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LOI NOI DAU

Cung voi su phat trién manh mé ctia khoa hoc k§y thuét va cong nghé
ban dan dién, ngay nay dién tr cong suat gilt mot vai trd quan trong trong k¥
thuat dién. Mon hoc dién tir cong suét d3 tré thanh mot trong nhirng moén hoc
bat budc dbi véi sinh vién céac nghanh k¥ thuat di¢én, ty dong hoa. Pong co
dién mét chiéu co dic tinh diéu chinh tdc do rat tot, vi vay may di¢n mot
chiéu duoc dung nhiéu trong nhitng nganh cong nghiép co yéu cau cao vé
diéu chinh tbc d6 nhu can thép, trong him mo, giao thong van tai, co cu
nang ha....

Nhuoc diém chu yéu ciia may dién mot chiéu 1a c6 ¢ gbp lam cho ciu
tao phirc tap, dat tién va kém tin cdy, nguy hiém trong méi truong dé nd. Khi
str dung dong co dién mot chiu can phai c6 ngudn dién mot chiéu kém theo
(bd chinh luu hay may phéat dién mot chiéu). Nhung do ¢6 nhing wu diém
vuot tro1 nén may dién mat chiéu van c6 tam quan trong trong san XUAt.

Trong quyén d6 an nay chung ta dé cip dén linh vyc thiét ké bam xung
cho dong co di€n mdt chiéu kich tir doc 1ap véi ba chuong:

e Chuong 1 : Tong quan vé dong co dién mot chiéu

e Chuong 2 : Tinh chon mach dong luc

e Chuong 3: Tinh chon mach diéu khién

Pay 1a mot dé tai c6 ndi dung hét stic phong pht va da dang, tuy
nhién trong qua trinh tim hiéu va nghién ctru khong thé tranh khoi nhimg sai
sot rat mong cac thiy, co va cac ban dong gop y kién dé quyén dd an nay

hoan thiét hon.



CHUONG 1.
TONG QUAN VE PONG CO PIEN MOT CHIEU

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

O may dién mot chiéu tir trudng 1a tir truong khong ddi. Dé tao ra tur
truong khong doi nguoi ta ding nam chdm vinh ctru hodc nam cham dién
dugc cung cap dong dién mot chiéu.

C6 hai loai may dién 1 chiéu : loai c6 c¢d gop, loai khong c6 cd gop.

May dién mot chiéu cho phép diéu chinh tdc do trong khoang rong va
mo men m& may 1én vi vy nd duge st dung rong rai lam dong co kéo ,khi
can diéu chinh chinh x4c téc d6 dong co trong khoang rong, may dién mot
chiéu con duge sir dung rong rii lam ngudn nap dc quy, han dién, ngudn cung
cap dién. ..

1.1. PHAN LOAI PONG CO PIEN MQT CHIEU
Dong co di¢n mot chiéu phan loai theo kich tir thanh nhiing loai sau:
-Kich tir doc 1ap.
-Kich tir song song.
-Kich tir ni tiép.
-Kich tir hon hop.
1.2. CAU TAO VA HOAT PONG CUA PONG CO PIEN MOQT CHIEU

Pong co dién mot chiéu co ciu trac gdm 3 bd phan chinh 1a phan
cam phan mg c6 gop va chdi than.

Phan cam 1a bd phan tao ra tu truong dat ¢ Stato,thong thuong phﬁn
cam 13 mot nam cham dién goém co cuc tir N-S va cudn dy kich tir.

Phan tmg co6 15i thép dit & Roto,co phay ranh dé dit day quanphan

ung. Moi cudn day dugc noi to1 hai 14 gop cua c6 gop dién.



Trong ché do may phat ,can cép dién mot chiéu cho cudn kich tir va
nbi Roto véi dong co so cap khac dé quay Roto ( may lai dong co ). Khi Roto
quay trong tir trudng phan cam,trong cudn diy s& xuét hién thé dién dong,
dugc c¢d gop va chdi than nin thanh sdd mot chiéu.

Trong ché do dong co, can cép dién mot chiéu cho cudn kich tr va
cudn day phan tmg .Dong dién chay trong phan tng s& tac dung voi tir truong

gy bai phan cam tao thanh mé men quay Réto.

Hinh 1. So d6 cdu tao dong co dién mot chiéu
1.3. PHUONG TRINH CAN BANG SPP CUA PONG CO
Khi dua mdt may dién mot chiéu d3 kich tir vao ludi dién thi cudn phé‘m
ung s€ chay mdt dong dién, dong dién nay s€ tac dong véi tir trudng sinh ra luc,
chiéu cta né duoc xac dinh bang quy tic ban tay trai va tao ra md men dién tir
1am cho rotor quay véi toc 4o @ trong cudn day xuat hién sdd cam tmg:
E,=k.? @
Khi n va dong Iu thay doi ta cé:
Uy +(-€0)+(-Leg)=iR,
& ché d6 on dinh ( n=const, I,=const), ta co:
U, =E.+I,R,
Trong d6 : E,: stic dién dong phan tng
R,: dién tré phan tng

l: dong dién phan tmg



Dong di¢n I, duoc tinh theo cong thure sau:

=g = kg
Trong d6: P- s6 ddi cuc tir chinh
N- s6 thanh dan tic dung ctia cudn day phan tng
a- s6 d6i mach nhanh dién ap cua cudn ddy phan tng
?- tir thong kich tir cua mét cuc.

Stic dién dong : E,=k.fn , o=22="_ K, =0.105k.
60 9.25

1.4. PAC TINH CO HQC CUA PONG CO PIEN MQT CHIEU

1.4.1. Pic tinh co ciia dong co kich tir doc 1ap va song song
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Hinh 2. Pong co dién mot chiéu kich tir song song

Pic tinh co 12 méi quan hé ham giira tc do va mdé men dién tir
@ =f(M) , khi l=const . Dong kich tir dugc x4c dinh bang:

_Ukt —l;
It R ¢ =Kl
kt
Phuong trinh dac tinh co dién :
_U-IR

k¢
Trong d6 “°=U,/k? 1a tbc d6 khong tai.

a

O=®g ~A®
R-Rf . R-R
fI_ f

Ao = =
k¢ (kg)?




1.4.2. Pic tinh co ciia ddng co kich tir ndi tiép.
P6 1a mdi quan hé n=f(M) v6i U=Uyy, , Ree=const. So dd dong co

kich tir n6i tiép duoc biu dién :
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Hinh 3.Dong co dién mot chiéu kich tir ndi tiép

Tur cong thiac: U, =E, +R,l, ta co:

U R
o=L - E=% Ry

k¢ k¢ ki &¢_

Trong may nay Iy =I,

Khi 0<l,<l4,,-> may chua bao hoa
Trong truong hop nayta c6  ¢=Kl,,.
Viy  M=Cpkl 1, =C’nl’

/c,:: . JCh R + Ry
Dodo: I,= |—Khido 0= € + Ry
M ke VM k¢

Nhu vay trong pham vi dong tai nhé hodc nhé hon dong dinh mutrc dic

tinh c6 dang hypecbol .

Khi 1,>14, ,may bdo hoa

DPong co khéng tring véi dudng hypebol nita. Sy thay doi tdc do binh
thuong ddi voi dong co ndi tiép xac dinh theo biéu thirc:

A® =0’ -O4y [0y 100%



Trong d6 : ®’-tbc d6 quay cta dong co khi tal thay d6i tir dinh muc
to1 25%.

Qua phan tich trén day ta thiy dic tinh co ctia dong co kich tir ndi
tiép khong co toc do khong tai. Khi tai giam qua mirc, téc do dong co ting dot
ngdt vi vy khong duoc dé dong co mic ndi tiép lam viéc khong tal, trong
thue té khong duoc cho dong co ndi tiép chay bang day cu-roa.

1.4.3. Pic tinh co ciia ddng co kich tir hdn hop

UJu
o o)

.

Hinh 4. Dic tinh co dong co kich tir hon hop

Trén hinh vé ta biéu dién dong co kich tir hdn hop va dic tinh co cua
no6 . Bong co gém 2 cudn kich tir : cudn ndi tiép va cudn song song. Pac tinh
co ndy gidng nhu dic tinh co ctia dong co kich tir ndi tiép hodc song song phu
thudc vao cudn kich tir ndo gitr vai tro quyét dinh . Cac ddy quan kich tir c¢6
thé ndi thuan hodc ndi nguoc lam giam tir théng .Pic tinh co cua dong co
kich tir hdn hop khi ndi thuan (duong 1)sé 1a dudng trung binh giita cac dic
tinh co cia dong co kich tir song song (2) va ndi tiép(3).

Céc dong co 1am viée ning né ,day quén kich tir ndi tiép 13 day quén kich
tir chinh con day quéan kich tir song song 1 ddy quan kich tir phu va duoc ndi
thuan . Day quan kich tir song song dam bao toc d6 dong co khong ting qua
16n khi moémen nhé .Pong co kich tir hdn hop c¢6 day quan kich tir ndi tiép 1a

kich tir phu va ndi nguoc ¢6 dic tinh co rat cing (4) nghia 1a toc 46 quay cua



d6ng co hau nhu khong thay ddi .Nguoc lai khi ndi thuan s& 1am cho dong co
c¢6 dic tinh mém hon,momen md may 1én hon, thich hop véi may ép, may
bom, may nghién, may can
1.5. KHOT PONG PONG CO MQT CHIEU
Khoi dong dong co 1a qua trinh dua dong co tur trang thai nghi
(n=0) t6i tbc do 1am viéc. Chung ta c6 cac phuong phap khoi dong sau :
a. Khoi dong truc tiép

Vi Rnho nén Iy ¢6 gia tri rat 16n(20+25)lgy, . Su ting dong dot ngot
lam xuét hién tia ltra & ¢b gop, xuat hién xung co hoc va lam sut dién ap ludi.
Phuong phap niy hau nhu khong duoc sir dung .

b. Khoi dong dién tré khédi dong
._

@
Rid |

) b)

Hinh 5. Bong co dién mot chiéu kich tir song song
a) So do b) bac tinh co

Nguoi ta dua vao Roto mot dién tré ¢ kha niang diéu chinh va goi 1a
dién tr& khéi dong. Dong khoi bay gio co gia tri:

- Uam
Rt+de.

lka

bi¢n tro khéi dong duoc ngét dan ra theo su tang cua tbc do . Nac

khoi dong thtr nhat phai chon sao cho dong phan tmg khéng 16n qua va
momen khdi dong khong nho qua. Khi co cung dong phan tGng thi dong co

kich tir ndi tiép c6 momen khai dong 16n hon cua dong co kich tir doc 1ap



1.6. PIEU CHINH TOC PQ PONG CO MQT CHIEU
Cac phuong phap diéu chinh toc do
C6 nhitng phuong phap diéu chinh toc d6 sau:
-Thay di dién ap ngudn nap
-Thay d6i dién tré mach rotor
-Thay dbi tir thong
1.6.1. Piéu chinh toc d§ bang cach thay déi dién ap ngudn nap
Khi cho U, =var thi og=var . Néu M, =const thi toc d6 ® =var ta diéu
chinh duoc toc do cua dong co. Khi dién ap nap thay ddi cac dic tinh co song
song v&i nhau. Piéu chinh tdc d6 bang cach thay doi dién ap nap thi chi thay
d6i dugc theo chiéu tbe do giam (vi mdi cudn day da duoc thiét ké véi Udm ,
nén khdng thé ting dién ap dit 1én cudn day). Song do lang diéu chinh 16m,
con pham vi diéu chinh hep. Trén hinh vé ta biéu dién dic tinh co ctia dong co

khi U, =var.

Hinh 6. Dic tinh co khi thay doi dién 4p ngudn cung cip
1.6.2. Piéu chinh toc @9 bang thay déi dién tré mach Roto
Ta c6 :Ao =M.(R; +Rq.), thi khi M=const ma thay d6i Rq. thi ta s&
thay ddi duoe Ao (do giam tdc do ), tuc 1a thay doi duoc toc do dong co. Do

thi nhu hinh vé.

R1+R?

M

. . . M=Mc
Hinh 7. Biéu chinh toc d6 bang thay d6i dién tré mach réto



Phuong phap diéu chinh téc do bang thay doi dién tré mach phan tng
c6 nhitng vu khuyét diém sau :

Dé thyc hién.

Vbn dau tu it, gia thanh re.

Piéu chinh twong ddi lang.

Tuy nhién pham vi diéu chinh hep va phy thudc vao tai ( tai cang 16n
pham vi diéu chinh cang rong), khong thuc hién duoc & ving gﬁn tdc do khong
tai. Piéu chinh c6 ton hao 16n. Ngudi ta chimg minh rang dé giam 50% toc do
dinh muc thi ton hao trén dién tré diéu chinh chiém 50% cong suat dua vao.

Pién tré diéu chinh téc do co ché do lam viée 1au dai nén khéng dung
dién tro khoi dong ( 1am viéc & ché o ngén han ), dé lam dién tro diéu chinh
tdc do.

1.6.3. Piéu chinh toc d§ bang thay ddi tir théng

T bicu thiec:

_U Rt

()] —ﬁ-a I

Khi M, U,=const, ¢=var(thay d6i dong kich tir) thi o ting lén.That
vay khi giam tir thong ¢ dong dién & Roto ting nhung khong khong lam cho
biéu thtrc thay do6i vi do giam dién ap & Rt chi chiém vai phan trim cua dién
ap phan tng U nén khi giam tir thong thi tdc do sé& ting, song néu ctr tiép tuc
giam dong kich tir thi téi mot lic nao do6 tdc do khong tang duoc nita. S di
nhu vay la do mémen dién tir cia dong co giam .Phuong phap nay chi thuc
hién khi tir thong giam téc do con ting .Trén hinh v& biéu dién dic tinh co khi
tir thong thay doi.

Phuong phap thay doi tir thong dé diéu chinh tdc do c6 nhimg uu
diém sau:

Uu diém: Piéu chinh theo chiéu tang ( tir toc d6 dinh mirc ), cua toc do
rat lang pham vi diéu chimh rong, ton hao diéu chinh nho, dé thuc hién va

kinh té.



Nhuoc diém : Khong diéu chinh téc doc ¢ dudi toc 6 dinh murc.
Do nhing wu diém trén phuong phap diéu chinh téc d6 bang thay doi
tir thong thudng duge ap dung hop voi phuong phap khac nham ting pham vi
diéu chinh.
Chu y: Khong dugc giam kich tir to1 gia tri khong vi lac nay may chi
con tir du , khi tai ting toc d6 ting qua 16n giy nguy hiém cho cac cau tric co
khi ctia dong co. Thudng ngudi ta thiét ké bo dién trd didu chinh dé khong

khi nao mach tir bi ho .

TN

0 Mnl  Mn2 Mn M

Hinh 8.Diéu khién bang cach thay doi tir thong
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CHUONG 2.
TINH CHON MACH LUC

2.1 GIOI THIEU CHUNG VE BQ BAM XUNG MOT CHIEU
2.1.1 Nguyén ly:
B6 bam dién &p mot chiéu cho phép tur nguén dién mot chiéu Us tao ra

dién ap tai Uy, cling 1a dién 4p mot chidu nhung c6 thé diéu chinh dugc.

e | BBD .
th
Us | BBD | ue
mot | | R R Rt SR SR EEEE (LR
chiéu i
:‘tl,:(tz,:
T

Hinh 2.1. B6 bam ap mot chiéu

U, 1a mot day xung vuong (ly tudng) co6 do rong tl va do nghi t2. Dién
ap ra bang gia tri trung binh cta dién 4p xung: U, = 0.Us (0 =t/T). Nguyén
Iy co ban clia cac bo bién doi nay 1a ding quy luat dong mo cac van ban dan
cong suat mot cach co chu ky dé diéu chinh hé s [ dam bao thay d6i duoc
gia tri dién ap trung binh trén tai.

2.1.2. Cac phwong phap diéu chinh dién 4p ra:
C6 3 phuong phép diéu chinh dién 4p ra:
a) Phwong phap thay d6i dé rong xung:
Noi dung ciia phuong phéap nay la thay doi t;, gilt nguyén T = Gia tri

trung binh ctia dién ap ra khi thay d6i d6 rong la:

11



trong do: ¢ = b oa hé s6 1ap day, con goi 1a ti sb chu ky.
T

Nhu vay theo phuong phap nay thi dai diéu chinh ctia Uy, 12 rong
(0 <e<).
b) Phwong phap xung - tin:
Noi dung cta phuong phap nay 1a thay d6i T, cOn t1=const. Khi do:

t

Uy =2 =t U,

tai

Vay U,=Us khi f -1 va U, khi f=0.
tl

c) Phwong phap xung - thoi gian:
Vira thay d6i do rong xung vira thay doi tan sb theo nguyén tic giir
Al min
Trong thuc té, phuong phap bién d6i d6 rong xung dugc dung phd bién
hon v& don gian hon, khong can thiét bi bién tan di kém.
2.2 CAC MACH PONG LUC
2.2.1 Bam ap mot chiéu ndi tiép
2.2.1.1 Nguyén li bim 4ap mdt chiéu ndi tiép
Cac bd bam ap mot chiéu thudng giap hién nay 1 cac bd bam ap ndi tiép.
Trong phan gidi thiéu thiét ké nay quan tdm nhiéu dén cac bd bam ap loai do.
So dd nguyén i bam ap mot chidu ndi tiép giGi thiéu trén hinh 2.2a. Theo
d6 phan tir chuyén mach tao cac xung dién ap mac ndi tiép voi tai. Pién ap
mdt chiéu duoc diéu khién bang cach diéu khién thoi gian dong khoa K trong
chu ki dong cat. Trong khoang 0 =+ t; (hinh 2.2b) khoa K dong dién ap tai
béng dién ap nguén (Ug = Uy), trong khoang t;+ t; khod K mé dién ap tai béng
0.

12



T—q/ A U U
d
‘ Uy -
o [
| \ t
ty it g

e—— Tck —»
b.
Hinh 2.2. Bam ap mot chiéu ndi tiép; a. so d6 nguyén li;
b. duong cong dién ap.

a. ;

Tri s6 trung binh dién ap tai dugc tinh:

u, =itljul.dt

T
CK 0 (2.1)

t
=_1Ul
Tck

) . t <
néu coi y =—- thi:
ck

Ug=7v. Uy

Trong do:
Uq - dién 4p tai mot chiéu;
U, - dién ap ngudn cap mot chibu;
t; — khoang thot gian dong khoa K;
T — chu ki dong cat khoa K;
¥ - 6 rong xung dién ap.

Tir biéu thirc (2.1) thay rang, mudn diéu khién dién ap tai Ug can diéu
khién d6 rong xung dién ap y. Do rong xung dién ap nay c6 thé dugc diéu
chinh bang mot trong 2 thong sb: hodc 1a diéu chinh thoi gian dong khoa K
(t;) giit chu ki dong cat Tex khong doi; hodc 1a diéu chinh chu ki dong cat Tex
giit thoi gian déng khoa K (t;) khong dbi. Tuy nhién, viéc thay d6i chu ki

dong cat khoa K 1am cho chét lwong diéu khién ctia phuong phap nay xau,

13



nguoi ta it dung. Pi€u nay c6 thé minh hoa bang viéc hoat dong ctia bd bam
ap voi tai dién cam.

2.2.1.2. Hoat ddng ciia so' dd voi tai dién cam

Uy

v

Hinh 2.3 Bam ap mét chiéu vai tai dién cam;
a. Sodo mach; b.Cac dwdng cong
Khi tai dién cam, dé xa ning luong cua cudn diy dién cam ngudi ta
thuong mac song song voi tai mot dibt xa nang lugng nhu hinh 2.3 Dong dién
chay qua tai duoc xac dinh bang phuong trinh vi phan:
Khi kho4 K dong:

U, :Rd.i+Ld% (2.2)

Trong do:
| — dong dién tai,
Ry - dién tro tai;

Lq - dién cam tai

Khi khoa K mé:
) di
O=R,.1+L, — 2.3
gt L ( )

Giai cac phuong trinh vi phén (2.2), (2.3) ta c6 nghiém:

i = |bd.e_Td+|XL{1—e_TdJ (2.4)

14



Trong do:
b - dong dién ban dau cua chu ki dang xét (md hay dong khoa K);

Ix. — dong dién xéc 1ap cua chu ki dang xét

Khi khoa K déng T,, = E_ Khi khoa K mé Iy, = 0

d

L N A 1 e A v s
T, = R—d - hang s6 thoi gian dién tir cua mach
d

Dang duong cong dong dién vé theo biéu thirc (2.4) bién thién c6 dang
nhu trén hinh 2.3b.

D6 nhap nho ctia dong dién tai duoc tinh [1].

_ A—7).y.U,. T (2.5)
2L,

Al

Tt biéu thire (2.5) thiy ring, bién do dao dong dong dién phu thude vao
bdn thong s6: dién ap ngudn cip (Uy); d6 rong xung dién ap (y); dién cam tai
(Lg) va chu ki chuyén mach khoa K (Tck). Céc thong sb: dién ap ngudn cép,
do rong xung dién ap phu thude yéu cau diéu khién dién ap tai, dién cam tai
Ly 1a thong s6 cua tai. Do d6 dé cai thién chat luong dong dién tai (giam nho

AI) c6 thé tac dong vao Tcx. Nhu vay, néu chu ki chuyén mach cang bé (hay

tan sb chuyén mach f = TL cang 16n) thi bién d§ dap mach dong dién cang
CK

nho, chat lugng dong dién mot chiéu cang cao. Do d6 bo diéu khién nay
thuong duoc thiét ké véi tan s6 cao hang chuc kHz.
2.2.2 Bam ap mét chiéu song song

Trong nhiing trudng hop tai c6 mot ngudn ning lwong nao d6 (vi du
dong co dién mot chiéu lam viéc & ché do may phat), viéc x4 nang lugng cua
tai 1a can thiét. Nang luong nay thuong dugc tra vé ngudn ludi. Tuy nhién,
khi can diéu chinh dong dién tai thi méic song song véi tai mot khoa chuyén

mach nhu so d6 hinh 2.4 14 hop 1.
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Trong khoang 0 + t; khoa K dong Dy khoa (can thiét dé tranh ngan mach
ngudn) iy = 0; Ug = 0; is = ig.

Trong khoang t;+ Tex khoa K md Do dan iy = ig; Ug = Uy; is = 0.

Gia tri trung binh ctia di¢n &p tai mot chiéu

1
U, =— |U,.dt
o= U @9)

=(-yU,

o
v

t1 TCK

v

v

t1 TCK
b

Hinh 2.4 So d6 mach bam 4p mot chiéu song séng;
a. So do dong lyc; b. cac duong cong.

Gi4 trj trung binh ctia dong dién tai tra vé ngudn.
In=(1-7). la. (2.7)
Gia tri trung binh cta dong dién chay qua khoa K.

IN =Y. Id- (2.8)
Gia tri trung binh ctia dong dién tai.
E,-U
[ =—4 ¢
TR (2.9)

Qua cac biéu thirc (2.6), (2.9) thay rang mudn diéu chinh dong dién tai
can diéu chinh d6 rong xung (y) dong khoa K.
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2.2.3. Bam ap ndi tiép va song song phdi hep

D,
+ e AT

Kn
‘ . Ry
Is
D: A Ug

KS / ZA Ld

l [ T=

Hinh 2.5 So d6 bam ap ndi tiép, song song

Khi tai lam Vi’éC & ché d6 nhan ning lugng tir ludi bang bam ap ndi tiép
va tra ning luong vé ludi bang bam ap song song c6 thé dung so dd bam ap
nbi tiép va song song phdi hop nhu hinh 2.25. O ché do nhan ning luong tir
ludi diéu khién Ky, O ché d6 tra nang luong vé ludi diéu khién K, (chd y hai
khoa chuyén mach nay khong dugc cing dong mot lic)
2.3. SO PO BO BAM XUNG AP MOQT CHIEU CO PAO CHIEU CA
DONG PIEN VA PIEN AP

Do yéu cau ctia dd an 1a thiét ké bo bam xung mot chiéu dé diéu chinh
tdc do dong co dién mot chiéu kich tir song song, thdéa man cac yéu cau trén

ta chi c6 thé chon mach luc 12 bo bam xung ap mot chiéu

S1 - S \/ N D,
7N 7 T
:'fW\_||
R/ Zk
Sy D, D;
70 s T

Hinh 2.6 So d6 bo bam xung
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Hinh 2.7 Biéu db dang séng dong, ap trén cac phan tir
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2.3.1 Céc biéu thic tinh toan:
- Tim biéu thirc ctia dong tai :

+Khi (D1, D2) va (V1, V2) dan: Trong giai doan nay dién ap trén tai la
Ur=Us, do d6 phuong trinh mach tai s€ la: dei +Ri, + E=Uyq
t

U, -E

Giai phuong trinh vi phan, ta co: i (t) = (A-e )+l e™

- Gia tri trung binh ctia dién ap trén tai:

1T 1 t2 T
U, :?Juddt:?[JUSdHt_Z[(—US)dt]

= _li_[gTUS U, (T-elN)]=U; -U,(1-¢)

=(e-1+e)Ug =(2e -1Ug

Trong (1‘()::%2 1a ty s6 chu ky.

Vay néu ta thay d6i dugc € ta sé diéu chinh duge Uy,

Cu thé: £=0,5— Us=0= bong co khong duoc dat dién ap.
£>0,5—> Ug>0=Dbong co quay nguoc.

€<0,5— Uy<0=Dbong co quay thuan.

- Gia tri trung binh ctuia dong qua diod D1 va D2:

U, 1 @- B, ).~ AB)) —U—S.(l— £) +E.(1—g)
R ‘aT 1-A R R

U,-E
R

- Gia tri trung binh dong qua van:

15 2
I =?J|1(t).dt =

2U,
£ (l-g)—
- (1-¢)

~
~

(1-¢)

L .US—E_Z.US.i.(l—Bl’l)(l—AlBl)NEIUS—E_Z.US
! R R ‘aT 1- A R R

£l-¢)

. . . I ZU_S-(ZE—]-_E)
- Gié tri trung binh dong qua tai: R Us
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2.3.2 Piéu khién

a) Nguyén ly lam viéc:

+ O thoi diém to =0 phat xung diéu khién V; do 13=1,<0 D; van dan
Us =Uy g tdng dan dén thoi diém t=t; 14 =0 V, bat dau dan Iy tiép tuc ting
dan dat dén Iy =l tai thoi diém t=t,.

+t=1t,=e.T phat xung diéu khién V, , khoa van V; do I;>0 tai dién
cam dong ig tiép tuc chay theo chiéu cii qua ,D, ug =Uy ;V, chua dan, dong
I>0 giam dan lam xuét hién suét dién dong tu cam trén cudn day L dén t=t;
i4g=0 Uy,>0 van V, dén ig chdy theo chiéu nguoc lai va ting dan dén thoi diém
t=t41=l;, khoa van V,, phat xung diéu khién V; dong iy tiép tuc chay theo

chiéu cii qua D;,D, trd nang lugng vé nguon...

A
Udk1
1 1 1 1 1 1 1 :
4 ! ! ! ! ! ! !
Udk2 ! ! ! ! ! ! !
] ] ] ] ] ] ]
1
1
! | -
1 1 1 1 1 1 1 =
Ud 4 | | | | | | |
UN ] ] ] ] ] ] ]
Uy
- 1 1 1 1 1 1 1 :
e 4 ! ! ! ! ! ! !
1 1 1 1 1 1 1
Imax ! ! ! ! : ! !
""""""""" F=mm= il il i ——mm ===
1 1 1 1 1 1 1
1 1 1 1 1 1 / Id
1 1 1 1 1 1 1
gt/ tit\t=T / '\  / '\ | / R
Lin : . e . e Lo e !
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
F-—"4------ t-—----=-=-=F-- 4-=-=---- t---=-=-=-=F-- t------ t-—--l--=--- F-—-t-=-=---- t-——-—-=----
] 1 ] 1 ] 1 ] 1 1 1 1 1 1 1
1 1 1 1 1 1 1 ] 1 ] 1 ] 1 ]
1 1 1 1 1 1 1 1 1 1 1 ] 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
DiDy ViVe DV} VoDl ! Lo Lo o Lo !

Hinh 2.7Biéu d6 song dang dién ap va dong dién
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b) Céc biéu thirc tinh toin:

1-B*
1-A

- Dong 16n nhat va nho nhat qua tai: — | - Ys
max R

o|lm

Trong do: A =a " ;B =e*"

- Gia tri dong trung binh qua tai:
L9 i vE-U,
dt

1

1% di, 17 . 17 17
= = [L=2+Z [Rijdt+= [Edt == [U,dt
T, dt T T, T

= 0+RIy+E=¢Ug U, —E
=

I, =

- Dong trung binh gqua van:

I+ = L Us.(1- Blil)'(l_AlBl) =1, ~d,
R TA-A)

- Dong trung binh qua diod:

I, =

Us L (1—81‘1).(1—A151)_E I N ~
R RT -A R(1 g)~—R [A-&)=1,.01-¢)

)
- Gia tri trung binh ctia dién ap trén tai: U, = 1 J'U dt = U,
T ; (0] 0

Nhu vay, dé diéu khién téc do dong co, ta chi can diéu khiéne dé diéu
chinh dién ap ra tai c6 nhing vu diém sau:

+ Pién ap ra tai chi cO 1 dau ¢ chiéu xac dinh.

+ Cho phép giam d6 dap mach dong dién

+ Mat khac n6 cling cho phép lam vi¢c & cac ché do sau:

eUs> E — Dong co nhan nang lugng.

eUs< E — Dong co phat nang lugng.
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2.4. GIGI THIEU MOT SO LOAI VAN DUNG TRONG MACH BAM
XUNG
2.4.1 Trasistor cong suit:

Transistor cong suat co cau truc va ky hiéu nhu sau:

- Nguyén 1y hoat dong:

Tranzitor hoat dong nhu mot phan tir chuyén mach ta quan tém dén 2
trang thai dan dong va.trang thai khoa

+ Trang thai dan:  Ugg>0

Piéu kién dé dua van dan vao ving dan bio hoa Ig>Ic/p

Thuc té Ig=s.l1/p

+ Trang thai khoa:  Upgeg<0, i=0.

Trong qua trinh van dan hoic khoa cong suét tiéu tan pc=Uce.I1c=0.

Pé chuyén trang thai phai di qua ving khuyéch dai Ic#0, Ucg#0 ,ton
thét trén van chu yéu la khi van chuyén trang thai va ti 1€ thuan véi tan sb hoat
dong cua van.Khi lam viéc véi tan s6 £>5 kHz hodc Vego>60V, Ic>5A phai ¢6
mach tro gitp dé tranh cho van bi qua nhiét giy hong van.

- Cac thong s cla transistor cong suét:

+ I1C: Dong colecto ma transistor chiu dugc.

+ UCEsat: Dién ap UCE khi transistor dan bdo hoa.

+ UCEO: Pién 4p UCE khi mach bado dé ho, IB=0 .

+ UCEX: Dién 4p UCE khi bado bi khéa boi dién ap am, IB < 0.

+ ton: Thoi gian can thiét dé Uce tir gia tri dién ap ngudn U giam xudng OV.
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+ t;: Thoi gian can thiét dé iC tir gia trj IC giam xudng 0.
+ ts: Thoi gian can thiét d¢ UCE tir gia tri UCESat ting dén gia tri
dién ap ngudn U.
+ P : Cong sut tiéu ton bén trong transistor. Cong suat tiéu ton bén
trong transistor dugc tinh theo cung thuc: P = Ugg.lg + Uce.lc.
+ Khi transistor ¢ trang thai mo: Ig =0, Ic=0nén P = 0.

+ Khi transistor ¢ trang thai dong: Ucg = UCESat.

a b L‘_}{;C ........... |
/E> Uce e }

(a) (b)

Hinh 2.8Trang thai dan va trang thai bi khoa
a) Trang thai dong mach hay ngan mach Ig 16n, I¢ do tai gidi han.
b) Trang thai hé mach Ig = 0.
- Déc tinh tinh cuta transistor: Ucg = T (I¢).
Uce

A

Vung
tuyén

tinh . |
_~"Vung gan bao hoa

\Vung bao hoa,_ lo

2.9DP4ac tinh tinh cua transistor

- Ung dung clia transistor cong suat:
Transistor cong suat dung dé dong cat dong dién mot chi€u co6 cuong
do 1on. Tuy nhién trong thuc té transistor cong suat thuong cho lam viéc &

ché do khoa. Ig = 0, Ic = 0: transistor coi nhu hd mach.
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2.4.2. Transistor Mos cong suit:

Transistor truong FET (Field - Effect Transistor) dugc ché tao theo
cong nghé Mos (Metal - Oxid - Semiconductor), thuong str dung nhu nhiing
chuyén mach dién tor c6 cong suét 1on. Khéac véi transistor ludng cuc duoc
diéu khién bé“mg dong di¢n, transistor Mos dugc diéu khién béng dién ap.
Transistor Mos gém céc cuc chinh: cyc mong (drain), ngudn (source) va cira
(gate). Dong dién mong - ngudn dugc diéu khién bang dién ap cira - nguon.

Transistor Mos 1a loai dung cu chuyén mach nhanh. Vo1 dién ap 100V
ton hao dan & chung 16n hon & transistor ludng cuc va tiristor, nhung t6n hao
chuyén mach nho hon nhiéu. Hé s6 nhiét dién tr& cua transistor Mos 1a
duong. Dong dién va dién ap cho phép cua transistor Mos nhé hon cua
transistor ludng cuc va tiristor.

2.4.3. Tiristor:
a) Cau tao:
Tiristor 1a linh kién gém 4 16p ban ddn PNPN lién tiép tao nén andt,

katot va cuc diéu khién.

A
A
Pl Jl
Nj_ \]2
G /
P2 J G
N> K
K
(a) (b)

Hinh 2.10.a Ciu tao cua tiristor. ~ Hinh 2.10.b Ky hiéu cua tiristor.
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Trong d6: + A: andt.
+ K: katét.
+ G: cuc diéu khién.
+ J1, Jo, J3i cac mat ghép

Khi khong tac dong vao cuc diéu khién G Thyristor khong phai 1a phan
tr dan dién. Pic tinh Von ampe nam hoan toan trén truc hoanh.

- Thyristor dan dong khi:

+ Uax>0.
+ lg da 16n (Co 0,1-1A)

Khi Thyristor d6 din dong thi n6 van tiép tuc dan dong ma khong can
dong diéu khién.Dong diéu khién 1a dong xung ,thoi gian xung md(t,) phai du
16n dé dong qua van tang 1én gia tri dong duy tri (Ia>Ig) lic d6 Thyristor mo
han (t, c& vai tram ps).

Do dong diéu khién chi tic dong trong thoi gian ngin nén cong suét
tiéu tn trén van 1a rat nho.

- Thyristor khoa dong khi:

+ Lam giam dong dién lam viéc I xudng dudi gia tri dong duy tri [H

( Holding Current ).

+ Pat mot dién &p nguoc Ién tiristor. Khi dat dién ap nguoc 1én tiristor:
Uak< 0, J; va J3 bi phan cuc nguoc, J, phan cuc thuan, dién tir dao chiéu hanh
trinh tao nén dong dién ngugc chay tir katdt vé andt, vé cuc 4m ciia ngudn
dién ngoai.

Thoi gian khoa tof: Thoi gian tir khi bat dau xuét hién dong dién nguoc
dén dong dién nguoc bang .t kéo dai khoang vai chuc ps.Dic tinh volt-ampe

cua tiristor

0 L.Jch
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Ung dung:

Tiristor dugc sir dung trong cac bo nguén dac bié¢t: trong mach chinh
luu, bd bam va trong bo bién tan truc tiép hodc cac bd bién tan c6 khau trung
gian mot chiéu.

2.4.4. GTO - gate turn off thyristor:

Mot Thyristor thung thuong khi d6 duoc kich mé cho dong dién chay
qua van tiép tuc & trang thai mé chimg nao diing dién chay qua nd hiy con
16n hon hay bang dong dién duy tri.

Khoa Thyristor dé khoa thi dong diéu khién co tri sb gan ngang dong
qua GTO tuy nhién thoi gian ton tai dong nay rat nhé nhung nhin chung viéc
khéa GTO lam mach phtre tap vi vay khong tién st dung.

Du61 day 1a mot bang so sdnh vé€ cac van ban dan trong cac ing dung

thuc té:

Thyristor | BJT FET GTO IGBT
Availabilty Early 60s | Late 70s | Early 80s | Mid 80s | Late 80s
Voltageratings | 5 kV 1kV 0,5kV 5 kV 3,3kV
Curentratings | 4 KA 400 A 200 A 5 KA 1,2 KA
Switch Freg | Na 5 kHz 1 MHz 2 kHz 100 kHz
Drive Circuit | Simple Difficult | Very Very Very

simple difficult | simple

Tir cac phan tich va bang so sanh trén, ta thiy véi ddi voi bo bam xung
mot chiéu dung cho dong co c6 dién ap dinh muc 12V dong dién dinh murc
50A thi st dung van IGBT lam khéa déng cit 1a hop 1i nhat. Vay ta c6 so dd

mach luc nhu sau:
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2.4.5. Thiét ké mach dong luc

Nhu da gidi thi€u & trén, bd bam ap mat chiéu 1a mot bd bam dién ap
mot chiéu thanh cac xung dién ap. Pién ap trén tdi mot chiéu Uy phu thudc ty
s6 thoi gian dong khoa ban dan trén chu ki dong cat. Chiing ta d3 chimg minh
rang cac bo bam ap mot chidu chi ¢6 ¥ nghia va ¢ wu diém hon han chinh luu
(thuc chét chinh luu ciing 14 bam ap theo duong cong dién ap hinh sin) khi tan
s6 bam xung 16n. Tan sd nay co6 thé hang chuc KHz. Cac van ban dan duoc
dung 1am khoa doéng cat cho cac bd bam ap mot chicu 1a cac Tiristor hay
Tranzitor. Ching ta s& xem xét viéc thiét ké cac bo bam ap mot chiéu bang
cac linh kién tuong img.
2.4.5.1.Thiét ké b bam ap mdt chiéu v6i van dong luc 1a Tiristor
2.45.1.1 Chon so d6 nguyén li

Do dic diém vé ciu tao va hoat dong cua cac linh kién ban dan cong
suat, cac bd bam ap mot chiéu 1am viéc véi dong dién 16n, van dong luc
thuong chon 1a Tiristor. Tiristor trong bam ap mdt chiéu khong tu khod dugc.
Chuyén mach trong cac bd bam ap mot chiéu nhiéu khi 1am phirc tap thém so
do thiét ké.

Mot bo bam ap mot chiéu bang Tiristor duoc thiét ké co thé cho phép
lam viéc voi chuyén mach mot tang (mdi chu ki ¢6 mot xung diéu khién) hay
chuyén mach hai tang (mdi chu ki c¢6 hai xung diéu khién).

a. Bim 4ap mot chiéu chuyén mach mét tang

Mach bam ap mot chiéu bang Tiristor chuyén mach mot tang gidi thiéu
trén hinh 2.11

Nguyén li lam viéc ctia cac so o mach bam ap mot ting hinh 2.11 dugc
giai thich véi tai c6 dién cam 1én co cac gia thiét sau: dién 4p vao va dong

dién tai khong dap mach, nghia 1a U; = const, 14 = const.
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Nguyén li chuyén mach mot ting 1a dung thong sé ctia mach dao dong L,
C dé khoa tiristor. Thoi gian dan cua tiristor T; phu thudc khoang thoi gian
nap va xa tu trong mach L,C.

Khi Tiristor T; (hinh 2.11a) khoa tu chuyén mach C duoc nap t6i dién ap
ngudn theo chiéu cyc tinh nhu hinh 2.11a. Khi T, dan tai t; (hinh 2.11) ty bat

dau x4 voi dong xa ic qua T

a) | b) c)
Hinh 2.11 So d6 bam ap mot chiéu bang Tiristor chuyén mach mot ting

Khi tiristor T, dan dong dién tai chay qua no (trudéc d6 dong dién tai
chay qua Dg). Sau mot nira chu ki dao dong cong hudng tu C doi chiéu dién
ap (Uc). Vao chu ki sau cia mach dao dong cong hudng tu nap nguoc lai,
dong dién chay nguoc chiéu din cta Tiristor T;. Néu dam bao du diéu kién I

= lg+ic = 0, thi T, kho4 (thoi diém t, trén hinh 2.12).
Khoang thoi gian dong dién tai chay qua T; dugc xac dinh:
try =t - ey = TVLC
Sau khi khoa Ty, tu C tiép tuc xa va nap nguoc lai qua tai tir -Ugo dén U,
Thoi gian khod ctia Ty bang thoi gian xa tu C (tir dién ap -Ug t6i 0).
ty = t3 - &, = Uco.Cllg~ Uq.Clly. (2.10)
Khi tu nap lai téi dién ap +U,

diot Dy khoa. Nguyén nhan la do dién cam chuyén mach L can tr¢ viéc

giam dot ngot vé 0 cla ic, dong dién cua tyu C tiép tuc ton tai do strc dién dong
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tu cam cua cudn day L theo mach C-U;-Dy-L-C, diéu nay lam dao dong dién

ap trén tu C.

v

v

v

v

v

Uc

v

U

v

Hinh 2.12 Gian d6 duong cong bam ap
chuyén mach mdt tang

Hinh dang dong dién trén tu ic, dong dién trén dibt Dy ipg, dién ap trén tu Uc
va trén Tiristor phu thudc vao tan sd xung diéu khién T, cling nhu dong dién

tai nhu gidi thiéu trén hinh 2.12 duogc tinh:

Dién ap trung binh trén tai

7JLC  2U,C (211)
T Iy

Ir1=1g

Dong dién trung binh cua Tiristor

Ug U?[m’ﬂf_C] (2.12)

d
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Dong dién trung binh chay qua diét Dg

|Do:|dT_(tTlT+2'tK) (2.13)

Nhu da noi ¢ trén qua trinh phdng nap cua tu chay qua tai va thoi gian
phong nap phu thudc dong dién tai.
2.4.5.2. Thiét ké bd bim ap mot chiéu v6i van dong lue 1a Tranzitor.

Uu diém 16n nhat cua tranzitor so véi tiristor 1a c6 thé lam viée & tan sb
cao va dé diéu khién, nén Tranzitor dugc dung lam van dong lyc cho céac bd
bam ap mot chiéu kha pho bién

Cac bo bam ap mot chiéu co thé 1a loai bam ap ndi tiép nhu hinh 2.13a,
hay bam ap song song nhu gidi thiéu trén hinh 2.13b

Trong so d6 bam ap ndi tiép hinh 2.13a, khi Tranzitor din dong dién
chay qua Tranzitor bang dong dién tai, nghia 1a Tranzitor duoc méc ndi tiép
Vi tai.

Trong so d6 bam 4p song song hinh 2.13b, khi Tranzitor din tai ngan
mach, & trudng hop niy Tranzitor mac song song voi tai. Dong dién tai chi c¢6

thé ton tai khi Tranzitor khoa.

— -
> |
. - . -

Hinh 2.13 So db dong luc bam ap mot chiéu ban Tranzitor
a. bam &p noi ti€p, b. bam 4p song song.

Cac so d0 bam ap mot chiéu thuc té thuong gip 1a loai bam ap nbi tiép,

Trong phan nay di sau gidi thi¢u vé loai bam ap noi tiép.
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CHUONG 3.
TINH CHON MACH PIEU KHIEN

3.1. THIET KE MACH PIEU KHIEN PIEN AP MOQT CHIEU.
3.1.1. Nguyén li diéu khién.

Mach diéu khién bam ap mot chiéu ¢6 nhiém vu xéac dinh thoi diém mé
va khoa van ban dan trong mot chu ki chuyén mach. Nhu di biét ¢ trén, chu

ki dong cat van nén thiét ké cd dinh. Pién ap tai khi diéu khién duogc tinh

Urzi=7y.Up
Trong do:
t t
y= d _ _'d
td + tk TCK

tg, ty, Tae Thoi gian dan, khod van ban dan, chu ki dong cit.
U;: dién &p nguon mot chiéu.

A

Urc ™

"
"
"

v

»
»

A

1
|
|
|
|
|
|
I
|
|
|
|

»
»

Hinh 3.1. Nguyén Ii diéu khién diéu 4p mét chiéu

Mach diéu khién can dap tmg yéu cau diéu khién y bang cac 1énh theo

mdt nguyeén tac nao do.
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Pé diéu khién y v6i chu ki dong cit Ty khong d6i can phai diéu khién
khoang thoi gian dan ctia van ban dan trong chu ki déng cit.

Nguyén 1i diéu khién thoi gian din cta cac van ban dan trong diéu ap
mét chiéu c6 thé thuc hién nhu sau.

Tao mdt dién 4p tua dang di€n ap rang cua (hay dién ap tam giac) véi
mét tan s f xac dinh kha cao. Dung mot dién ap mot chiéu (lam dién ap diéu
khién) so sanh voi dién 4p tua. Tai thoi diém dién ap twa bang dién ap diéu
khién thi phat 1énh mo hoic kho van ban dan.

Hinh 3.1 trinh bay nguyén 1i diéu khién bo diéu ap mot chiéu. Dién ap
tua Uy, so sdnh vo1 dién ap diéu khién Ug,. Tai cac thoi diém 0, t;, to.....

U = Ug s€ phat 1énh m¢ hay khoa van ban dan. Tai cac suon 1én cua dién
ap tua Uy, phat 1énh m¢ van ban dan, tai suon xuéng cua Uy s€ phat Iénh khoa
van. Theo cach d6 cac van ban dan s&é mo tai 0, tp, t..., va khod tai t;, t3 ts...

Do rong xung dién ap tai dugc diéu khién khi diéu chinh dién ap diéu
khién Ug. Trén hinh 3.1 ting Uy, s& giam v va giam dién ap ra. Nghia 13
trong truong hop nay Ug, va Uy nghich bién.

3.1.2. So @6 khoi mach diéu khién.

Tao tan s So sanh Tao xung Van dong
khuéch dai luc

A 4

A 4

A 4

Udk

Hinh 3.2.So d6 khé mach diéu khién diéu ap mot chiéu.
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Mach diéu khién diéu ap mot chidu gém 3 khau co ban:

Khau tao tan sd c6 nhiém vu tao dién ap tua rang cua U, v&i tan sb theo
¥ mudn ngudi thiét ké. Tan sb cua cac b didu ap mot chiéu thuong chon kha
16n (hang chuc KHz). Tan s nay 16n hay bé 1a do kha ning chiu tan sb cua
van ban dan. Néu van dong luc 1a Tiristor tan s6 cua khau tao tan sb khoang
1-5 KHz. Néu van dong luc 1a Tranzitor ludng cuc, truong, IGBT tan sd ¢6
thé hang chuc KHz.

Khau so sanh c¢6 nhiém vu xac dinh thoi diém dién ap twa bang dién 4p
diéu khién. Tai cac thoi diém dién ap tya bang dién ap dicu khién thi phat
1énh mé hoic khoa van ban dan. Pién 4p twa dang tam giac c6 hai suon 1én va
xubng, 1énh md van dong luc ¢ giao diém suon 1én, thi & giao diém suon
Xuéng s€ phat 1énh kho4 van va nguoc lai.

Khau tao xung, khuéch dai ¢6 nhiém vu tao xung phu hop dé m& van ban
dan. Mot xung dugc coi 13 phu hop dé mé van 13 xung c6 d cong suat (du
dong dién va dién ap diéu khién), cach ly giita mach diéu khién véi mach
dong luc khi nguon dong luc hang chuc von tro 1én. Hinh dang xung diéu
khién phu thudc loai van dong lyc duoc st dung.

Van dong luc la Tiristor, xung diéu khién can co 1a xung kim véi suon
trude doc thang dumg nhu di gidi thidu & chuong 1.

Van dong luc la Tranzitor, xung diéu khién co dang xung chir nhat do
rong clia cac xung nay bang d6 rong xung dién 4p tai.

3.1.3. Cac khau co ban

a) Khau tao tan so.

C6 nhiéu céch tao dién ap tua co tan sb theo y dd cla nguoi thiét ké.
Nhiing so dd tao dién ap tua dién hinh c6 thé tao ra ba dang di¢n 4p nhu hinh

3.3.
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Hinh 3.3. Céc dang dién ap twa ctia mach diéu khién diéu 4p mot chiéu

Pién ap twa dang tam gidc cAn nhu hinh 3.3a duogc tao ra khi tan s6
f=1/Ty ¢ dinh. D6 rong xung dién ap y c6 thé dugce diéu chinh bang viéc
thay d6i ca thoi diém md van ban dan & suon 1én dién 4p twa va ca thoi diém
khoa van ban dan tai suon xuéng dién ap tua. So dd mach tao dién ap tam
giac can nhu thé nay duoc thyc hién twong d6i don gian. Tuy nhién viéc tao
dién ap co ca hai canh 18én va xudng cung bién thién nhu hinh 3.3.a thudng
duoc thuc hién béng mach RC, hinh dang cdc canh d6 phu thudc vao viéc nap
va x4 ty. Cac duong nap va xa tu nhiéu khi khong hoan toan 1a dudng thang
tuyén tinh. Cac dudng cong ay c6 thé lam cho quan hé giira dién ap diéu
khién véi khoang dan y khong tuyén tinh. Mic du vay, dién ap tua dang tam
giac can thuong hay dugc dung hon trong thuc té vi 1i do dé thuc hién.

Pién ap tya dang tam giac vudng hinh 3.3 b, ¢ cling duoc tao véi tan sd
¢d dinh. Khi thay ddi dién ap diéu khién, c6 mot canh cta tam giac la canh
gbc vudng, nén thoi diém mo (hay khoa) theo canh d6 s& c¢6 dinh trong mot
chu ki. Van ban dan chi dugc mo (hay khod) theo canh huyén ctia tam giac.
So d0 mach dién tir tao dién ap vuong nhu thé nay thuong kho thuc hién hon,
vi trén thyc té tao canh goc vudng 90° khéng hoan toan chinh xéc.

Chuing ta xét mot s6 so do tao di¢n &p tua cua khau tao tan so.
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b)Tao dién ap tam giac bang dao dong da hai.

bién 4p tam gidc can co thé duoc tao béi mét dao dong da hai bﬁng
khuéch dai thuat toan (KDTT) nhu hinh 2.10 a

So db dao dong da hai bang KDTT A; ¢6 hai dudng hdi tiép. Hoi tiép am
vé V" bang mach RC, hdi tiép duong vé V' bang mach chia 4p R;, R,. Hoat
dong cua so do hinh 2.10 a c6 thé giai thich nhu sau:

Gia sir dién 4p ra cua A, dang duong nho hdi tiép duong ma dién ap ra

bang U, va khong doi, luc do dién ap vao cong "+" c¢d tri so:

U, =Uq —2—

\%

(3.1)

M

Hinh 3.4 Dao dong da hai bang KDTT
Dién ap vao céng "-" la dién ap nap tu, dién ap nap tu tang dan dén khi
V' =V, tai t; dau ra lat trang thai tr duong xudng am, dién ap V* d6i dau tir
duong xuéng am, di¢n ap trén tu ddi chiéu nap tu.

Chu ki dao dong ctia mach dugc xac dinh:

T =2.RC. In(1+ Z'RlJ (3.2)

2
Tan sb xung:
f== (3.3)

Truong hop dac biét R; = 2R, = R ta co:
T=2R.CIn2=2R.C.0,69
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Ri=R,=R — T=2R.CIn3=2R.C11=22R.C

Pé phdi hop tré khang giira dién ap trén tu véi tai bén ngoai can ding
thém khuéch dai A,.
c¢)Tao dién ap tam giac bing tich phin séng vudng.

Mach tao dién 4p tam giac ciing c6 thé nhan duoc tir b tich phan xung
vudng nhu hinh 3.5. Xung vudng c6 thé tao bang nhiéu cach khac nhau. Tich
phan xung nay chinh 13 qua trinh nap, xa tu. Néu dién ap vao khéu tich phan
khong dbi xtmg co thé xuat hién sai s6 dang ke.

Pién ap twa trén hinh 3.5b mang tinh phi tuyén cao. Pién ap tua co thé
nhan duoc tuyén tinh hon néu sir dung so d6 hinh 3.5.a. Khuéch dai A; c6 hoi
tiép duong br?lng dién tro Ry, dau ra co tri s6 dién ap ngu@)n va ddu phu thudc
hiéu dién ap hai cong V', V.

Rz

I | h UAl UA2

| R, . ]
RS LT R > M !
M

a b

v

Hinh 3.5. B tao song dién ap vudng va tam giac bang KDTT
Pau vao V' ¢6 hai tin hiéu, mot tin hiéu khong d6i 1dy tir dau ra cta Ay,
mot tin hiéu bién thién 13y tir dau ra cta A,. Pién ap chuan so sanh dé quyét
dinh d6i ddu dién 4p ra cua A, 14 trung tinh vao V". Gia sir dau ra ctia A,
duong Ua> 0, khuéch dai A, tich phan dao du cho dién ap c6 suon di xudng
cua dién 4p twa. Dién 4p vao V"’ léy tor Ry va Ry, hai dién ap nay trai dau
nhau. Dién 4p vao qua R, bién thién theo dudng nap tu, con dién ap vao qua

R; khong dbi, t6i khi nao Uy, = 0 dau ra cia A; doi dau thanh am. Chu ki
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dién ap ra ctia A; cr luan phién d61 dau nhu vay cho ta di¢n ap ra nhu hinh

3.5h.

Tan s0 cua dién ap tua duogc tinh:

1
f=—=
4R,C.—2 (34)

R

Béng cach chc_)nlcéc tri s6 cia dién tré va tu dién ta ¢6 duoc dién ap tua
c6 tan s6 nhu mong mudn.
d)Tao dién ap tam giac biang dao dong tich thoat.

Mach dao dong tich thoat bang UJT (tranzitor don néi) cling co thé cho

ching ta mot dién &p tam giac.

Ue lJP
avavam
Us: ]
tAL
Us: -
tAL

‘ Hinh 3.6. Mach dao dong tich thoat
a. so do nguyén li, b. so do thay thé, ¢ cac duong cong.

Mach dién hinh 3.6. 1a mdt mach tich thoat co ban, trong d6 R;, R, nhan
cac tin hi¢u xung. Tu C va di¢n tr¢ R; 1a mach nap dé tao dién ap tam gidc
khong tuyén tinh trén ty C.

Hoat dong cua so do hinh 3.6. nhu sau:

Khi méi dong dién tu C déng thé, coi Ug = 0, tranzitor & trang thai

khoa. Tu C nap qua dién tr¢ R, lam Ug tang dén dién ap dinh véi tri $6:

R,
Up=Ug+U=—-="""U, +0,6V (3.5)

B! + B2
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lac @6 di6t EB dan. Tu C xa nhanh qua didt EB - Rg - Ry. Khi tu C xa tir Up dén
ngudng dudi Uni, didt EB ngung dan, ty nap trd lai bat ddu mot chu ki méi.

Tan s6 dao dong cua mach:

¢ 1
RCIh - (36)
_ Res
RBl + RBZ
Gan dtng coi R,,
Ry +Roy  ° (3.7)
B! B2
luc do 1 1

= = (3.8)
R,CIn2 0,69R.C

e) Mach tao dién ap tam giac dung IC566.
Mach VCO (Voltage Control Osilator - mach dao dong diéu khién bang
dién ap) dung IC 566 c6 hinh dang cu trac trén hinh 2.13.

i:

6

=

Current Sources Schmitt Ti

al

>L/V\

cC —7 1

Hinh 3.7 So dd ciu tric cta IC566
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Cac chan:

GND: Nbi dat.

NC: Khdng dung.

Square Ware Output: Pau ra séong vudng.
Triangle Ware Output: Dau ra song tam giac.
Modulation Input: Pau vao diéu ché>

R: Chan vao noi dién tro.

N o ok~ w Db PRE

C: Chan vao ndi tu.
8. +Ucc: Ngudn nudi duong.

Mach ngudn dong dién (current sources) c6 tac dung gitt cho dong dién
nap tu C qua dién tré R co6 tri s6 On dinh. Dong dién nap tu co thé diéu chinh
b::ing dién ap tua vao chan 5. Pi¢n 4p trén tu khuéch dai dém dua ra chan 4
tang theo ham bac nht.

Mach Trigger Schmitt cho ra dang song dién ap hinh vuong khuéch dai
dém dua ra chan 3.

Mach khuéch dai dém trong IC dé khuéch dai song vudng va tam giéc,

ddng thoi phdi hop tro khang dé dua tdi céc tang sau.

. +Ucc =12V
| |
100 | 101<H o= : 2 _6(12—9]:5000&
] 10.10%.0,01.10 12
1 6 83‘%
= /N
[
0.0IME]_ 2 12-11,9
15K £ = >~ |=170Hz
i T 10.103.0,01.10-6( 12 j
0

Hinh 3.8 Mach vi du tao séng tam giac bang IC566
Thay d6i dién ap dua vao chan 5 1am thay d6i dong dién nap tu C din toi

thay d6i toc d6 nap tu. Két qua 1a thay d6i tan sd sdng vudng va tam giac ra.
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Trong do:

R - dién tr¢ vao chan 6.

C - tu dién ndi vao chan 7

Us - dién 4p chan 5 - chan diéu chinh. Tri s6 dugc phép

3/4.U < Us< Ug,

Tri s6 dién tr& R gidi han: 2 kQ< R < 20 kQ.

Trén hinh 3.8. v& mot mach tmg dung tao dién ap tam giac.

So d6 tao dién ap tya bang VCO IC 566, IC 4046, dugc dung nhiéu khi
can diéu chinh tan sb xung diéu khién bang dién ap.

f)Mach dao dong dung IC 567.

IC 567 1a loai IC vong khod pha ¢ khdi dao dong CCO (Current Control
Oscilator — dao dong tao xung duoc diéu khién bang dong dién). Hinh dang

cau tric cta IC nay dugce mo ta trén hinh 3.9.
»+Ucc

4

R1
b — 2

3 Input detedtor 1 G

Rlﬁ VCO Ax Ra
al
J

6 J H R2

.| Quadrature phase letectbr
- A2
Uref

- C; 7 1

_’_ Cs -
T 2.2MF

Hinh 3.9. Sodd cu trdc IC 567
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Chtrc ndng cac chan:

1 - Output Filter C5 — chén ndi loc tu dau ra.

2- Low Rass Filter C, — chan ni tu C, xudng mass dé loc tin hiéu tan sb thap.
3 - Input — chan nhan tin hi¢u dau vao.

4 - +Ug — chan duong ngudn nudi 4,75 — 10 V.

5 - Timing Ry — chan ndi dién trd gifta chan 5 va 6 dé dinh tan s6 CCO.

6 - Timing Ry, C; — chan ndi tu loc xuéng mass, nhu mach loc dé chay

6n dinh tan s6 cho mach CCO. Tan s6 dao dong c6 tri s6 thay doi nhu sau:

f= L1 Hz (3.9)
R.C

7 - Ground — ndi dat (mass) dé 1y nguon nudi cho IC.

8 - Output - dau ra véi colector ho.
Nguyén 1i tao xung cua IC nhu sau:
Pién trd R & chan 5 va tu C ¢ chan 6 xac dinh tan s6 dao dong ctia mach.
1,1
0 —_—
R.C
Tin hiéu f, dong thoi dua vao hai khdi so pha va so ap vudng pha, ching

f

Hz (3.10)

cung nhéan tin hi¢u & dau vao chan 3 dé so voi tin hiéu fy do mach dao dong
trong IC tao nén.

Hai tu dién Ci, C, ¢ cac chan 1 va 2 o tac dung loc xoay chiéu tan sd
thap & du ra ctia mach so pha va so ap vudng pha. Pién tré Ry, R, trong IC
duoc xem la dién trd tai cho hai mach nay.

Khi tan sé dau vao f, va tan sé dao dong fy khac nhau thi khéng cé dong
dién qua di¢n tré R, trong IC. Lic do, khong c6 dong qua R, trong IC, dién &p
vao V' cua OP-AMP so sanh s& cao hon dién ap chuanV,e ¢ dau vao V.
Mach so sanh s€ cho ra di¢n &p cao & chéan 8

Khi tan s6 dau vao f, va tan s6 dao dong f, bang nhau thi c6 dong dién

qua dién tré R, trong IC tao sut ap trén no. Lac do, dién 4p vao V' ctia OP-
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AMP so sanh sé thép hon di¢n ap chudnV ¢ & dau vao V. Mach so sanh sé
cho ra dién ap murc thap & chan 8

Mach dao dong c6 dang xung vuong ¢ chan 5 va xung tam giac & chan 6.
Khi chan 5 c6 dién &p muc cao, tu C nap, chan 6 c6 dién ap tang. Khi chan 5 co

di¢n 4p mirc thép, tu C x4, chan 6 co6 dién ap gidm, nhu mo ta trén hinh 2.16.
A U5

v

A | | | | |
Us A | i | i
| | | | |
| | | | |
‘ NNV IR

Mot so d6 vi du tao xung tam giac gidi thiéu trén hinh 3.11.

Hinh 3.10Dwong cong dién ap cac.cHancs,6 IC 567

T G UU
2 7 651 |_||_|

-
L
<

Hinh 3.11. So'dd tao dién &p tam giac b&ng IC 567.

g)Tao di€én ap tam giac vuong.

Mach tao dién ap tam gidc vudng cé thé tao duoc tir dao dong da hai
khong dbi xtmg hinh 3.12

H@fmg s6 thoi gian nap tu phu thudc phﬁn dién tré trén VR. Bﬁng cach
thay ddi vi tri con chay cua bién trd, hai chiéu nap tu co6 hai tri s6 dién trd
khac nhau. Tt d6 c6 do dbc cua hai chiéu nap tu khac nhau. Hai canh tam

gidc c6 d6 nghiéng khac nhau. Khi vi tri con chay nam sat mép trén ctia hinh
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v€ nap tu theo chiéu di 1én dai hon, nap theo chiéu di xuéng nhanh hon va

nguoc lai.

‘ t;/V t

a b

Hinh 3.12So d6 mach tao song tam giac vuong

Mach tao song vudng va tam gidc bang IC555 dugc gidi thiéu trong
nhiéu tai lidu ciing c6 thé st dung tét trong trudng hop nay.
3.1.4. Khau so sanh.

Trong ba khau diéu khién trén, khau so sanh tuong tu nhu cac khau
tuong tng trong chinh luu ¢ day khong gi6i thiéu chi tiét.

Tuong ty nhu cac mach so sanh thuong gip. Khau so sanh cua diéu ap
mot chiéu sé xac dinh thoi diém mé va khoa van ban dan. Pau vao cua khau
nay gém c6 hai tin hi¢u, dién &p tya (di¢n 4p tam giac) va dién ap mot chiéu
lam dién 4p diéu khién. Mot trong nhiing so d6 vi du dién hinh giéi thiéu trén
hinh 3.12a. va dang dién ap vao, ra trén hinh 3.12b.

Tir hinh 3.12b, thay rang trong mdi chu ki dién 4p twa c6 hai thoi diém
dién ap tua bang dién ap diéu khién. Tai cac thoi diém do, dau ra cua khau so
sanh d6i d4u dién ap. Tuong ng véi cac thoi diém dot bién dién ap dau ra

cua khau so sanh can c6 Iénh mé hoac khoa van ban dan.
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b.

Hinh 3.13 Mach so sanh hai cong bang KDTT
3.1.5. Khau khuéch dai.

Mach dong luc nhu da gidi thiéu ¢ trén co thé thuc hién béng hai loai
linh kién khac nhau. Do d6, viéc thiét ké mach diéu khién cho hai loai linh
kién d6 c6 nhitng dic diém hoi khac. Chung ta thiét ké mach khuéch dai cho
hai loai linh kién do.
a.Mach khuéch dai cho diéu ap mét chiéu bing Tiristor.

Trong cac so dd mach kinh dién, diéu 4p mot chiéu bang Tiristor can co
hai 1énh mé& va khoa van ban din tuwong tung voi cac thoi diém dot bién dién
ap ra trén hinh 3.13b.

Mach khuéch dai cho Tiristor trong bo diéu ap mot chiéu hinh 3.14a gioi
thiéu trén hinh 3.14b, c. Cac xung diéu khién cho hai thoi diém mé va khoa
van ban din dong lyc cin hai mach khuéch dai. Néu st dung so d6 khuéch dai
c¢6 hai mach khuéch dai giéng nhau nhu hinh 3.14b, thi can c6 bd dao dau A,
sau khau so sanh. Uu diém ctia so do mach nay 1a don gian trong viéc thiét ké
nguén nudi cho mach, hai mach khuéch dai c6 linh kién giéng nhau nén don
gian khi chon linh kién, do d6 mach nay thuong hay chon hon.

Mach khuéch dai hinh 3.14c¢ c6 thé giai thich d& dang vé nguyén li, theo
hoat dong cua hai loai tranzitor NPN, PNP & suon lén cia dién ap so sanh
phat 1énh mé Ty, & suon xudng phat 1énh mé T,. Tuy nhién viéc thiét ké
ngudn nudi déi ximg lam phuc tap thém mach ngudn va hai tranzitor khac
loai cling co thé dugc coi 1a nhuoc diém. Véi nhiing li do d6 ma mach nay it
duoc chon khi thiét ké.
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Nﬁ D Zy

+15V
| BAX1D: X1

" m o 3
U .
T A Us R Tr
1+ —
Uq Tr,
L
. R2 Tr Tr4
3 —
L] y BAX2

Ry
s oox g
+15V T2

+15V1 BAX]_DZ T1

Wo =3k
e R, Trﬁ)

1
| S

T —— ™

Try
BAX2D: ¥ T

o)l‘
)

-15V J

Hinh 3.14. M6t sb so dd mach diéu khién bam ap dung Tiristor
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b. Mach khuéch dai cho van ddng luc 1a Tranzitor.

Giéng nhu mach khuéch dai cua tiristor, mach khuéch dai cho van dong
luc 14 tranzitor c6 nhiém vu tao xung phu hop dé mé tranzitor. Sy phu hop &
day 1a phu hop vé cong suét va cach i giita mach diéu khién véi mach dong
luc (khi mach dong luc cé dién ap cao).

Trén hinh 3.14 gi6i thiéu mot s6 mach khuéch dai ghép nbi giira tng so
sanh v6i ting dong luc. Hinh 3.14a dung cho nhitng mach c¢6 dién 4p ngudn
dong luc U, thap. Hinh 3.14b dung cho nhiing mach dong luc co dién ap
nguoén U; cao, nhung mach diéu khién co6 dién ap cap nguodn diéu khién (Ug)
cach li. Hinh 3.14c dung cho nhimg mach dong luc c6 dién ap ngudn U, cao,
nhung mach diéu khién khong can dién ap cap ngudn diéu khién cach li, ma

str dung truc tiép dién ap ngudn cap Uy, truong hop nay dé bao vé bo ghép

quang can c6 diot on ap Dz

Hinh 3.14 So d6 tang khuéch dai cho bam ép tranzitor
a. khuéch dai truc tiép; b. cach li bang ghép quang; c. diéu khién van dong luc

bang mot nguén
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KET LUAN
Trong qua trinh thyc hién dd an tot nghiép dudi sy hudng dan tan tinh cua
cac thy co gido trong khoa Dién tu dong dic biét 1a thy gido thac sy Nguyén
Poan Phong va két hop trén sach vé em da hoc tap duoc nhiéu kién thic gitp
ich cho ban d6 an dugc hoan thanh dung thoi han.
Do an da giai quyét duoc nhitng van dé sau:
Tim hiéu téng quan vé dong co dién mot chiéu
Tinh chon mach dong luc
Tinh chon mach diéu khién
ba xay dyng dugc mo hinh
Do thoi gian thuc hién con han ché cing voi kién thirc tai liéu thong tin c6
han, nén dd an nay khong tranh khoi nhing thiéu so6t. Em rat mong nhan duoc
su dong gop ¥ kién cia cac thiy co trong khoa Dién- Pién Tt va cac ban
ddng nghiép dé ban d6 an dugc hoan thién hon.
Em xin chan thanh cam on t&i Th.S Nguyén Poan Phong nguoi di truc tiép
tan tinh hudng dan va tao diéu kién giip em hoan thanh do an nay.

Em xin cdm on cac thay c6 gido trong khoa dién!
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