quay tré nén lén hon so véi dién ap, cudn

day pha bat dau giai phong niang luong va giam dong pha dan dan.Ké tu khi
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bién ap EMF tuong ng 14 tidu cuc, nd gitp dién ap ap dung dé chdng lai sdd
quay. Vi vay, bang cach thay doi goc dan tién tién, cac dang séng dong dién
pha c6 thé dinh hinh, vi thé bién 4p EMF c6 thé duoc kiém soat dé chéng lai
EMF quay, ngin chin dong dién bdo hoa. Hién tuong nay la diém then chét
dé cho phép tat ca céac loai dong co khong choi than PM dat dugc hoat dong

lién tuc cong suat & toc do cao.

o -
=]

_Q_Kp+ —— [f@.0.) : — E—®:'L91R j gcy,-ij

f

Hinh 3.13. So d6 khdi diéu khién

Hinh. 3.13 cho thdy cac diéu khién vong kin so d6 khdi cua dong co
dugc dé xuat, trong d6 ca hai diéu khién dong tré va kiém soat goc dan tién
tién duoc tich hop. Bang cach sir dung bo diéu chinh PI, cac tham chiéu téc
d6 w* va téc do phan hdi wdugc sir dung dé suy ra tim quan trong cua tham
chiéu dong dién. Khiwthap hon hoic twong duong véi toc doco sdwb, goc
dan tién tién@,bang 0. Mit khac, n6 hoat dong vai tich cuch,khiwla ccao hon
wb. Gié tri twong tng cuad,duoc xac dinh bang cach sir dung md phong may
tinh. Céch sir dung6,va phan héi vi trif, j-th giai doan tham chiéu dong dién
i*cO thé thu duoc. Bang cach so sanh véi cac thong tin phan hoi dong
diénijva sau d6 nuéi dudng vao bo diéu khién dong dién, dién ap ap dungvico
thé suy ra cho phu hop. Cach sir dung (8), EMF quaye;c6 lién quan dénwvéi
hé s6 EMFC,;. Va r6i, iduoc sinh ra bang cach st dung (7).Dya trén (9) va
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viét lai méi quan hé gittagva wvéi hé s6 mo-men xoanCT;, md-men xoan

diénT.co thé duge xac dinh. Cudi cung, cawvasla két qua caa (10).

Bang 3.2. Thong so cua dong co

Cong suat dinh mirc 1.5kW
Pién ap dmh mrc 2X48 V
Toc d6 dinh mic 500 rpm
S6 pha 5

S6 cure 22

Sé rénh 20

S0 cudn day 10

Kieu cuon day - Pon
Budce ranh 1 slot
DPién tré trén mo1 pha 0.054 O
Do tw cam trén mo1 pha 129 mH
Chat liéu nam cham Nd-Fe-B

3.2.5.Két qua

Mot thi nghiém diéu khién dong co khong choi than nam cham vinh
ctru di duoc xay dung dé xac minh. Cac thong sé dong co twong tmg duoc
liét ké trong bang 3.2. Khi dong co chay & toc d6 dinh muc 1a 500 vong /
phat, kiém soét tré dong dién duoc ap dung cho hoat dong lién tuc, moé-men
xoan. Tuong tng do dang song dong dién duoc hién thi trong hinh. 3.14 (a).
Hon nita, khi cac dong co chay ¢ téc do dinh mic 14 1500 vong / phdt, kiém
soat goc dan tién tién duoc st dung cho hoat dong lién tuc dién.Vai gc dan

tién tién cua 60°, tuong tmg do dang séng dong dién duoc cho trong hinh.
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3.14 (b). M6t 1an nira, né phi hop véi cac dang song hinh. 3.12 (b). Bé 1am rd
viéc thuc hién nang dong caa diéu khién dong co, tdc d6 do dugc va phan tng

hién tai dugc ghi nhan.

e R ' """ :_. Ch1.Pk-Pk
R Chl Pk-Pk C L
2.56V : : Co 1 Tasev

R S 1 b e
%' TV : : M ims Chi 4 —Zomy m
et 100mV  500us :

m
efl 100mvy 500us
(b)

(a)
Hinh 3.14. Po luong dang song dong dién. (a) Hoat dong caa hang s6
momen tai 500v/p. (b) Hoat dong cua tai khong doi tai 1500v/p.

Hinh. 3.15 (a) cho thay hiéu suat bat dau tai khdng tai véi toc do co s
1a 500 vong / phat. N6 ¢6 thé duoc tim thay rang cac dong co phan ung nhanh
chéng va chi mat 0,35 s dé dat duoc toe d6 mong mudn ma khong cé 15i trang
thai 6n dinh.Hon nita, hinh. 3.15 (b) cho thay hiéu suat hoat dong tuan theo
mot su thay doi dot ngot tir khdng tai dén co tai véi tde d6 co so caa 500 vong
/ phit. C6 thé thay rang su sut giam tam thoi trong toc do 1a khong dang ké va

tbc d6 quy dinh 1a tuyét voi.
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(a) (b)
Hinh 3.15. Po tbc do va phan hoi dong dién. (a) Bat dau
tai khong tai. (b) Chuyén dét ngot tir khong tai sang ¢ tai.

Torque (Nm)
28. ' \
201 * “*?-i =7
v, e B =20
' [ 6, =43
H'o = ﬂc_,-—'—'. . . '_'-u-__..__‘_‘__ . En = Al
10+ . ——
0 500 750 1000 1250 1500
Speed (rpm)

Hinh 3.16. Po goc dan nang cao cho hang s6 cong suat

Hinh. 3.16 cho thay cac goc dan tién tién tuong ung, tir 0"dén 60", cho
cac dong co thir nghiém hoat dong & cong suat dinh mtc khong ddi tir tée do
dinh muc 1a 500 vong/phut dén 1.500 vong/phit. N6 c6 thé duoc xac nhan
rang véi viéc sir dung kiém soat goc dan tién tién, dong co truyén dong dé
xuat thanh cdng c6 thé dat duoc hoat dong lién tuc cong suét 1én dén 3 téc do

dinh muc. Hon nita, ma khdng can st dung cac chuong trinh kiém soat dé
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Xuit, nd cd thé dugc tim thiy ring cic duong cong toc do mo-men xoin

tuong tng c6 mot pham vi hoat dong hep trén tdc do co so.

(a) ) (b

Hinh 3.17. Tht nghiém xe dién. (a) Mark. (b) U2001
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KET LUAN

Sau 3 thang nghién ctu va thyc hién dé tai, dd an da thuc hién duoc
nhirng ndi dung sau:

- Tim hiéu téng quan vé lich sir nghién ciru va phat trién 6 to dién trén
thé gi6i va tai viét nam.

- Tim hiéu cu tao nguy@n Iy hoat dong cua dong co tir khang.

- Tim hiéu cau tao nguyén ly hoat dong caa dong co tir khang c6 ciu
trac mai su dung cho 6 t6 dién.

Tuy nhién do kinh nghiém va kha nang ban than con han ché khi thuc
hién d6 an nén quyén dd6 an nay chic han khong tranh khoi nhiing khuyét
diém va thiéu sét. Nhiing thdng tin va tai li¢u vé noi dung do &n con han ché,
tuy vay day la mot van dé méi dang nghién cttu, n6 la mot xu hudng phat
trién trong tuong lai Kkhong xa va thuc té, hy vong trong thoi gian téi nhiéu két
qua nghién cau, nhiéu théng tin vé viéc nay sé dugc cong bo.

Em xin chan thanh cam on thay !
Hai Phong ,ngay...thang...nam...2013
Sinh vién

D6 Duy Linh
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