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LOI MO DAU

Trong nén céng nghiép hién nay, cac cong nghé tién tién va nhiing day
truyén san xudt hién dai véi mic do tu dong hoa cao voi h¢ truyén dong hi¢n
dai. Trong cac day truyén hién dai, cac thiét bi may moéc khac mudn hoat
dong, van hanh khong thé khong ké dén cac dong co dién. Pong co dién mot
chiéu vin chiém mot vi tri quan trong trong hé diéu chinh tu dong truyén
dong dién, né dugc sur dung trong hé¢ théng doi hoi cd do chinh xac cao, vung
diéu chinh rong, gon nhe va kha nang ty dong hda cao.

Trong qua trinh hoc tap tai truong, voi sy gidp dd cuia nha trudng va
khoa Pién Ty Pong Cong Nghiép em di dugc nhan dé tai tdt nghiép:
“Nghién cuu ché tao xe dién mini 2 banh phuc vu cho quang dwong di
chuyén ngin, cé hé thong him dién, thu hoi ning luong.”’

Noi dung d6 an gébm 3 chuong :

Chuong 1: Gidi thiéu vé xe dap dién.

Chuong 2: Céu trac ctia xe dap st dung ning luong dién.

Chuong 3: Thiét ké xe dién mini 2 banh phuc vu cho quing dudng di

chuyén ngan, c6 hé théng him dién, thu hoi ning luong .

Trong qua trinh lam do an, duoc su gitp do va chi bao tan tinh cua th.':iy
Th.S Pinh Thé Nam, cing voi cac thiy cd gido trong khoa di giup d& em
hoan thanh d6 4n dugc giao. Em rat mong nhén duoc sy dong gop ¥ kién cua
cac thay co gido va cac ban dé dd an ciia em duoc hoan thién hon.

Em xin chan thanh cam on !

Hai Phong, ngay ... thang ... nam 2018

Sinh vién

Nguyén Xuan Lam



CHUONG 1.
GIOI THIEU VE XE PAP PIEN

1.1. XE PAP PIEN VA LOI iCH XA HOI.

Tt bao nim nay xe dap hau nhu c6 mat trén khap cac néo dudng. Trudc
kia phuong tién, nhién liéu con qua kho khan va xe dap chinh 1a phuong tién
chinh dé di lai lac by gio, nén thoi diém d6 nha san xuit va nguoi tiéu dung
it quan tim dén kiéu dang, tinh ning. Con gio diy khi xe may tré thanh
phuong tién pho thong, thi ngudi tiéu dung lai sir dung xe dap, xe dap dién
voi kiéu dang, tinh ning k¥ thuat vira méi la, chi phi thap hon nhiéu so vdi
xing dau lai vira khong thua kém xe may vé yéu cau st dung. Dic biét trong
tinh hinh tai nan giao thong gia ting va yéu cau bao vé méi trudng nhu hién
nay thi xe dap, xe dap dién bat dau dugc quan tAm va phat trién rong rai.

St dung xe dap dién bdo v¢ moi truong. Luong khi thai qua 16n tur
phuong tién chay bang xing dang 1am cho cac thanh phé trd nén 6 nhiém vi
vay viéc st dung xe dap dién s& gop phan bao vé khi quyén.

Vé phuong di¢n ki thuét, dong co xe dién uvu viét hon xe xang rat nhiéu:
hiéu suét dong co xang khoang 30%, xe di¢n Ién t&1 90%. Bén canh d6 do bén
dong co dién cao hon, it hu hong trong qua trinh sir dung.

Gia nhién liéu ngay mdt ting, moi trudng 6 nhiém, stir dung xe dap dién
12 mot diéu tét. Theo tinh toan, trong cing 1 quing dudng chi phi sac dién dé
sir dung cho xe dap dién chi mat khoang 3.000 dong, trong khi d6 dung xe
gin may 1én t6i khoang 15.000 dong. Mot binh dién cua xe dap dién néu sac
day quang duong di duge tir 35 km - 40 km, gia mot hop ac quy dao dong tir
1.000.000 — 1.500.000 ddng thi ciing khong qué dat cho nguoi sir dung. Cling
v6i nhimg loi ich x3 hoi khéc, bao dam an toan giao théng, phu hop véi thi

tién cta nguoi lao dong. Hon nita xe dap dién vdi két ciu don gian gon nhe



khoang 30kg phul hgp cho ngudi 16n tudi va hoc sinh di lai thuan tién véi tc

d6 thap ma khong phai str dung sirc.

1.2. THONG SO VA PAI LUQNG CHINH CUA MOT SO XE PAP
PIEN HIEN CO MAT TREN THI TRUONG VIET NAM.

Hién nay trén thi truong Viét Nam xuit hién rat nhiéu céc hang xe dap
dién ndi tiéng trong va ngoai nudc véi miu mi dep nhu: Honda, Yamaha,
Gaint, Brigestone, Hkbike, Asama...

Xe ngoai nudc thuong thi da dang v& mau sic, mau mi dep bat mat thu
hut ngudi tiéu dung, tuy nhién cac ché do bao hanh bao tri sau mua hang kém.
Xe trong nudc thuong don di¢u vé mau mi, mau séc, nhung ché do bao hanh
bdo tri sau mua hang dugc phuc vu tan tinh. Pé chon dugc 1 chiée xe dap
dién phu hop véi tai tién va sé thich ctia mdi nguoi cling khong khé. Tuy
nhién dé su dung dugc hi€u qua, do bén va thuén tién lai 13 nhing van dé
nguoi tiéu dung quan tam.

Ngoai kiéu dang, mau sic wa thich, thi cac thong sb ky thudt vo cing
quan trong dé c6 thé Iya chon xe phi hop v6i minh vi cac thong sé sau ddy
con lién quan dén téc do, kha ning mang tai, quang duoc di duoc.

- Loai dong co: dong co 1 pha, 3pha

- Cbng suit dong co: lién quan dén kha ning mang tai, dong co céng suit
cang cao thi kha nang mang tai cang 16n lugng dién ti€u thu cling ting theo
250W, 350w, 380W, 500W ...

- Dién ap cap cho dong co: thong thuong thi sir dung céc cip dién ap 24V,
36V, 48V, dién ap cang 16n thi s6 binh ic quy phai sir dung ciing tang theo.

- Dién ap va dung lugng cua mdi binh: 12V/7ah, 12V/10ah, 12V/12ah....
Dung luong cta binh ic quy sé tinh dugc quing dudng di duoc mdi lan sac
day dién va thoi gian sac 13 bao 1au. Tuy theo ting nha san xuét va két cau

clia xe nguoi ta s& lya chon binh dc quy cho phu hop.



1.2.1. Thong s k¥ thuit ciia xe dap dién hing Yamaha.

Hinh 1.1: Xe dap dién Yamaha ICATS HI.
Bang 1.1: Thong s k¥ thuét cta xe Yamaha ICATS HI.

Ngoai hinh

Chiéu daixhiéu rong ckiéu cao

1539mm:$¥35mm 1015mm

Chiéu cao yén xe

750mm

buong kinh banh xe Banh truéc:455mm,Banh sau:455mm
Tinh nang

Cach thurc thao tac Tu dong

Quing duong di dugc khi pin ddy | 50km

Van toc to1 da

20km/h-30km/h

Phu kién xe

Ac quy 48V-15Ah
Sac dién Tu dong ngat khi ac quy day
Thot gian sac 6-8gi0
Dién ap 220v-50Hz
Pong co xe Pong co 3 pha,Cong suat 240W
Dién ap dong co 48V

Chu thich
Trong lugng xe 48kg
Kha nang tré vat nang 100kg
Bao v¢ tut ap 41V+/-1.0V
Béo vé qua dong 14A+/-2.0A




1.2.2. Thong s6 k¥ thuit ciia xe dap dién hing Bridgestone.

Hinh 1.2: Xe dap dién Bridgestone MLI.

Bang 1.2: Thong s ki thuét cua xe Bridgestone MLL

Ngoai hinh
Chiéu daix Chiéu rongx Chiéu cao 1820mmx670mmx 1046mm
Chiéu cao yén xe 745~900mm

Duong kinh banh xe

Banh truéc:22”x 1.95”,Banh
sau:24’x 1.95”

Tinh nang

Van hanh Pap tro luc
Cach thurc thao tac Tu dong
Quing dudng di dugc khi pin day 60km
Van toc toi da 30km/h
Phu kién xe
Ac quy Pin Lithium-ion
Sac dién Tu dong ngat khi ac quy day
Thot gian sac 3-4gi0
Cong suat 350W

Pong co xe Tron béng,dong co chdi than
Dién 4p dong co 36V
Dién ap 220V-50Hz
Chu thich
Trong luong xe 29.2kg
Kha nang cho vat nang 120kg
Bdao v¢ tut ap 41V
Béo v€ qua dong 16A




1.2.3. Thong s6 k¥ thuit ciia xe dap dién hing Honda.

Hinh 1.3: Xe dap di¢én Honda Harricane.

Bang 1.3: Thong s k¥ thuat ciia xe Honda Harricane.

Ngoai hinh

Chiéu daix chiéu rongx Chiéu cao

1616x720x1010 mm

Chiéu cao yén xe

724 mm

buong kinh banh xe Banh trudc: 16” xX2.125, Banh sau:
16” x2.125
Tinh nang
Van hanh Pap tro luc
Cach thuc thao tac Tu dong
Quiang duong di dugc khi pin day 55km

Van toc to1 da

25km/h — 35km/h

Phu kién xe

Ac quy 48V -12Ah — 14Ah
Sac dién Tu dong ngat khi ac quy day
Thot gian sac 6-8 gio
Cong suat 350W
DPong co xe Dbong co 3fa
Di¢n ap dong co 48V
bién ap 220V-50Hz
Chu thich
Trong lugng xe 50kg
Kha nang chd vat nang 100kg
Bao v¢ tut ap 41V
Bédo v€ quéa dong 16A
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1.2.4. Thong s6 k¥ thuit ciia xe dap dién hing Gaint.

Hinh 1.4: Xe dap di¢n Giant 133M.
Bang 1.4: Thong s k¥ thuat cia xe Giant 133M.

Ngoai hinh

Chiéu daix Chiéu rongx Chiéu cao

1588x605x1015 mm

Chiéu cao yén xe

724 mm

Dbuong kinh banh xe

Banh trudc: 16” x2.525, Banh sau:
16”7 x2.525

Tinh nang

Cach thire thao tac

Tu dong

Quiéng dudng di dugc khi pin day

55km

Van toc to1 da

25km/h — 35km/h

Phu kién xe

Ac quy 48V -15Ah

Sac dién Tu dong ngat khi ac quy day

Thot gian sac 6-8 gio

Cong suat 250W

Dong co xe Dong co 3fa

bién ap dong co 48V

Dién 4p 220V-50Hz
Chu thich

Trong lugng xe 50kg

Kha nang chd vat nang 100kg

Bao v¢ tut ap 41V

Béo v€ qua dong 16A
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1.3. HINH DANG - KET CAU XE PAP DPIEN.

Thi truong hién c6 hon 14 loai xe dap dién voi gﬁn 60 mau ma khacnhau,
tir xe co gin moto kéo don gian v4i binh dién cho dén nhing loai duoc thiét
ké gon nhu binh dién gin trong than xe, mdto gan dudi gim xe cho dén loai
hinh dang sang trong nhai xe tay ga. Trong d6, xe Trung Qudc chiém khoang
10% thi truong, con lai 1a sy canh tranh gifra cdc hang san xuit ndi dia nhu
xe dap dién Hitasa, Yamaha, Miyata, Asama, Bridgestone, Songtian, Giant,
Delta, Five Stars...

Thiét ké cua mot chiée xe dap dién Trung Quéc kha bit mat, xe khoe va
chic chin, phang phat dang dip cua mot chiéc xe mdy. Xe co hai giam xoc
trudc va sau. Riéng giam xoc sau duoc thiét ké bang mot giam xoc cdi rat
khée hoac b::ing hai phudc nhiin hai bén, khi van chuyén xe dam hon, giam
duoc d6 xoc khi di vao dudng xau, pht hop véi dia hinh Viét Nam.

Banh xe dugc thiét ké theo kiéu banh map, vanh bang gang duc c& 480
(vanh nho), loai vanh nhd nay thuan tién hon cho nguoi gia va phu nir su
dung. Binh dc quy dugc thiét ké bén trong, khong 16 ra ngoai hay dugc lap
ngay dudi yén, rat thuén tién khi sac dién hay thdo ra lép vao.

Toan by hé théng dén duoc thiét ké rat hién dai v6i cum dén pha va dén
Xi-nhan thiét ké lién. Cong tac dén pha va dén xi-nhan... dugc bd tri & hai bén
tay lai rat thuan tién khi diéu khién. Mit trén 1a cong to mét c6 deén bao hi¢u
dién cuia binh dc quy, bao toc do khi xe chay. Phia sau xe 1a cum dén hau, dén
bao phanh, dén xi-nhan dugc bé tri rt gon va hop 1y.

Yén xe duoc thiét ké nhu yén xe mdy, c6 thé chd thém ngudi. Hé théng
phanh dugc thiét ké theo kiéu phanh dia két hop voi phanh bat, khi xe chay &
téc do cao str dung phanh s& an toan hon.

Tuy nhién xe Trung qudc ciing thiét ké xich tran khéng c6 xich hop. Xe

Trung Qudc rat kin nuéc do vay khi di troi mura hay ngap nude, nude vao trong
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dong co dé 1am hong xe. BO diéu téc dé dudi gam xe 1én khi ngap nudc dé bi
hong.

Xe dap dién c6 rat nhiu miu ma kiéu dang khac nhau phu hop cho timg
Iira tudi nhu hoc sinh, sinh vién, ngudi gia. Thiét ké nhé gon, dep, kiéu dang
la, doc ddo, théo ra dé dang va c6 den, suon nhom, cd den trudc va sau rat
sang, yén ting giam to nho, tuy theo chiéu cao ngudi st dung, phanh trudc
phanh sau rat chic chan, banh nho gon, yén sau, giam xoc rat tot, rat phu hop
vO1 cac ban tré...

Thiét ké kiéu dang thé thao, doc dao, chay manh, c6 nut bat dén trudc,
c6 deén béo hi¢u lugng dién, binh ac quy théo ra dé dang, thiét ké chéc chan,
yén ting giam theo chiéu cao, phanh trudc phanh sau chic chén, tay ga an
toan...pht hop cho moi ngudi. Vi thiét ké thé thao, xe dap kiéu dang nay
con duoc st dung dé van dong rén luyén strc khoe.

Cac loai xe dap dién khong trang bi ban dap, chi chay di¢n, loai nay nhin
rat bat mat va c6 nhiéu kiéu dang tinh té, sang trong. Loai xe nay rat phu hop

v6i1 nhitng ngudi cao tuoi.
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4
12
3
13
Hinh 1.5: Két ciu cua xe dap dién.
Bang 1.5: Tén cac ky hi€u trén hinh 1.5.
1. Lop 7. Binh dién 13. Cang trudc
2. Vanh 8. Coc yén 14.Dé chan
3. Nan hoa 9. Tay ga 15. bui
4. Chan bun sau 10. Phét tang 16.Hop xich
5. Gac Baga 11. Ben xe
6. Yén 12. Chan bun trudce
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CHUONG 2.
CAU TRUC CUA XE PAP SU DUNG NANG LUQNG DIEN

2.1. PONG CO DIEN.
2.1.1. Pong co dién mot chicu.

May dién mét chiéu 1a loai may dién bién co ning thanh ning luong dién
mot chiéu(may phat) hodc bién dién ning dong mét chidu thanh co ning
(dong co).

May dién mot chiéu cho phép diéu chinh téc d6 tron trong khoang rong
va momen md may lén vi vy n6 duogc st dung rong rai lam dong co kéo, khi
can diéu chinh chinh xic téc do dong co trong khoang rong, may dién mot
chiéu con dugc str dung rong rai 1am nguén nap ac quy, han dién, ngudn cung
cap dién...
2.1.1.1. Phéan loai ddng co dién mdt 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.
2.1.1.2. Cau tao va nguyén ly hoat dong ciia dong co dién mét chicu.

Pong co dién mot chiéu c6 clu tric gém 3 bd phan chinh: phﬁn cam,
phan g, cd gop va choi than.

Phan cam 13 bo phan tao ra tir truong dit o stato, thong thuong phan cam
la mot nam cham dién gém co cuc tu N-S va cudn day kich tir.

Phan ung c6 101 thép dat & rotor, c6 phay ranh dé dat day qur?in ph?m ung.
MOi cudn day duoc ndi t6i hai 14 gop cua cd gop dién.

O ché do may phat, can cép dién mét chiéu cho cudn kich tir va ndi rotor

v6i dong co so cip khac dé quay rotor (may lai dong co). Khi rotor quay
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trong tur truong phﬁn cam, trong cudn day s€ xuét hién suc dién dong, dugc cd
gop va choi than nan thanh sdd mét chiéu.

O ché do dong co, can cép dién mot chiéu cho cudn kich tir va cudn day
phan tng. Dong dién chay trong phan tmg s& tac dung vdi tir trudng giy boi

phan cam tao thanh momen quay rotor.

N
|

S

Hinh 2.1: So d céu tao dong co dién mat chiéu.
2.1.1.3. Phwong trinh cin béng sdd ciia dong co.
Khi dua mot may dién mot chiéu d3 kich tir vao ludi dién thi cudn cam
ung s€ chay mot dong dién, dong dién nay sé tdc dong voi tir truong sinh ra
luc, chiéu cua né duoc xic dinh béng quy tic ban tay trai va tao ra momen

dién tu lam cho rotor quay vdi toc dO w, trong cudn day xuat hién sdd cam

ung:
Ev=Kep @ (2.1)
O ché do qua d9, khi n,I, thay doi ta co phuong trinh sau:
U, +(-e,)+(-Ldi /dt)=i,R, (2.2)
O ché do6 6n dinh (n = const, I, = const) taco:
U, =E.+IL,R, (2.3)

Trong d6:  E,: strc dién dong phan tng.
R,: dién tro phan tmg.

l,: dong dién phﬁn ung.
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2.1.1.4. Pic tinh co ciia dong co dién 1 chiéu.

a. Pac tinh co cia dong co kich tir doc 1ap va song song.

oy
U
0. o
i i P
Ru
& '
|
|
ckt |
LT —E !
RE o Idm T

Pac tinh co dién cia dong co dién
1 chidu kich tir doc Lip

Hinh 2.2: BPuodng dac tinh co ctia dong co kich tir doc 1ap va song song.
Pic tinh co 1a méi quan hé ham gitta téc d6 va momen dién tir o =f(M),

khi l,,=const.
Dong kich tir dugc xic dinh bang:

ke =Ukt 'Rkt , ¢ =ikt (2.4)
Phuong trinh déc tinh co dién:

o =(U, — Iy Ry)/Kg (2.5)
Trong d6: @,=U, /K¢ 1a tdc do khong tai.

O=0g -A®
R.+ R; R,+ R

== | = 7 M

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

A®

-0
-0

CKT |—|
—: g _
Rf O -~ 1

E

Hinh 2.3: Pic tinh co caa dong co kich tir ndi tiép.
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Tt cong thire:

U - I”.(Rt + RdC)
n = 2.6
o (2.6)

Trong may nay: Iy=I,

Ta xét 2 truong hop:

Khi 0 < ly < Ildm — May chua bao hoa
Vay: ¢ =Klu

M=CmKlely =C 12
mu
ly = Cm VM
Thay vao (2.6) ta co:
_ U=CmVM(Re+Rge) _ U=CmVM(Ri+Rqc)
n= CoKI, - CeKCo\'M (2.7)
. _ U _ (Rt"'Rdc)
Hay: n = CeKCpvM CeK
R L S
Hay: n = Wi B
4 A = g2 —Y — (RitRac)
Trong d6: A = nr R B = K

Nhu vay trong pham vi dong tai nhé hon hodc bang dong dinh muc,
dac tinh c¢6 dang hypebol. Khi kg > Idm, may bao hoa, dac tinh co khong

trung voi duong hypebol nita.
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c. Pic tinh co ciia dong co kich tir hén hop.

Uu n

o
Rf1 D‘_

0

=R

Tam
Hinh 2.4: Dic tinh co dong co kich tir hon hop.

Pong co gdm 2 cudn kich tir: cudn ndi tiép va cudn song song. Pic tinh
co ctia dong co nay gidng nhu dic tinh co ctia dong co kich tir ndi tiép hoic
song song phuc thudc vao cudn kich tir nao giit vai tro quyét dinh. O dong co
ndi thuan, std cta 2 cudn day cing chiéu nhung gitt vai trd cha yéu 13 cudn
song song. So sanh dic tinh co cia dong co kich tir hdn hop véi ndi tiép ta
thay & dong co kich tir hdn hop c6 téc do khong tai (kho khong tai tir thong
nbi tiép bang khong nhung tir thong kich tir song song khackhackhong nén
c6 toc do khong tai) khi dong tai tang Ién, tir thong cudn ndi tiép tac dong,
dic tinh co mang tinh chat dong co nbi tiép Trén hinh thir 2 biéu dién dic tinh
n=f(I) ctia dong co kich tir song song (dudng 1), ciia dong co kich tir ndi tiép
(duong 2), ctia dong co kich tir hén hop ndi thuan (dudng 3) va dic tinh cua
déng co kich tir ndi tiép néi nguoc (duong4) dé chung ta dé so sanh. Con hinh
thtr 31a dic tinh co cua dong co kich tir hdn hop.
2.1.15. Khéi dong dong co mét chiéu.
a. Khéi dong truec tiép.

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

. L. . U
dong khoi dong dugce xdc dinh bang cong thie: Ly =g (2.8)
t
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Vi Rt nho nén I ¢6 gia tri rat 16n (20 = 25) lyy su ting dong dot ngdtlam
xuat hién tia lira dién & c6 gop lam hién xung co hoc va giam dién ap ludi,
phuong phap nay hau nhu khong sir dung.

b. Khéi dong dung dién tré khéi dong.

\

n

Mmin Mmax
Hinh 2.5: Pac tinh co kho1 dong dung dién tréd khoi dong.
Nguoi ta dua vao rotor 1 dién tré co kha ning diéu chinh va goi 1a dién
tro khéi dong dong khdi dong bay gid co gia tri:

U
— am__ 2.9
« Ri+ Ry (29)

bi¢n tré khdi dong duogc ngét dan ra theo su tang clua tbc @0, nic khai
dong thir nhat phai chon sao cho dong phan ung khong 16n qua va momen
khoi dong khong nho qua. Khi ¢6 cing dong phan tng thi dong co kich tir nbi
tiép c6 momen khai déng 16n hon cua dong co kich tir song song.

Véi cac dong co kich tir song song khi dung dién tré khai dong phai nbi
sao cho cudn kich tir trong moi thoi gian déu duoc cép dién ap dinh muc dé
dam bao @ 16n nhat. Néu trong mach kin tir c6 dién tro diéu chinh thi khi khoi
dong dién tré nay phai ngan mach.
2.1.1.6. Piéu chinh téc d9 dong co' mdt chiéu.

Cac phuong phap diéu chinh tbc do.

- Thay dbi dién ap ngué)n nap.
- Thay ddi dién tré mach rotor.

- Thay d6i tir thong.
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a. Piéu chinh téc dd biang cach thay ddi dién 4p ngudn nap.

Khi cho U,=var thin=var.Néu M =const thi tc d6= var ta diéu chinh
dugc tdc do cua dong co. Khi dién ap nap thay doi cac dic tinh co song song
v6i nhau. Piéu chinh tbc d6 bang cach thay d6i dién ap nap thi chi thay d6i
duoc theo chiéu tbc o giam ( vi mdi cudn day da duoc thiét ké véi Ugn nén
khong thé ting dién ap dat 1én cudn day. Trén hinh vé ta biéu dién dic tinh co
cua dong co khi U,=var.

n &

U,
Nm}u;
—u

M
0 P

Hinh 2.6: Diéu chinh téc 46 bang cach thay doi dién ap ngudn nap.
b. Piéu chinh toc do bang cach thay doi dién tré mach rotor
Ta c6: An =M.(R; +Ry.), néu tat hay ddi duoc Ry, thi ta s& thay d6i duoc

An(d6 giam toc d6), khi M=const nghia 1a thay d6i duoc téc do dong co.
a R +Rs=0
N

R\

AN

0
M, M

R+Ra /

Hinh 2.7: Piéu chinh téc do béng cach thay d6i dién tré mach rotor.
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Phuong phap diéu chinh téc d6 bang thay ddi dién tré mach phan ung
c¢6 nhitng wu khuyét diémsau:

- Dé thuc hién, gia thanh ré.
- Piéu chinh tuong di lang.

Tuy nhién pham vi diéu chinh hep va phu thudc viao tai (tai cang
16n pham vi diéu chinh cang rong), khong thyc hién duge & ving gan tbc
d6 khong tai. Piéu chinh c6 tén hao 16n. Nguoi ta dd chang minh rang dé
giam 50% tdc d6 dinh muc thi ton hao trén dién trd diéu chinh chiém
50% cong suat dua vao. Dién trg diéu chinh tdc d6 co ché do 1am viéc 1au
dai nén khéng dung dién tré khoi dong (1am viéc & ché do ngan han) dé lam
dién tro diéu chinh toc do.

c. Piéu chinh toc dd biang cach thay doi tir thong.

n r

M,
Hinh 2.8: Diéu chinh téc d6 bang cach thay doi tir thong.

N , U R
Tu biéu thirc: @ =% _ "t 2.10
L (2.10)

Khi M=const, U,=const,® =var (thay do6i dong kich tir) thiv tang lén.
That vay khi giam tir thong dong dién & rotor tang nhung khong lam cho biéu
thirc thay doi vi giam dién 4p & R, chi chiém vai phan trim cta dién ap phan

mg nén khi giam tir thong thi téc do s& tang, song néu cw tiép tuc giam dong
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kich tir thi t6i 1 ltic nao d6 toc do khong tang dugc nira, so di nhu vay 1a vi
momen dién tur cia dong co giam.
Phuong phap nay chi thyc hién khi tir thong giam téc do con tang.
Trén hinh vé& biéu dién dic tinh co khi tir thong thay doi.
- Phuong phap thay d6i tir thong dé diéu chinh téc do rat lang va kinh té.
- Khong diéu chinh tc d6 & dudi toc do dinh mirc.
Khong duge giam kich tir to1 gia tri khong vi luc nay chi con tor du khi tai
tang tbc do ting qua 16n thuong nguoi ta thiét ké bo dién trd diéu chinh dé
khong khi nao mach tur bi hé.
2.1.1.7. Tén hao va hi¢u suit may dién mot chiéu.
Trong may dién co hai loai ton hao: t6n hao chinh va t6n hao phu.
- Tén hao chinh goém:

+ Ton hao co (ton hao 6 bi, ton hao ma sat & co gop, ma sat véi khong

khi).

+ Tén hao sit tir trong cudn rotor va stator, trong cudn phu, cuén khu

trong mach kich tur.

+ Tbn hao & hai 16p tiép xtc cua chdi than va vanh khuyén.

- Tén hao phuy:

Tén hao phu xuét hién trong 15i thép va trong dong, né gém ton hao dong
x04y, ton hao ndi can bang, ton hao do phan bd tir trudng khong déu, do mat
d6 ¢ chdi than khong déu

Hiéu suit cua dong co dugc tinh nhu sau:
P,
P,-2P

n= (2.11)

Trong d6: X P: Tong hop cac ton hao ciia may
P,: cong suit vao

P,:cong suat dua ra
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2.1.2. Pong co dién BLDC (Brushless DC motor).
2.1.2.1. Gi6i thiéu chung vé déng co BLDC.

Pong co DC khong chdi than-BLDC (Brushles D¢ motor) 13 mdt dang
dong co dong bo 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 diy quan phan mg
stator. Cling giéng nhu dong co dong bo thong thudng, cic cudén diy BLDC
cling dugc dat Iéch nhau 12(P dién trong khong gian cua stator. Cac thanh
nam cham dugc dan chic chin vao than rotor 1am nhiém vu kich tir cho dong
co. Dic biét diém khac biét vé hoat dong cua dong co BLDC so vdi cac dong
co déng bd nam cham vinh ciru khéc 14 dong co BLDC bét budc phai c6 cam
bién vi tri rotor dé cho dong co hoat dong. Nguyén tac diéu khién cua dong co
BLDC la xdc dinh vi tri rotor dé diéu khién dong dién vao cudn diy stator
trong tng, néu khong dong co khong thé tu khoi dong hay thay doi chiéu
quay. Chinh vi nguyén tac diéu khién dua vao vi tri rotor nhu viy nén dong
co BLDC doi héi phai c6 mot bd diéu khién chuyén dung phdi hop vdi cam
bién Hall dé diéu khién dong co.

a. Uu diém

Pong co DC khéng chdi than BLDC (Brushles DC motor) c6 cic wu
diém ciia dong co déng bd nam cham vinh ciru nhu: ty 16 momen/quan tinh
16n, ty 18 cong suat trén khoi lugng cao.

Do méy duoc kich tir bang nam chdm vinh ciru nén giam t6n hao dong
va sét trén rotor hiéu sudt dong co cao hon.

Pong co kich tir nam chadm vinh ciru khong can chéi than va vanh truot
nén khong tén chi phi bao tri chdi than. Ta ciing c6 thé thay ddi dic tinh dong
co bang cach thay d6i dic tinh ctia nam cham kich tir va cach bé tri nam cham
trén rotor.

Mot s6 dic tinh ndi bat cua dong co BLDC khi hoat dong:

- Mat do tu thong khe ho khong khi 1on.
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- Ty 1é cong suat/khéi lugng may dién cao.

- Ty 1é momen/quan tinh 16n (c6 thé tang tbc nhanh).

- Van hanh nhe nhang(dao dong ciia momen nhd)tham chi & tbc do thap

- Momen diéu khién duoc & vi tri bang khong.

- Van hanh & toc do cao.

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

- Hiéu suit cao.

- Két cu gon.

b. Nhuwoe diém

Do ddng co dugc kich tir bang nam chidm vinh ctru nén khi ché tao gia
thanh cao do nam cham vinh ctru kha cao nhung véi su phat trién cong nghé
hién nay thi gi4 thanh nam cham c6 thé giam.

Pong co BLDC duge diéu khién bang mot bd diéu khién v6i dién ngd ra
dang xung vuéng va cam bién Hall dugc dat bén trong dong co dé xic dinh vi
tri rotor. Piéu nay lam ting gia thanh dau tu khi st dung déng co BLDC. Tuy
nhién diéu nay cho phép diéu khién toc d6 va momen dong co d& dang, chinh
xac hon.

Néu dung cac loai nam cham sat tir chiing dé tir hoa nhung kha ning
tich tor khong cao, dé bi khtr tir va dic tinh tir cia nam cham bi giam khi tang
nhiét d0. Nhung véi loai nam cham hiém nhu hién nay thi nhuoc diém nay da
duoc cai thién dang ké.
2.1.2.2. Cau tao dong co BLDC.

Khacvéi dong co mot chiéu binh thuong, dong co mét chiéu khong chdi than
BLDC c6 phan g dimg yén nam trén stator va phan cam quay nam trén rotor.

Stator: bao gdm 151 sét (cac 14 thép k¥ thuat dién ghép lai voi nhau) va day quén,
trong cac rénh cua stator dt cudn g nhu trong cac ranh phan Gng binh thudng.

Rotor thuong 1a nam cham vinh cuu.
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Stator Windings

Hall Sensors Rotor Magnet S

Accessory Shaft Rotor Magnet N

Driving End of the Shaft

Hall Sensor Magnets

Hinh 2.9: Ciu tao ctia dong co BLDC ctia Micrichip.
2.1.2.3. Céu tric dong co BLDC.

Nam cham vinh ctru dung dé kich tir ¢ thé 1a loai nam cham dién tir
hodc loai nam chaAm hiém nhu: AINiCo, NdFeB, SmCO... Tuy nhién hién nay
nguoi ta thuong str dung cac loai nam cham hiém vi chung co tir du 16n, tix
tinh it thay d6i khi nhiét do tang, kho bi khir tir... Vi cong nghé ché tao nam
cham ngay cang phat trién manh cac dic tinh tir ciia nam cham vinh ctru ngay
cang duoc cai thién, chat luong nam chdm ngdy cang tot hon. Piéu nay cho
phép dong co BLDC duoc ché tao va tmg dung nhiéu hon.

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

magnet) va dang rotor nam chdm nam bén trong ( interior magnets).

\g f:‘!j

Hinh 2.10: Nam cham duoc dit trén rotor ciia dong co BLDC.
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a,b,c: nam cham dan bé mat ngoai rotor.

d,e,f,g: nam cham dat bén trong rotor.

Theo vi tri twong ddi cua rotor dbi véi stator ta co hai kiéu dong co:
Pong co rotor nam bén trong ( interior rotor) va déng co rotor nam bén ngoai
(exterior rotor).

a. Pong co nam chim dan ngoai bé mit rotor.

May dién c6 nam cham vinh ctru déan trén bé mat rotor dugc xem nhu
mot dong co cuc tu an.Thiét ké va ciu trac stator va cac cudn day tuong tu
nhu trong cac may dién déng bo truyén théng. Nam chidm vinh ctru dugce dat
trén bé mat cé rotor va duoc gén chit vao rotor. Do nam cham c6 do tham tir
rat nho so véi sit cho nén anh hudéng cua khe hd khong khi 1én may 1a 1on.
Thong thudng gia thiét khi phan tich may dién dong bo nam cham vinh ciru

thi khe hé khong khi 1 dong dang.

Stator

g ~—
Core —~—

wiin
/ - e'f:;::'
AirGap —
=8 ’
I\
Windng [0 oo

In Siots Magnets

Hinh 2.11: Kiéu rotor nam chim dan ngoai bé mait.

Trong trudng hop cac thanh nam cham duoc gan trén bé mat cua rotor,
su ra ting do thAm tir do méi truong bén ngoai 1a 1,02-1,2. Chung c6 cudng
d6 tir truong 16n, cho nén co thé xem mdy dién c6 khe ho khong khi 16n, do
d6 c6 thé bo qua hién twong cuc 16i (diéu nay din dén dién cam tir hoa trén
truc d b::ing dién cam tur hoa trén tryc q,Ln¢=Lm¢=Lm). Hon nira,do khe ho

khong khi 16n, dién cam d@)ng bd (Ls=Lg+L,) nho va vi vay co thé bo qua
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hién tugng phan tmg phan (mg. Mot hé qua cia khe hé khong khi 16n 13 hang
s6 dién caa cudn stator nhd. Nam cham dan nén rotor c6 thé c¢6 nhiéu hinh
dang, dang cung trong hay dang phing c¢6 d6 day vai milimet. Nam cham
dang cung tao mot tir thong trong khe hé khong khi bang phang va momen it
dao dong. Ciing c6 thé giam dao dong cia moémen bing cach thiét ké stator
thich hop.

b. Pong co' c6 nam cham vinh ctiru dat bén trong rotor.

Pong co loai nay, nam cham duogc dat bén trong cua than rotor, nam
cham c6 thé dugc dit vudng goc nhau hay chéo nhau. May dién c6 nam cham
bén trong rotor cling nhu dong co dong bd cuc 16i (L#Ly). Do cac thanh nam
cham dugc dat bén trong rotor, anh hudng cua khe hd khong khi nho hon
nhiéu so véi may dién co cac thanh nam cham dat bén ngoai rotor. Pac tinh
nay cho phép c6 thé van hanh d& dang trong ving tir trudong yéu ma rat kho
trong truong hop nam cham dan & mat ngoai rotor. Do khe hd khong khi 1a
khong déng dang nén diéu khién phirc tap hon nhiéu so véi may dién c6 nam
cham dan ¢ mit ngoai rotor, do momen tao ra gdm ca hai thanh phan: thanh

phan co ban va thanh phan cudng bic.

Rotor Pole

Amnature pmgw'

1l

In Slots " -
Non-

Magnetic

Rotor Core

Hinh 2.12: Kiéu rotor nam chdm nam bén trong.
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2.1.2.4.Phwong trinh mé hinh toan cho dong co BLDC.
a. Phwong trinh dién ap tirc thoi
Phuong trinh dién ap Kirchhoff cho dong co déng bo:
Vi=erHRyi+ Lsdd—f (2.12)
Trong do: ef 1a strc dién dong cam Ung tirc thoi cua cudn day mot pha.
R, 1a dién tré cia cudn day mot pha.
l. 12 dong dién tic thoi ciia mot pha diy quén stator.
L 1a cam khang cua day quéan trén mot pha.
Pay 1a phuong trinh dién 4p mot pha tinh tai diém trung tinh cua hé thong.
Pbi véi dong co 3 pha ndi sao Y, dang song dién ap vao 1a toan cho ky, thi
trong mot thoi diém ludn cé hai cudn day cing c6 dong dién chay qua.
Do d6 phuong trinh dién 4p c6 dang:
Vi=€ra-er+2R1ig 2L, % (2.13)
Trong do:  ema-erg 12 dién ap cam tng day esap, co thé viét lai eq .
Vi=(ern-re) +2Ryis 2L, S0 (2.14)

Do dong co BLDC dung dong mét chiéu cho cudn diy phan tung chiing
ta bo qua cam khang cudn day L&0,vi=Vy, 1a dién ap mot chiéu dua vao bd
bién d6i dién ap.

Phuong trinh dugc viét lai cho dong co BLDC:
Déi voi dién ap dang ban song:

Vdc—ef

1a(t)= — (2.15)
Péi v6i dang dién ap toan song:
i (f)=L vt (2.16)

2.R1
Néu xét dén cam khang Ls va gia thiét eq . =Eq L gﬁn bﬁng héng s6 thi

phuong trinh duoc viét lai nhu sau:

(=L (1 Ry 1)+ g, (Ry/L)t (2.17)
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Trong do: Iy 1a dong dién tai thoi diém t=0.

b. Sirc dién dong cam wng

Strc dién dong cam img EMF cua cudn day dugc tinh theo cong thirc cua

tdc do rotor n:
Dbi v4i dién ap ban song:
E=Ckryc. D1.N=Kgge.N (2.18)
Péi v4i dién ap toan song:
Ef .. =Cryc. D1.n=Kgge.N (2.19)
Trong d6: Cgge. FKege goi 12 hﬁng sb strc dién dong cam Ung hay goi tat 1a
hang s6 cam tng. Kich tir cia nam cham vinh ciru ta xem nhu khong d6i
@r=const.
Ceyc duge xdc dinh theo cong thic:
Cegc=8pN 1K1 (2.20)
Voi : kw1 12 hé s6 day quén.
N; sé vong day quén ctia mot pha.
p s cdp cua dong co.
C. Momen dién tir
Momen dién tur cua dong co BLDC duogc xic dinh giéng nhu cua dong
co DC ¢6 choéi than:
Tg=CracPrla=Krgcla (2.21)
Trong do: Crac®=Krgc 1a héng s6 mémen.

Hang s6 moomen dugc xac dinh theo cong thirc:

C(Edc:)

Crac= (2.22)
d. Van téc dai cia rotor
Van tdc dai m/s duoc tinh theo cong thuc:
V:%:ZTpn (2.23)
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Trong d6: 7 budc cuc
p s6 cdp cuc
n sd vong quay cua rotor
e. Strc dién dong va momen dong co BLDC.

Dbi voi diy quan ndi Y, tai mot thoi diém dong dién chi chay qua hai
trong ba cudn diy cta ddy quin stator. Dong dién DC kich tir coéw=0 nén
cong thire stre dién dong giébng nhu dong co DC:

Va=Es L +2R41, (2.24)

Strc dién dong cam Ung Eq . la téng stc di¢n dong cam Ung cua hai
cudn day ndi tiép nhau, dién ap V. l1a dién ap DC dua vao bd diéu khién:

Xét diéu kién 1y tuong voi tir thong dang hinh chit nhat khong doi
Bmp=const trong giai doan 0 t&co tir thong cam ing tu:

D= LifoT Bmgd=1LiBn,g (2.25)

Trong thyc té tir thong nay nhé hon vi b,<g cong thure tro thanh:

Gr=bpLiBmg=atiTLiBng (2.26)

Vi kich tir dang xung vudng, stc dién dong cam tng trén mot vong day

nhu sau:
r0=2BmgLiv=4pnBpgLit (2.27)
Néu tinh t&i chiéu rong cuc b,=a;t va cudn day c6 N; vong voi hé )
quén day ky; ta c6 strc dién dong cdm Ung dugc tinh:
er=4pnN;Ky1a iBmgLT-4pnN; K10+ (2.28)
Vi mach ndi Y, trong mat thoi diém dong dién qua hai cudn day thi:
Ef-1=2e~=8pN K1 ILiBmgn=Ceqc 1B Kegch (2.29)
Trong do ta thay:ceqe=8pNiKw1,# idkiBmg va Keqc=Ceac + @
Momen di¢n tur sinh ra c6 gia tri:

_Pg :E(fL—L).Ia:ip N;Kyr@TLiByngla (2.30)

2mn 2nn T

Td:%lekwlajfla:CTch)fIa:decla (231)

Tq
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f. Pac tinh moment- van toc.

Pic tinh moment- van toc cia dong co theo cong thic ta co:
re oA 4 A Y Vdc
Vi van toc khong tai: No=—— (2.32)

2.° A \ \ A 9 ~ Vdc
Moment khoi dong Tyg=Krqc. lash va dong dién khéi dong Iash=T

Ta co:

n Ia Td

1-
no Iash Tdst

Cac cong thirc trén 1 cong thirc gan ding do d6 khong duoc st dung dé tinh
cac dic tinh kinh té cho dong co BLDC.
Pic tinh moment- tdc do cua dong co BLDC tu ly thuyét dén thuc té co su

khacbiét:

@) , - A
3 "N\ continuous g peak stall torque
g N < 3| PRt s
i<} NN cuty 8

peak rated torque

intermittent
duty

SRS
speed rated speed speed

Hinh 2.13: Dic tinh moment-tdc do 1y thuyét va thuc té: (a) Ly thuyét, (b)

Y

Thuc té.
2.1.2.5. Cac phwong phap diéu khién dong co BLDC.
a. Pic diém bo diéu khién.
Gidng voi cac loai dong co déng bd nam cham vinh ctru thong thudng,
doéng co BLDC ciing str dung ngudn dién 3 pha dé tao tir truong quay. Tuy
nhién dong co BLDC st dung dong dién mot chiéu duoc diéu khién béng cac

khoa cong suat dé tao dién ap DC 3 pha Iéch nhau 120 & hoat dong, do do
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n6 cé tén goi dong co DC khong chdi than. Gian d6 dong dién ap mot chiéu
ba pha va xoay chiéu 3 pha nhu sau:

QD Cko D

FPHASE A PHASE A
w t w t

[ T
l\-/ L)t

[ : PHASE B L shase B
f\

w € P B =

.

S AR

Nl

——— —
- e e
—_— e

I
Il 11
T PHASE C i | | PHASE C
Il | I
w t Pl 1 w t
120 \/ J.g—l
240%° = 240°

Hinh 2.14: Gian d6 so sanh dang song sin ba pha va DC ba pha
(a):song sin (b):song DC
bong co BLDC hoat dong trén nguyén tac xac dinh vi tri rotor va diéu
khién dong dién phan mg cho phu hop véi vi tri d6. Do d6 dong co BLDC
hoat dong phai co thiét bi xac dinh vi tri rotor nhu Encoder hodc cam bién tur
truong Hall. Cam bién nay s& gui tin hiéu vi tri rotor vé bo diéu khién dé dong
ngit dong dién DC chay qua cac cudn diy cia cac pha twong ung véi vi tri
ctia rotor lac d6. Pay 1a mot trong nhimg nhuge diém vé hoat dong va diéu
khién cua dong co BLDC. Tuy nhién vo1 nguyén tac hoat dong nhu vay ta cé
thé dé dang diéu khién van tdc va vi tri caa dong co.
bong co BLDC duoc diéu khién bﬁng mét bd diéu khién tuong ung. Bo
diéu khién nay cau tao giéng nhu mot bd nghich luu bap ha thong thuong tuy
nhién dong dién ra l1a dong di¢n khong d6i DC. Tai mot thoi diém hoat dong
bd diéu khién chi cho dong dién DC chay qua hai cuén day cia hai pha tuong
ung voi vi tri cua rotor lac d6. Pay l1a khac biét gitra dong co BLDC véi cac

dong co dong bo twong tmg.
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Hinh 2.16: Gian d6 dong dién twong tmg ba pha ctia ddy quan stator.
b. Cam bién vi tri rotor - Cam bién Hall.

Dé xéc dinh vi tri rotor ¢ thé dung cam bién Hall hodc Encoder. C6 thé
dat cac phén tir cam bién bén trong dong co, trén dau truc dong co hay dung

cam bién bén ngoai lap vao truc ddng co.
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Cam bién hiéu ung Hall (goi tat 1a cam bién Hall) duoc ding trong dong
co BLDC dé xéc dinh vi tri cuc nam cham cua rotor. Tin hiéu vi tri nay la co
sO dé bo diéu khién dong cat cac khoa cong suit cap dong DC cho cudn day
stator twong ung. Khi dat cam bién Hall trong viing tlr truong va c6 mot dong
dién DC chay qua thi s& c6 mot dién 4p sinh ra tai ngd ra caa cam bién co gia
tr1 tinh theo cong thurc:

Viizki=f (2.33)
Trong d6 : ky 14 hang sé Hall (m%/C).
S 12 @6 day cta chét ban dan.
Ic 1a dong dién cap vao.
B 1a mat d¢ tir thong.
B goc 1éch gitra mat d6 tir théng va bé mit cam bién.

Su phén cuc suét hién khi cam bién quét qua cac nam cham cia dong co.
Theo cong thirc trén thi dién ap Vi sinh ra c6 dang tuyén tinh thay d6i theo
goc léch gifta cam bién va tir truong. Chung ta can tin hiéu k¥ thuat sé dé diéu
khién c6 dang nhi phan 1/0 do d6 ca cam bién déu duoc ché tao tich hop trong
mot IC dé dang dién 4p ra 13 dang xung vudng. Cac cam bién Hall dit trong
dong co 1€ch nhau mot goc 12¢ dién hay 60°dién dé x4c dinh chinh xéc vi tri

rotor dé diéu khién tuong Gmg cac pha cia dong dién phan tng stator.

(a) R free electrons (D) v,
e ‘ e
<&
o g’i"
< | B
;}o A2¥ T~ Hall l -+ :
7 5:1 OO | ele- | operational output
050 2 ment amplifi stage ’50:—‘3
- E R 85
S ST
=]
B

Hinh 2.17: Tich hop cam bién Hall vao mot IC.
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current
phase A

phase C

- ——

- - -

R T

Hinh 2.19: Tin hiéu cam bién Hall va dong dién twong tmg cac pha.



c. Cac phwong phéap diéu khién dong co BLDC.

Dé diéu khién dong co BLDC c6 hai phuong phap chinh: phwong phap
dung cam bién vi tri Hall ( hodc Encoder) va phuong phap diéu khién khong
cam bién (sensorless control). Trong d6 ta c6 hai phuwong phap diéu ché dién
ap ra tir b diéu khién d6 1a dién ap dang séng hinh thang va dang séng hinh
sin. Ca hai phuong phap hinh thang va hinh sin déu c6 thé sir dung cho diéu
khién c¢6 cam bién Hall va khong cam bién, trong khi phuong phap khong
cam bién chi dung phuong phap dién ap dang song hinh thang.

1. Phuong phdp diéu khién bang tin hiéu cam bién Hall-phwong phdp 6
budc.

Phuong phép nay dugc dua trén nguyén 1y hoat dong co ban cuia dong co
BLDC dung tin hiéu dua vé tir cam bién vi tri rotor dé lam tin hiéu dong ngt
dong dién vao cac cudn day tuong tng. Gian d6 xung kich va dong dién dong

ngit tuong ung thé hién trong hinh 2.18.

+HV I?C il- ‘ I ; ?
Li]‘_] IEI__'I‘ _]E]]r _IEJ} il
L T3 T1
U oael
L ¢ ,; }H
12 o T2 _a , 2
_Jl;]} _JFF _J[.Fx 6 *

Hinh 2.20: So d6 bo khoa va qua trinh dong cit diéu khién dong co BLDC.
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(e) {c}

Hinh 2.21: Cam bién hall gan trén stator.

Line-irne wolage Eac, phase vollsge Ea and Hall @fiel phase a

T — ] T = - !
BTy b My — N '
] T S ey N - . . . ... ..
A, : —C

_:";___“H;\_....r ..... Jrmees Jreen fr--- 1 ........ I ..... Jreean fre=an f-ee- f==eee | | | B j==-= b
0 30 60 490 120 150 181 210 240 FT0 0 330 60 390 420 450 450 S0 5S40 570 GO0 G4 GED G820
Lire-ling woltage Eba, phase voltage Eb and Hall affet phesa b

PR T | SR S T P e r— | — |

- T § E— | P

e e e e | ——t e e ]
030 &) 90 120 150 181 210 240 FT0 00 330 G0 300 420 450 480 510 540 570 GO0 G0 GED G8) TA0
Lira-ling woltage Eck, phesa wakags Ec and Hall affet phesa ¢

Te_as
‘-'-““[1 OO R S SO
e — e e . =
2?_“'@" . . Rt 1 b i i I ..... 1 ..... 1 . . . I 1 1 1 i o _El.-
030 60 90 120 150 18 20 240 FT0 200 330 350 390 420 450 480 510 40 570 600 G0 6E) G0 T20

ek
Hinh 2.22: Dang song stc phan dién dong pha,day va tin hi¢u dua vé Hall
Sensor.
2. Diéu khién déng co BLDC dién dp bang cdach diéu chinh dién dp ngé vao.
Day 1a phuong phap diéu khién giéng v6i diéu khién dong co DC thong
thuong. Toc d6 dong co duge didu khién bang cach diéu chinh dién ap DC

cung cap cho bg khoa cong suat. Pién dp ngd vao dugc diéu chinh sao cho toc
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d6 ngd ra bam sat theo toc do dat cho hé thong. Pé thay d6i chiéu quay ta
thay doi cac khoa cong suit sao cho dong dién chay qua cac cudn day cac pha
c¢6 chiéu nguoc lai. Trong phuwong phap nay cac khoéa ban din chi c6 nhiém vu
dong hoic cat dong dién qua no.

3. Diéu khién bang phwong phdp PWM.

Trén co sé diéu khién téc d6 dong co BLDC bang phuong phap diéu
chinh dién ap vao ta c6 thé ap dung k¥ thuat PWM dé diéu khién tdc 6 dong
co. Pay ciing 13 phuong phap duoc sir dung rong rai trong diéu khién dién ap
hién nay. V&i phuong phap nay dién ap cung cép cho bd khoa cong suét
khong @i, tuy nhién dién ap ra khoi bo khoa dén dong co thay ddi theo thuét
toan diéu khién. Phuong phap PWM c6 thé dung cho khoa trén, khoa dudi

hay dong thoi ca hai khoa trén va dudi cung lic.

- >
-

gIaBulsl,-\ 100 110 010 011 001 101
Sector 2 3 4 5 0 1
PWM1H nmn
PWM1L

Pz MUUUULULIL
PWM2L I I

st IULUUULUIL
PWM3L | |

Hinh 2.23: Gian d6 xung diéu khién PWM kénh trén.
Trong khi diéu ché PWM ta c6 thé diéu khién dién ap ra kiéu song hinh
thang hay kiéu song sin, do d6 phuong phip nay duoc chia thanh hai k¥
thuat:ky thuat dién 4p hinh thang va k¥ thuét dién &p hinh sin.
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- K§¥ thuat dién ap hinh thang 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. Ky
thuat nay chi doi hoi cac khoa dong ngit déng bd voi cam bién Hall theo tan

s6 PWM nhét dinh.

HALL A

- 50O° \

s /
N

HALL C

Hinh 2.24: Gian d6 dién ap hinh thang twong img v6i cam bién Hall.
- K§¥ thuéat di¢én ap hinh sin con duogc goi la diéu khién AC khong chdi than
(brushless AC). K¥ thuat nay 1am giam tiéng on c6 thé nghe thiy duoc, giam

gon song momen do dang song dién 4p va dong dién ra it bi gon song.

HALL A | N
] 60° §
C — > 4

7 \ . TN
HALL B / / LY
B e N 50% /
=~

HALL C
/

- /7" \ LA
LZ L 2T°/o 51% l8°/o

Hinh 2.25: Gian d6 diéu ché dién 4p hinh sin.
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4. Diéu khién dong co BLDC khéng sir dung cam bién ( sensorless control).

Pay 1a phuong phép sir dung cac udc lugng tir thong rotor dé diéu khién
cac khoa dong cit thay cho cam bién Hall truyén théng. Do d6 phuong phap
nay dugc goi 1a phuong phap diéu khién khong cam bién (sensorless control).
Co so chinh cua diéu khién khong cam bién ddi véi dong co BLDC 1a dua
vao thoi diém qua zero cua sirc dién dong cam tng trén cac pha ciia dong co.
Tuy nhién phuong phap nay chi ap dung dugc phuong phap dién ap hinh
thang.

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

- MOt 1a xic dinh vi tri rotor dua vao strc dién dong ctia dong co, phuong
phap nay don gian, dé dang thuc hién va gia thanh ré. Trong dé tai chi noi dé
cap dén phuong phéap nay.

- Hai la u6c lugng vi tri dung cac thong s6 cla dong co,cac gia tri dién ap
va dong dién trén dong co. Phuong phap nay doi hoi phai tinh toan phtre tap
dé tinh toan cac thong sd.Phuong phap nay tinh toan phic tap, khé diéu
khién, gia thanh cao.

Phuong phéap wdc lugng vi tri rotor dya vao thoi diém qua zero cua sirc
dién dong doi chiing ta tao ra mot diém trung tinh dé co thé do va bat diém
qua zero cua stc dién dong. Diém trung tinh ¢ thé 1a trung tinh hodc trung
tinh do.

Piém trung tinh 4o trén 1y thuyét ¢ cing dién thé v6i trung tinh that caa
cac cudn diy dau hinh Y. Tuy nhién diém trung tinh khong phai 1a diém cb
dinh. Pién ap ctia diém trung tinh c6 thé thay d6i tir 0 dén gan dién ap DC cua
ngudn. Trong khi diéu ché PWM, tin hiéu PWM chdng chat 1én dién ap trung
tinh, gy ra nhiu rat 1on trén tin hiéu cam bién. Pé 14y tin hiéu chuén ta can
mach loc nhidu cho cam bién, diéu nay giy tri hodn khéng can thiét cho tin

hiéu cam bién.
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bac biét 1a luc dong co khoi dong tin hiéu nhan dugc rat nhoé dan dén
diéu khién khong chinh xic. Do vay phuong phap nay chi ap dung trong

pham vi tdc d6 han ché va c6 dic tinh khéi dong nhd.

POWER G L e o e o o ]
(a) virtual ground divider & filter
Hinh 2.26: Do dién ap cam ung bang diém trung tinh.
(a): diém trung tinh that

(b): diém trung tinh ao.

2.2. HE THONG PIEU KHIEN.

Hinh 2.27 1a so d6 nguyén ly phan diéu khién BLDC. Vi tri rotor cia
BLDC dugc doc thong qua 3 cam bién Hall. Tin hiéu nay duoc loc nhiéu va
dém, sau d6 dua vao BLDC controller va mach Hall pulses. Phan BLDC
controller dua vao tin hiéu tur vi diéu khién va tin hiéu tr cam bién Hall roi
dua ra tin hiéu phi hop dén Mosfet driver dé diéu khién dong co. Mach Hall
pluses gdm 2 cong X-OR c6 chirc ning giébng nhu mot encoder, tao xung

tuong tng khi dong co quay.
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Hinh 2.27: So d6 nguyén Iy mach diéu khién BLDC.

Hinh 2.28 cdu tao ctia IC MC33035: IC c6 24 chéan, dong dién 3 pha ra
trén chan 19,20,21 va tin hiéu ba pha dua vao trén céac chan 4,5,6. Cac céng ra
khacla chan 24,1,2. Cam bién dong dua vao chan 9 va 15. Mach dao dong not
dinh tan theo dién trd RT trén chan 8,10 va tu dién CT trén chan 10 va masse.
Chan 8 la céng ra cua muc dién ap chuan. Chan 3 nhén tin hiéu dao chiéu
quay. Chan 22 chon goc pha cila cac tin hiéu cong ra. Chan 7 kiém soat dong
cong ra. IC 1am viéc v6i chan 16 nbi mass va ngudén Vee vao chan 18 ( va ca

trén chan 17). Chan 23 nhan tin hi¢u tao tdc dung phanh.

43



PIN CONNECTIONS Brushless DC

| Motor Controller
oo [ 117 [as]er
uput 7
Ar[ 2] 23 | Brake
Fwd/Rev E 22 | 60°/720° Select l '
24
s
s[4 il ad PO 1 P SUFFIX
s;:aso:< s[5 20|85 b Drive PLASTIC PACKAGE
. Outputs CASE 724
Lsels]l  [m]
Output Enable | 7 18 | Ve '
Reference Output IL 17 Voo o \f
A Current Sense 3 16 | Gnd ;
oninverting Input
Current Sense
Oscitator 10 15 | veting o DW SUFFIX
Exbor A o PLASTIC PACKAGE
Noninverting Input L' 14 ] Faui Ouput CASE 751E
Error Amp 12 13 | Emor Amp Ouy (SO-24L)
Inverting Input PWM Input
(Top View)

Hinh 2.28: Céu tao IC MC33035.

So @6 khéi bén trong MC33035 duoc trinh bay trong hinh 2.29. Tin hiéu
diéu khién va tin hiéu hoi tiép tir cac cam bién Hall dugc dua vao khéi Rotor
position decoder. Khéi nay giai ma tin hiéu tir ba cam bién Hall va dua ra
xung diéu khién twong tng nhu trong hinh 2.30. MC33035 diéu khién toc do

dong co bang cach diéu rong xung 3 khoa tang dudi.
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Hinh 2.29: So d6 khoi chtrc nang cua IC MC33035.
Inputs (Note 2) Outputs (Note 3)
Sensor Electrical Phasing (Note 4) Top Drives Bottom Drives
60° 120° Current
Sa Sz Sc | Sa Sy Sc | FR Enable Brake Sense |A; By Cp | Ay By Cg |Faul
1 0 0 1 0 o 1 1 0 0 a 1 1 0 0 1 1 (Mot 5}
1 1 0 1 1 0 1 1 0 0 1 0 1 0 D 1 1 FR=1
1 1 1 0 1 0 1 1 0 Q 1 D 1 1 0 0 1
o 1 1 |0 1 11 1 0 0 1 1 0|1 o ol 1
0 o 1 (o o 1|1 1 0 0 t 4 g 9 w4
o o0 o0 |1 0 1|1 1 0 0 o 1 1|0 1 of 1
0 0 |1 1§ 0| 0 1 0 2 1 03 0 B[ 1 | My
1 1 0 1 1 0 0 1 0 aQ 1 1 0 1] 1 0 1 R«0
1 1 1 0 1 1] 1] 1 (1} a a 1 1 1] 1 0 1
0 1 1 0 1 1 o 1 0 0 0 1 1 0 D 1 1
0 0 1 Q 0 1 0 1 0 0 1 D 1 0 0 1 1
0 0 0 1 0 1 0 1 0 g 1 1] 1 1 D 0 1
o 9 oo o ok x & k [i 37 1|8 8 8|08 | dumesb
1 0 1 1 1 1 X x 1 X 1 1 1 1 1 1 0 e 7)
0 1 0 0 0 0 X X ! X 1 1 1 1 1 1 0 k= =1
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Hinh 2.30: Gia tri cong ra cia MC33035.
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Trén hinh 2.31 1a hinh anh d¢ rong xu ng cua IC33035.
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Hinh 2.31: D0 rong xung cua MC33035.
b9 rong xung c6 dugce do bd so sanh dién ap gitra chan s6 10-chan dao
dong dang tam giic do dao dong trén Ry va Cr va chan sé 13-PWM input.
Hinh 2.31 cho thdy MC33035 so sanh hai tin hiéu analog. Trong khi giao tiép
tir vi xr Iy t6i MC33035 1a PWM. Do d6 md hinh diéu khién téc 6 dong co
bang cach nang tin hiéu PWM Ién tin hiéu ap cao, va dua vao chan s 13. Nhu

trong hinh 2.32 v&i V4 12 nhan tin hiéu PWM tir vi xtt 1y, V=0.

I
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CZ{ &, 25 pA
v R 11
A O-AAA <> ,
éﬁe | | .  EA
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Hinh 2.32: Diéu khién PWM theo 2 cong vao.
Trong mach diéu khién dong co ndy con c6 phan béo qua dong dién,

nham bao vé FET trong truong hop quéa dong. So dd nguyén 1y hinh 2.33.
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Hall Current Amplifier
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i

Over Current

Hinh 2.33: Mach bao vé qua dong cho MOSFET.

Mach don gian chi gém khuéch dai dién ap trén dién tré R, dién tré do

dong qua MOSFET. Dién ap tai diém ITRIP (sau khi duoc khuéch dai) nay

mang thong tin dong dién qua MOSFET, dugc so sanh vai dién ap tham chiéu

boi op amp LM358. Gia tri tham chiéu nay duoc thiét 1ap sao cho khi dong co

lam viéc binh thudng thi né 16n hon gia tri ap trén diém ITRIP. Mot khi qua

dong xay ra diém ITRIP nay s& tac dong lam BLDC controller ngit tin hiéu

cong ra. Tin hiéu qua dong nay ciing dugc bao vé cho vi xir Iy biét qua opto

cach ly Pc917.
2.2.1. So 0 khoi mach xe dap dién.
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Cac khéi chure nang

1. Tay khién dung cam bién Hall.
2. Khoa thang KEY2.

3. Khéi thang ngat dién.

4. Ngudn &n ap +5V.

5. Mach tao dang song rang cua.
6. Xung diéu bien d rong (PWM).
7. Tang thuc dao pha voi Q1.

8. Tang céng suat voi Q2.

9. Dién tré lay tin hiéu hoi tiép.

10. Mach hai tiép.

11. Motor DC loai chéi than.

12. Diode dap bién dién ap nghich.
13. Mach 6n ap dung transistro Q3.
14. Mach hién thj véi cac Led.

= Nguén 5. Mach bao vé thiéu ap.

5 % 9 9 = 4c qui 6. Khoa dién chinh.

Hinh 2.34: So d6 khéi mach xe dap dién.
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Hé théng diéu khién xe véi tay khién (quen goi 1a tay ga, 1am ting giam
téc) dung linh kién ban dan lam viéc theo hiéu ung Hall (1), day 1a mot dang
linh kién cam tmg theo tir trudng. Va khoa dién c6 tac dung 1am thing xe (2).
Xe hoat dong v&i ngudn ac-quy thuong 1a 36V (12V x 3), ngudi ta dung mach
6n 4p v6i cac transistor va cac diode Zener (13) dé c6 cac muc 4p 6n dinh
dung cip cho cac mach dién khic, con dung mach do muc ap nguén (14) cho
hién thi bang Led va ciing dung mach bao hét ngudn (15), va nhiéu mach chi
bao khic. Trong mach, dung mét IC diéu chinh cong suat theo dang xung diéu
bién d6 rong TL494. Trong IC c¢6 mach tao ra dang song tam giac (5) (hay
dang rang cura) va mach 14y mau dé chuyén tin hiéu ra dang xung diéu bién do
rong PWM (6). C6 mach tao ra mirc ap 6n dinh 5V dung 1am mac ap mau (4)
cip cho céc ting so ap. Mach cat ngudn khi phanh xe (3). Xe dap can mot
nguén quay b@fmg dién, nguoi ta dung motor DC hay dung motor cam Ung tu
(11), ngang motor phai dung diode (12) dap dién ap nghich phat ra tur cac
cudn cam trong motor. Tang cong suit (8) thudng 1a cac transistor MOSFET
loai coéng suit, ndé déng mé theo xung diéu bién d6 rong (PWM) trén cuc
Cong, tin hiéu nay qua tang khuéch dai thuc (7) véi céc transistor loai hai méi
nbi, xung PWM kich thich vao cyc Cong (Gate) ciia cac transistor MOSFET.
Trén cuc Ngudn (Source) ngudi ta dat mot dién trd nho Ohm (9) dé lay tin
hiéu cdp cho mach tao tic dong hoi tiép nghich (10). Tac dung hdi tiép nghich
dung dé 6n dinh hoat dong cta mach diéu khién trong IC494, qua mach hoi

tiép ngudi ta c6 thé on dinh luc quay ctia dong co.
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2.2.2. Mach diéu khién téc d6 dong co xe dap dién.
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Hinh 2.35: Mach diéu khién xe dap dién st dung IC MC 33035.

Ddi véi diéu khién dong co BLDC diéu khién béng viéc dua tin hi€u vao
cam bién vi tri roto cua hall dat trong dong co. Mach ngué)n st dung LM7815
tao ngudn 15V cap ngudn hoat dong cho cac khau cho mach diéu khién dong
co. Trong mach ta st dung IC MC33035 dé diéu chinh tdc do dong co.
MC33035 c6 nhiém vu tao ngudn tin hiéu diéu chinh d6 rong xung PWM.
Céc chan 2, 1,24, 21, 20, 19 1a cic dau ra cia MC33035 dua vao 3 IC IR2103
dé diéu khién dong cat 6 MOSFET IRF3205 dua vao 3 pha ciia dong co. Céc
chan 4, 5, 6 1a 3 chan duoc dua vao tir IC hall tic dong dé diéu khién

MC33035.
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2.3. NGUON AC QUY.

Ac quy 12 nguén dién thtr cip khong thé thiéu trong nganh cong nghiép
cling nhu trong doi séng hang ngdy mic du bay gio ngudn dién xoay chiéu
dugc cung cép rat 6n dinh. Trong cdc nha may dién vé tram bién ap ngudn
thao tac lam nhiém vu cung cép dién cho cac thiét bi: bao vé role, tu dong
hoa, diéu khién, tin hiéu, anh sang su ¢, cac co ciu tu dong quan trong... Do
d6, ngudn thao tac can cé do tin cdy cao, cong suat cua chung phai du 16n va
dién ap trén thanh gép can co6 su 6n dinh 16n. Mudn vy, cac ngudn va luéi
dién phan phdi dong thao tac can c6 do dy trix 16n.

Nguon thao tac c6 thé 13 mot chiéu hodc xoay chiéu. Xong dé co do tin
cdy cung cp dién va ciu tao cua cac thiét bi thir cap gon nhe, don gian trong
cdc nha may va tram bién ap 16n ngudi ta thudng ding ngudn thao tac 1 chiéu
mic du gia thanh cua ching rat dit va van hanh kha phtc tap. Ac quy la ngudn
thao tac 1 chiéu sir dung rong rii trong cac nha may dién, tram bién ap va céc
tmg dung khic. Ac quy 1a ngudn thao tic tin cdy vi sy 1am viéc cua chung
khong phu thudc vao cac diéu kién bén ngoai va dam bao cho céc thiét bj dién
thir cdp 1am viéc tot ngay ca mat dién trong ludi dién chinh cia nha may va
tram bién ap.

Binh 4c quy tich trit ning luong cho hé thong dién, duoc sir dung lam
ngudn cung cap cho mach dién. Khi déong dién thong mach, ic quy s& phong
ra dong dién 1 chiéu qua mach dién va céc thiét bi ndi v&i cac cuc ciia no.

Dong dién binh dc quy tao ra do phan Gng hoa hoc hoic gitta nhitng vt
lidu trén ban cuc va axit sulphuric trong binh hay con goi 1a chét dién giai.

Sau 1 thoi gian st dung niang luong duy trit trong dc quy sé& can kiét dan.
Tuy nhién nang luong do6 co6 thé duoc sac lai béng céach cho 1 dong di¢n bén

ngoai di theo chi€u nguoc lai voi chiéu phat dién cua binh.
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2.3.1. C4u tao chung ciia mdt binh ic quy

Binh dc quy dugc lam tir mot s6 t& bao (cell) dit trong v boc bing cao
su cting hay nhua cimg. Nhitng don vi co ban ctia mdi té bao 1a nhimg ban
cuc duong va ban cuc am.
Nhitng ban cyuc nay c6 nhitng vat liéu hoat hoa nim trong céc tim ludi phang.
Ban cyc duong sau khi sac 1 peroxit chi (PbO,) c6 mau nau.

M§t nhom ban cuc duge han lai véi nhau vao mot dai mot cach noi ti€p.

Ban
, cuc
Ban cuc Va? h duong
A ngan
am
T 2
1
\ o Nudc
S =P | e
- I R
. . _ B L — . —
I % I

Hinh 2.36: Ciu trac chung ctia mot té bao ac quy.

Céc ban cuc am va duong xen k&, nhoém ban cuc am thuong nhiéu hon
ban cuc duong 1 ban khién cho ban cyc 4m nam bén ngoai nhom ban cyc, cac
ban cuc duoc xép ngin cach vdi nhau bang nhitng tim ngan x6p. Nhimng tam
ngin x6p cho phép chét dién giai di nhanh qua cac ban cuc. Mot bo nhiing sap
xép nhu vdy goi 13 mot phan tir (element).

Sau khi sép Xép 1 bg phan nhu trén né dugc dat vao 1 ngén trong vo binh
dc quy. O binh dc quy c6 nap ddy mém, cac lip té bao duoc dit 1én. Sau do
nhing phién ndi duoc han vao dé ndi cac cuc lién tiép ciia té bao. Trong cach
ndi ndy céac té bao duoc ndi lién tiép. Cudi cung nip day binh ic quy dugc han

Vvao.
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Binh 4c quy c6 nap day chung lam giam duoc su an mon trén vo binh.
Nhitng binh dc quy c¢6 ban cuc nbdi di xuyén qua tim ngin cach timg té bio.
Diéu nay 1am cho dc quy van hanh t6t hon bdi vi ban ndi ngin va nip day kin.

Pau ndi chinh caa dc quy 1a cuc 4m va cuc duong. Cuc duong 16n hon
cuc Am dé tranh nham 14n dién cuc.

Niép thong hoi dugc dat trén nap mdi té bao. Nhitng nap nay cb 2 muc
dich:

- Pé day kin té bao ic quy, khi can kiém tra hay thém nudc ngudi ta s&
mé nap day nay.

- Khi sac binh nguoi ta cling mé nip day nay dé chat khi co thé thoat ra.
MBJi té bao dcquy co dién thé 2V, dcquy 6V c6 ba té bao mic nbi tiép, dcquy
12V ¢6 sau té bao mic nbi tiép... Vi vAy mubn co dién thé cao hon nguoi ta
mac ndi tiép cac té bao voi nhau.

2.3.2. Chu trinh phong dién cia ic quy.

Khi binh ic quy duoc ndi ra dé tao ra 1 mach dién khép kin, dong dién di
tr binh ic quy ra, chu trinh phéng dién bat dau. Dong dién duoc tao ra do
phan trng héa hoc nhu sau:

Oxy trong ban cuc duong két hop vai hidro trong axit dé tao thanh nuéc,

Pb & ban cuc duong két hop véi gbe sunfat chi.

s

O
—

Hinh 2.37: Cach thirc binh ic quy tao ra dong dién.
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Khi qua trinh phong dién tiép dién dung dich lodng dan cung véi sy tich
tu sunfat chi & ban cuc dén 1 lac nao d6 phan ung hda hoc chdm dat va ac
quy khong tao ra dién nita ta n6i n6 da hét dién. Mudn st dung lai ta can phai
sac dc quy bang 1 ngudn dién ngoai v4i cudng do thich hop.

Khi 1am viéc binh dc quy dong vai trd nhu mot may phat dién. Diéu nay
xdy ra nhu sau:

e Binh dc quy cung cip dién cho hé théng dién va trd nén phat dién.

e May phat dién cung cip dong dién nguoc lai cho binh ic quy, néi cach
khac 1a sac ac quy.

e Mach diéu hoa dién thé, gi61 han dién thé sac trong 1 pham vi an toan
dé ac quy khong bi sac & mtrc d6 qua 1on.

Nhitng phan mg héa hoc xay ra trong chu ky sac nguogc lai voi phan tng
trong chu ky x4 dién.

Sunfat chi & hai ban cuc tach thanh Pb va S04 con nudc tach thanh hidro
dé tao ra H,S0, cung liic nay oxi két hop vai chi ¢ ban cuc dwong dé tap ra
PbO0,.

Chiing ta ghi nhan rang nudc 1a yéu té vd cing quan trong trong phan
tmg hoa hoc cta binh dc quy. Nudc tinh khiét dung dé cham binh 13 mét van
dé tranh cii con dung nudc cit dé cham binh 14 t6t nhat. Nudc co tap chét s&
lam giam tudi tho va can trd su van hanh cta dc quy.

2.3.3. Cic loai binh ic quy.
C6 hai loai binh ac quy la loai khé va loai u6t.
2.3.3.1. Binh ic quy loai kha.

Binh 4c quy c¢6 ddy du moi phan tir dugc xac diy nhung khong c6 chia
dung dich dién giai cho dén khi dem ra st dung. Nhu thé né roi khoi nha may
trong tinh trang kho. Mot khi dugc kich hoat dem ra st dung né ciing gidng ac

quy udt khic.
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O nha may ac quy dugc sac nhu sau: dong di¢n mat chiéu dugc chi dinh
gua céac ban cuc, khi nhitng ban cuc nay duoc nhung trong dung dich dién giai
la H,S0, yéu. Cac ban cuc sau khi duoc sac duoc 1§y khoéi dung dich dién giai,
rira trong nuéc va siy kho hoan toan. Sau d6 dugc lap vao binh ic quy.

Binh ic quy khé duy tri tinh trang sac dién ctia né néu khong khi 4m
khong xam nhap vao trong céc té bao cua binh. Néu dem ra dé noi thoang mat
kho rao loai binh dc quy nay van c6 thé s dung tét.

Ac quy kho duogc kich hoat bang cach cham nudc dién giai vao binh
trong diéu kién thuong. Viéc kich hoat dugc lam nhu sau:

e D6 nudc dién giai vao téi mirc quy dinh.

e Do trong lugng riéng nudce dién giai.

e D¢ yén vai phat kiém tra lai mtc chat 16ng trong timg ngan. Néu can
cham thém nudc dién giai.

e Kiém tra lai dién thé hé mach cua dc quy. Néu dién thé ac quy 1a 12V
hay hon, c6 thé sir dung. Néu dién thé tir 10V dén 12V sac lai binh ic quy.
Néu dién thé khong té1 10V thi coi nhu binh gap van dé.

e Kiém tra sau cung 13 do trong luong riéng nuéc dién giai. Néu chi sd
doc duoc ha xuéng 0.03 so véi lan do trudce do can sac lai binh ac quy.

e Sac mot binh méi tir tir & dam bao ac quy day du dién.

e Sau khi binh 4c quy dugc dua vao hoat dong ta chi can thém nudc ct,
khong dugc thém axit.

e Sau khi dua vao sir dung bao tri theo ché d bao dudng binh thudng.

Nhitng binh dc quy kho thuong duoc cat giit & noi mat va d6 am thap.
Pam bao nhiét do tir 16° dén 32°. Trong nhiing diéu kién nhu vay dcquy cd
thé gitt nhiéu ndm ma van con dién. Trong nhimg diéu kién khong tét dc quy
mat dién trong vai tuan. Thuan lgi cua binh ic quy kho 1a khong bi sulfat hoa

va hao mon trong khi ton trir nhu binh ic quy uét.
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2.3.3.2. Binh ic quy wét.

Ac quy u6t co cac phan tir duoc sac va d6 day axit tai xuong. Ac quy uét
khong gitt dugc dién trong thoi gian ton trit va phai dugc sac lai dinh ky.

Trong thoi gian t6n trit mac du dc quy khong st dung phan tng hoa hoc
van xay ra nhung chim va 1am cho ic quy mat dién dan. Pay 1a hién tuong tu
xa dién.

Mittc d6 tu xa dién dién ra khac nhau tuy thudc vao nhi¢t do nudc dién
giai. Mot dc quy sac ddy du cit giit trong phong nhiét ¢6 38°C s& hoan toan
mét dién trong 90 ngay, néu ¢ nhiét d6 16°C thi né chi mit mot it dién.

2.4. MACH SAC AC QUY XE PIEN SU DUNG IC UC3842.
Trén hinh 2.38 13 hinh 4nh mach sac dc quy xe dién sir dung IC UC3842

® O *2¢ | "TL431A m
. & 15| 3
Binh&c quy 2

10K

E : 82/400Vv 103/2K
l 150 47K l
20VAC 1041630V A i

oViA 330

IRF 840 b us
K053
S

820

p=—t]

1
VR

2

[ 6 330
103 1)

";”6

220K 102 ;
10K
2K2 +5K1

VR1

H

56K

103| 7100/50 E
fr@ (UEORC
103

uC 3842
T3K
ﬁ P OO

i
j |
%103 1Ui
- T T
77 A
5K1 1K

Mach sat nguon 24VDC ve lai theo mach thi troong 2008 ( TPT) |

Hinh 2.38: Mach sac ac quy xe dién st dung IC UC3842.
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IC UC3842 co6 8 chan va nhiém vu cua cac chan nhu sau:
- Chan 1 (COMP): day la chan nhan dién ap so sanh, dién 4p chan s6 1tilé
thuan voi dién ap ra, thong thuong trong mach ngudn,chan 1 khong nhan 4p
héi tiép ma chi ddu qua mot R sang chén s6 2.
- Chan 2 (Veg): day 1a chan nhan dién ap hoi tiép, cd thé hoi tiép so quang
hoic hdi tiép truc tiép tir cudn hoi tiép sau khi di qua cau phan ap, dién ap hoi
tiép vé chan 2 ty 1& nghich vé6i dién ap ra, néu 1 1y do nao d6 lam dién ap dua
vé chan 2 tang lén thi dién 4p ra s& giam thap hodc bi ngat.
- Chan 3 (Current sense): chan cam bién dong, chan nay theo do1 dién ap &
chan S cia dén mosfet, néu dong qua mosfet ting => dién ap chan S sé ting
=> dién 4p chan 3 s¢€ tang, néu ap chan 3 tang dén nguong 0,6V thi dao dong
s& bj ngat, dién tro chan S xudng mass giam khoang 0,22ohm, néu dién tro
nay ting tri s hodc bi thay ddi tri s6 16n hon thi khi chay c6 tai 12 ngudn bi
ngét.
- Chan 4 (Rt/Ct): chan ndi voi R-C tao dao dong, tan sb dao dong phu thude
vao tri s6 R-C ¢ chan 4 dé dong pha giita tan s6 dong véi tan s6 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 ap khi
cao ap chay.
- Chan 5 1a Mass
- Chéan 6: la chan dao dong ra,dao dong ra la dao dong xung vudng co6 do
rong c6 thé thay doi dé diéu chinh thoi gian ngit md ciia Mosfet thay d6i thi
dién ap ra thay doi.
- Chan 7 1a chan Vce, dién ap cung cp cho chan 7 tir 12V dén 14V néu dién
ap giam dudi 12V thi dao dong c6 thé bi ngat, dién ap chan 7 dugc cap qua
tré mdi, khi ngudn chay dién ap nay duoc bd xung tir cudén héi tiép sau khi

chung dugc chinh luu va lgc.
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- Chan 8 (Vref): day 1a chan tir IC dua ra dién ap chuan 5V, dién ap nay
thudng dung cung cip cho chan dao dong sb 4, nguoi ta thuong thiét ké mach
bao vé bam vao chan 8 dé khi nguén c6 sy ¢b s& 1am mat ngudn chan § =>
mach ngat dao dong.

- Mach hién thi chi m@c ap ngudn cta ic quy.

2 IC so ép
' LEDY [ T
13 _Lo =
LED2
9 R6
'4 QT’ 1k
LED3 - Céau chia ap Ngudn
udn 6n a
3 9 £ 3.6k
LED4
2
2 . 1V
i fw
5 e R3 12 i Day tréng

Hinh 2.39: Mach hién thi mtc 4p ngudn ac quy.

e Day 14 cdc tang so 4p, ta c6 thé dung cac ting khuéch dai toan thuét (Op-
Amp) dé 1am céc tang so ap, nga ra dit ciac Led hién thi mic 4p nga vao.
Ngudi ta dung mach nay dé hién thi chi mirc 4p ctia ngudn pin ic quy.

e Trong mach: R1 (3.6K) va diode Zener 11V dung tao ra muc ap chuan,
qua céac di¢n trd chia ap R3 (12K), R4 (1K), R5 (1K), R6 (1K), R7 (20K) tao
ra cac muc ap ngudng cip 4p mau cho cic tang so ap. Tin hiéu ldy trén day
den qua mach chinh ap v&i R8 (17K), chiét ap W (10K) va R9 (12K), dién ap
nay cung lic dua vao céc tang so 4p. Chung ta biét, khi dién ap vao mot ting
s0 4p, néu mirc ap ndy cao hon mic ap ngudng thi Led ¢ nga ra s& dugc cip
dong va phat sang. Vi cac Led méc ndi tiép, chung ta c6 mach hién thi murc
ap voi cac Led sang dan 1én. C1 1a tu loc nhidu tan cao trén mach cip ap

chuan.
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CHUONG 3.

THIET KE XE PIEN MINI 2 BANH PHUC VU CHO QUANG
PUONG DI CHUYEN NGAN, CO HE THONG HAM PDIEN,
THU HOI NANG LUQNG.

3.1. MO DAU.

Tinh hinh giao thong nudc ta hién nay dang dién ra kha phic tap. Nhiéu
ngudi st dung xe 6t6 trong ndi thanh cac thanh phd 16n déu bat cap vé viéc
thiéu khong gian dd xe, nhat 1a khi nhiéu noi kién quyét xir Iy manh tay cac
truong hop d6 xe khong dung noi quy dinh. “ nhiéu khi c6 viéc phai dén
nhirng noi tinh phi d6 xe theo gio, tién giri con nhiéu hon tién xang. C6 hom
con phai thué xe 6m ra bii d xe. That dung 1a di 6t6 that phién!”> Xuat phat
tir van dé d6 em di nghién cru v6i phuong tién mini c6 thé dé duoc trén xe

hoi nhu xe dién mini nhu 1 giai phép tinh thé .

3.2 CAC BQO PHAN CAN THIET PE TAO THANH XE PIEN MINI
Pé thiét ké, xdy dung mot chiéc xe dién mini cian nhitng b phan

Sau:

- Dong co dién.

- Hé théng diéu chinh tdc do dong co.
- Ngudn acquy va bd nap ac quy.
3.2.1. Pong co dién BLDC.

Pé thiét ké xe dién mini 2 banh em di str dung dong co DC khong choi

than BLDC c6 cac thong sb sau:

+ Cong suét: 350W
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+ Cép dién 4p 24V sir dung 2 binh dc quy 12V — 9Ah

Hinh 3.1: Dong co BLDC.
3.2.2. B0 di¢u khién.

B6 diéu chinh téc d6 dong co gdm 2 phan chinh:

- Tay ga xe dap dién.

- biéu tdc xe dap dién.
3.2.2.1. Tay ga xe dap dién.

Tay ga xe dap dién 1 thiét bi duoc lap tai ghi dong dé nguoi sir dung tac
dong truc tiép lam thay doi toc d6 dong co truyén dong bang thay doi tin hiéu

dua vao b diéu chinh toc d¢ dong co.

Trén hinh 3.2 13 anh cia tay ga xe dap dién con trén hinh 3.3 1 so d6 khéi ciia

b tay ga ndy. N6 gdm cac bd phan sau:

- Tay ga dugc thiét ké bang cao su dé khi cam tao sy €ém 4 va mém
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- Tay ga xe dap dién gom c6 3 dau day dé ndi véi mach di€u chinh toc

do dong co.

Hinh 3.2: Tay ga xe dap dién.
Sau day 1a so d6 khoi tay ga xe dap dién gom c6 cac b phan chinh sau:

- On ap

- Cam bién hall

- Khuéch dai thuét toan

- Xu 1y tin hi¢u

So d6 khdi tay ga gdm c6 3 chan:

- 1 14 ngudn cung cap cho tay ga hoat dong
- 2 14 n6i mass

- 3 1a d4u ra cua tay ga dua vao mach diéu chinh tdc do dong co
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Supply

Volt
a9 Voltage Ve |
| Regulator Hall | ON - [
Sensor | 1
| | OFF
| >< I@
| E Output
| Transistor
| | Switch
| |
|

Typical Hall Effect é)
Switch Ground

Hinh 3.3: So d6 khdi tay ga xe dap dién.

Hoat dong cua tay ga nhu sau: Khi cdp dién vao chan 1 tay ga s& qua mot
bo 6n ap dé on dinh dién 4p va cip vao cac khau cam bién hall, khuéch dai
thuat todn va xur ly tin hiéu. Cam bién hall c6 tin hiéu dau ra 1a tin hiéu tuong
tu dugc dua qua bd khuéch dai thuat toan dé khuéch dai tin hiéu. Tin hiéu ra
tir bd khuéch dai duoc dua vao khau xir 1y tin hi¢u roi dua vao dau ra. Tin
hiéu dau ra tuong tu duoc léy tir dau ra cia bd khuéch dai thuét toan hoat
dong voi dién 4p dau ra ti 16 thuan véi tir truong di qua cam bién hall. Pién ap
dau ra duoc xic dinh theo cong thirc:

V. =R,|1xB
H H
t
Trong d6:  Vy 1a dién ap dau ra
Ry 1a dién tro
I 1a dong chay qua cam bién hall (A)
t 1a d6 day cam bién (mm)

B 1a mat d¢ tur thong (Tesla)
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3.2.2.2 Piéu toc xe dap dién.

Hinh anh bo diéu khién xe dién ding trong mé hinh

1. Day nguoén

2. Day dong luc ra dong

co

3. Day cam bién hall ra

dong co

v 0 1
] YATIOUINOD SSATHSNHE

4. Day tay ga

5. Day toc do
6. Day phanh dién

7. Day cam bién tro luc

Hinh 3.4: Piéu tc xe dap dién
3.2.3 B dc quy va bd nap.
Pé thiét ké xe dién mini 2 banh em di sir dung binh ic quy SKY- E BATERY

SKY-/~

BATTERY

Hinh 3.5 Ac quy SKY-E 12V - 9Ah.

62



Trén hinh 3.5 va hinh 3.6 13 hinh anh cua bo ic quy sky-e batery 9Ah
= . .

Hinh 3.6 Ac quy mic ndi tiép.

3.2.2.2. B) nap ic quy

Trén hinh 3.6 14 so d6 nap 4c quy 24V
Lwa chon b nap dc quy cé thong so 24V 14 dé nap cho dc quy

Hinh 3.7: BO nap ic quy xe dap dién

3.3 THIET KE MACH HAM TOC VA THU HOI NANG LUQNG, LAP RAP
HOAN THIEN XE
3.3.1. So' @6 nguyén ly
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DICDE CHONG NGUCC

[
L1

30V DC

- AC QUY 28V
4
CONG TAC THU HOl NANG LUONG
TANG AP [ |
R
D1 w D2
[~ [~ + LR |
L1 [ .
TAY PHANH BIEN
L R3 |
D3 v D4 PHANH DIEN R3
[ [ -
L1 L1 ( (
Ds U D6 PIEU TOC
[ [
L1 L1

-y
W
=

| R21| | R R22 R32
R R12

BLDC MOTOR
MOTOR

Hinh 3.8: So db nguyén 1y mach him va thu hdi ning luong
3.3.2 Nguyén ly hoat dong ciia hé thong:

Xe dang hoat dong ma mudn dimg, ta nha tay ga, bop nhe tay phanh dién,
luc nay cong tac thuong mé trong tay phanh dién ctia xe dugc tdc dong s€ lam
kin mach cudn hut ro le véi nguén dién 24v, 3 ro le R1 , R2, R3 duoc cép
ngudn s& cat day dong luc dong co U, V, W ra khoi diéu tdc, dong thoi dong
vao mach chinh luu, dién ap sau chinh luu dugc dua vao bo tang , on ap dé
sac cho 4c quy, ddu ra cia bo ting, on ap nay dua qua 1 diode chéng nguoc
roi méi sac cho dc quy, muc dich dé bao vé mach tang ap khong bi dién ac
quy x6ng ngugc vao lam hong mach. Trong khoang thoi gian nha tay ga toi
thoi diém xe chuén bi dung han, ic quy s€ duoc sac dién, dong sac tdi da do
dugc qua Ampe ké 1a 1,4A. Qua qua trinh thir nghiém nhom tac gia nhan thay
khi kich hoat ché &6 ham thu hdi nang lugng thi xe bi ham lai rd rét déng thoi
Ampe ké hién thi dong sac ac quy, diéu d6 cho thiy hé théng hoat dong rat
hi¢u qua, ap dung tt cho xe thuong xuyén tang giam toc do, di quang ngén va

dac biét 1a nhitng xe hoat dong & khu vuc cé nhiéu déo doc, khu vuc nhiéu
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cau, vung nui. Khi xe di tir trén doc xuong, ta kich hoat cong tadc ham, lac nay
xe s€ bi ghi lai do dong co dién lam viéc & ché do may phat, chuyén dong

nang cua dong co thanh dién ndng va sac dién cho ac quy.

Vi dong co sir dung trong xe dap dién cua dé tai 1a loai dong co BLDC c6 ciu
tao trong duong dong co dong bd 3 pha nam cham vinh ctru nén ta c6 mach

dién nguyén ly dong co nhu sau.

Pé chuyén doi dién ap xoay chiéu 3 pha thanh dién 1 chiéu nap cho ic quy ta
st dung mach chinh luu cau 3 pha nhu sau

2t/3 3@
JT

6
Uy = EI \I-EUmsina)tdw = U

m
n/3
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Trong do:
- Um la dién 4p dAu ra dong co 3 pha 24V

Hinh 3.9: Ciu chinh luu 3 pha
- Dién 4p sau chinh lvu max 1a 39V, dién 4p nay thong qua bo 6n ap c6 thé
nap dién cho dc quy ¢ 30V
- BO oOn dinh dién ap nap:
- Dién ap dau vao tir 3V dén 42V
- Piénap dauraty 5V dén 35V

- Dong déap tmg 4A, ¢ hiéu suat lam viéc 94%.

AR

330H
(330)

ouT+

220uF/35V
ouT-
&

“T™ 220uF/3sv

X¥L600S Module Circuit Diagram

Hinh 3.10: So d6 nguyén 1y ciia mach on ap
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Mach dién thuc té

Hinh 3.11: Mach 6n ap

3.3.3 Cac budée dé hoan thién xe dién mini 2 banh:
+ Gia cong khung xe

Khung xe dugc gia cong chic chic, xir dung sét hop ma kém, dam bao chi tiét

khong b bién dang khi c6 tai trong.

Hinh anh gia cong khung xe nhu sau

Hinh 3.12: Gia cong khung xe.

+ Lap banh sau (ddng co) vao khung xe di gia cong

Trén hinh 3.13 13 4nh dong co duoc 1ap vao khung xe da gia cong
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L. a

Hinh 3.13: Pong co duoc lap vao khung xe di gia cong
+ Vi tri dit dc quy va diéu tdc trén xe

Ac quy va diéu toc dugc dit & phia dudi clia than xe thuan tién cho viéc sua

r
A

chtra khi bi su cO.

12V-9AH:x

Hinh 3.14: Binh ic quy va diéu tc duoc 1ap vio xe

+ Tay ga ,phanh va chan trong dwoc lip vao xe
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Hinh 3.15: Chan tréng duoc lip vao xe.

Trén hinh 3.16 13 hinh anh tay ga va phanh duoc lap vao xe.

Hinh 3.16: La hinh anh tay ga va phanh dugc lap trén xe

Trén hinh 3.17 1a xe di€n mini 2 banh hoan chinh
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Hinh 3.17: Xe dién mini 2 banh hoan chinh
Mot sb luu ¥ khi 1ap xe dién mini 2 banh
+ Chon mua cac linh phu kién 1ap rap ¢ nhitng noi dam bao uy tin, chét
lugng.
+ Khi ldp dong co luu ¥ giit cho dau day c6 dinh dam bao trong qua trinh
lap rap khong bi mét tiép xuc cac dau day bén trong dong co.

+ bi day gon gang

+ Pam bao an toan khi khoan, han...
3.3 NHUNG LUU Y KHI CHE TAO VA SU DUNG XE PIEN MINI 2
BANH.

Trudce khi van hanh xe nén chil ¥ c4c chi tiét nhu: binh dién, tay ga, tay
phanh. Pay 13 budc rat quan trong nham gitp nguoi st dung sém phat hién
nhimng chi tiét hong hoc (néu c6) dé kip thoi khac phuc, tao d an toan cao

cling nhu giup xe van hanh tot nhat.
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- Tranh st dung xe ¢ nhiing noi mua to, ngdp nudc, khong dung voi nudc

co ap suat cao dé rura, xit truc ti€p vao xe.
- Han ché chd qua tai so véi tai trong dugc thiét ké.

- Khong nén van hanh xe khi xe chuén bi hét dién vi néu c6 st dung thi ac

quy can sach khi nap vao rat khé va khong tét cho dong co.
- Chay xe:

Khi bat d¢au khoi dong ta 1én day nhe xe vé phia truée dé khi ta di chuyén
xe khong bi ¥ va chanh bi dung lic cho ngudi st dung. Khi xe vira khdi dong
ta 1én tang toc do cua xe cham cham, khong nén tirc thdi van hét ga dé tranh
lam hu héng linh kién dién va lang phi di¢n. Trong qua trinh str dung xe nén
cb ging it phanh xe va it khoi dong xe dé tiét kiém dién. Xe duogc thiét ké
trong tai chiu dugc khi chay xe khong qua 80kg. Khi chay xe 1én giam bét di
vao nhitng noi séc dé dam bao tudi tho cho xe.

- Dung xe:

Khi ding xe hay khi xubng xe dé dit xe thi ta 1én tit khoa dién dé tranh

v ¥ van tay ga khién xe dot nhién khoi dong gy nguy hiém,

- Gilr gin xe hang ngay:

Kiém tra cac bd phan chuyén dong cua xe cd van hanh tron chu khong, néu
khong thi s& tra thém dau md.

Kiém tra day phanh xe xem c6 bi mon, dit khong.

Néu 1 thoi gian dai khong st dung xe thi ta nén bo sung dién cho ac quy dé
kéo dai tudi tho cho c quy.

Xe nén dugce dé & nhitng noi kho réo tranh am ué6t.

- Kiém tra va bao dudng dinh ky linh phu kién Xe:

Pé xe dién duoc st dung mot cach tot nhat can phai bao dudng dinh ky,lau

chui va kiém tra mot so van dé sau:
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+ Bénh trudc, sau co thich hop khong?
+ Van 16p di mon chua?
+ Oc va bu l6ng da van chat chua?

+ Pong co, binh dién, tay ga khong duoc tu thao, khi gip bat cr van dé gi hiy
mang dén dai 1y.

- Bao dudng xe:

+ Khong duoge str dung nudc may hodc nude phun manh dé rira xe dé phong
lam w6t b phan dién tr va day dién cua xe.

+ Khoéng dugc dung cac dung dich hay nudc rira dé rira xe dé phong lam bé
mat ctia cac bo phan ddi mau.

- Luu y khi nap ac quy

+ Khi thao binh dién ra tuyét déi khong dung kim loai dé chap vao binh, ciing

khong truc tiép dung tay uét cham vao hai dau dién cuc, néu khong s& co

nguy hiém.

+ CAm dung nguogc binh di¢n dé tién hanh nap dién, néu khong s€ anh hudng

nghiém trong d6i v6i binh dién.

+ Khi nap dién trudc hét phai cho dau cdm vao 6 dién, sau do cim vao dau

dién nguén, khong nén cim trude dau 6 dién va sau d6 méi cim dau nap dién.

+ Sau khi nap dién rat dau cam ra, phai dung tay nam chit phan dau cam,

khong nén kéo day dién dé rut ra.

+ Khong nén cim bo sac vao 6 cam ma khong cam vao binh dién trong thoi

gian dai nhu thé s& anh huong téi tudi tho ciia bo sac.

+ Khi nap dién, b nap dién va binh di¢n phai dé noi kho rao, thong gid, tranh

xa hang dé chay no.

+ Khong day nap binh khi nap dién, phong tranh gy néng 1am hong bd nap

dién.

+ Thiét bi nap dién khi van hanh bén trong cé loai dién ap rat nguy hiém,
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khong phai nhan vién chuyén mén ding tiép xuc, rat dé giy nguy hiém.

+ Thiét bj nap dién trong qua trinh str dung s& c6 nhiét 46 néng it va ting dan
cling nhu ¢6 tiéng o o o... loai hién twong nay 13 binh thudng, khong phai lo
lang.

+ Thiét bi nap dién duoc thiét ké sir dung trong phong, nén tranh am udt cling
bui, khéng dé tré em dem choi, tranh trudng hop gy ngd doc caa dich thé

kim loai gay nguy hiém.
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KET LUAN

Sau mot khoang thoi gian thyc hién dé tai t6t nghiép, cung voi sy gitp
d5 tan tinh cua cac thay cd gido, ban bé, dén nay em da hoan thanh dé tai t6t
nghiép ctia minh. Trong d¢ tai ciia minh em da tim hiéu va thyc hién dugc cac
yéu cau sau:

- Nghién ctru vé mach ham va thu hoéi ning luong cho dong co DC
BLDC
- Lap rap va hoan thién xe dién mini 2 banh phuc vu cho quing

duong di chuyén ngan

Tuy nhién do tho1 gian ¢6 han cling nhu trinh d6 va kinh nghiém cta ban
than con nhiéu han ché nén dé tai thuc hién con nhiéu thiéu sot nhu:
- Thiét ké, 1dp rap cta xe chua dugc dep mit.

Em rat mong nhan duoc su chi bao, stra chita dong gop ¥ kién cua thay
cd va cac ban dé dd an duoc hoan thién hon. Mot 1an nita em xin chan thanh
cam on su chi bao, huéng dan tan tinh ciia thay Th.S Pinh Thé Nam cing cac
thay co trong khoa, ban bé di gitp d& em trong qua trinh thuc hién dé tai.

Em xin chan thanh cdm on!
Hai Phong, ngay...thang...nam 2018

Sinh vién thuc hién

Nguyén Xuan Lam
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