LO1 MO PAU

Cho dén nay dong co dién mot chiéu van chiém mét vi tri quan trong
trong hé diéu chinh ty dong truyén dong dién, nd duoc sir dung trong hé théng
doi hoi co do chinh xac cao, ving diéu chinh rong va quy luat diéu chinh phic
tap. CUNg V4i sy tién bo ciia van minh nhan loai ching ta c6 thé chang kién su
phat trién ram ro ké ca vé quy mé lan trinh d6 ciia nén san xuat hién dai.

O nudc ta do nhu cau cdng nghiép hoa hién dai hoa dat nudc nén ngay
cang xuat hién nhiéu nhiing day truyén san xuat méi c6 mie d6 ty dong hda cao
véi hé truyén dong hién dai. Viéc xuat hién cac hé truyén dong hién dai da thuc
day sy phat trién, nghién ctru, dao tao nganh tir dong hda ¢ nudc ta tiép thu khoa
hoc k¥ thuat hién dai nhiam tao ra nhiing hé truyén déng méi va hoan thién
nhitng hé truyén dong cii.

Trong qué trinh hoc tap tai truong Pai Hoc Dan Lap Hai Phong. Véi su
gitp do cia nha truong va khoa Bién Dan Dung va Cong Nghiép em da duoc
nhan dé tai tot nghiép: “Nghién cizu hé théng dién, két cdu kj thudt va cong
nghé ciia xe dap dién hién dai dang dwoc sir dung réng rai tai Viét Nam”,

D6 an gom cac ndi dung sau:

Chuong 1: Gidi thiéu vé xe dap dién.

Chuong 2: Cau trdc cia xe dap st dung ning luong dién.

Chuong 3: Hoat dong van hanh va khai thac xe dap dién.

Em xin chan thanh cam on su huéng dan tan tinh cua thay gido PGS.TS
Nguyén Tién Ban, cing véi cac thay co gido trong khoa di giup d& em hoan
thanh db an duoc giao.

Em mong nhan duoc su dong gbp ¥ kién cua cac thay cd gido va cac ban.

Hai Phong, ngay...thang...nam 2012

Sinh vién

Do Vin Quang



CHUONG 1.

GIGI THIEU VE XE PAP PIEN

1.1. XE PAP PIEN VA LQI ICH XA HOI

D3 mot thoi xe dap hau nhu c6 mit trén khap cac néo duong. Béi vi lac do
phuong tién, nhién liéu con qua kho khan va xe dap chinh la phuong tién chinh
dé di lai IGc bay gio, nén thoi diém d6, nha san xuat va nguoi tiéu dung it quan
tam dén kiéu dang, tinh nang va mot s6 yéu to k¥ thuat khac. Con gio day khi xe
may tro thanh phuong tién phd thong, thi ngudi tiéu ding lai sir dung xe dap, xe
dap dién véi kiéu dang, tinh ning k¥ thuat vira mai la, lai vira khdng thua kém
Xe may vé yéu cau str dung. Bac biét trong tinh hinh tai nan giao thong gia ting
va yéu cau bao vé moi trudng nhu hién nay thi mat hang xe dap, xe dap dién bat
dau phat trién. Bai vi nhitng mat loi ich ma khach hang c6 duoc khi st dung xe
dap dién la: Mai lit xing (gia khoang 20.000 dong) khach hang chi di duoc
ching 40 dén 50km khi str dung cho xe may, nhung véi xe dap dién khach hang
chi can 1 lan nap dién (khoang 1Kwh dién, gia 1.000 dong) s& sir dung lién tuc
dugc 60km véi toe do téi da 35km/gio. Néu str dung binh quén 1 lit xang/ngay
thi 1 nam khach hang tiét kiém duoc gan 4.000.000 dong.

e Sur dung xe dap dién la bao vé moi truong. Luong khi thai qué Ion tu
phuong tién chay xing dang lam cho cac thanh phd tré nén 6 nhiém vi vay viéc
sir dung xe dap dién s& gop phan bao vé khi quyén.

e V& phuong dién ki thuat, dong co xe dién wu viét hon xe xing rat nhiéu:
Hiéu suat dong co xing khoang 30%, xe dién 18n t&i 90%. Bén canh d6 do bén

dong co dién cao hon, it rung, it hu hong trong qua trinh st dung.
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e Xe dién hop thoi trang: Khac han voi xe may, xe dién dang tré nén rat
hop thoi trang so vai xe may, bai thiét ké kha don gian nén viéc thiét ké trang tri
rat an tuong hon xe dong co xing.

e Van hanh ém, khong str dung xang dau, khong gay 6 nhiém mai truong.

e Khéng bat budc phai dang ky xe, khong bat budc doi nén bao hiém (tuy
nhién khuyén co cé4c ban hiy d6i mii bao hiém vi su an toan caa chinh minh),
khdng can bang lai xe.

e Gia nhién liéu ngay mot tang, moi truong 6 nhiém, st dung xe dap dién la
mot diéu tét. Theo tinh toan, chi phi sac dién dé str dung cho xe dap dién trong
mét ngay chi mat khoang hon 2.000 dong, trong khi d6 dung xe gan may trung
binh phai mat 8.000 ddng/ngay. Puoc biét, mot binh dién cua xe dap dién néu
sac day tir 4-8 gio s& di duoc tir 35km-80 km, gia mot chiéc binh ic quy dao
dong tir 450.000-800.000 dong, thi cling khong qua dat cho nguoi st dung.
Cung véi nhirng loi ich xa hoi khac, bao dam an toan giao thdng, phu hop véi
muc thu nhap, xu hudng chuyén sang ding xe dap dién 1a rat phi hop véi nguoi
tiéu dung Viét Nam.

e Vira ¢ thé chay bang dién, vira c6 thé str dung ban dap nhu xe dap théng
thuong. Kich thudc va trong luong xe kha gon nhe, khoang 28-35 kg. Toc do toi
da vao khoang 20-30 km/h va mdi 1an nap dién c6 thé chay khoang 40-60km.

Mot s tién ich cua xe dap dién Trung Qudc nhu dén pha, co cong to mét
hién thi toc d6 va bao dién 4c quy, binh dc quy duoc che kin nén khoé vé nudc...,
cac tinh ning nay hién mot s6 nha san xuat xe trong nudc ciing da khac phuc,
lam duoc, nhung gia khong dat nhu xe nhap. Sir dung xe dap dién san xuat trong
nudc ngudi tidu dung s& dugc thu huong ché do bao hanh hau mai chu dao.
1.2.THONG SO VA PAI LUQNG CHINH CUA MOQI SO XE PAP PIEN
HIEN CO MAT TREN THI TRUONG VIET NAM

Xe Trung Qudc san xuat: co cac thwong hiéu san Xuat tir cac nha may

trung wong va dia phuong nhu: Jili, Asama, robo....



Xe Nhat Ban: da phan 13 hang di qua sir dung, tuy nhién mau ma khéng
bat mat bang hang Trung Québc san xuat nhung dugc nhiéu ngudi dung ua thich
vi chuong hang Nhat, gia vira phai.

Céc nudc khéac chi yéu 1a Pai loan véi san pham: Yamaha, Bridgestone...

Trong nudc san Xuat vai cac thuong hieeui: Delta, Lieha...

Hang trong nudc thuong don diéu vé mau ma, mau sac, tuy cé gia ré hon
ctia nudc ngodi song van khéng hap dan ngudi tieu dung. Dé chon dugc 1 chiée
xe dap dién phu hop véi kha ning tai chinh va sé thich cia mdi ngudi ciing
tuong d6i d& dang. Tuy nhién dé sir dung duoc hiéu qua va thuan tién lai 1a
nhitng van dé ngudi tiéu ding quan tam.

Ngoai kiéu dang, mau sac wa thich, khi mua ban nén cha y dén céc thdng
s6 k¥ thuat:

e CONg suat dong co: tinh bang Watt (250W, 350W...)
e Xe sir dung may binh dién (4cquy): 3 hoaic 4 binh
e Dién ap va dong dién ciia mdi binh: 12V...12Ah...

Néu thong sé nay c6 gia tri cang 16n, c6 nghia 1a chiéc xe d6 c6 tinh ning
k¥ thuat cao.

Ngoai ra, luu y thém vé thdng sé dung luong cuaa binh ac quy: Bi duoc
bao nhiéu km khi sac day binh va thoi gian sac 1a bao lau. TUy theo nha san xuét
, €0 loai phai sac khi chua hét binh, ¢6 xe phai sir dung hét binh réi méi sac méi
dam bao tudi tho cua binh. Vi tri dat binh dién,bd diéu téc va dong co ciing rat
quan trong: & vi tri kho réo trén xe, dong co, bd diéu tdc va binh dién cé tudi

tho cao va nguoc lai.



1.2.1. Théng sé k¥ thuat cia xe dap dién hang Yamaha
1.2.1.1. Xe dap dién Yamaha ICATS H1

Hinh 1.1: Xe dap dién Yamaha ICATS HL1.
Bang 1.1: Thong s ky thuat caa xe Yamaha ICATS H1.

Ngoai hinh
Chiéu daixchiéu rongxchiéu cao 1539mmx635mmx1015mm
Chiéu cao yén xe 750mm

Puong kinh banh xe

Banh trudc:455mm,Banh sau:455mm

Tinh nang
Céach thuc thao tac Tu dong
Quing duong di dugc khi pin day 50km

Van toc toi da

20km/h-30km/h

Phu kién xe
Ac quy 48V-15Ah
Sac dién Tu dong ngat khi ac quy day
Thaoi gian sac 6-8gio
bién ap 220v-50Hz
DoOng co xe Pong co 3 pha,Cong suat 240W

Dbién ap dong co

48V

Chu thich
Trong luong xe 48kg
Kha nang trd vat nang 100kg




Bao vé tut ap

41V+/-1.0V

Bao vé qua dong

14A+/-2.0A

1.2.1.2.Xe dap dién Yamaha ICAT N2

Hinh 1.2: Xe dap dién Yamaha ICAT N2.
Bang 1.2: Thong s6 ki thuat cia xe Yamaha ICAT N2.

Ngoai hinh
Chiéu daixchiéu rongxchiéu cao 1170mmx655mmx1055mm
Chiéu cao yén xe 790mm
Cu ly 2 banh Banh trudgc :560mm,Banh sau:560mm
Tinh nang
Cach thuc thao tac Tu dong
Quing duong di duogc khi pin day 55km
Van toc toi da 25km-35km
Phu kién xe
Ac quy 48V-15Ah
Sac dién Tu dong ngat khi ac quy day
Thaoi gian sac 6-8 gio
bién ap 240V-50Hz
Dong co xe Pong co 3 pha
Dién 4p dong co 48V
Chu thich
Trong lugng xe 50kg




Kha nang ché vat nang

100kg

Bao vé tut ap

42V +/-1.0V

Bao vé qua dong

14A+/-2.0A

1.2.2. Thong sé k¥ thuat cia xe dap dién hang Bridgestone
1.2.2.1. Xe dap dién Bridgestone ML

Hinh 1.3: Xe dap dién Bridgestone MLI.
Bang 1.3: Thong s ki thuat caa xe Bridgestone MLI.

Ngoai hinh
Chiéu daixChiéu rongxChiéu cao 1820mmx670mmx1046mm
Chiéu cao yén xe 745~900mm
buong kinh banh xe Banh trudc:22”%1.95”,Banh
sau:24’x1.95”
Tinh nang
Van hanh Pap tro luc
Cach thuac thao tac Tu dong
Quing duong di dugc khi pin day 60km
Van toc tdi da 30km/h

Phu kién xe

Ac quy Pin Lithium-ion

Sic dién Tu dong ngat khi ac quy day
Thaoi gian sac 3-4qgi0

Cong suit 350W

Pong co xe Tron bong,dong co choi than
Dién 4p dong co 36V

bién ap 220V-50Hz




Cha thich

Trong luong xe 29.2kg
Kha nang ché vat nang 120kg
Bao vé tut ap 41V
Bao vé qua dong 16A

1.2.2.2. Xe dap dién Bridgestone PKLI
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Hinh 1.4: Xe dap dién Bridgestone PKLI.
Bang 1.4: Thong sé ki thuat caa xe Bridgestone PKLI.

Ngoai hinh
Chiéu daixchiéu rongx Chiéu cao 1598mmx590mmx1015mm
Chiéu cao yén xe 745~900mm
Puong kinh banh xe Banh truoc:207x2.125”,Banh

sau:20’x2.125”

Tinh nang

Van hanh Dap tro luc
Cach thirc thao tac Tu dong
Quing dudng di dugc khi pin day 50km
Van toc toi da 30km/h

Phu kién xe
Ac quy Pin Lithium-ion
Sac dién Tu dong ngat khi ac quy day




Thoit gian sac

3-4 gio

Cong suét

250W

Pong co xe Tron bong,dong co chdi than
bi¢n ap dong co 36V
Dién &p 220V-50Hz
Chu thich
Trong lugng xe 27.2kg
Kha nang cho vat nang 120kg
Bao v¢ tut ap 41V
Béao v¢ qua dong 16A

1.2.2.3. Xe dap dién Bridgestone DLI
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Hinh 1.5: Xe dap dién Bridgestone DLI.
Bang 1.5: Thong s ki thuat cia xe Bridgestone DLI.

Ngoai hinh
Chiéu daixChéu rongxChiéeu cao 1598mmx590mmx1015mm
Chi€u cao yén xe 745~900mm

Duong kinh banh xe

Banh trudc:16°x2.125”.Banh
sau:16”x2.125”

Tinh niang




Van hanh Dap tro luc
Cach thirc thao tac Tu dong
Quing duong di dugc khi pin day 60km
Van t6c t6i da 30km/h

Phu kién xe
Ac quy 48V-15Ah-NEC Nhat
Sic dién Tu dong ngat khi pin day
Thoi gian sac 6-8 gio
Cong suat 250W
Dong co xe Tron bong
Dién ap dong co 36V
Dién ap 220V-50HZ

Chu thich

Trong lugng xe 50 kg
Kha nang ché vat nang 120kg
Bao vé tut ap 41V
Bao vé qua dong 16A

1.2.3. Thong sbé k¥ thuat ciia xe dap dién hing Honda

1.2.3.1. Xe dap dién Honda Cool
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Hinh 1.6: Xe dap dién Honda Cool.

Bang 1.6: Thong s ki thuat cia xe Honda Cool.

Ngoai hinh
Chiéu daixChéu rongxChiéu cao 1627mmx680mmx1019mm
Chiéu cao yén xe 16°x2.125”

buong kinh banh xe

Banh trudc:187x1.75”.Banh
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| sau:187%2.125”

Tinh niang

Van hanh Dap tro luc
Cach thuc thao tac Tu dong
Quing duong di dugc khi pin day 50km
Van toc toi da 30km/h

Phu kién xe
Ac quy 48V-15Ah
Sac dién Tu dong ng.'flt khi sac df:iy
Thoi gian sac 6-8 gio
Dién &p 220V-50Hz
Do0ng co xe Dong co 3 pha
Dién 4p dong co 48-15Ah

Chu thich

Trong lugng xe 50 kg
Kha nang ché vat nang 100kg
Bao vé tut ap 41V
Bao vé qua dong 16A

1.2.3.2. Xe dap di¢n Honda HDC 141

Hinh 1.7: Xe dap dién Honda HDC 141.
Bang 1.7: Thong s ky thuat cia xe Honda HDC 141.

Tinh nang

Van hanh DPap tro luc
Cach thirc thao tac Tu dong
Quing duong di dugc khi pin day 40~50km
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Van toc toi da 35km/h
Phu kién xe

Ac quy 48V-12Ah
Sac dién Tu dong ngét khi sac dﬁy
Thot gian sac 4-5 g0
Cong suét 350W
Dién &p 220V-50Hz
DoOng co xe bong co 3 pha
Dién 4p dong co 48-15Ah

Cha thich
Trong luong xe 30 kg
Kha nang ché vat nang 130kg
Bao vé tut ap 41V
Bao vé qua dong 16A

1.2.4. Thong s6 ky thuat ciia xe dap dién hang NISHIKI
1.2.4.1. Xe dap dién NISHIKI 26inch

Hinh 1.8: Xe

dap dién Nishiki 26 inch.

Bang 1.8: Théng s ky thuat caa xe Nishiki 26inch.

Ngoai hinh
Chiéu daixChiéu rongxChiéu cao 1380mmx510mmx1100mm
Chiéu cao yén xe 167x2.215”
Duong kinh banh xe 26”%x1.75”
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Tinh nang

Van hanh DPap tro luc
Cach thuc thao tac Tu dong
Quing duong di dugc khi pin day 60km
Van toc t6i da 24 km/h
Phu kién xe
Ac quy Pin Lithium-ion,36V-10Ah,AC 100-
240V
Sac dién Tu dong ngét khi sac dﬁy
Thoi gian sac 3-6 gio
Dién &p 220V-50Hz
DoOng co xe Pong co 3 pha,khong choi than,250W
Chu thich
Trong luong xe 22 kg
Kha nang ché vat nang 120kg
Bao vé tut ap 41V
Bao vé qua dong 16A

1.2.4.2. Xe dap dién NISHIKI 24inch

Hinh 1.9: Xe dap dién Nishiki 24inch.
Bang 1.9: Thong s ky thuat caa xe Nishiki 24inch.

Ngoai hinh
Chiéu daixChiéu rongxChiéu cao | 1380mmx510mmx1100mm
Chiéu cao yén xe 167%2.215”
buong kinh banh xe 26”%x1.75”

Tinh niang
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Van hanh Dap tro luc
Cach thirc thao tac Tu dong
Quing duong di dugc khi pin day | 40km
Van toc t6i da 24km/h

Phu kién xe
Ac quy Pin Lithium-ion,36V-10Ah,AC 100-240V
Sac dién Tu dong ngét khi sac déy
Thoi gian sac 3-6 gio
Dién ap 220V-50Hz
DoOng co xe Pong co 3 pha,khong chdi than
Cong suat 250W

Chu thich

Trong luong xe 17 kg
Kha nang ché vat nang 100kg
Bao vé tut ap 41V
Bao vé qua dong 16A

1.2.5. Thong s6 ky thuat ciia xe dién hang Emoto

1.2.5.1. Xe dién Emoto phanh ch

an EO11

Hinh 1.10: Xe dién Emoto phanh chan E011.

Bang 1.10: Thong s6 ky thuat ciia xe Emoto phanh chan E011.

Ngoai hinh
Chiéu daixChiéu rongxChiéu cao 1598mmx590mmx1015mm
Chié€u cao yén xe 745~900mm
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buong kinh banh xe Banh trude:187%3.125”.Banh
sau:187x3.125”
Tinh nang
Van hanh Dap tro luc
Cach thirc thao tac Tu dong
Quing duong di dugc khi pin day 60-80km
Van toc t6i da 35 km/h
Tinh niang
Ac quy 12V
Sac dién Tu dong ngét khi sac déy
Thoi gian sac 6-8 gio
Dién ap 220V-15Ah
Dong co xe Pong co 3pha,cong suat 350W
Dién 4p dong co 48V
Cha thich
Trong lugng xe 60kg
Kha nang ché vat nang 120kg
Bao vé tut ap 41V
Bao vé qua dong 16A

1.3. HINH DANG XE PAP PIEN

Thi truong hién ¢6 hon 14 loai xe dap dién voi gﬁn 60 mau ma khac nhau,
tir xe ¢6 gan moto kéo don gian véi binh dién cho dén nhiing loai dugc thiét ké
gon nhu binh dién gin trong than xe, moto gin dudi gdm xe cho dén loai hinh
dang sang trong nhai xe tay ga. Trong d6, xe Trung Québc chiém khoang 10% thi
truong, con lai 1a sy canh tranh gitta cdc hang san xuat ndi dia nhu xe dap dién
Hitasa, Yamaha, Miyata, Asama, Bridgestone, Songtian, Giant, Delta, Five
Stars...

Thiét ké cua mot chiéc xe dap dién Trung Qudc kha bat mat, xe khoe va
chac chan, phang phét dang dap ctia mot chiée xe may. Xe c6 hai giam xoc trudc
va sau. Riéng giam x6c sau duoc thiét ké bang mot giam x6c cbi rat khoe hodc
bang hai phudc nhan hai bén, khi van chuyén xe dam hon, giam dugc do xéc khi
di vao duong xau, phit hop véi dia hinh Viét Nam.

Banh xe duoc thiét ké theo kiéu banh map, vanh bang gang dic c& 480

(vanh nho), loai vanh nhé nay thuan tién hon cho nguoi gia va phu nir str dung.
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Binh 4cquy duoc thiét ké bén trong, khong 10 ra ngoai hay dugc lip ngay dudi
yén, rat thudn tién khi sac dién hay thao ra lép Vao.

Toan bd hé thong dén duogc thiét ké rat hién dai véi cum dén pha va dén
Xi-nhan thiét ké lién. Cong tic dén pha va dén xi-nhan... dugc b tri ¢ hai bén
tay lai rat thudn tién khi diéu khién. Mt trén 1a cong to mét co dén bao hiéu dién
cua binh acquy, bao tbc d6 khi xe chay. Phia sau xe 1a cum dén hau, dén bdo
phanh, dén xi-nhan dugc bd tri rat gon va hop 1y.

Yén xe duoc thiét ké nhu yén xe may, co thé chd thém ngudi. Hé thong
phanh duoc thiét ké theo kiéu phanh dia két hop v6i phanh bat, khi xe chay & toc
dd cao str dung phanh s€ an toan hon.

Tuy nhién xe Trung qudc ciing thiét ké xich tran khong c6 xich hop. Xe Trung
qubc rat kin nude do vay khi di troi mua hay ngap nudc, nude vao trong dong co dé
lam hong xe. Bo diéu toc dé dudi gam xe 1én khi ngap nude dé bi hong.

e Xe dap dién c6 rat nhieu mau ma kiéu dang khac nhau phu hop cho
tung lta tudi nhu hoc sinh, sinh vién, nguoi gia. Thiét ké nho gon, dep, kiéu
dang la, doc dao, manh, sir dung ba binh dién, thdo ra dé dang va co dén, suon
nhdm, c6 dén trudc va sau rat sang, yén ting giam to nho, tly theo chiéu cao
nguoi st dung, phanh truéc phanh sau rat chac chan, banh nho gon, yén sau,
giam xac rat tét, rat phi hop véi cac ban tré..

e Thiét ké kiéu dang thé thao, doc dao, chay manh, ¢ nit bat dén truéc,
c6 dén bao hiéu luong dién, binh &c quy thao ra dé dang, thiét ké chac chan, yén
tang giam theo chiéu cao, phanh truc phanh sau chic chin, tay ga an toan...phu
hop cho moi nguoi. Véi thiét ké thé thao, xe dap kiéu dang nay con duoc sir
dung dé van dong rén luyén suc khoe.

e Cac loai xe dap dién khong trang bi ban dap, chi chay dién, loai nay
nhin rat bat mat va cé nhiéu kiéu dang tinh té, sang trong. Loai xe nay rat phi
hop véi nhimg ngudi cao tudi.

1.4. KET CAU CO KHi CUA XE PAP PIEN

Két cau cua xe dap dién.
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Hinh 1.11: Két ciu cua xe dap dién.

Cha thich:

1. Lép 8. Coc yén 15. Pui

2. Vanh 9. Tay ga 16.Hop xich
3. Nan hoa 10. Phét ting

4. Chan bun sau 11. Pén xe

5. Baga 12. Chén bun trudc

6. Yén 13. Cang trudc

7. Binh dém 14.Dé chan
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CHUONG 2.

CAU TRUC CUA XE PAP SU DUNG NANG LUQNG PIEN

Trong mot chiéc xe dap dién c6 4 bo phan chinh:

e Ngudn acquy.

e Mach nap cho nguon acquy.

e Motor dung lam ngudn dong luc.

e Mach diéu khién.
Sau day chung ta s& nghién ctu tuan tu cac bo phan trén cua xe dap dién.
2.1. NGUON PIEN(AC-QUY)

Acquy 1a ngudn dién thir cap khong thé thiéu trong nganh céng nghiép
cling nhu trong doi séng hang ngay mic di bay gio nguon dién xoay chiéu duoc
cung cap rat 6n dinh. Trong cic nha may dién vé tram bién 4p nguodn thao tac
lam nhiém vu cung cip dién cho cac thiét bi: bao vé role, tu dong hoa, diéu
khién, tin hiéu, anh sang su ¢, cac co cau ty dong quan trong... Do dé, nguon
thao tac can c6 do tin cay cao, cong suat cua ching phai du lén va dién &p trén
thanh gop can c6 su 6n dinh I6n. Mudn vay, cac ngudn va luédi dién phan phéi
dong thao tac can c6 do duy trix lon.

Nguon thao tac co thé 1a mot chiéu hoic xoay chiéu. Xong dé co do tin cay
cung cap dién va cau tao cua céc thiét bj thir cip gon nhe, don gian trong cac nha
may va tram bién ap 16n nguoi ta thudng dung ngudn thao tac 1 chiéu mac di gia
thanh cua ching rat dat va van hanh khéa phutc tap. Acquy 1a ngudn thao tac 1
chiéu sir dung rong rai trong cac nha mdy dién, tram bién ap va cac ung dung
khéc. Acquy 1a ngudn thao tac tin cay vi sy 1am viéc cua chiing khong phu thuoc
vao cac diéu kién bén ngoai va dam bao cho cac thiét bi dién tha cip 1am viéc tét

ngay ca mat dién trong ludi dién chinh ciia nha may va tram bién ap.
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Binh acquy tich trit nang luong cho hé thdng dién, duoc st dung lam
ngudn cung cap cho mach dién. Khi déng dién théng mach, cquy s& phong ra
dong dién 1 chiéu qua mach dién va céc thiét bi néi vai céc cuc cta no.

Dong dién binh &cquy tao ra do phan ang hda hoc hoac gitta nhirng vat
lieu trén ban cyc va axit sulphuric trong binh hay con goi la chat dién giai.

Sau 1 thoi gian st dung ning luong du trir trong acquy sé can kiét dan.
Tuy nhién ning lugng d6 co thé duoc sac lai bang cach cho 1 dong dién bén
ngoai di theo chiéu nguoc lai véi chidu phat dién caa binh.

2.1.1. Céu tao chung cia mét binh acquy

Binh 4c quy duoc 1am tir mot sd té bao (cell) dat trong vo boc bang cao su
ctng hay nhwa cang. Nhitng don vi co ban caa mdi té bao 1a nhitng ban cuc
duong va ban cuc am.

Nhitng ban cuc ndy c6 nhitng vat liéu hoat hda nim trong cac tim ludi
phang. Ban cuc duong sau khi sac 1a peroxit chi (PbO,) c6 mau nau.

Mbt nhém ban cuc duoc han lai véi nhau vao mot dai mot cach ni tiép.

Ban
Vach cuc
5 o / <
Ban cuc ngan duong
am \ _
~ i
]
e e
- o - | /7
- - — — :J//
e

Hinh 2.1: Céu tric chung cua mot té bao acquy.
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Cac ban cuc &m va duong xen k& nhom ban cuc am thuong nhiéu hon
ban cuc duong 1 ban khién cho ban cuc &m nam bén ngoai nhém ban cuc, cac
ban cuc duoc Xép ngan cach voi nhau bang nhitng tim ngin x6p. Nhing tam
ngin x6p cho phép chat dién giai di nhanh qua cac ban cuc. Mot bd nhitng sap

xép nhu vay goi 1a mot phan tir (element).

Sau khi sap xép 1 bo phan nhu trén n6 duoc dit vao 1 ngin trong vo binh
acquy. O binh acquy cd nap day mém, cac lap té bao duoc dat 1én. Sau d6 nhiing
phién ndi dugc han vao dé ndi cac cuc lién tiép cua té bao. Trong cach ndi nay
c4c té bao dugc ndi lién tiép. Cudi cing nap day binh dcquy dugc han vao.

Binh &cquy c6 nip day chung lam giam dugc sy an mon trén vo binh.
Nhitng binh &c quy c6 ban cuc ndi di xuyén qua tim ngan cach ting té bao. Piéu
nay 1am cho &cquy van hanh tét hon bai vi ban nbi ngan va nap day kin.

Pau ndi chinh cua &cquy 1a cuc am va cuc duong. Cuc duong 16n hon cuc
am dé tranh nham 1an dién cuc.

Nap thong hoi duoc dit trén nap mdi té bao. Nhitng nip nay c6 2 muc
dich:

e Pé day kin té bao ac quy, khi can kiém tra hay thém nudc nguoi ta s&
m& nap day nay.

e Khi sac binh ngudi ta cling mod nap day nay dé chat khi co thé thoat ra.

MJi té bao acquy co dién thé 2V, &cquy 6V c6 ba té bao mac ndi tiép,
acquy 12V c6 sau té bao mac ndi tiép... Vi vay mubn co dién thé cao hon nguoi

ta mac ndi tiép cac té bao véi nhau.
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Hinh 2.2: Céc té bao va binh acquy dugc méc ndi tiép.
2.1.2. Chu trinh phong dién cua acquy
Khi binh 4c quy duoc nbi ra dé tao ra 1 mach dién khép kin, dong dién di
tir binh &c quy ra, chu trinh phéng dién bat dau. Dong dién duoc tao ra do phan
ung hda hoc nhu sau:
Oxy trong ban cuc duong két hop véi hidro trong axit dé tao thanh nudc,
Pb ¢ ban cuc duong két hop véi géc sunfat chi.

~_

g -
[}

R + Dong dién tao ra do cac phién

khac nhau trong chat liéu dién giai

Hinh 2.3: Cach thic binh acquy tao ra dong dién.
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Khi qua trinh phéng dién tiép dién dung dich lodng dan cing vai su tich
tu sunfat chi & ban cuc dén 1 luc nao d6 phan ung héa hoc cham dat va ac quy
khdng tao ra dién nita ta néi n6 da hét dién. Muébn sir dung lai ta can phai sac
4cquy bang 1 ngudn dién ngoai véi cudng do thich hop.

Khi 1am viéc binh dcquy déng vai trd nhu mot may phat dién. Diéu nay
Xay ra nhu sau:

e Binh &c quy cung cép dién cho hé thong dién va tro nén phat dién.

e May phat dién cung cip dong dién nguoc lai cho binh &c quy, noi
cach khac la sac acquy.

e Mach diéu hoa dién thé, gisi han dién thé sac trong 1 pham vi an
toan dé acquy khdng bi sac & mic do qua lon.

Nhitng phan ¢ng hoa hoc xay ra trong chu ky sac nguoc lai véi phan tng
trong chu ky xa dién.

Sulfat chi & hai ban cuc tach thanh Pb va S0, con nuéc tach thanh hidro dé
tao ra H,S0, cung Iic nay oxi két hop véi chi & ban cuc duong dé tap ra Pb0,.

Chung ta ghi nhan rang nudc 1a yéu té vo ciing quan trong trong phan (ng
hoa hoc caa binh acquy. Nuéc tinh khiét ding dé cham binh 1a mét van dé tranh
cdi con dung nudc cat dé cham binh 1a tét nhat. Nudc cd tap chat s& lam giam
tudi tho va can tré su van hanh caa acquy.

2.1.3. Cac loai binh &cquy
Co hai loai binh acquy la loai kho va loai uét.
2.1.3.1. Binh &c quy loai kho

Binh 4cquy c6 day du moi phan tir dugc xac diy nhung khong cé chira
dung dich dién giai cho dén khi dem ra str dung. Nhu thé nd roi khoi nha may
trong tinh trang kh6. Mot khi dugc kich hoat dem ra sir dung né ciing giéng
acquy udt khéac.

O nha may acquy duoc sac nhu sau: dong dién mot chiéu duogc chi dinh

qua céc ban cuc, khi nhitng ban cuc nay duoc nhing trong dung dich dién giai la
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H,S0, yéu. Cac ban cuc sau khi duoc sac duoc lay khoi dung dich dién giai, ria

trong nudC va say kho hoan toan. Sau d6 dugc lap vao binh acquy.

Binh &cquy khé duy tri tinh trang sac dién cua né néu khéng khi am

khong xam nhap vao trong cac té bao cua binh. Néu dem ra dé noi thoang mat

kho rao loai binh acquy nay van cé thé sir dung tot.

Acquy khé dugc kich hoat bang cach cham nuéc dién giai vao binh trong

diéu kién thuong. Viéc kich hoat duoc 1am nhu sau:

D6 nude dién giai vao téi mirc quy dinh.

Do trong luong riéng nudc dién giai.

Pé yén vai phat kiém tra lai mac chat long trong ting ngin. Néu
can cham thém nudc dién giai.

Kiém tra lai dién thé hd mach cua &cquy. Néu dién thé acquy la
12V hay hon, c6 thé st dung. Néu dién thé tir 10V dén 12V sac lai
binh 4cquy. Néu dién thé khdng téi 10V thi coi nhu binh gap van
dé.

Kiém tra sau cung 1a do trong luong riéng nudc dién giai. Néu chi
s doc duoc ha xudng 0.03 so véi lan do trude d6 can sac lai binh
ac quy.

Sac mot binh méi tir tir dé dam bao acquy day dua dién.

Sau khi binh 4cquy dugc dua vao hoat dong ta chi can thém nudc
cat, khong duoc thém axit.

Sau khi dwa vao st dung bao tri theo ché d6 bao dudng binh
thuong. Nhimg binh ac quy khé thudng duoc cat gitt & noi mat va
d6 am thap. Pam bao nhiét do tir 16° d¢én 32°. Trong nhiing diéu
Kién nhu vay acquy c6 thé gitr nhidu nim ma van con dién. Trong
nhiing diéu kién khdng tt &cquy mat dién trong vai tuan. Thuan loi
cua binh &c quy khé la khong bi sulfat héa va hao mon trong khi

tén trit nhu binh 4c quy uét.
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2.1.3.2. Binh acquy wot

Acquy uét c6 cac phan tir duoc sac va do day axit tai xuong. Ac quy uét
khong giir duoc dién trong thoi gian ton trir va phai duoc sac lai dinh ky.

Trong thoi gian ton trit mac du ac quy khéng sir dung phan @ng hda hoc
van xay ra nhung cham va 1am cho ac quy mat dién dan. Day 1a hién twong tu xa
dien.

Murc @6 tu xa dién dién ra khac nhau tuy thudc vao nhiét do nudc dién
giai. Mot &c quy sac day du cat gitr trong phong nhiét ¢ 38°C s& hoan toan mat
dién trong 90 ngay, néu & nhiét dé 16°C thi nd chi mat mot it dién.

2.2. MACH SAC NGUON XE PAP PIEN SU DUNG IC UC3842

N 41
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Mach sat nguén 24VDC vé lai theo mach thi trudng 2008 ( TPT )

Hinh 2.4: Mach sac ngudn xe dap dién sir dung IC UC3842.
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IC UC3842 c6 8 chan va nhiém vu cua cac chan nhu sau:

-Chan 1 (COMP): day 1a chan nhan dién &p so sanh, dién ap chan sb 1 ti 1&
thuan véi dién &p ra, thong thuong trong mach nguén,chan 1 khéng nhan ap hoi
tiép ma chi ddu qua moét R sang chan s 2.

-Chan 2 (Vgg): ddy 1a chan nhan dién ap hoi tiép, co thé hoi tiép so quang
hoac hoi tiép truc tiép tir cudn hdi tiép sau khi di qua cau phan &p, dién ap hoi
tiép vé chan 2 ty Ié nghich véi dién &p ra, néu 1 1y do nao d6 lam dién ap dua vé
chan 2 tiang 1én thi dién 4p ra s& giam thap hoac bi ngat.

-Chan 3 (Current sense): chan cam bién dong, chan nay theo ddi dién ap ¢
chan S caa dén mosfet, néu dong qua mosfet ting => dién &p chan S sé ting =>
dién 4p chan 3 sé tang, néu ap chan 3 ting dén ngudng 0,6V thi dao dong s& bi
ngat, dién tré chan S xudng mass giam khoang 0,220hm, néu dién trg nay ting
tri s6 hoic bi thay doi tri s6 16n hon thi khi chay c6 tai 1a nguén bi ngat.

-Chan 4 (Rt/Ct): chan ndi véi R-C tao dao dong, tan sé dao doéng phu
thudc vao tri s6 R-C & chan 4 dé dong pha giita tan s6 dong vai tan sé dao dong
ngudn, diéu d6 dam bao khi dong hoat dong tiéu thu ngudn thi Mosfet ngudn
cling s& mé dé kip thoi cung cap, diéu d6 1am dién ap ra khong bi sut &p khi cao
ap chay.

-Chén 5 la Mass

-Chan 6: 1a chan dao dong ra,dao dong ra la dao dong xung vuong c6 do
rong cé thé thay d6i dé diéu chinh thoi gian ngat mo cia Mosfet thay doi thi
dién ap ra thay doi.

-Chan 7 la chan Vcc, dién ap cung cap cho chan 7 tir 12V dén 14V,néu
dién 4p giam duoi 12V thi dao dong cé thé bi ngat, dién ap chan 7 duoc cip qua
tré moi, khi nguén chay dién ap nay duoc bd xung tir cudn hoi tiép sau khi
ching duoc chinh luu va loc.

-Chan 8 (Vref): ddy 1a chan tir IC dwa ra dién &p chuan 5V, dién &p nay

thuong ding cung cap cho chan dao dong sb 4, nguoi ta thuong thiét ké mach
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bao vé bam vao chan 8 dé khi ngudn c6 sy ¢b s& 1am mat ngudn chan 8 => mach
ngit dao dong.

2.2.1. Mach hién thi chi mic 4p ngudn cia acquy

=
75 IC soap - Day den
e 3
R Tl
13 M 10 €2 !
LE02 68k  rg
2 9 R6 R? 12k
8
LED3 Cauchiaap | Ngudn
' 27! HE 36V
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4 2 15 Ik v
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Hinh 2.5: Mach hién thi mac 4p ngudn acquy.

-Pay la cac tang so ap, ta co thé dung cac tang khuéch dai toan thuat (Op-
Amp) dé 1am cac tang so &p, nga ra dat cac Led hién thi mac ap nga vao. Nguoi
ta ding mach nay dé hién thi chi mac &p caia nguon pin &cquy.

-Trong mach: R1 (3.6K) va diode Zener 11V ding tao ra mirc ap chuan,
qua cac di¢n trd chia ap R3 (12K), R4 (1K), R5 (1K), R6 (1K), R7 (20K) tao ra
cac mirc 4p ngudng cdp 4p mau cho cic tang so ap. Tin hiéu lay trén diy den
qua mach chinh ap v6i R8 (17K), chiét ap W (10K) va R9 (12K), dién ap nay
cung luc dua vao cdc ting so ap. Chung ta biét, khi dién ap vao mot ting so ap,

néu muc ap nay cao hon mic 4p ngudng thi Led ¢ nga ra s€ dugc cap dong va
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phat sang. Vi cac Led mic nbi tiép, chung ta c6 mach hién thi mic ap véi cac
Led sang dan 1én. C1 1a ty loc nhiu tan cao trén mach cép ap chuan.

2.3. POI TUQNG PIEU KHIEN

2.3.1.Png co dién mdt chiéu

May dién mdt chiéu 14 loai may dién lam viéc vo1 dong dién mat chiéu, co
thé str dung 1am may phat dién hodc dong co dién.

May dién mot chiu cho phép diéu chinh tdc do tron trong khoang rong va
momen mé may 16n vi vay né dugc st dung rong rai lam dong co kéo, khi can
diéu chinh chinh xac tbc do dong co trong khoang rong, may dién mot chidu con
duogc sir dung rong rai 1am ngudn nap acquy, han dién, ngudn cung cap dién...
2.3.1.1. Phan loai dong co dién mét chiéu
Pong co dién 1 chiéu phan loai theo kich tir thanh nhiing loai sau:

-Kich tir doc lap.

-Kich tir song song.

-Kich tir nbi tiép.

-Kich tir hon hop.
2.3.1.2. Cau tao va nguyén ly hoat déng ciia dong co’ dién mot chiéu

Pong co dién mot chiéu co ciu tric gém 3 bd phan chinh: phﬁn cam, phén
g, ¢ gop va choi than.

Phéan cam 13 bo phan tao ra tir trudng dit o stato, thong thuong phan cam
la mot nam cham dién gém c6 cuc tir N-S va cudn day kich tur.

Phén tng c6 161 thép dit & rotor, c6 phay ranh dé dit ddy quan phan ung.
Mdi cudn day dugc ndi t6i hai 1a gop ctia ¢ gop dién.

Trong ché do may phat, can cép dién mot chiéu cho cuodn kich tr va ndi
rotor v&i dong co so cAp khac dé quay rotor (may lai dong co). Khi rotor quay
trong tu truong phén cam, trong cudn day s& xuét hién thé dién dong, duogc cd

g6p va chdi than nan thanh sdd mét chiéu.
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Trong ché d6 dong co, can cép dién mot chiéu cho cudn kich tir va cudén
day phan tmg. Dong dién chay trong phan tmg s& tac dung voi tir truong gy boi

phan cam tao thanh momen quay rotor.

N

3 b
8

Hinh 2.6: So do cau tao dong co dién mot chiéu

|

N

2.3.1.3 Phwong trinh cin bang ciia dong co
Khi dwa mot may dién mot chidu da kich tir vao ludi dién thi cuon cam
ung s€ chay mot dong dién, dong dién nay sé tac dong vaoi tir trweong sinh ra
lyc,chiéu cua n6 duoc xac dinh bang quy tac ban tay trai va tao ra momen dién
tir lam cho rotor quay voéi toc do w, trong cudn day xuat hién sdd cam tng:
Ev=keg 0 (2.1)
Khi n,l, thay d6i ta c6: U, +(-e,)+(-L.di/dt)=i,R,, & ché d6 on dinh
(n=cont,l,=const), ta co: U, =E,+I,R,
Trong d6:E,: stic dién dong phan &ng.
R,: dién tré phan ung
. dong dién phan tng

Dong dién |, dugc tinh theo céng thurc sau:
_PN _
Iu_%¢a) —k¢(() (22)

Trong d6:  P-s6 d6i cuc tir chinh.
N- s6 thanh dan tac dung cua cudn day phan tng

@- tir thdng kich tir cia mot cuc.
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Stre dién dong:

E, =k, ¢ =M= ke =0.105K.
60 9.55

2.3.1.4. Pic tinh co ciia dong co dién 1 chiéu

a. Pac tinh co cia dong co kich tir dgc lap va song song

Mdm M

Hinh 2.7: Buong dac tinh co cua dong co kich tir doc Iap va song song.

Pic tinh co 1a mdi quan hé ham giita toc d6 va momen dién tir o =f(M),

khi I=const. Dong kich tir duwoc xac dinh bang: l =U /R« , ¢ =ik

Phuong trinh dac tinh co dién: o =(U, — I, Ry)/K¢. Trong do: o,=U, /k¢

la téc do khong tai.
O=®g ~A®
:Ru+Rf | :Ru+Rf
kg " &g (2.3)

b. Pic tinh co ciia ddng co kich tir ndi tiép

A®

U
TN o a 9
RF=0
CKT
NT
RF#0 : L
Rf
E
0 M

Hinh 2.8: Pic tinh co cta dong co kich tir ndi tiép.
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Tur cong thac: U, =E, +R, I, (2.4)

u, R, U
=—u_ g = _UJ\/|
k¢ k¢ “ k¢ &« (2.5)

Trong may nay: l=I,
Khi 0<l,<l3,=>> May chua bao hoa: ¢=Kl,

M=C.KILL=Co 2, 31 =% Khi dé: o=Ye - VCn € R
k¢ JMkg (2.6)

Nhu vay trong pham vi dong tai nho hoac nho hon dong dinh muc dac
tinh c6 dang hypecbol. Khi I,>14,, may bao hoa dong co khong trung vdi duong
hypecbol nira.

c. Pic tinh ciia dong co kich tir hdn hop

Uu
o o

e[}
gcktl .

Hinh 2.9: Pic tinh co dong co kich tir hdn hop.
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Trén hinh vé ta biéu dién dong co kich tir hdn hop va dic tinh co cta no,
cac day quan kich tir c¢6 thé ndi thuan hoic nbi nguoc 1am giam tir thong. Dac
tinh co ctia dong co kich tir hdn hop khi ndi thuan (duong 1), sé 1a trung binh
gitra dic tinh co ctia dong co kich tir song song (dudng 2) va ndi tiép (duong 3).

Céc dong co 1am viéc nang né,day quan Kkich tir ndi tiép 1a day quéan kich
tir chinh con day quan kich tir song song 1a day quén kich tir phu va duoc néi
thuan. Day quén Kich tir song song dam bao téc do dong co khong ting qua 1on
khi momen nho. Pong co kich tir hdn hop ¢ day quan kich tir ndi tiép 1a kich tur
phu va néi nguoc co dic tinh co rit cing (dudng 4) nghia 1a téc d6 quay cua
d6ng co hau nhu khong ddi. Nguoc lai khi néi thuan s& 1am cho dong co c6 dic
tinh mém hon, momen md may 16n hon, thich hop véi may nén, may bom, may
nghién, may can...
2.3.1.5. Khéi déng dong co mét chiéu
a. Khéi dong truc tiép

Pua dong co truc tiép vao ludi dién khong qua mot thiét bi phu nao, dong
an

khoi dong duge xac dinh bang cong thic: Iy = -
R 2.7)

Vi Rt nho nén Il c6 gia tri rat 16n (20 25) 4, Su ting dong dot ngot l1am

Xuat hién tia lta dién & c¢6 gop 1am hién xung co hoc va giam dién ap ludi,
phuong phap nay hau nhu khong st dung.
b. Khéi dong dién tré khéi dong

\

0 M
Hinh 2.10: Pac tinh co cua khaoi dong dién tré khai dong

Dac tinh co:
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Nguoi ta dua vao rotor 1 dién tré ¢d kha ning diéu chinh va goi 1a dién

tro khoi dong dong khai dong bay gio co gia tri: lg = RU+drEe : (2.8)
t kd

Pién tro khoi dong duoc ngat dan ra theo su tiang cua tée do, nac khoi
déng thtr nhat phai chon sao cho dong phan tng khong 16n qua va momen khoi
dong khdng nho qué. Khi ¢ ciing dong phan tng thi dong co kich tir ni tiép co
momen khai dong 16n hon cta dong co kich tir song song.

Luu y: V6i cac dong co kich tir song song khi dung dién tro khoi dong
phai ndi sao cho cugn kich tir trong moi thoi gian déu duoc cip dién ap dinh
mtc dé dam bao @ 16n nhat. Néu trong mach kin tir ¢ dién tré diéu chinh thi
khi khai dong dién tré nay phai ngan mach.

Pic tinh co ctia dong co dién mot chiéu dung dién trd & mach rotor.
2.3.1.6.Piéu chinh toc @9 dong co mdt chiéu
Céc phuong trinh diéu chinh téc do.

-Thay d6i dién &p nguon nap.

-Thay d6i dién tro mach rotor.

-Thay dbi tir thong.

a.Piéu chinh téc dd bing cach thay doi dién &p nguon nap

Khi cho U,=var thi w,=var.Néu M.=const thi toc d6 w= var ta diéu chinh
duogc tdc d6 cua dong co. Khi dién ap nap thay ddi cac dic tinh co song song véi
nhau. Biéu chinh téc d6 bang cach thay do6i dién ap nap thi chi thay doi duoc
theo chiéu téc do giam (vi mdi cudn day di duoc thiét ké vai Ugy, nén khdng thé
tang dién ap dat 1én cuon day. Trén hinh vé ta biéu dién dic tinh co cia dong co
khi U,=var.

0 M

Hinh 2.11: Biéu chinh téc do bang cach thay ddi dién &p ngudn nap
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b.Piéu chinh téc d6 bang cach thay ddi dién tré mach rotor
Ta cO: Aw =M.(R; +Ryc), néu tat hay d6i duoc Ry thi ta s& thay doi dugc
Aw(dd giam téc do), khi M=const nghia 1a thay doi dugc tdc d6 dong co. Db thi

nhu hinh vé.

R1+R2

Hinh 2.12: biéu chinh téc do bang cach thay do6i dién tra mach rotor.

Do thi ndy 6 nhitng vu khuyét diém sau:

-Dé thyc hién, gia thanh re.

-Piéu chinh tuong ddi lang.

Pham vi diéu chinh hep va phu thudc vao tai (tai cang 16n pham vi diéu
chinh cang rong), khong thuc hién duoc & ving toe do khéng tai, diéu chinh c6
tén hao 16n. Nguoi ta chang minh rang dé giam 50% toc do dinh mac thi ton
hao trén dién tro diéu chinh chiém 50% cong suat dua vao.

bién tro diéu chinh téc d6 c6 ché do 1am viéc 1au dai nén khong ding
dién tro khai dong (1am viéc ¢ ché do ngan han), 1am dién tro diéu chinh.
c.Piéu chinh téc @9 bing cach thay déi tir thong

Tir bidu thac: @ =2v - Ry (2.9)
k¢ ke
Khi M=const, U,=const, @=var (thay doi dong kich tir) thi w ting lén.
That vay khi giam tir thong dong dién & rotor ting nhung khong lam cho biéu
thire thay doi vi giam dién &p & R, chi chiém vai phan trim cta dién &p phan tng
nén khi giam tir théng thi toc do sé tang, song néu cu tiép tuc giam dong kich tur

thi toi 1 lac nao d6 toc do khong ting dwoc nira, s6 di nhu vay 13 vi momen dién
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tir ctia dong co giam. Phuong phap nay chi thuc hién khi tir théng giam toc do
con tang. Trén hinh v& biéu dién dic tinh co khi tir thong thay doi.
Phuong phép thay doi tir thong dé diéu chinh tdc d6 rat lang va kinh té.
Khéng diéu chinh téc do ¢ dudi tée do dinh muc.
Chu y: Khong dugc giam Kich tur téi gid tri khdng vi 1Gc nay chi con tir du khi
tai ting toc do ting qua 16n thudng ngudi ta thiét ké bo dién tré diéu chinh dé
khéng khi nao mach tir bi ho.

TN

0 M1 Mne Mn M
Hinh 2.13: biéu chinh téc do bang cach thay doi tir thong.
d.Hé thong may phat dong co

Pé ting pham vi diéu chinh toc do, ngudi ta thuong dung hé thong may
phat dién mot chiéu nap truc tiép cho dong co mot chiéu, ta goi né 1a hé théng
may phat dong co. Trong hé thong ndy ca may phat va dong co déu 1a may phat
mét chiéu kich tir doc lap.

Trong hé théng may phat dong co c6 thé ap dung phuong phéap diéu chinh
dién &p nguodn nap (thay doi kich tir may phat) thay do6i dién tré mach rotor dong
co, tir thdng kich tir dong co, hé théng cho ta pham vi diéu chinh rong, diéu
chinh duoc ca hai chiéu tang va giam, c6 do diéu chinh lang.
2.3.1.7.T6n hao va hiéu suat may dién mét chiéu

Trong may dién c6 hai loai ton hao: ton hao chinh va tén hao phu.

-Tén hao chinh gom:

Ton hao co (ton hao 6 bi, ton hao ma sat & ¢6 gop, ma sét voi khong khi).
T6n hao sat tir trong cudn rotor va stator, trong cudn phu, cudn khtr trong mach
Kich tur.

Tén hao ¢ hai 16p tiép xtc cua choi than va vanh khuyén.
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-Tén hao phu:

T6n hao phu xuét hién trong 18i thép va trong dong, né gém ton hao dong
x0ay, ton hao ndi can bang, ton hao do phan bé tir truong khong déu, do mat do
& choi than khong déu...

P,

R-2P (2.10)

Hiéu suét cua dong co duoc tinh nhu sau: n=

AN

0 Mc MI M2 ¥
Hinh 2.14: Ton hao va hiéu suat may dién mot chiéu.
Trong d6: Y.P: Tong hop cac tén hao ctia may
P,: cOng suat vao
P,:cong suat dua ra
2.3.1.8. Mt 56 so dd diéu khién dong co mdt chiéu

a.So' do diéu khién mé may dong co mdt chiéu theo ham thai gian

+0 1IN o_
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M }_A[_7| [
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Hinh 2.15: So db diéu khién mo may theo ham thoi gian.

Trén hinh v& gidi thiéu so d6 diéu khién mé may theo ham thoi gian cua
dong co mot chiéu M cd hai cdp dién tré mo may R; va R,.

Khi dong dién, role thdi gian Ry co dién, 4n nit mé may khai dong, cong
tic to 1k dong dién dong tiép diém chinh 1kl cip dién cho phan @ng cua dong
co qua 2 dién tro phu Ry R,, dong tiép diém phu 1k2 dé ty duy tri, cat tiép diém
phu 1k3 dé cét dién role thoi gian Ry va bat dau tinh thoi gian déng tiép diém
1k4 @é chuan bi cap dién cho cong tic to 2k,3k.

Khi role thoi gian Ry bi cit dién sau khoang thoi gian Aty, tiép diém Ry
dong, cudn day cdng tic to 2k co dién,dong tiép diém 2k dé ngan mach dién tro
mé& may R, toc do cua dong co ting 1én, dong thoi do tiép diém 2k ngan mach
dién tré R, nén role thoi gian Ry, mat dién bat dau tinh thoi gian giai doan
hai,sau khoang thoi gian At tiép diém Ry, s& dong dién cho cong tac to 3k, tiép
diém 3k ngan mach s& dong dién cho cong tic to 3k, tiép diém 3k ngan mach
dién tré mo may R, , dong co tiép tuc ting tbc d6 dén khi mé may hoan toan,o
giai doan At; dong co lam viéc & dac tinh co duong, ¢ giai doan At, dong co
lam viéc ¢ duong 2, sau thoi gian At, dong co lam viéc ¢ duong dac tinh co tu
nhién. Bac tinh dong M(t) va w(t) ctia qué trinh vé trén hinh c.

Phuong phép trén don gian, do tin cay cao, ¢ thé diéu chinh duoc thoi

gian va dung mot loai role thoi gian.
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b.So @b diéu khién mé may dong co dién mét chiéu theo ham toc do
Trén hinh 1 vé so dd diéu khién mé may dong co mot chiéu theo ham tdc

d6 (ham strc dién dong).
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Hinh 2.16: So dd diéu khién mé médy dong co dién mot chiéu theo ham téc do.

Truong hop tir thong trong dong co khong doi, dién ap trén phan ang ti 1é
Vvéi toe do quay. Hai cong tic to 1k,2k dugc chinh dinh véi dién ap tac dong
Uy,U,. Khi nhan nat KB cong tic to K tac dong dong tiép diém K dé phan ung
ciia dong co duoc cip dién qua hai dién tré mé may Ry, R, , dong co quay va
khi téc d6 tang dién ap phan tng sé ting. Khi dién 4p phan tng dat gia tri U,
cong tic to 1k tac dong dong tiép diém 1k, ngan mach dién tro Ry, khi dién ap
phan tng tiép tuc ting dén U, thi cong tic to 2k sé& tac dong ngian mach dién tro
Ro.

Viéc diéu chinh dién ap tic dong cua cac cdng tic to bi han ché nén
phuong phap nay st dung c6 nhitng khé khan nhat dinh.

Trén hinh 2 gigi thiéu so dd diéu khién may bang ham dong ning cia
dong co mot chiéu theo ham thoi gian.Gia st dong co dang lam viéc trén dic
tinh co ty nhién (duong 1). Khi dirng may ta nhan nat D, cdng tic to K mat dién

ma tiép diém k1 cat dong co khoi ludi dién dong thoi tiép diém k3 cit role thoi
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gian Ry, dé bét dau tinh thoi gian, tiép diém k4 dong dién cho cong tac to hdm H
dé dong dong phan tng dong co qua dién tré hdm Ry, tién hanh him dong ning
(dac tinh co duong 2) sau thoi gian At tiép diém Ry, s& cat dién cua cong tac to
H két thac qua trinh hdm. Pic tinh dong w(t) va M(t) cia qua trinh hdm vé trén

hinh.
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Hinh 2.17: So db diéu khién may bang him dong ning theo ham thoi gian.

c.Piéu chinh toc @9 dong co dién mot chiéu

e Il

| T@o 1ihé;n ﬂi% Sosdnh | Khuéch dai tao
ap chuan xung d]éu khlén
—

Udk

Hinh 2.18: So dd mach diéu chinh téc d6 dong co mot chiéu sir dung thyristor.
Trén hinh vé 1a so do tu dong diéu chinh toc d cia dong co mot chiéu.
Téc d6 cua dong co duoc do bang may phat toc, may phat toc 1a loai may dién
mét chiéu cd cong suat nho, dién ap caa né ti 18 thuan véi tée do. Bién thién toc
d6 ctia dong co duoc so sanh va dan téi khéi diéu khién chinh luu c6 diéu khién.
Pién ap cung cip cho dong co dugc lay tir bo chinh luu ba pha hinh tia co diéu
khién. Khi téc do dong co thay doi, tin hiéu ra cua bo so sanh tac dong vao khoi

diéu khién s& thay doi vao goc mé cua thyristor 1am tri sé trung binh caa dién &p
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chinh luu thay ddi. Do dién ap dat vao phan ung cua dong co thay doi s& lam
cho téc d6 quay cua dong co thay ddi theo nham giit cho téc do 6n dinh & vi tri
cho truoc.
2.3.2. Pong co dién BLDC
2.3.2.1. Giéi thiéu chung vé dong co BLDC

Pong co DC khong choi than-BLDC (Brushles Dc motor) 1a mét dang
dong co dong bd tuy nhién dong co BLDC kich tir bang mot loai nam cham vinh
ctru dan trén rotor va dung dong dién DC ba pha cho day quan phan tng stator.
Ciing giéng nhu dong co dong bo théng thuong, cac cudn ddy BLDC ciing duoc
dat léch nhau 120° d@ién trong khong gian cua stator. Cac thanh nam cham dwoc
dan chic chin vao than rotor 1am nhiém vu kich tir cho dong co. Pac biét diém
khac biét vé hoat dong cua dong co BLDC so véi cac dong co dong bo nam
cham vinh ctru khac 13 dong co BLDC bat budc phai ¢d cam bién vi tri rotor dé
cho ddng co hoat dong. Nguyeén tic diéu khién caa dong co BLDC la xéc dinh vi
tri rotor dé diéu khién dong dién vao cudn day stator twong ung, néu khong dong
co khong thé tu khoi dong hay thay doi chiéu quay. Chinh vi nguyén tic diéu
khién dya vao vi tri rotor nhu vay nén dong co BLDC doi hoi phai c6 mét bo
diéu khién chuyén dung phéi hop véi cam bién Hall dé diéu khién dong co.

a. Uu diém

Pong co DC khong choi than BLDC (Brushles DC motor) ¢6 cac uu diém
cta dong co ddng bd nam chdm vinh ctru nhu: ty 16 momen/quén tinh 16n, ty I¢
cong suat trén khéi luong cao.

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

Pong co kich tir nam cham vinh ciru khdng can chéi than va vanh truot
nén khong tén chi phi bao tri choi than. Ta ciing c6 thé thay d6i dic tinh dong co
bang cach thay doi dic tinh cia nam cham kich tir va cach bé tri nam cham trén

rotor.
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Mot sé dac tinh ndi bat cua dong co BLDC khi hoat dong:
e Mat d6 tir thong khe ha khéng khi I6n.
e Ty Ié cong suat/khdi lugng may dién cao.
e Ty Ié momen/quéan tinh 16n (co thé tang tc nhanh).
e Van hanh nhe nhang (dao dong cia momen nho) tham chi & téc do

thap (dé dat duoc diéu khién vi tri mot cach chinh xéc).
e Momen diéu khién duoc & vj tri bang khong.
e Van hanh ¢ toc dd cao.
e C0 thé tang toc va giam toc trong thoi gian ngan.
e Hiéu suat cao.
o K&t cau gon.
b. Nhwoe diém

Do dong co dugc kich tir bang nam cham vinh cttu nén khi ché tao gia
thanh cao do nam cham vinh ciru kha cao nhung véi sy phat trién cong nghé
hién nay thi gia thanh nam cham c6 thé giam.

Pong co BLDC duoc diéu khién bang mét bo diéu khién voi dién ngd ra
dang xung vuéng va cam bién Hall duoc dit bén trong dong co dé xac dinh vi tri
rotor. Piéu nay 1am ting gia thanh dau tu khi st dung dong co BLDC. Tuy
nhién diéu nay cho phép diéu khién téc d6 va moémen dong co dé& dang, chinh
xac hon.

Néu dung cac loai nam cham st tir ching dé tir hoa nhung kha nang tich
tir khdng cao, dé bi khir tir va dic tinh tir caia nam cham bi giam khi ting nhiét
d6. Nhung véi loai nam chdm hiém nhu hién nay thi nhuoc diém nay da duoc
cai thién dang ké.
2.3.2.2. C4u tao dong co BLDC

Khac véi dong co mot chidu binh thuong, dong co mét chiéu khong choi than
BLDC c6 phan tmg dtng yén nam trén stator va phan cam quay nam trén rotor.

Stator: bao gom I6i sat (c4c 14 thép ky thuat dién ghép lai véi nhau) va day quan,
trong c4c ranh ciia stator dat cudn tmg nhur trong cac ranh phan tmg binh thuong.

Rotor thuong la nam cham vinh cuu.
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Stator Windings

Hall Sensors

Accessory Shaft Rotor Magnet N

Driving End of the Shaft

Rotor Magnet S

Hall Sensor Magnets

Hinh 2.19:Cau tao cia dong co BLDC ciia Micrichip.

2.3.2.3. Céu triic dong co BLDC

Nam cham vinh ctru dung dé kich tir c6 thé 12 loai nam cham dién tir hoic
loai nam cham hiém nhu: AINiCo, NdFeB, SmCO... Tuy nhién hién nay ngudi
ta thuong st dung cac loai nam cham hiém vi ching c6 tir du 16n, tir tinh it thay
do6i khi nhiét do tang, khd bi khur tir...V6i 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 cham ngay cang tét hon. Piéu nay cho phép dong co
BLDC duoc ché tao va tng dung nhiéu hon.

Theo cach dan nam cham vao rotor dong co ta phan thanh hai kiéu rotor:
rotor c6 nam cham dan trén bé mat bén ngoai ( rotor-surface-mounted magnet)
va dang rotor nam cham nam bén trong ( interior magnets).

d
N

Hinh 2.20: Nam cham dugc dat trén rotor cia dong co BLDC
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a,b,c: nam cham déan bé mit ngoai rotor
d,e,f,g: nam cham dat bén trong rotor.

Theo vi tri twong ddi cia rotor ddi véi stator ta c6 hai kiéu dong co: Dong
co rotor nam bén trong ( interior rotor) va dong co rotor nam bén ngoai (exterior
rotor).
a.Pong co nam chAm dan ngoai bé mit rotor

May dién c6 nam cham vinh ctru dan trén bé mat rotor dugc xem nhu mot
dong co cuc tir an. Thiét ké va cAu tric stator va cac cudn day tuong tu nhu trong
cac may dién dong bo truyén théng. Nam cham vinh ctru duge dit trén bé mit ca
rotor va dugc gan chat vao rotor. Do nam cham c6 do tham tir rat nho so véi sat
cho nén anh hudng caa khe ho khdng khi 18n may 13 16n. Thong thuong gia thiét
khi phan tich may dién ddng bo nam cham vinh ciu thi khe ho khdng khi 1a
dong dang.

Stator
Core

Rotor
Core

Magnets

Hinh 2.21: Kiéu rotor nam cham dan ngoai bé mat.

Trong trudng hop cac thanh nam cham dwgc gan trén bé mat caa rotor, sy
ra ting d6 tham tir do moi truong bén ngoai 1a 1,02-1,2. Chung c6 cudng do tir
truong 16n, cho nén c6 thé xem may dién ¢ khe ho khong khi 16n, do d6 co thé
bo qua hién tuong cuc 15i (diéu ndy dan dén dién cam tir hoa trén truc d bing
di¢n cam tu hoa trén truc g,Lmg=Lmq=Lm). Hon nita,do khe hé khong khi lon,

dién cam ddng bo (Le=Lg+L,) nho va vi vay co thé bo qua hién tugng phan tng
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phan tng. Mot hé qua caa khe ho khéng khi 16n 12 hang sb dién cua 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 mét tir thong trong
khe ha khéng khi bang phang va mémen it dao dong. Ciing c6 thé giam dao
d6ng cua mémen bang céch thiét ké stator thich hop.
b.Pong co ¢6 nam cham vinh ciru dat bén trong rotor

Pong co loai nay, nam cham dugc dat bén trong caa than rotor, nam cham
¢ thé dugc dit vubng goc nhau hay chéo nhau. May dién c6 nam cham bén
trong rotor ciing nhu dong co dong bo cuc 16i (Ly#Ly). Do cac thanh nam cham
duogc dat bén trong rotor, anh huong cua khe hg khdng khi nho hon nhiéu so véi
may dién co cac thanh nam cham dat bén ngoai rotor. Bac tinh nay cho phép co
thé van hanh dé dang trong viing tir truong yéu ma rat kho trong trudng hop nam
cham dan ¢ mat ngoai rotor. Do khe ho khong khi 1a khong dong dang nén diéu
khién phic tap hon nhiéu so véi may dién c6 nam cham dén ¢ mat ngoai rotor,
do mémen tao ra gom ca hai thanh phan: thanh phan co ban va thanh phan

cuong buac.

Rotor Pole

Pieces
Stator
Cora

Fotor
Amnature . Magnats

In Slots

Non-
Magnetic
Rotor Core

g

\\“_'__/

Hinh 2.22: Kiéu rotor nam cham nam bén trong.
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2.3.2.4.Phwong trinh mo hinh toan cho dong co BLDC
a.Phwong trinh dién 4p tuc thoi
Phuong trinh dién &p Kirchhoff cho dong co dong bo:
ViZertRyi L (2.11)
Trong d6: e la strc dién dong cam wng tuc thoi caa cuon day mét pha.
R; 1a dién tré cua cuon day mot pha.
. 1a dong dién tac thoi caa mot pha day quan stator.
L, 12 cam khéang caa day quén trén mot pha.
Pay 1a phuong trinh dién 4p mot pha tinh tai diém trung tinh caa hé
théng. Poi voi dong co 3 pha ndi sao Y, dang song dién ap vao la toan cho ky,
thi trong mot thoi diém luén cé hai cudn diy cung c6 dong dién chay qua. Do d6

phuong trinh dién ap c6 dang:

V1=efA-efB+2R1ia+2Ls % (212)
Trong d6:  esa-eg 12 dién &p cam Gng day erap, €O thé viét lai eq ...
Vi=(Bra-€s)+2R1ia+2L % (2.13)

Do dong co BLDC dung dong mdt chiéu cho cudn day phan tng ching ta
bo qua cam khéang cudn day Ly~0,vi=V, 1a dién 4p mot chiéu dua vao bo bién
d6i dién ap.

Phuong trinh duogc Vviét lai cho dong co BLDC:

Péi vai dién ap dang béan song:

iy(f) =" (2.14)
Déi vai dang dién &p toan so6ng:

. Vdc— L—L

Mt)z% (2.15)

Néu xét dén cam khang Ls va gia thiét e =Eq .. gan bang hang s6 thi
phuong trinh dugc viét lai nhu sau:
. _Vdc—e(fL-L)
()= 2.R1

Trong d6: Iy 1a dong dién tai thoi diém t=0.

(1-e.R{ " 1)+ 0e.(Ry/Lo)t (2.16)
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b.Swe dién dong cam wng
Strc dién dong cam ing EMF cua cudn day duoc tinh theo cong thic cua
tdc do rotor n:

Déi vai dién &p béan song:

E=Ceryc. Or.N=Kg4e.N (217)
Péi véi dién &p toan so6ng:
EfL-L=Cedc.Or.N=Kggc.n (2.18)

Trong d6: Ceqe.®=Keqe goi 12 hang sé strc dién dong cam tng hay goi tat 1a hang
s6 cam ung. Kich tir ciia nam cham vinh ciru ta xem nhu khong doi @=const.
Cggc duoc xac dinh theo cong thuc:
Cedc=8pN:1Ku1 (2.19)
Véi : kwz 12 hé sb day quan.
N, sb vong day quan cia mot pha.
p s6 cip cua dong co.
c.Momen dién tir
Momen dién tir ciia dong co BLDC duge xac dinh giéng nhu ctia dong co
DC c6 chéi than:
T4=CracDla=Krgcla (2.20)
Trong d6:  Crgc®@=Krqc 12 hang s6 mdmen.

Hang s6 moomen dugc xac dinh theo cong thuc:

Crae= (2.21)
d.Van téc dai caa rotor
Van téc dai m/s duoc tinh theo cong thuc:
v=2"=27pn (2.22)

Trong do: T budc cuc
p s6 cap cuc

n s6 vong quay cua rotor
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e.Strc dién dong va momen dong co BLDC
Déi véi day quan ndi Y, tai mot thoi diém dong dién chi chay qua hai
trong ba cuon day cua day quén stator. Dong dién DC kich tir ¢ w=0 nén cong
thire strc dién dong gidng nhu dong co DC:
Vac=Es L +2R1l, (2.23)
Strc dién dong cam tng Eq ., 12 téng stc dién dong cam @ng cua hai cudn
day ndi tiép nhau, dién ap V. 1a dién ap DC dua vao bo diéu khién:
Xét diéu kién ly twong véi tir thong dang hinh chir nhat khong doi
Bmp=const trong giai doan 0<x< t ta c0 tir thdng cam tng tir:
=L, f, Bmgd=TLiBn, (2.24)
Trong thyc té tir thong nay nhé hon vi by<t, cng thic trér thanh:
B=b,LiBm=aiTLiBpng (2.25)
Vi kich tir dang xung vudng, stre dién dong cam ung trén mot vong day
nhu sau:
r0=2BmgLiv=4pnB4Lit (2.26)
Néu tinh téi chiéu rong cuc by=a;r va cuon day ¢ N, vong véi hé s6 quan

day ki ta cé suc dién dong cam tng duoc tinh:

er=4pNN; Ky aiBmgLit=4pnN; Ky 05 (2.27)
Véi mach ndi Y, trong mot thoi diém dong dién qua hai cuon day thi:
Er-1=28/~=8pN:ky1@iTLiBmgn=CeacBiN=Kggcn (2.28)

TI’Ol’lg dota thay:CEdC=8pN1kW1,(Z)f=aiTLiBmg va kEdc:CEch)f
Momen dién tur sinh ra co gié tri:

T,=r9 :E(fL—L).ICI:%p_lewla‘[LiBmgla (2.29)

2mn 21Tn

szilekwlq)fla=CTdc®f|a=dec|a (2.30)
f. Pac tinh moment- van téc

Pic tinh moment- van téc caa dong co theo cong thuc ta co:

Vi van toc khong tai: no=—— (2.31)
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Vdc

Moment khoi dong Tgs=Krge.lash va dong dién khoi dong Iash— (2.32)
Ta co:
1: ) Ia —1 . Td (233)
no Iash Tdst

Cac cong thuc trén 1a céng thirc gan ding do d6 khéng duoc sir dung dé tinh cac
dic tinh kinh té cho dong co BLDC.

Pic tinh moment- téc do cua dong co BLDC tir ly thuyét dén thuc té co
su khac biét:

(@

)4 by 4

g NN : g ak stall torque
. N\ continuous =1 pann 8 qu
S NN\ duty s

peak rated torque

Intermittent
duty

AN N 3 .\‘\
N N, |\ \\ \\ '\\\
\ \\ N

oo NSSNNN \> S\ o

Hinh 2.23: Bac tinh moment-téc do ly thuyét va thuc té: (a) Ly thuyét, (b) Thuc
té.

2.3.2.5. Cac phuong phap diéu khién dong co BLDC
a.Pic diém bd diéu khién

Gidng véi cac loai dong co ddng bd nam cham vinh ciru thong thuong,
dong co BLDC ciing str dung nguon dién 3 pha dé tao tir truong quay. Tuy nhién
dong co BLDC sir dung dong dién mot chiéu duge diéu khién bang cac khoa
cong suat dé tao dién ap DC 3 pha léch nhau 120° dé hoat dong, do d6 nd co tén
goi dong co DC khong chéi than. Gian dd dong dién 4p mot chiéu ba pha va

xoay chiéu 3 pha nhu sau:
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PHASE A PHASE A
wt wt
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I
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I I PHASE C lﬁllllpHASEC
| | (N
wt bl wt
240° 240°

Hinh 2.24:Gian d6 so sanh dang séng sin ba pha va DC ba pha:
(a):song sin
(b):song DC

Pong co BLDC hoat ddng trén nguyén tic xac dinh vi tri rotor va diéu
khién dong dién phan tng cho phl hop véi vi tri 6. Do d6 dong co BLDC hoat
dong phai co thiét bi xac dinh vi tri rotor nhu Encoder hodc cam bién tir truong
Hall. Cam bién nay s& guri tin hiéu vi tri rotor vé bo diéu khién dé dong ngat
dong dién DC chay qua cac cudn day cua cac pha tuong tng Vvai vi tri cuaa rotor
lac d6. Pay 1a mot trong nhitng nhugc diém vé hoat dong va diéu khién cua
dong co BLDC. Tuy nhién vai nguyén tic hoat dong nhu vay ta cd thé dé dang
diéu khién van téc va vi tri ciia dong co.

Pong co BLDC dugc diéu khién bang mot bo diéu khién tuong ung. Bo
diéu khién nay cau tao giéng nhu mét bo nghich luu bap ha thong thudng tuy
nhién dong dién ra la dong dién khong d6i DC. Tai mot thoi diém hoat dong bo

diéu khién chi cho dong dién DC chay qua hai cudn day cua hai pha twong Gng
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Vi vi tri cua rotor lac d6. Pay la khac biét gitra dong co BLDC véi cac dong co

ddng bo twong &ng.

+HV DC
R
T5
W
2
16

1 28 385 5 B6

TIT1T3T3T5TS5
T4TeTe T2 T2 T4

Hinh 2.26:Gian d6 dong dién tuong tng ba pha cta day quan stator.
b.Cam bién vi tri rotor - Cam bién Hall

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

bién bén ngoai lip vao truc dong co.
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Cam bién hiéu tng Hall (goi tit 1a cam bién Hall) duoc dung trong dong
co BLDC dé xac dinh vi tri cuc nam cham cua rotor. Tin hiéu vi tri nay 1a co s&
dé bo diéu khién dong cat cac khda cong suat cap dong DC cho cuon day stator
tuong (ng. Khi dit cam bién Hall trong ving tir truong va ¢ mot dong dién DC
chay qua thi s& c6 mot dién &p sinh ra tai ngd ra cua cam bién c6 gi4 tri tinh theo
cong thic:
Vii=kizlBsing (V)
Trong do : ky 12 hing sé Hall (m*/C).
8 1a d6 day cua chat ban dan.
Il 1a dong dién cap vao.
B la mat do tur thong.
f g6c léch gitra mat do tir thong va bé mat cam bién.
Sy phan cyc suat hién khi cam bién quét qua cac nam cham cia dong co.
Theo ¢6ng thirc trén thi dién ap V, sinh ra c6 dang tuyén tinh thay doi theo goc
léch giira cam bién va tir truong. Chlng ta can tin hiéu ky thuat sé dé diéu khién
c6 dang nhi phan 1/0 do d6 ca cam bién déu dugc ché tao tich hop trong mot I1C
dé dang dién 4p ra la dang xung vudng. Cac cam bién Hall dit trong dong co
léch nhau mot goc 120° dién hay 60° dién dé xac dinh chinh xac vi tri rotor dé

diéu khién twong wng cac pha cia dong dién phan @ng stator.

(a) X free electrons (D) Vee
Ne : o3
operational 0;’;9'-" -

amplifi stage ==

25

Q wv

Hinh 2.27: Tich hop cam bién Hall vao mot IC.
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Hinh 2.29: Tin hiéu cam bién Hall va dong dién twong (rng cac pha.
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c¢.Cac phwong phap diéu khién dong co BLDC
Pé diéu khién dong co BLDC c6 hai phuwong phap chinh: phuong phap
ding cam bién vi tri Hall ( hodc Encoder) va phuong phap diéu khién khong
cam bién (sensorless control). Trong dé ta c6 hai phuong phap diéu ché dién ap
ra tir bo diéu khién d6 1a dién &p dang song hinh thang va dang séng hinh sin. Ca
hai phuong phéap hinh thang va hinh sin déu c6 thé sir dung cho diéu khién co
cam bién Hall va khéng cam bién, trong khi phuong phap khong cam bién chi
dung phuong phap dién ap dang song hinh thang.
1. Phuong phap diéu khién bang tin hiéu cam bién Hall-phuong phap 6 budc.
Phuong phéap nay dugc dya trén nguyén ly hoat dong co ban cua dong co
BLDC dung tin hiéu dua vé tir cam bién vi tri rotor dé 1am tin hiéu déng ngat
dong dién vao cac cudn day tuong ung. Gian dd xung kich va dong dién dong

ngat twong wng thé hién trong hinh 2.29.

+HV DC ‘} ‘Ei
R - 2%
T5 T3 T1
v i
W
L 2
*h 2
T6 T4 T2 _& : )
_JISJB _Jﬁ} _JE[]‘ 6 °

Hinh 2.30:So d6 bo khoa va qua trinh dong cat diéu khién dong co BLDC.
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Hinh 2.31:Cam bién hall gan trén stator.

Line-ine wakae Eac, phase voltage Ea and Hall affet phass a

S — i VR W WU S SO - . L
O30 B0 90 120 150 18] 210 240 270 A0 330 60 A9 420 450 480 510 540 ET0 GO0 G EED G900 TI0
Lire-line wittege Ecb, phesa wakapa Ec and Hell affet phesa ©

N 1=
..... _El.-

-E'I?_H'IEI?' . . : H | S ERRRES TRt | t
0 30 B 90 120 150 18] 210 M0 70 A0 3] M0 390 420 450 48] 510 540 ET0 G0 M) BE0 G690 Y20
g akait

Hinh 2.32:Dang s6ng stic phan dién dong pha,day va tin hiéu dua vé Hall

Sensor.
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Bang 2.1:Bang ma diéu khién dong co BLDC sip xép theo thir tu cac pha nhu
trong hinh 2.29.

T5 T6 T3 T4 T1 T2
Sensor | Sensor | Sensor
Pha C C B B A A
A B C ) ) _
high | low | high | low | high | Low

1 1 0 1 0 0 0 1 1 0
2 1 0 0 0 1 0 0 1 0
3 1 1 0 0 1 1 0 0 0
4 0 1 0 0 0 1 0 0 1
5 0 1 1 1 0 0 0 0 1
6 0 0 1 1 0 0 1 0 0

2. Diéu khién dong co BLDC dién 4p bang cach diéu chinh dién 4p ngd vao.

Pay 1a phuong phap diéu khién gidng véi diéu khién dong co DC thong
thuong. Toc d6 dong co duoc diéu khién bang cach diéu chinh dién &p DC cung
cap cho bo khda cong suat. Pién ap ngd vao duoc diéu chinh sao cho toc do ngd
ra bam sét theo téc do dit cho hé théng. Bé thay do6i chiéu quay ta thay doi cac
khoa cong suat sao cho dong dién chay qua cac cudn day cac pha c6 chiéu
nguoc lai. Trong phuong phap nay cac khoa ban dan chi co nhiém vu dong hoic
cit dong dién qua no.

3. Diéu khién bing phuong phap PWM.

Trén co so diéu khién téc do dong co BLDC bang phuong phap diéu
chinh dién &p vao ta c6 thé ap dung ky thuat PWM dé diéu khién téc do dong co.
Pay ciing 1a phuong phap dugc str dung rong rii trong diéu khién dién ap hién
nay. V&i phuong phap nay dién ap cung cap cho bo khoa cong suat 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 ddng thoi

ca hai khoa trén va duéi cung lic.
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PWM2L | |
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PWM3L

Hinh 2.33: Gian do xung diéu khién PWM keénh trén

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

o 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¥ thuat nay dé diéu khién. K thuat nay chi doi hoi cac
khoa dong ngat ddng bo véi cam bién Hall theo tan s6 PWM nhét dinh.

HALL A

. 5O° \

HALL B /
B

HALL C

N

Hinh 2.34:Gian d6 dién 4p hinh thang twong ng véi cam bién Hall.
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o Ky thuat dién ap hinh sin.
K§ thuat nay con dwoc goi 1a diéu khién AC khdng choéi than (brushless
AC). K¥ thuat nay lam giam tiéng on cd thé nghe thiy duoc, giam gon séng

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

/7 \ / TN
HALL B A1
B L—A L-é 50% /

x :
A == / \\> \;t;./ sl% l‘s%

Hinh 2.35: Gian d6 diéu ché dién &p hinh sin.

4. Piéu khién dong co BLDC khong sir dung cam bién ( sensorless control).

Pay 1a phuong phép sir dung cac udc luong tir thong rotor dé diéu khién
cac khoa dong cit thay cho cam bién Hall truyén thong. Do d6 phuong phap nay
duogc goi 1a phuwong phap diéu khién khong cam bién (sensorless control). Co s&
chinh cua diéu khién khoéng cam bién ddi véi dong co BLDC 1a dya vao thoi
diém qua zero cua strc dién dong cam wng trén cac pha cua dong co. Tuy nhién
phuong phap nay chi &p dung dugc phuong phap dién ap hinh thang.

Vé co ban c6 hai ky thuat diéu khién khdng cam bién:

e Mot 1a xac dinh vi tri rotor dua vao strc dién dong cua dong co, phuong
phép nay don gian, d& dang thyc hién va gia thanh ré. Trong dé tai chi noi
dé cap dén phuong phap nay.

e Hai 1a u6c luong vi tri dung céc théng sb cua dong co.cac gia tri dién ap
va dong dién trén dong co. Phuong phap nay doi hoi phai tinh toan phic
tap dé tinh todn cac thdng s6.Phuong phap nay tinh toan phuc tap, kho

diéu khién, gia thanh cao.
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Phuong phap udc lugng vi tri rotor dya vao thoi diém qua zero cua suc
dién dong doi chiing ta tao ra mot diém trung tinh dé cé thé do va bat diém qua
zero cua strc dién dong. Piém trung tinh c6 thé 1a trung tinh hoac trung tinh o.

Diém trung tinh 4o trén Iy thuyét c6 cung dién thé véi trung tinh that cua
cac cudn day dau hinh Y. Tuy nhién diém trung tinh khéng phai 1a diém cé dinh.
Pién ap cua diém trung tinh co thé thay ddi tir 0 dén gan dién 4p DC cua ngudn.
Trong khi diéu ché PWM, tin hiéu PWM chdng chit 1én dién &p trung tinh, gay
ra nhidu rat 16n trén tin hiéu cam bién. DBé lay tin hiéu chuan ta can mach loc
nhiéu cho cam bién, diéu nay gay tri hodn khong can thiét cho tin hiéu cam bién.

Dic biét 1a lac dong co khai dong tin hiéu nhan duoc rat nhé din dén diéu
khién khong chinh xé&c. Do vay phuong phéap nay chi &p dung trong pham vi toc

d6 han ché va co dic tinh khai dong nho.

HV

L

divider & filter

POWER GNC By
(
(a) virtual ground divider & filter

Hinh 2.36:Po dién 4p cam (ng bang diém trung tinh.
(a):diém trung tinh that
(b):diém trung tinh o.
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2.4. HE PIEU KHIEN

Hinh 2.37 1a so d6 nguyén ly phan diéu khién BLDC. Vi tri rotor cua
BLDC dugc doc thong qua 3 cam bién Hall.Tin hiéu nay duoc loc nhidu va dém,
sau do dwa vao BLDC controller va mach Hall pulses. Phan BLDC controller
dya vao tin hiéu tr vi diéu khién va tin hiéu tir cam bién Hall rdi dwa ra tin hiéu
phl hop dén Mosfet driver dé diéu khién dong co. Mach Hall pluses gém 2 cong
X-OR ¢6 chirc ning giébng nhu mot encoder, tao xung tuong tng khi dong co

quay.

¥

S Wit

TSedad JD2 4T p 2 -2
» WAL
.- et

I B

A |0 .
4 |

¢ ==C3 =—C2

IRINNIE [2e]
- Hall Buffer

e
-lie O A jown - |

e Ooliasd 820

I o e e L L | —_— (e

et ey RN 3 A L

[ - s . h
| 0 r* am [y S— N S
o - " - e /4 : pa

| T
|
BLDC Controller ‘ 7
Hinh 2.37:So d6 nguyén ly mach diéu khien BLDC.
IC MC33035 c6 24 chan, dong dién 3 pha ra trén chan 19,20,21 va tin
hiéu ba pha dua vao trén cac chan 4,5,6. Cac cong ra khac 1a chan 24,1,2. Cam

Hall Pulses

bién dong dua vao chan 9 va 15. Mach dao dong not dinh tan theo dién tré RT
trén chan 8,10 va tu dién CT trén chan 10 va masse. Chan 8 Ia cong ra ciia mac
dién ap chuan. Chan 3 nhan tin hiéu dao chiéu quay. Chan 22 chon goc pha cua

c4c tin hiéu cong ra. Chan 7 kiém soat dong cong ra. IC 1am viéc véi chan 16
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ndi masse va ngudn Vec vao chan 18 ( va ca trén chan 17). Chan 23 nhan tin
hiéu tao tac dung phanh. Hinh 2.38.

PIN CONNECTIONS BrUShleSS Dc
- = Motor Controller
TopDrive / By | 1 24
Output ! l— ’—’ G J
Ar[ 2] 23 | Brake
Fud/Rev E E 60°/120° Select I
r 24
sa [4] 21 |Ag - 1 P SUFFIX
Outputs CASE 724
LSele]l  [19]c
Output Enable | 7 18] ve ,
Reference Ouput u 147]\/03 ot \ 4{/@@
3 Currert Sense 3 E‘Gn d )
oninverting Input
Current Sense
E?,s:: o] = invoting ot A PALIAGE
Noninverting Input L1 14 ] Fauk Oupur CASE 751E
Error Amp 12 13 | Emor Amp Ouy (SO-24L)
Inverting Input PWM Input
(Top View)
IC MC33035

tao dong 3 pha cap cho motor cam (rng 3 pha

Hinh 2.38:Cau tao IC MC33035.

So d6 khoi bén trong MC33035 duoc trinh bay trong hinh 2.39. Tin hiéu
diéu khién va tin hiéu héi tiép tir cAc cam bién Hall dugc dua vao khdi Rotor
position decoder. Khéi nay giai ma tin hiéu tir ba cam bién Hall va dua ra xung
diéu khién twong ung nhu trong hinh 2.41. MC33035 diéu khién toc d6 dong co

bang cach diéu rong xung 3 khoa tang dudi.
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So d6 khéi chirc nang g BN

ctia IC MC33035

Hinh 2.39: So d6 khéi chuc nang cua IC MC33035.
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So dd cho thidy mach tmg dung, dung IC MC33035 dé lam quay mot
motor cam tng 3 pha. Dong ra lay trén cac chan 21, 20, 19 va 2, 1, 24. Khi vanh
nam cham quay, ta ldy tin hiéu bang cac IC Hall, cac tin hiéu nay cho hoi tiép

vao trén cdc chan 4, 5, 6. Cac chan khac c6 tac dung chon mode van hanh va

0 O v o e S V0 s e e S e S o e v 1 Va
| i ) I Fast 9
o=t T =3 > 14
a o |
-4/ I | i
5 | = I
: | i - Rotor ﬂ = 1
" C : ; Decoder ¥ | 1
o "“"s’z'rjigL | Aot
EM.J.W/CM; JI — P e : :
A R e | | o
| e l1>-‘ . |
| Fe'et i
R ; 8 % || Pl
F b Pl
;._a.,.;‘“ ke | ok
) o Thermal NISH | O
1»3,.; 'M’,EL{, ] == { Shutioen J = 131{; :go
‘ w7 g ||l . |
| s THOSP D}S -

3 L 1 0."7 T : ~ v | |
for o Lo |- ;_aﬂa_)~;[} ; B ‘
e 2 ~ | L -7

| )|

l S S I ;

L o e s e S e T - . — ————— d - = -
1 23 Cunert Sense
% }.ou Retersce

Hinh 2.40:Mach dién tng dung ciaa IC MC33035

diéu khién luc quay ctia motor.
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Inputs (Note 2) Outputs (Note 3)
Sensor Electrical Phasing (Note 4) Top Drives Bottom Drives
60° 120° Current

Sa Sg Sc | Sa Sg Sc | FFR Enable Brake Sense | Ay By C; [ Ag By Cg |Faull

1 0 0 1 0 0 1 1 0 0 0 1 1 [1] 1] 1 1 (Mot 5)
1 1 0 1 1 0 1 1 0 0 1 D 1 0 D 1 1 FR=1

1 1 1 0 1 0 1 1 0 0 1 D 1 1 0 0 1

0 1 1 0 1 1 1 1 0 1) 1 1 0 1 0 0 1

0 0 1 Q 0 1 1 1 0 Q 1 1 0 0 1 0 1

0 0 0 1 0 1 f 1 0 (] 0 1 1 0 1 0 1

1 0 0 1 ) 0 0 1 ] a 1 1 o] 1 D 0 1 Note 5}
1 1 0 1 1 i} 0 1 (1] 0 1 1 0 0 1 0 1 R0
1 1 1 0 1 i} 0 1 o 0 0 1 1 0 1 0 1

0 1 1 0 1 1 0 1 0 0 0 1 1 0 0 1 1

0 0 1 0 0 1 0 1 0 0 1 D 1 0 0 1 1

0 0 0 1 0 1 0 1 0 0 1 0 1 1 0 0 1

1 [ 1 1 1 1 X X 0 X 1 1 1 0 0 0 0 A(Nms Gb
0 1 0 0 0 0 X X 0 X 1 1 1 0 1] 0 0 ke =

1 0 1 1 1 1 x X 1 X 1 1 1 1 1 1 0 érr:ole 7)
0 1 o 0 0 0 X X 1 X 1 1 1 1 1 1 0 k==1
v v v v X 1 1 X 1 1 1 1 1 1 1 (Note &)
v v v X 0 1 X 1 1 1 1 1 1 0 {Note 9)
v v V/ X 1] 0 X 1 1 1 0 [} [ 0 {Note 10)

Do rong xung c6 dugc do bo so sanh dién ap gitta chan sé 10-chan dao
dong dang tam giac do dao dong trén Ry va Cr va chan s6 13-PWM input. Hinh
2.42 cho thdy MC33035 so sanh hai tin hiéu analog. Trong khi giao tiép tir vi xur
ly t6i MC33035 1a PWM. Do d6 mé hinh diéu khién toc do dong co bang cach

nang tin hiéu PWM Ién tin hiéu ap cao, va dua vao chan s 13. Nhu trong hinh

Hinh 2.41:Gia tri cong ra cia MC33035.

Input

Curent
Serse Input

Lalch “Set”
Inpus

Top Drive
Outpus

Bottom Drive
Outputs

Faul Ouput

Capactor Oy ~_ I |
Erar Amp | |
Qut!PANM |

|

I

|

Linn

—
——Y T T T e—t T

|
|
-

Hinh 2.42:Piéu rong xung cia MC33035.

2.43 vai V la nhan tin hiéu PWM tur vi xu ly, Vg=0.
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Hinh 2.43: biéu khién PWM theo 2 cong vao.
Trong mach diéu khién dong co ndy con c6 phan bao qua dong dién,

nham bao vé FET trong truong hop quéa dong.So d6 nguyén Iy hinh 2.44.

T
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[
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Hall Current Amplifier Over Current

Hinh 2.44: Mach bao vé quéa dong cho MOSFET.

Mach don gian chi gom khuéch dai dién ap trén dién tro R, dién tré do
dong qua MOSFET. Dién 4p tai diém ITRIP (sau khi dugc khuéch dai) nay
mang thong tin dong dién qua MOSFET, dugc so sanh véi dién ap tham chiéu
boi op amp LM358. Gia tri tham chiéu nay duoc thiét 1ap sao cho khi dong co
lam viéc binh thuong thi nd 16n hon gia tri 4p trén diém ITRIP. Mot khi qué
dong xay ra diém ITRIP nay sé& tac dong lam BLDC controller ngat tin hiéu
cong ra. Tin hiéu qua dong nay ciing duoc béo vé cho vi xir 1y biét qua opto
cach ly Pc917.
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2.4.1. B diéu khién
2.4.1.1. So @0 khdi mach xe dap dién

V28C0
14 :‘— —— T
1 2 KEY2 | 13 Cac khéi chure nan
15 03 v3 2 y
U2A 1. Tay khién dung cam bién Hall.
2. Khoa thang KEY2.
B | 3. Khéi thang ngat dién.
r ?3‘ == o —l { ‘ 4. Ngudn én ap +5V.
| S 11494 5. Mach tao dang song rang cua.
| ! 6. Xung diéu bien d4 rong (PWM).
| ‘ | 12 '; 1T-ang thuc dao pha \81201
. Tang céng suat voi
| 4 | 7 11 9. Dién tré lay tin hiéu hai tiép.
' _i-w 6 | 01 R | 8 116 10.Mach héi tiép.
L—l————— P ] 11. Motor DC loai chéi than.
L TL49¢4 J 12. Diode dap bién dién ap nghich.
T , o VOMOS | ey 13. Mach on ap dung transistro Q3.
14. Mach hién thj véi cac Led.
- Nguon 5. Mach bao vé thiéu ap.

10 9 — &C qu| 6. Khoa dién chinh.

Hinh 2.45. So do khdi mach xe dap dién.

Hé thong diéu khién xe voi tay khién (quen goi 13 tay gar, lam ting giam
toc) dung linh kién ban dan 1am viéc theo hiéu tng Hall (1), diy 1a mot dang
linh kién cam tmg theo tir trudng. Va khoa dién c6 tac dung lam thang xe (2). Xe
hoat dong véi ngudn dc-qui thuong 1a 36V (12V x3), nguoi ta ding mach on ap
véi cac transistor va cac diode Zener (13) dé co cac muc ap 6n dinh dung cap
cho cic mach dién khéc, con dung mach do muc ap ngudn (14) cho hién thi
bang Led va ciing dung mach bao hét ngudn (15), va nhiéu mach chi bao khéc.
Trong mach, ding mot IC diéu chinh céng suét theo dang xung diéu bién do
rong TL494. Trong IC c6 mach tao ra dang song tam giac (5) (hay dang rang
cua) va mach ldy mau dé chuyén tin hiéu ra dang xung diéu bién d6 rong PWM
(6). C6 mach tao ra muc ap 6n dinh 5V dung 1am muc ap mau (4) cap cho céac
tang so ap. Mach cat ngudn khi phanh xe (3). Xe dap can mot ngudén quay bang

dién, nguoi ta dung motor DC hay dung motor cam ung tir (11), ngang motor
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phai dung diode (12) dap dién &p nghich phat ra tir cac cudn cadm trong motor.
Tang cong suét (8) thudng 1a cac transistor MOSFET loai cong suét, nd dong
mé theo xung diéu bién d6 rong (PWM) trén cuc Cong, tin hiéu nay qua tang
khuéch dai thiic (7) v6i cac transistor loai hai mdi ndi, xung PWM kich thich
vao cuc Cong (Gate) clia cac transistor MOSFET. Trén cuc Ngudn (Source)
nguoi ta dat mot dién tré nhé Ohm (9) dé léy tin hiéu cép cho mach tao tac dong
hdi tiép nghich (10). Tac dung hdi tiép nghich dung dé 6n dinh hoat dong cua
mach diéu khién trong 1C494, qua mach hoi tiép nguoi ta co thé 6n dinh ltc
quay cua motor.

2.4.1.2. Mach diéu khién dong co xe dap dién
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Hinh 2.46: Mach diéu khién xe dap dién sir dung IC MC 33035.

Trong mach ta st dung IC MC33035 dé van hanh mot motor DC, né tao
xung diéu bién do rong PWM cho ra trén chan 19, tin hiéu nay kich thich céac
transistor cong suat MOSFET Q1, Q2 dé cdp dong cho motor DC (méc trén
chan Drain). Ngang motor dat mach dap dién ap nghich voi D1, C2 (0.01uF) va
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R2 (56). Chan sé 8 cho ra mirc ap miu cap cho IC Hall H trong tay gar ding
chinh téc d6 quay va cip cho tang so ap A dé hién thi trang thai hoat dong cta
motor. Tin iéu hoi tiép 14y trén dién trd RS (0.05) tra vé chan 9 qua mach loc véi
R16 (1K) va tu C (4.7uF), tic dung ctia duong hoi tiép 1a 6n dinh lyc quay cta
motor.Nguoi ta dung IC HA17555 d¢é tao tin hiéu dang xung dua ra trén chan 3
qua tang khuéch dai v6i Q4 va vao chan s6 7 dé tit mé mach.Nguoi ta ding
Relay dé dong mo tiép diém 1a kim nham tat mo motor. Mach dung céc IC on ap
LM317T va LM7805 dé tao ra cac duong ngudn on ap +24V va +5V cap dién
cho céc mach khac. Trong mach dung 2 khéa dién dé tao chtic ning phanh dit
bén tay trai va dit tay phai. Mach 1am viéc véi nguén dc-qui 36V (do 2 ic qui
12V ghép noi tiép).
2.5. MO PHONG HE TRUYEN PONG CUA PONG CO

Hé truyén dong BLDC dugc mo phong st dung Matlab/Simulink.Mé hinh
dong co BLDC, ngudn 1 chiéu,bd bién doi cong suat IGBT duoc lay trong thu
vién SimPowerSystem cua Simulink,khéi giai ma tin hiéu Hall dugc ldy tir
demo cua Matlab.

BN o PVE W4 1385

Hinh 2.47:So @6 md phong hé truyén dong BLDC trén Simulink.
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Khéi giai ma tin hiéu Hall:

_/hs
Hall
Logical
Cperstort
| E] ha |
L
:l o | AND Convert
- >
hb o
L
- AND —>|Ccnven |—
/e T
he >
o |AND —>|Canven Ii
» £
/ha
»
3}
L
ha =— i emf_sbc
o | AND —>|C:>nven | =
>
hb =
This module implements the following true table
/hb u,
" AND Convert |
> Convert ha | hb | hc || emfa | emfb | emfc
he S
0 0 0 0 0 0
0 1] 1 0 -1 +1
ihe o 0 1 0 A +1 0
V|AND | gl convert 0 1 1 1 0 +1
ha 7 1 0 o +1 0 -1
1 0 1 +1 -1 0
1 1 0 0 +1 -1
1 1 1 0 0 0

Hinh 2.48:Khéi giai ma tin hiéu Hall.
Khoi diéu khién dai tré dong dién Hysteresis Current Control-HCC:

| .
Ll
» wir_ » -
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(1} > >
H It o |
emf_abc - = bl Bt
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|
pl »_ »
-
&

6
¥

Hinh 2.49:Khéi diéu khién dai tré dong HCC.
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e K&t qua mod phong:

Speed command pond
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Hinh 2.50:D4p tng toc 6 va moment.

Ta thay raing moment ctia dong co ton tai cAc nhap nhd. Cac nhap nho nay
c6 thé chia thanh 2 loai: nhip nhd do khau PWM cua b diéu chinh dong va
nhap nhé do chuyén mach dong dién. Loai thir nhét 14 nhap nhé do khau PWM
c6 thé bo qua vi cac nhap nhé nay cé bién do nho va tan sé 16n, khi ndi dong co
vao tai (co tinh chat quan tinh) nhap nhd nay gan nhu bi loc bo hoan toan. Loai
nhap nhd tht hai 12 nhap nhé do chuyén mach dong dién, cé tan sb 1a 6 1an trong
1 chu ky. Day 1a nhap nhé co bién d6 16n va tan s nho, s& gay rung va lac dong
co, khi chay & tdc d6 thap s& kho 6n dinh téc do.

Speed command and respond

RR ha, W{ ) i

Time 5]

Hinh 2.51:Nhap nhé moment do PWM va do chuyén mach dong dién.
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Strc phan dién dong dang séng hinh thang:

Stator Back-EMF phase a

Back-EMF [v]

i i I
0 0.0z 0.04 0.06 008 01 01z 014 016 016 0z

Time [3]
Stator Back-EMF phase b
200 T 1 T T T T T T T
T :
w
=
u
3
5
L] b B ; f ; :
00 I | | 1 I 1 I | I
1] 0.0 0.04 0.06 008 01 0.1z 0.14 0.16 018 02
Time [s]
Stator Back-EMF phase ¢
200 T T T T T T T
Es :
w
=
u
]
5
a - i : ! !
200 1 | L 1 1 L 1 | |
0 0.0z 004 0.06 008 01 012 014 016 0.18 02
Time [s]

Hinh 2.52:Suc phan dién dong.
Dong dién 3 pha d duogc diéu khién:

Stator currant phase a
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Stator current phase ¢
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Hinh 2.53:Dong di¢n 3 pha.

Dong dién va suc dién dong 3 pha cua BLDC khi vé trén cung 1 hé truc

toa do cho ta thay tinh chét 1 chiéu cua dong co:
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Stator Back-EMF three phases
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Hinh 2.54:Dong dién va suc dién dong 3 pha.
Qu¥ dao tir thong cua dong co khi khong tai 6 dang hinh tron:

Stator flux trajectory
don — % ¥ & i3 o T 1

-0.05---

0.1

-0.15

Hinh 2.55:Qu¥ dao tir thong khi khong tai.
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Khi c6 tai quy dao tir thdng xuat hién cac bac tai thoi diém chuyén mach:

Stator flux trajectory
a — % ¥ 7§ 3 1§ 3

025 02 015 01 -005 0 005 01 015 02 025

Hinh 2.56:Quy¥ dao tur thong khi co tai.

Stator Current three phases
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Hinh 2.57:Su chuyén mach dong dién khong 1y tudng va dap mach PWM.

71



CHUONG 3.
HOAT PONG, VAN HANH VA KHAI THAC XE PAP PIEN

3.1. PAT VAN PE

Hién nay tu dong hoa nha may cong nghiép ¢ Viét Nam ngay cang duoc
cac nha dau tu quan tim, vi ty dong hoa 1a chia khoa cho moi thanh céng néu
khong tu dong hod thi ching ta sé lac hau va thua cac ddi thu canh tranh khac.
Trong céc hé théng tu dong hoa thi dong co dién dong vai trd truyén dong cho
cac bo phan khac, dong co thuc hién truyén déng lam cho céc b phan khac
quay theo y muén caa ngudi thiét ké. Trong cng nghiép thi loai dong co mot
chiéu va dong co khong dong bod dugc sir dung phd bién vi cac vu diém cua
minh. Hién nay nhitng dong co nay van dugc sir dung nhung cac nha ché tao
lubn ¢ xu huéng st dung cac loai dong co khac dé thuc hién truyén dong. Dong

co mot chiéu khong choi than ciing 12 mot d6i twong dé nghién ciru va ché tao.

V6i cac uu diém caa minh thi dong co BLDC khong thua kém gi cac loai
dong co khac. Pong co BLDC c6 cau tao cua rdto 1a cac cap cuc nam cham vinh
ctru nén khi dong co quay khong xay ra chuyén mach co khi nén khong gy ra
tia lra. Pong thoi dong co BLDC ¢6 dic tinh co giéng dong co mot chiéu 1a
duong thang, c6 mémen khai dong 1on, vi vay diéu nay mang lai loi ich k§ thuat
I6n trong khai thac, st dung.
3.2. VAN HANH XE PAP PIEN
3.2.1. Van hanh

o Khoi dong xe:

Ngoi 18n xe, 2 chan phai cham dat, néu 2 chan khdng cham dét thi can

diéu chinh lai yén xe dé 2 chan cham dugc dat, tay trai nim lay tay phanh bén
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trai, tay phai cam chia khoa vao 6 cong tic ngudn dién,van dén vi tri ON ( mo),

lac nay deén chi thi mau d6 sé sang 18n, nghia 1a ngudn da thong.

Chan trai cham dat, chan phai dé 1én ban dap chan,tu tir nha long tay
phanh xe, chan phai tir tir dap manh déan 1én dé xe chay vé phia trudc.

Tay phai dong thoi diéu chinh tay ga vao trong ( theo chiéu nguoc cua
kim déng hd) thi xe s& bat dau khai dong, goc vin cua tay ga cang 16n thi toe do
chay cua xe cang nhanh hon.

e Chay xe:

Khi xe vira khai dong ta 1én tang tbc do caa xe cham cham, khdng nén tac
thoi van hét ga dé tranh 1am hu hong linh kién dién va lang phi dién.

Khi 1&n déc hay chd ning ta nén dung chan dap thém dé tro luc cho
xe,kéo dai tudi tho cua acquy (pin) va dong co cua Xe.

Trong qué trinh str dung xe nén ¢ gang it phanh xe va it khoi dong xe dé
tiét kiém dién.

Khdng nén chay xe qué trong tai 90kg.

e Dung xe.
Khi ding xe hay khi xuéng xe dé dat xe thi ta Ién tit cong tic dién dé
tranh vo y van tay ga khién xe dot nhién khoi dong gay nguy hiém.
e Gitr gin xe hang ngay.
- Kiém tra cac bo phan chuyén dong cua xe c6 bi ket khong.
- Kiém tra day phanh xe c6 bi ket khéng.
- Kiém tra dén va coi xe.
- Néu 1 thoi gian dai khéng sir dung xe thi ta nén bo sung dién cho
acquy dé kéo dai tudi tho cho acquy.
3.2.2. Nhitng cha y khi van hanh khai thac xe dap dién
e Kiém tra trudc khi di xe:

- Hé thdng 16p:
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Do cang cua 16p co du khéng? Bé mat 16p ¢é bi thung khong? Oc cua 16p

sau va trudc da chat chua?

Hé théng phanh:

Kiém tra phanh truéc sau, sau khi bop phanh xe c6 dung yén tai chd duoc
khong?

Hé thong dién:

Binh dién va xe da khép nhau chua? Pién da du dung chua?

Viéc can cha y khi di trén duong:

Khi r& nén di véi tbe d6 cham, khong duoc cua gap.
Cha y bién giao thong.
Hay cht y dén dién cua binh.

Méi khoi dong xe hay 18n déc hiy dap tro luc cho xe.

Viéc can lam dé di dugc an toan:

Khi xubng ddc khong ting toc do.

Durng xe hoic xudng xe nén tit ngudn dién.

Khi gap duong quéa gho ghé hdy xudng dt xe.

Cang trude khong duoc ldp thém vat khac.

Khéng dugc théo linh kién xe ra.

Trudce khi di chtl y xem binh dién c6 du dién khong.
Khi di xe cam thay bét thuong hay dung xe va kiém tra.

Hay str dung linh kién chinh héang.

Viéc can nho:

Khi sac dién hay dé binh dién ¢ noi khac hay dé binh nam ngang va
huéng 16 sac 1én trén.

Khi thay binh dién hdy thay ca binh.

Bao vé moi truong: khdng viat binh dién cii lung tung,hdy gii binh

dién vé noi da mua.
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3.2.3. Bao dwdng va swa chira.

e Kiém tra va bao dudng dinh ky linh phu kién xe:

Dé xe dap dién duoc sir dung mot cach tét nhat can phai bao dudng dinh

ky,lau chui va kiém tra mot s6 van dé sau:

Banh trudc, sau cé thich hgp khdng?

Baga, cac bo phan xe da sach chua?

Van 16p dd mon chua?

Moay o c6 can thém dau khéng?

Oc va bu 16ng di vin chat chwa?

Sau khi di mot thoi gian hdy kiém tra nan hoa c¢6 du do cing khong?
Pong co, binh dién, tay ga khong duoc tu thao, khi gap bat ct van dé
gi hily mang dén dai ly.

e Bado dudng xe:

Khéng duogc sir dung nudc may hoic nudc phun manh dé ria xe dé
phong lam w6t bo phan dién tur va day dién cua xe.

Khéng dugc ding cac dung dich hay nudc rira dé rira xe dé phong lam
bé mit cua cac bo phan ddi mau.

Moay o, ban dap, xich, lip, ddy phanh trudc va sau 1,2 thang chu y tra
dau 1 lan dé dam bao trang thai tot. Day phanh trudc va sau, xich dung
dau L-AN46GB443. Bo phan khdng duoc tra dau: than xe, 16p.

Do cang cua xich: kién nghi khoang céch giira A-B 1a 5-15mm khi st
dung mat thoi gian xich s& gidn ra va cach dé ban diéu chinh nhu sau:
vian 4c truc ra, diéu chinh 6c¢ caa xich nhe nhang kéo vé phia sau dén
khi c¢6 @6 ciang phu hop. Néu nhu xich qua cing hay l1am theo nhiing

budc trén dé gian xich.

3.3. CACH NAP PIEN VA NHUNG PIEU CAN LUU Y
3.3.1. Nap dién
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Nap dién co 2 cach:
1. Truyc tiép nap trén xe:
Pong cong tic, thao chia dién ngudn, mé nap nap dién, cim dau ra cua thiét bi
nap dién (36V) vao 6 nap dién cua binh dién, cdm dau vao (220V) 6 cim dién.
Thiét bi nap dién c6 dén bao (mau do), dén nap dién (mau do) sang Ién thi bit
dau nap dién.
2. Théo hop binh dién ra dé nap.
M khda hop binh dién, ding tay nidm quai xach cua binh dién ra, dé noi kho
r4o, trén mat phang thong gié. Cam dau ra cua thiét bi nap dién(36V) vao 6 nap
dién cua binh dién, cam dau vao(220V) vao 6 cam dién. Thiét bi nap dién co dén
bao (mau do), dén nap dién (mau do) sang Ién thi bat dau nap dién.
Néu deén bao & thiét bi nap dién ¢ mau xanh chiing to dién nap da day.
Pién sau khi nap day phai rit ra ngay, c6 thé nap thém 1-2 gio dé kéo dai tudi
tho binh dién. Thoi gian nap dién tuy tinh trang sir dung binh dién, thong thuong
tir 2 dén 8 gio. Thiét bi nap dién co chac nang tu bao vé, thoi gian dai khdng qua
24 tiéng, lién tuc nap dién tudi tho binh dién cling khong anh huong.
3.3.2. Nhirng diéu lwu y khi nap acquy
- Xe méi trudc khi sir dung, nap dién day du phai trén 10 gio dong ho,
nham kich hoat tinh chat hoat tinh ndi bd binh dién.
- Khi thao binh dién ra tuyét d6i khong dung kim loai dé chap vao binh,
cling khong truc tiép dung tay uét cham vao hai dau dién cuc, néu khong
s& c6 nguy hiém.
- Cam dung nguoc binh dién dé tién hanh nap dién, néu khdng s& anh
huong nghiém trong dbi voi binh dién.
- Khi nap dién trudc hét phai cho dau cam vao 6 dién, sau d6 cim vao dau
dién ngudn, khdng nén cam trude dau 6 dién va sau d6 méi cim dau nap

dién.
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- Sau khi nap dién rat ¢au cam ra, phai ding tay nam chat phan dau cam,
khéng nén kéo day dién dé rit ra.

- Khéng nén cam bo sac vao 6 cam ma khong cam vao binh dién trong thoi
gian dai nhu thé s& anh hudng t6i tudi tho cua b sac.

- Khi nap dién, bo nap dién va binh dién phai dé noi khé rdo, théng gid,
tranh xa hang dé chay no.

- Khéng day nip binh khi nap dién, phong tranh gay néng lam hong bd nap
dién.

- Thiét bi nap dién khi van hanh bén trong c6 loai dién ap rat nguy hiém,
khong phai nhan vién chuyén mon dung tiép xdc, rat dé gay nguy hiém.

- Thiét bi nap dién trong qua trinh str dung s& c6 nhiét d6 nong it va ting
dan ciing nhu ¢6 tiéng o0 o o... loai hién tugng nay 1a binh thuong, khong
phai lo ling.

- Thiét bi nap dién duoc thiét ké sir dung trong phong, nén tranh am uét
cung bui, khéng dé tré em dem choi, tranh truong hop gay ngo doc cua
dich thé kim loai gay nguy hiém.

- Khéng str dung thiét bi nap dién khong cing model xe dap dién dang sir
dung, vi cd thé gay nguy hai truc tric ddi vai xe.

3.4. LOI VA CACH KHAC PHUC
3.4.1. Sw o trén b nap dién va cach khac phuc

e Khi nap dién dén bao ngudn sang,dén bao nap dién c6 mau cam hoic mau
do:

Pau tién hay kiém tra dau cam vao nguoén dién va cam dau cam nap dién
cua hop &c quy xem c6 cam chit khéng. Néu xac dinh 12 khdng c6 van dé, co
thé kiém tra dng day cau chi trén nip &c quy co phai bi dat hoac hop cau chi
c6 hién tuong rung va tiép xuc khdng tét khong. Ngoai ra cé nhiing loai xe
phai md khoa binh ac quy thi mai c6 thé nap dién. Néu nhiing su ¢b trén da

khic phuc dugc rdi, xem xét duong day ra cua bd nap dién co phai bi ho
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khong, c6 thé dung déng hd do dién dat & nac dién ap (220V dong DC 1
chiéu) dé do dién ap ra khong tai cua bo nap dién, phai 1a 41-44V cho xe 3
binh dién. Xe 4 binh dién do dau ra dién 4p phai 1a 52-55V. Néu khéng c6
dién &p ra co thé 1a do dut duong day dién ra cua bd nap dién, mo bo day nap
dién ra va sau d6 thay soi day khac thi s& khic phuc dugc sy c¢b. Chl y:
Trong khi thay day ra cia bo nap dién nhat dinh phai chi y cyc am duong
cta ngudn khong duoc ndi nguoc.
e Pén bao ngudn khong sang, dén bao ciia bo nap dién ciing khong sang:

Kiém tra dau cdm cta bd nap di¢n vao nguén dién va nguén dién ra xem
cam d3 chic chua, c6 thé cam thtr dau cidm cta bd nap dién vao 6 cam dién
binh thuong néu tinh trang van nhu ban dau thi mé vo hop bd nap dién xem
xét cau chi co bi dit khong, néu bi dut thay cau chi méi. Kiém tra xem
duong day cam vao ngudn dién co tét khong néu bi dut thay diy méi. Sau
khi di loai trir duoc su ¢b do day cdm vao ngudn nén kiém tra mot chut cac
linh kién gﬁn khu vuc dién ap trén tam mach dién xem c6 phai han bi héng
khoéng, hop cau chi ¢6 hién tugng tiép xtc khong tét. Quan trong 13 kiém tra
may bién ap T1 , ong 3 cuc VI, V2 xem c6 hién twong han hong khong.
Ngoai ra, R5 hodc R6 bi ho, cling co thé dan dén nhitng su ¢d trén néu dat
cau chi ¢ trong mdy thi tuyét d6i khong nén thay dng cau chi c6 Ampe cao
(d6ng cau chi ciia bo nap dién thuong 12 2 Ampe ) nén kiém tra ki D1 hoic
D4,V1,V2,R4,R7 vaDI15, D21 xem c6 bi hong khong néu bi hong c6
thé dung loai twong ty dé thay thé. Hay chu y: khi nhitng linh kién & trén bi
hong c6 thé cung lac hong hodc 1 dén 2 cai c6 khi cung hong vai cai. Khi
kiém tra can kiém tra 1 luot sau khi thay hét nhimg linh kién nay thi méi co
thé nap dién duoc.
e V6 bén ngoai bo nap dién ndng, bién dang do ndng chay:

Diéu nay cha yéu 1a do mot bd phan ngudi st dung thuong xuyén mang

theo xe dé ¢ hop dung dung cu sau xe.khong chi ¥ lam céc linh kién bi long
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gay ra . Biéu hién chu yéu la: khi C18 lung lay, s& 1am trang thai lam viéc cta
V1, V2 khdng binh thuong , nhiét lugng rat 16n, khi nghiém trong, vo ngoai
cua bo nap di¢n s€ bién dang, mach di¢n bi ddt chay , dan dén V1, V2 bi
hong, co thé han lai C18 , kiém tra V1, V2, R4, R7. néu van khong thé khéc
phuc su ¢ , thi can kiém tra xem D15, D21 ¢6 mdt cai nao bi hé khong,
ngoai ra 6ng chinh luu ra ciia mot sé xuwong san xuat ding 1 dng 2 cuc ddi ,
trong d6 1 chiéc bi hé thi ciing gdy nén su cd di néu trén . c6 khi su ¢b nay s&
lam cho 1 trong 2 céi V1, V2 bi hong can phai can kiém tra cing mot ltc va
thay thé. Chu y khi st dung : binh thudng khong nén dé b nap dién vao hop
dung dung cu ¢ phia sau , d0 rung khi xe dap dién chay co thé 1am long mbi
han nguyén kién ciia mach di¢n, gay ra su ¢d vé mach dién.

e Nhiét luong phat ra rat 16n, kém theo nhitng 4m thanh la:

Nguyén nhan ciia sy c¢d 1a do dién tro ra R31, C17 bi hong gay ra. Ngoai
ra C12 bi hé hodc han hong ciing gy nén su ¢b noi trén.

e Khi lam viéc c6 nhitng am thanh la, nap dié€n khong vao:

Kiém tra C8 trén mach dién c6 phai han hong hay bi hong, thong thuong
thi sau khi thay C8 thi van dé duoc giai quyét.

e Khi 1am viéc c6 nhitng 4m thanh la, dén bao ngudn va dén bao nap dién
t61, nhap nhay:

Nguyén nhan su ¢6 1a do IC1 bi hong, khi thay thé nén can than khong
duoc 1am hong tAm mach in déng, sau khi thay xong, can diéu chinh R28 lam
cho dién &p ra cua bg nap dién trong pham vi hoat dong binh thuong.

- Diéndpra rit cao: Sac xe 3 binh 16n hon 50V, sac xe 4 binh 1én hon 65V:

Nguyén nhan sy ¢ nay la do C15 bi ngén mach hoac R26 bi hé. Khi thay
xong R26 nén diéu chinh lai R28 dé dién ap ra cua bo nap dién dam bao binh
thuong.

- Dién ap ra binh thuong nhung dong dién nap lai rat nho:
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Kiém tra R30, R11, R13 xem cam c6 chiac khong hay c6 hong gi khong
néu binh thudng thi thay IC1 1 c6 thé giai quyét duoc su ¢d. Cha ¥ khi st
dung: khi nap dién dé str dung va cat giit thi phai tranh dung dich va viing
kim loai thdm vao trong hdp dién, dé tranh bén trong b0 nap dién bi doan
mach, 1am héng bd nap dién.

- bién &p ra binh thuong, dén bdo nap dién khong bio hoac bio khong
chinh xac:

Nguyén nhan : thong thuong 1a do IC2 hong hoic do LED2 hong. C6 thé
thay thé sé& giai quyét dugc van dé.

3.4.2.Sw c6 trén ddng co dién
Dbi voi cac loai dong co co chdi than cac hu hong thuong 1a mon chéi than
hay mon khuyét cac vanh dong. Ta thdo cai hu ra tim cach thay cac choi than

méi hay thay thé cac vanh ddng méi vao 1a duoc.

Hinh 3.1: Hinh chup chdi than ctia dong co.

Khi dong co quay phét ra tiéng kéu rat 16n 13 do bi hong 6 bi dong co vi 6

bi ¢6 vai trd giam luc ma sat quay cho dong co. Ta sé& thay 6 bi méi 1a duoc.
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Hinh 3.2: Hinh vi tri 6 bi trong dong co.
Hinh chup cho thay cac IC Hall dat trén phan tinh (stator), khi vanh nam
cham gan trén banh sau (phan dong, rotor) quay va quét qua céac IC Hall, n6 s&
phét ra tin hiéu cam tng dé tra vé mot IC 1am dao pha cac dong dién va nho do
lubn tao ra cac d6i cuc tir va khién cho vanh quay ludn quay. Khi cac 1C Hall

hong ta tim cac 1C HAIl ding ma sb thay vao 1a duoc.

Hinh 3.3: Hinh IC Hall dat trén stator.

3.4.3. Swr c6 trén cac mach dién
Hinh 3.4: Pay 1a ban mach linh kién trong mot hop nap binh dc quy.
Trong mach nap nay, cac hu héng thuong 1a hong transistor khoa (céc transistor
méc trén 14 nhom giai nhi¢t), nd cac tu loc, chap céc diode nin dong. Ban dung
Ohm ké do kiém tra cac linh kién nghi hong, tim cac linh kién diing ma sb hay

tuong duong thay thé 1a duoc.
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Hinh 3.4: Hinh ban mach trong hop nap ac quy.
Hinh 3.5: Pay 1a hinh chup mach khién, dung diéu khién su van hanh cta Xe

Pap Dién, hop khién ra rat nhiu day, trong d6 c6 bd phan cap dong cho motor
quay. Cac hu hong thudng 13 chép cac transistor cong suat. Ban dung Ohm ké

do kiém tra, néu phat hién linh kién hu thi tim linh kién twong duong thay thé.

Hinh 3.5: Hinh ban mach diéu khién.
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KET LUAN

Sau mot khoang thoi gian ngan thuc hién dé tai tét nghiép, cing vai nd
luc ¢b gang cta ban than su giup d& tan tinh cua cac thay cd gido, ban bé ciing
l6p, dén nay em di hoan thanh dé tai tot nghiép ciia minh. Trong dé tai cia minh
em d4 tim hiéu va thuc hién dugc cac yau cau sau:

- Tim hiéu vé hé théng dién va két cau k¥ thuat cia xe dap dién hién nay.

- i sau vao nghién ctu ngudn dién, dong co dién 1 chiéu BLDC (
Brushless DC motor) va mach dién nap nguén, diéu khién trén xe dap
dién.

- Tim hiéu vé van hanh, bao dudng va sira chita xe dap dién khi gap su cb.

Tuy nhién do thoi gian ¢6 han cling nhu trinh d6 caa ban than con nhiéu han
ché nén dé tai thuc hién con nhiéu thiéu sét nhu:

- Chua tinh toan thiét ké dugc hé théng mé phong truyén dong cua dong

CO.

- Tinh toan thiét ké mach, ngudn dién, dong co chua tbi wu hoa.

Em rat mong nhan duogc su chi bao, stra chita dong gop v kién cua céc thay
cd gido, cac ban trong 16p dé em c6 thé thuu hién va hoan thanh dé tai duoc tot
hon.

Mt 1an nita em xin chan thanh cam on su chi bao, huéng dan tan tinh cua,
PGS.TS Nguyén Tién Ban, cac thay ¢ trong khoa, cac ban bé trong 16p da giap
d& em trong qué trinh thuc hién dé tai.

Em xin chan thanh cam on!

Hai Phong, ngay...thang...nam 2012

Sinh vién thuc hién.

D6 Vin Quang
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