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CHUONG3  DIEU KHIEN PCO PIEN MOT CHIEU

IIL.1 CAC KHAI NIEM VE TRUYEN PONG PIEN:
1. Céc khai niém ciin ban:
- TTP 1a hé théng (HT) bi&n dbi dién ning -> cd ning cung cip cho cdc mdy méc cong

nghiép (cung cip stic kéo dién — electric drive). Truyén dong dién (electric drive) con c6 nghid
12 ndi truc biing dién theo sd d6 sau:

Co (ngudn) --> [M4y phat dién] --> Dién --> [day din] --> [Pco dién] --> Cd (tai)

S0 db nay c6 thé gip trong cdc phuong tién van tai (thu bién, xe 1tra) va nhat 13 cdc mdy
méc can nhiéu truc quay c6 phdi hgp téc do v6i nhau.

- Céc phan tv mit phing tai va di€m lam viéc: Ciing nhu cdc bd bién ddi (BBD) PTCS,
BBD dién cd c6 hai bi€n trang thdi chinh: Momen M va t6¢ d6 ® tao nén mit phdng pha M, ®
chia 1am 4 phin tu ddnh s6 tir I d&n IV. Pi€m lam viéc cla dco 1a mot diém (M,m) trong mit
phing nay. V6i mot bd thdng s clia dong cd, ta c6 modt quan hé M(w) goi 1a dic tinh co cla
dong cd va v6i mot tai cu thé, ta c6 quan hé momen cdn chuyén dong theo toc do M () goi la
dic tinh cd phu téi.

- Phuong trinh cin bdn TPP va chuyén dong: Khi cc truc ndi citng va gid st khong c6
ma sat nhdt (1 1& tdc dd), ta c6 phudng trinh cin ban cda chuyén dong (pt 2 Newton cho chuyén
dong quay) cho hé thdng c6 thdng sd tap trung va khdng dan hdi:

M,=M-M,= JC;—L: <3.1> Mg goi la momen dong cla chuyén dong quay, J 1a

momen qudn tinh toan HT qui d8i vé truc dong co.
dw/dt dugc goi la gia toc chuyén dong.

Tir <3.1> c6 thé suy ra cédc trang thai clia w
DBca: T M
M C
M > M¢: dcd ting tdc, M < M¢: dco gidm tdc @,
? . \ A
M = M¢: dco khong doi toc do hay con goi la 0

c6 diém lam viéc xdc lap. PAy chinh 1 giao
di€ém clia dic tinh co dong co va phu tdi.

Piém lam viéc xdc 1ap nay dudgc goi 1a 6n B

dinh (tinh) hay cin biing (bén) khi c6 ngoai | 1

lyc hay nhiéu lam di€m lam viéc thay d6i thi ” M
Mg /Ao < 0. Khi d6 HT s& c6 gia toc theo ‘ ‘ 7 ‘ ‘ ‘
chiéu trd vé diém lam viéc ci. o IV

Vi du: Hinh 3.1 cho ta ddc tinh co ciia
dong co khéng dong bo rotor long séc va ddc
tinh co phu tdi ciia né cé tri s6 khong doi s l/
(Momen cén héiing s6). O t6c dé déng bo, Hinh 3.1 Pic tinh cd dong cd KPB va cic
momen dong co biang 0. A la diém lam viéc én  di€m lam viéc

dinh va B la diém lam viéc khéng én dinh tinh.
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2. Piic tinh diéu chinh ciia TPP:

Khi diéu chinh thong sd dién, dic tinh co clia dong cd thay d6i, quy dao cdc di€m lam
viéc d€ dong co cung cAp momen max ma khong hu hdng Mp) dudc goi ladic tinh diéu chinh
clia dong co. Pic tinh diéu chinh thudng dugc thé hién & dang momen cho phép M p(w). hay
cong suit cho phép Pcp(a)) khi tdc do thay d6i. Pic tinh diéu chinh gitdp ta chon loai ti dé tin
dung kha ning dong cd ng mot phuong 4n diéu khién hay tim ra phuong dn diéu khién thich
hgp v6i mot loai tai cho trudce.

Cédc gidi han cta dong co:

ApU< Ugm sdongl <1z ;

Dong kich tf igy < Ijsay, hay ti thong @ <@gy, (dco mot chi€u). Chi s6 g, tuong dng tlf
“dinh muc”.

Vi du: Pic tinh diéu chinh dong cd mot chiéu kich tir ddc 1ap: (hinh 3.2)

Khi diéu khién 4p phin tng u
(U < Ugy), tt thdong duge gitt dinh mic, £

bing @z, khong ddi: \

=> M¢p = K. @yl gy = hiing s6 . Vay diéu oo |gigm o
= dm w

giamU 'U=U,,

khién 4p phan tng dong co DC c6 dic tinh
di€u chinh 12 momen hiing s6 hay cong suat
ting d 1¢ (S do, thich hop véi tdi 6 Me pyny 3.2: Pyc tinh didu chinh dong co mot
khong doi. chidu kich tir doc lap

Khi diéu khién 4p ti thong (@ <Pg,,), 4p phan dng giit khong d6i, bing Uz,  Cong
sudt cho phép Pep = Ugm Igm = hiing s6, tuong dng véi cong suit dong cd khong ddi hay
momen gidm tf 1& nghich vdi sy ting cla toc dd do gidm tr thong. Do d6 gidm tir thong dong co
mot chiéu thich hgp cho truyén dong mdy tién khi tién tinh, c6 lugng in dao nhd, cin tc do
quay 16n d&€ ddm bdo dd bong va ning suit. Gidm tir thong con duge ding cho cic chuyén dong
khong tdi toc do cao.

3. Ham truyén dong cé DC va BBD:

- Ham truyén dong co: Khi dong dién tai 1a lién tuc, hAm truyén dong co DC kich tir doc
lap dugc xay dung tir cic pt sau

R U:E+R~I+L%+g
U L C.=kog 31> L@ C./R }%@ —>[ 1 }——z.

- [ 5T, 5
M=C,-1=kg-I T & )

E=C,-o
S Hinh 3.3a

[ ]
E LCPJ

Trong do:
U: bién 4p phan ting dong co.

E, I stic dién dong, dong dién phin tng cla dong co. I dudc vi€t in hoa dé chi gia tri
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trung binh.

R: dién tr§ tuong duong clia cdc sut 4p trén phan ng, L: ty cAm mach dién phan ting,
T4 =L/R goila hing s3 thdi gian dién ti

¢: Phdn (rng phan tng clia dong cd, ludn duge bd qua khi khdo s4t truyén dong dién.

C,: Hiing s8 dién tr ctia dong cd mot chiéu, tf 1& (hé s6 k) vao tir thong ¢ clia cudn kich
tur.

M: momen ddng co, § ch&€ dd xdc lap bing momen cén trén truc.

o: toc do, tinh biing rad/gidy.

Trong ch& dd x4c lap, dong trung binh khong ddi, suy ra:

W= CL(U —R-1) <3.2>Pay la phuong trinh dic tinh cd dco DC.

Néu dong tai gidn doan, ta khong c¢6 qud do dién tir vi dong dién tdi 12 nhitng xung c6
dang khong ddi, dat ch€ do twa xdc 1ap ngay sau khi thay d6i xung diéu khi€n: Tz, = 0

- Ham truyén BBD: Mot cdch gin ddng, tat cd BBP ludn ¢6 dang mot khau tré vi ngd ra
ctia n6 khong thé thay ddi giita hai 1dn phat xung diéu khi€n. Him truyén BBD c6 thé dugc
tuyén tinh héa thanh khau quén tinh nhu dang sau:

H(s)=Kgpe ™ = Kep trong d6
14Ty,

Kpp 12 ti s6 trung binh dp ra Vo trén 4p diéu khién Upg & ngd vao mach diéu khiénBBP.
Kpp xdc dinh tir so dd phat xung diéu khién d€ tao ra dang 4p trén tdi twong Wng. Kpp thay d6i
theo ch& d6 tai vd mach phdt xung. Nhu da khio sit, &€ c6 Kzp khong bi dnh hudng béi tai,
BBD cin lam viéc & dong lién tuc.

Tsp lahiing s thdi gian, tinh biing trung binh clia chu ky phat xung diéu khién (thdi gian
ctia hai xung lién tiép).

Vi du: Tgp ctia BBD dp DC 1a chu ky T cda tin hiéu diéu khién ngit dién. Khi cdc ngit
dién 1 transistor, ta c6 thé xem BBP 12 bd khuéch dai tic dong tic thdi vi tAn s6 déng ngit clia
transistor rat cao.

2. Ch& do ham cua TPD:

a. Khdi niém vé ché dé ham: Hai truc toa dd chia mit phing dic tinh cd ra lam 4 phin
tuong @ng vé6i hai ché do 1a viéc clia dong co:
Phantr I va Il c6 momen M ciing chiéu toc @6 @ , P =M.w >0, mdy dién lam viéc

& ch& @6 dong co: Pién ning --> co ning.

diénPhian tv II va IV c6 momen M ngugc chiéu téc dd @ , P =M.w <0, mdy dién lam
viéc & ch€ do mdy phat: Co ning --> dién ning. Ch& do nay con goi lach&€ do him vi momen
dong cd chong lai chuyén dong.

Cdc ché dé ham:

Quan sit dong co DC lam viéc v6i ngudn 4p, dic tinh co 1a dudng thing phuong trinh
<3.2> trén hinh 3.3a.
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Hinh 3.3b: Déc tinh cd clia dong co DC kich tir doc 1dp  Ham tdi sinh Ham ngugc

Khiw > wo = U/C, 1a t6c dd khong tdi 1y tudng, diém lam viéc di chuyén sang phin tu
tht II: ta ¢6 ch&€ do ham tdi sinh (regenerative braking). Khi d6 E = C,.w > U, dong dién ddo
chiéu, dong co bi€n thainh mdy phdt trd ning lugng vé ngudn.

Khi w < 0, ddng cd dio chiéu quay, di€ém lam viéc di chuyén sang phin tu thit IV: ta
c6 ch&€ d6 ham ngugc. Khi d6 E = C,.w < 0 cung chiéu vdi 4p ngudn lam dong dién ting cao
'ng v6i moment him 16n. Trudng hgp nay xdy ra khi ta déng ngudn theo chiéu ngugc lai mot
dong cd dang quay, dong cd s& him rat nhanh trudc khi khdi dong theo chiéu ngugc lai.

Khi U = 0, dong co bi€n thanh mdy phat, dong dién I = — E/R ddo chiéu lam cho
momen M = C,.I < 0 : diém lam viéc di chuyén sang phin tu thit II, ta c6 ch& do him dong
ning (dynamic braking). Khi d6, co ning bi€n thanh dién ning tiéu tdn trén dién tr§ clia mach.
Ch& dd ham nay dugc goi la dong ning vi thudng dugc diing d€ ham dirng dong co dang quay,
ning lugng him chinh 12 dong ning cda chuyén dong.

DPong co khong dong bd cling ¢6 nhitng qué trinh him tudng ty khi ta quan sat dic tinh
co trén hinh 3.1. Trudng hdp dong co 1am viéc & tdc d6 16n hon toc dd ddong bd wp, M < 0
tuong @ng ch& dd him. Ta c6 him tdi sinh vi dong cd bi€n thanh mdy phat, chuyén ning lugng
vé ludi AC. Khi d6 HT can ngudn co ning, vi du dong co dang dugc mot dong cd khic kéo hay
HT dang c6 ning lugng tich trit dang dong ning hay th€ ning can tiéu tan.

- Ung dung ch€ do hdm trong truyén dong dién: Pong cd dién lam viéc & ch€ d6 ham
trong hai trudng hogp:

* Him dirng dong co dang quay hay gidm tdc do: PE dirng hay gidm toc nhanh dong cd
dang quay & toc dd cao, dong ning clia bo phian chuyén dong cin dudc tiéu hao. Ché€ dd him
cho phép bi€n d6i cd ning nay thanh dién ning tuong &ng v6i momen him, chi ton tai trong
qua trinh qua d9.

* Him dong cd bi kéo do modt ngoai luc, vi du nhu ha tdi thé ning hay x4 cudn gidy hay
ton. Luc him cda dong cd cin bing luc kéo lam hé thong chuyén dong déu. Khi dé6 dong co
lam viéc nhu mdy phét, bi€n d6i cd ning thanh dién ning.

b. Ché dé ham tdi sinh ciia hé théng truyén dong BBD dong co:

Pé gitp dong cd lam viéc & ch€ d6 ham, BBP cin c6 khi ning nghich lvu — chuyén
ning lugng dién tir tdi vé ngudn. Luu y khong phii BBD nio ciing c6 kha ning nay, vi du nhu
céc bo bi€n ddi sau khong thé nghich lwu: Chinh luu diéu khién pha, so dd chinh luu diéu khién
khong hoan toan (SCR + D), BBD 4p DC so d6 1 phan tu (1 quadrant) mit phang tdi.
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BBD 4p DC so d6 2 phan tu cho phép him téi sinh dong co DC dé dang vi né lam viéc

duge & phidn tw Iva II: Vp > 0 va I c6 thé ddo chiéu. Chi can gidm trung binh d4p ra V, nhd

hon stic dién dong E clia dong co, dong tdi Ip = (Vo — E) /R ddo chiéu, M < 0 dua dong co vao
ch& do ham.

W
+
D1 —L- l
~ /g —
I E>0 A
\% > 2 T
) —
02 AN A T
) 52 —
S — | M
0 M,

Hinh 3.4.a:HT truyén dong dung dong cd DC

va BBP 4p DC, so @6 lam viéc 2 phan tu Hinh 3.4.b: Quy dao pha khi him ding
BBD hai phan tu (him tdi sinh) bing cdch
giam dan Vo vé 0.

Vi dul: (hinh 3.4b) Piéu khién him @
dirng xe dién chay biing BBD hai phan tu va — |
ngudn accu (hinh 3.4.2). Gii st xe dang chay I

véi toc dd w; (diém A) va ta mudn ding
nhanh. C6 thé ngit dién dong co va sit dung
thdng co khi , khi d6 dong niing chii y&u bi€n
thanh nhiét do masat. Nhung néu ta gidm dan
dp ra Vo cia BBD, dong dién Iy s€ ddo
chiéu, dong co bi€n thanh mdy phit va BBD
s& lam viéc trong ch€ do ting dp, nap ning
lugng tré vé accu. Vi th& phuongphip nay
dudc goi 1a him t4i sinh.

Hinh 3.4.c: Quy dao pha khi him diung
dung dién trd (ham ddng nang).
Vi du2: (hinh 3.4b) P& dirng nhanh dong co DC, ngudi ta ¢6 thé ngit ngudn, ndi tit phan
rng bing mot R nhd. Pong co bi€n thanh mdy phat, dong dién ddo chiéu tao ra momen him va
dong ning HT sé& tiéu tdn trong mach phin ng, phuong trinh dic tinh co dong co khi him

la:w= —%M , Momen him gidm nhanh khi td¢ do vé khong (hinh 3.4c¢)..
¢
Trong khi 4o, quy trinh Chinh luu Diod Nghich luu ngudn dp
him & dong cd DC dung chinh — e 1 ? ?
A e L

luu di€u khi€n pha phic tap hon g J R _| _| _|
nhi€u nhu sé trinh by trong cdc g | Z~S +
muc sau cia chuong na ¢ Ter A B ¢

| ] & HE 3
D6i v6i bi€n tin ngudn dp cong .

sudt trung binh va bé (hinh 3.5), o
ddu vao thudng 1a chinh luu diod Hinh 3.5: Mach dong lyc bi€n tan cé khau trung gian

nén BBD khong tr ning DC va nghich luu ngudn 4p.
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lugng vé luéi dugc nhung bd nghich luu ngu6n ap lai ¢6 dic tinh thudn nghich. Khi tdi bd
nghich luu 13 dong co khong ddng bd 1am viéc trong trang thdi him, co ning dugc bi€n thanh
dién ning va chi c¢6 thé tich trit & tu loc C. IGBT Q7 va dién trd R c6 nhiém vu tiéu thu ning
lugng nay dé trdanh qui 4p mach dién mot chiu. Viéc him chuyén dong bing dién trong dé
tiéu thu dién ning (tir co ning bi€n thanh) qua dién tré dugc goi 1a him dong ning (dynamic
braking). O bién tn cong suit 16n, chinh luu ddu vao phai dung SCR véi kha ning 1am viéc &
phin tu thi hai, khi d6 ning lugng sé& dugc trd vé 1u6i: ham tdi sinh.

4. Cdc bai todn cua TPPD:

- Diéu khién momen: Ngoai bai todn diéu khién momen trong qu4 trinh ting, gidm tdc,
trong rat nhiéu trudng hgp can phai diéu khi€én momen trong ch& do xac lap. C6 thé ké:
* Yéu cAu bdo vé qud tdi (cd va dién) vi momen khi 1am viéc ti 1& véi dong dién
qua dong cd do sy cd hay khi lam viéc binh thudng (dic tinh mdy xiic) <=> bdo vé dong
cia BBD.

* Mot s6 dang tdi yéu cau lam viéc & momen hay luc kéo dit tru6c, vi du nhu
cdc phuong tién van tdi do ngudi 1di khong thé diéu khién tuw dong theo téc do, cdc cd
cdu cudn gidy, sin pham dang bing cin tdc do thay ddi theo dudng kinh cudn.

- Diéu khién téc dj: La bai todn quen thudc, toc dd ludn dnh hudng chat lugng va ning
sudt clia may méc. Do dé diéu chinh va 6n dinh t8c¢ d6 cho truyén dong cdc may méc cong ludn
la bai todn can ban cia TPD.

- Diéu khién vi tri: trong mot s6 may méc, ta can diéu khién vi tri mot bo phan cong tic
vi du nhu toa d6 di€m khoan, vi tri bdc dd tai trong cdu truc ty dong (khdng ngudi diéu khién),
budng thang mdy. Hai bai todn quan trong clia diéu khién vi trf 1a:

* T4dc dong nhanh: T&i thi€u thdi gian di chuyén. Bai todn nay thudng két hop
vdi cdc yéu cau khac nhu han ch€ gia tdc, toc do.

* Dirng chinh x4c va han ch€ vot 16: Pdy 1a mdt yéu ciu din dén gidm tinh tdc
dong nhanh, theo d6 dong co phdi di chuyén dan d&n vi tri dich khong vot 16 va gidm tdi
thi€u sai sd.

Bai todan di€u khién vi tri nhu vay thudng dugc gidi quyét bing cdch chon sd d6 diéu
khién thich hgp va tinh todn tin hiéu dit theo quy dao pha chuyén dong t&i wu. Quy dao pha
chuyén dong t6i uu c6 thé md ta don gidn 12 hé thong cin c6 dd thi thich hgp cho téc dd, gia
tdc khi khdi dong, hoat dong va gidm tdc tru6c khi d€n dich.

Vi du: Ding Simulink dé mé phdéng qud trinh diéu khién vi tri khi hiéu chinh 3 vong t6i uu
module khi tin hiéu ddu vao la ham ndc va ham déc.
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Hinh 3.6: M6 hinh Simulink hiéu chinh 3 vong t6i uu module.

Vi tri dat

Momen, téc do, vi tri la
ba bién trang thdi ciia truyén
dong dién va ta cé thé sit dung
diéu khién toa dé. Khi do, ta cé
thé dieu khién vi tri (vong
ngodi cung) véi momen, téc do
(cdc vong trong) duoc git
trong gioi han dinh trudc.

Dung  Simulink  mo
phéng HT va két qud hiéu
chinh 3 vong thanh t6i uu
module dugc trinh bay trén
hinh 3.6. Trong vi du nay, hiéu  Hinh 3.7a: K&t qua khdo sat md hinh véi tin higu dit ham nac.

Time {second)

chinh P dugc dung vi cdc ham
truyén doi tuong déu cé tich
phdn, gid sit nay tuy khong phi
hop dong co thuc nhung khong
lam thay déi ¥ nghia cla
phuong phdp. Tir do thi, khi téc
do hdng s6, vi tri tdng tuyén
tinh theo thoi gian, momen
dong co khi dé gan bing khong
vi dong co khéng cé momen
cdn. Qud dj téc djp cé dang
cia duong cong bdc hai tdi
han.

Time {second)

Hinh 3.7b: K&t qua khdo sat md hinh véi tin hiéu dit ham doc
- Piéu khién theo bam (tlly dong): La mot dang diéu khién vi tri, khi vi tri dit thay d6i
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theo thdi gian va nhu viy dong cd cin phai tdic dong di nhanh d€ c6 thé bam theo.

Hinh 3.7 cho thdy hiéu chinh thanh t&i vu module khong dat yéu cau bam theo ham
doc. Nhu ta da biét, dé vo sai vdi ham ddc can phai hiéu chinh t8i vu ddi xing. Ta c6 thé dua
vao s dd khdi hinh 3.6 d€ hié¢u chinh t&i wu d6i xting cho khau vi tri d€ kiém tra. Trong thuc t&,
ngoai phin hiéu chinh toa d6, ngudi ta con dua vao cdc phan hdi/hiéu chinh song song dé cai
thién dic tinh qud d6 khi ding mach analog. Khi diéu khién s&, thong s6 PID s& dudc diéu
chinh ty dong trong qué trinh 1Am viéc, thich hdp vdi trang thai hé thong va chat lugng dong
hoc mong mudn trong tirng giai doan.

5. Qua4 trinh khéi dong:

Pong co dién 1a mot tdi dong: v6i ciing dong dién, sut 4p qua né ting theo tdc dd quay.
Do d6 khi déng truc ti€p vao ludi d€ khdi dong, dong qua dong co ludn ludn 16n. Dong dién nay
c6 thé tr 5 d€n 7 1An dong dinh mifc, c6 thé gdy sut 4p 1am 4dnh hudng cdc tdi khdc trong 1u6i
dién. Nhat 1a ddi vdi ti dong cd, sut 4p 16n c6 thé khi€n cdc dong co nay sut tdc va ting dong.
Vi vay khi cong suit dong co kha 16n hay & cdc khu vuc yéu ciu chat lugng dién ning cao,
ngudi ta can c¢6 bd khdi dong. Khi d6 dong dién sé dudc gi6i han & gid tri cho phép. Khi gidm
dong khédi dong, ta cAn d€ y d€n momen khdi dong , né can phdi 16n hon momen cin dé HT c6
thé ting toc.

B6 khdi dong con c6 kha ning diéu khién momen dong dé han ch& @ng suit trong céc
phin ti chuyén dong, nhim tranh hu héng, ting do bén vi du nhu & bing tai, thi€t bi cong
nghiép gidy, in, vdi... Piéu nay ciing tuong duong vdi viéc gidi han gia tdc ctia chuyén dong.

Trong céc bd khdi dong chat lugng cao ta c6 thé dit trudc thdi gian khdi dong hay ting
toc (acceleration) twong Gng véi mot dang dudng cong ting tdc chon trudc, c6 thé 1a ham doc
(RAMP) hay chit S. Thdi gian kh&i dong dai <=> gia toc nhd hay momen dong, Gng suit nhd.
Tuong tu ta ciing c6 thé€ chon thdi gian va dang clia dudng cong gidm tdc (deceleration).

1112 TDP PCO DC DUNG CHINH LUU PIEU KHIEN PHA:

1. So do khai:

Pé diéu khién tdc d6 dong co DC tir 1u6i cong nghiép, bo chinh luu cé thé dugc dung dé
cung cAp 4p phin tng va dong kich tir nhu trinh bay trén hinh.

- Trong cdc HT TPD dong cd DC CL Diod
ding BBP, gudi ta thudng ding dong cd kich I Rk hay SCR
ung , gudi ta ng ding dong co kic Luci
tor doc lap hay hon hgp, it khi dung dong cd
e < , A ” ~ ~ o s o
ndi ti€p vi khé di€u chinh: toc do ting rat
cao khi khong tai. —> | Mach kich
5 . ) . Pong bd
- O cong sudt nhé dén trung binh va Udk
khong dido chiéu, bo chinh luvu diéu khién Phin hai
khong hoan toan (SCR + Diod) c6 thé dudgc ?ﬁfn‘ﬁ —
ding vi kinh t€ va don gidn. G cOng suat
trung binh va 16n hay khi can lam viéc & ché& TDétté'c do
d6 ham, bo chinh luu diéu khién toan phin B0 diéu khién

ludn dudc st dung. BBD dio chiéu sé& dudc
xét d€n khi can ddo chiéu dong co hay trd ning lugng vé 1u6i thudng xuyén.
- Chinh luu diéu khién pha chi ding cho mach kich tir khi cAn hoat dong & toc do cao
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hon td¢ do cd bdn, va nhu ta da biét tr vi du & muc IIL.1.2, ti thong chi dugc gidm khi 4p da
ting dén gia tri dinh mdc.

2. S¢ @6 diéu khi€n HT chinh luu - Pco:

Diéndp &
Dicu khicn R Khéi . o
o phét xung N 300/5 A 4
kich SCR >
phan hoi % so05a] T2 (] .
dong . 2 -
Tl -
dong -
Hinh 3.8b

hinh 3.8a

Véi bai todn diéu khi€n momen va téc do, sd dd diéu khién toa d6 cho bd ngudn DC &
chuong 2 déu c6 thé dung lai cho HT diéu khién tdc d6 dong co DC khi d€ y momen ti 1& v6i
dong dién dong cd va toc do 1a dai lugng cAn diéu khién dugc phan hdi & vong ngoai thay cho
dién 4ap.

J céc dong cd cong suit bé hay & mot s6 mach diéu khién don gidn, vong dong dién chi
12 mach ngit diing BJT nhu hinh 3.8a. Khi d6 transistor 12 mot dién tr§ thay ddi, né lam gidm
4p diéu khi€n Upk dén mach kich <=> gidm 4p ra va gidm dong ra tudng &ng v4i vi tri clia bién
trd POT, sao cho 4p trén cuc BE ctia BIT biing 0.6 V. Tin hiéu dong c6 thé 14y qua mot shunt +
mach khué&ch dai cdch ly (& cdc HT chat lugng cao) hay dung bi€n dong & truc chinh luu néu
dong 1u6i khdng c6 thanh phan DC (hinh 3.8b). Do tdi khong c6 trung tinh, chi cin hai bi€n
dong 1a dd cho hé thong 3 pha.

DPé& diéu khién tdc do, tot nhat 13 phdn hoi téc do. C6 thé diing may phét toc 1a loai may
phat dién dic biét, c6 ngd ra ti 1& tuyén tinh vé6i toc dd quay. C6 ba loai: Mdy phat toc DC, AC
( tacho generator) c6 ngd ra la dién 4p va xung (pulse tacho generator) cho ra chudi xung c6 tan
s6 ti 1& tuyén tinh v6i t6c do quay. Ta ciAn chinh luu va loc phing cho ngd ra AC tacho
generator va bi&€n ddi tdn sé ra dién ap cho phat toc xung (con dugc goi 1a bd mi héa géc
quay tuong ddi — incremental rotary encoder) khi st dung cdc bo diéu khién analog dudc trinh
bay trong chudng 2.

Khi khong cin chinh xdc, ta ¢6 thé phdn hodi dién 4p ngd ra bd bi€n ddi dé giit 6n dinh
4p ra va bu sut toc do tai (dong dién) thay ddi. Ngudi ta con goi 1a nguyén tic phan hdi 4m 4p,
duong dong khi d€ y dén diu clia cdc phdn hdi. C6 thé CM (Iy thuyét) 13 vdi cdc ti 1& thich hop,
phan hodi nay cho ta phan hdi tdc do, khi d6 né dugc goi 1a phdn hodi ciu téc do. (xem lai hinh
11.4.8)

Bai tdp: Tim hé s6 «, f @€ phdn hdi Am dién dp U, va phdn hdi duong dong I tuong
duong phdn hdi Am toc d6 .

Hudng ddn: Péng nhat hai v€ biéu thic 4p phdn héi Uy, = — aUys + BI =— .o, Vi y
12 hé so ti 18.

3. Ham truyén bd chinh luu va dang 4p dong bd — Anh huéng ctia dong gidn doan:

Ap dung céc tinh chat chung ctia ham truyén BBD (muc II.1 5) cho sd dé chinh luu, ta c6

cac nhan sét sau:

- Hiing s& thdi gian Tsp clia chinh luu diéu khién pha bing 20/m (ms) khi tin s& 1u6i 1a
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- Hé so khuéch dai Kpp thay ddi theo ch& @6 dong tdi va mach phat xung. Khi dong tai
lién tuc (L tai di 16n hay & bo chinh lvu ddo chiéu diéu khién chung) Kgp chi phu thudc mach
diéu khién. Bi€u thitc cho trung binh 4p ngd ra:

V, = Vjp-cosa khi di€u khi€n hoan toan hay V, =%Vd0 (1+cosa) khi diéu khi€n khong

hoan toan. V, 1a trung binh dp ra chinh luu diod. Quan hé o va dp diéu khién U g xdc dinh tir

so d6 phat xung. C6 thé chitng minh dé dang 1a chi khi diing bd phét xung theo nguyén 1y so
sdnh va ddng bd cosin , Kgp mdi c6 thé 1a hiing s6. That vay, khi d6 a =cos™' (U, /Uy,...) suy

ra Ky =V, /U, =V, /U

dbmax *

- Anh hudng ciia dong gidn
doan: Nhu ta da biét, mach dong
Iyc khdng c6 qudn tinh dién tr khi
dong gidn doan. Piéu nay 4nh
hudng kha 16n d6i véi dong hoc clia
hé thong s dung chinh luu diéu
khién pha: ham truyén hiéu chinh
HT khi dong lién tuc va gidn doan
1a khdc nhau. Khi cin chat lugng
déng hoc cao, ngudi ta sit dung hai
b6 hiéu chinh cho hai trudng hgp
dong tii, dung mot bd ki€m tra
dong bing khong d€ chon bo hiéu
chinh 1am viéc.

4. Ham dong co DC: ( Su
lam viéc 2 phin tv mit phing dic
tinh ¢d cia HT chinh luu dong co
DC).

Ta di bi€t bd chinh luu diéu
khién hoan toan cé thé 1am viéc & 2
phin tu thit I twong ¢ng véi ché do
chinh luu va phan tu thit IV ¢ng véi
ch&€ do nghich luu. Trong ché do
dong co, HT 1am viéc & phan tu thit
I: Vo, E > 0.

Mudn him dirng mot dong
co dang quay, dau tién ta gidm Vp
bing cidch ting o, dé dong qua
dong cd gidm vé 0 (t2). Sau d6
khéa xung kich SCR va ddo cuc
tinh dong cd d€ chuin bi cho ch& do

I L >
0
" R
! R
—
0
E
v “r 'IR
0 1t

T nrgdt N déng

L L] iy ta tg tg Itz

Hinh 3.9: Him va d4o chiéu dong co mot chiéu khi ding
contactor ddo chiéu

nghich luu. P& han ché& dong qua BBD khi kich xung trd lai, ta ting géc o d€n gid tri
max tuong Gng vSi 4p nghich luu cyc dai va gidm dan (t3). Khi tri sd tuyét d6i [Vol bat dau bé
hon tri s6 tuyét ddi clia stic dién dong |El dong co, dong dién xuat hién trd lai (t4) va ta c6 qud
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trinh ham. Géc kich o gidm din cling v6i bién dd cta E khi t6c do dong co gidm d€ duy tri
momen him cho d&n khi dong co dirng (t5).

Viéc dua géc PK pha o vé gid tri max khi him d€ tranh qud dong dugc goi 1a k§ thuat
“PHASE BACK”, n6 ddm b3o trung binh 4p ra khi d6ng dién ludn bé hon (s6 dai s6) sifc phdn
dién, nén dong dién qua mach khi ndi sitc phdn dién vio BBP ludn biing khong. PE dong dién
khong cho dong vugt qué gid tri cho phép trong qud trinh hdm, toc dd gidm géc a phdi tuong
ing vdi tdc do gidm stc dién dong tdi E vi 1= (Vo — E)/R . Vong diéu khi€n momen (dong
dién ciing c6 khd ning han ch€& dong khi qué do.

Ta con gip lai k§ thudt nay trong cdc so dd diéu khién TPD ddo chiéu quay.

5.TPD dio chiéu quay:

a. Cdc sd do:

Chinh luu diéu khién pha dit ¢6 thé cung cip 4p ra > 0 va
< 0 nhung dong ra chi cho phép > 0 (lam viéc phan tu thi 1 va IV /

;?;nrgélif félil;? Stjlidé/oc,hggil:hinh 3.10a . Bé c6 thé ddo chi€u dong y/////////////?%
- St dung céc ti€p diém ddo chiéu (hinh 3.10 b va c): Hinh ///////////////%

v& dang c6 ti€p di€m T déng, cung cip 1 chidu dong tii, néu T %////////%

ngit va N déng dong tdi sé dugc phép dio chiéu.

Hinh 3.10a
IO
+ > L + > l _
%{ T N %{ Luéi
] Taz @—‘! Z—— Tdi ;‘Z 7
Luoi Lugi
| Np T _ T .
Hinh 3.10 So dd nguyén ly: (a) D&o chiéu dung tiép diém (b) BBD dao chiéu
- - BPth.aoh.clne(;l\: GOl;l’.l }}112\11 k})g f(l)nnh Z§T1—Z§TZ—Z§T3—
\ cun§ cap Aal c/ 1e\u ong tai, hin 5. .(cz A | ;
la so @6 nguyén ly va hinh 3.10.(d) 1a so do Bw S % O
cu thé véi cdc bd chinh luu hinh tia. C U1 N
b. Nguyén ly diéu khién BBP dio A K A
chiéu: T4 lT5 |76 UO Téi
DPé hai BBP cung cip ciing gia tri Vo UO2J/
cho tdi, cdc géc dk pha ctia hai BBD s&€ ¢6 N _ .
quan hé nhu sau khi gia st dong tai la lién -
BBD 1 cung cdp dp trung binh Vo, vdi géc a;, BBP 2 cung cdp dp Vo va a..
Vo =Voi1 = Vgp.cos a;= Voo = -Vgy.cos az=> cos a; =-cos az haya;.ox=rn

néua;>0: BBD 1lachinhluu =>  a><0.:BBD 2 langhich luu.

Du c4c tri trung binh hai BBP 12 biing nhau, gid tri tifc thdi cda ching khong bing nhau
lam xuAt hién dong dién cin biing (con goi la tudn hoan — circulation) chi chay qua hai bod
chinh luu khi chiing cting 1am viéc. Dong cin bing c6 thé r't 16n néu ta khong c6 tdng trd han
ché& chiing. Ngudi ta ¢6 cdc cach diéu khién sau:

- Piéu khién riéng: Mdi liic chi cho mdt bo chinh Iuu 1am viéc tuong ng vdi chiéu dong
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dién hoat dong hay mong mudn. Nhu vy khong c¢6 dong cin bing. V4i cling dién dp Vo trén
tai, khi ddo chiéu dong thi mdot BBD 1a chinh luu, b con lai 12 nghich lvu va ngudc lai.

[6))

Diéu khién
chung hay hén
hop

M

Nghich luu

A K
biéu khién

riéng

w

Chinh Iuu

Hinh 3.11a: Pic tinh co truyén dong ddo chiéu khi diéu khién chung va riéng.

Uu di€ém quan trong cla
viéc diéu khién riéng 12 mach
dong Iuc ré tién, hiéu sudt cao
hon diéu khién chung. Nhudc
di€m 12 mach diéu khién phic
tap va dic tinh dong kém, can cé
thdi gian cd hai BBD khong lam
viéc khi chuyén BBD lam viéc dé
tranh trudng hop c6 thé cd hai
BBD cung din dién.

- Piéu khién chung (ddng
thoi): Hai BBD cung c6 xung
diéu khi€n nhung chi c6 mot bod
c6 dong tdi, dong cin bing dudc
han ch€ bing cudn khidng KCB
va qui luat diéu khién thich hdp.
C6 hai cdch phdi hdp : tuyé&n tinh
va phi tuyén.

e Phdi hdp tuyén tinh:

Goi o, ay 12 géc diéu
khién pha hai bd chinh
Iuu. Cdc 4p trung binh
Vor = Vo2 = Vo cho ta
o = T - O, tuong tu
nhu da khdo sit & dicu
khién riéng. Ap trén
cudn khdng cin bing
Ueb = Vol — Vo2

khong c6 thanh phan

M
Iy
iF K 2 4
—_—
2 0%
b—o0
X o*
Chink luu 1 Chink luu 2

v} XJ__ i
I
]
t
’ I
II | —— |

ty

£ £y

mot chiéu (tri trung Hinh 3.11b Ham va ddo chiéu dong cd khi ding BBP dio
chiéu diéu khién chung
tinh tuong ty nhu khdng can bing cda bd chinh luu sdu pha c6 khdng can bing. Dong

binh biing 0) c6 thé
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can biing c6 tic dung lam dong qua cdc BBP luon lién tuc.

e Phdi hgp phi tuyé&n: P& gidm nhd kich thuéc cudn khdng cin bing trong khi vin han
ch& dong cAn biing & gid tri mong mudn, ngudi ta diéu khién cho 4p ra nghich lvu 16n
hon dp ra chinh luu:

op=m+0-ahayo;+ou>m

Piéu khién chung c6 1gi 12 mach diéu khi€n don gidn, dong tdi luon lién tuc. BAt 1gi 1a
ting gid thanh va t6n hao cong suit cao do c6 dong cn bing. Hinh 3.11b cho ta qué trinh qué
dd cia BBP ddo chiéu diéu khién chung khi him va ddo chiéu dong cd mot chiéu. PE y hai
BBD 1u6n c6 dong dién (t5i thi€u 12 dong cin biing), qua dd x4y ra mot cach lién tuc.

- Piéu khién hén hgp: Sd @6 diéu khién hén hgp c6 mach dong luc nhu so dd diéu khién
chung va diéu khién chung khi dong t3i bé va diéu khién riéng khi dong t3i 16n. Nhu vay ta di
tan dung tat ca wu diém cla hai so do.

c. Mach diéu khién chinh lvu ddo chiéu diéu khién riéng:

Ta bi€t ring & bd chinh luu kép diéu khién riéng, mdi lic chi c6 mot bo chinh luu lam
viéc. Do d6 hat nhian cia mach diéu khién bo chinh lvu ddo chiéu diéu khién riéng 12 bd chon
hay dinh huéng xung d&€n mdot trong hai by chinh luu. Hai bd chinh luu c6 thé ding chung hay
riéng mach phat xung nhung cin dé€ y 12 v6i mot gi tri 4p trung binh Vo trén tii, bd lam viéc
trong ch& dd chinh lvu c6 géc diéu khién pha o thi bd 1am viéc trong ché€ dd nghich lvu nhin
xung géc  — a.. C6 hai nguyén ly d€ chon bd chinh luu:

- Theo tin hiéu dit khi ta can ddo chiéu dp ra: chon 1am viéc & phan tw 1 hay IIL

- Theo dong dién tai khi cAn ddo chiéu momen, chuyén di€m lam viéc tif phan twr 1
sang II.

Ky thuat “phase back “ ludn dugc wng dung d€ tranh qua dong khi cho bd chinh luu bit
dau lam viéc.

Vi du cho trudng hgp chon bo chinh Iuu theo tin hiéu dit: Khi bat ddu kich bo chinh luvu
1, d€ c6 4p ra duong, ta bit ddu biing cho géc diéu khién pha gid tri max va gidm Iin dén gid tri
lam viéc.

Tuong tu, gid st bd chinh luvu 1 dang 1am viéc véi Vo > 0 (ch&€ do chinh luu). Khi stic
phan dién clia t3i ting dan, néu trung binh 4p ra bo chinh lvu 12 khong d6i, dong tai Io = (Vo —
E)/R gidm lan d&n zero. Khi ¢ ddm bio dong qua bd chinh lvu 1 bing khong, cé thé kich bo
chinh luu 2 & géc aypax va cling gidm dan dé&n gid tri lam viéc — V, < 0 tuong Gng véi ch€ do
nghich luu. Phdn hoi dién 4p gitip cho ta tim dén di€m lam viéc va phdn hdi 4m dong han ché&
kha ning qud dong c6 thé x4y ra.

Pé ddm bio dong qua mot bo chinh luu thit sy bing khong trude khi kich bo chinh luu
con lai, cAn delay mot ban ky truge khi kich cac SCR trd lai d€ tranh kha ning ngin mach hai
b0 chinh luu.

I11.3 TPP PCO DC DUNG BBD AP DC:

1. GiGi thiéu chung:

Nhu ta dd bi€t, BBP 4p DC c6 thé ding d€ diéu khién dong cd DC trong cic trudng hgp:

- Stt dung trong cic truyén dong dong cd chap hanh khi khai thic cdc vu di€m sau clia
BBD 4p DC: tic dong nhanh nhd st dung tan s diéu rong xung 16n (v6i ngit dién transistor),
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s0 dd 1am viéc 4 phan tv don gidn va ré tién hon chinh luu diéu khién pha. Khi diing cho cong
suat 16n (vai traim kW), cdc uu di€m nay khong con vi cdc ngit dién thyristor lam viéc & tan s&
thdp hon va yéu cau mach tit phitc tap. Ngay nay, truyén dong DC cho dong co chdp hanh dan
bi thay th& bing cdc HT truyén dong diing dong cd AC vdi chi't lugng ngdy cang cao.

- Ngudn dién mdt chiéu c6 sin nhu trudng hop cdc hé thdng van tdi cong cong & cic
nudc hay cdc hé thdng ding accu. Ngay c& & trudng hgp nay, cdc hé thdng st dung dong cd AC
ciing té ra wu thé khi gia thanh cdc bo nghich lvu cdng suit 16n dang gidm nhanh.

Viéc thi€t k&€ BBP c6 cdc di€m cin luu ¥ sau:

- Mot céc tdng qudt, so do khdi HT khong thay d6i so v6i bo ngudn hay chinh lvu diéu
khién pha.

- P& han ch€ dong dién, bén canh viéc sit dung vong diéu khién dong dién, ngudi ta c6
thé tich hop vao mach 14i bd phan han dong tic thdi, khéa transistor ngay khi dong dién vugt
qud gid tri cho phép (xem lai chuong 1). Mach han dong nay c6 thé thay th€ vong dong dién
néu tai khong cin han ch€ momen (nhu & cdc hé thong diéu khién vi tri cAn tdc dong nhanh hay
cong suat bé).

2. Céc so d6 dong Iyc va thuat toan diéu khién:

[\

+

- Viéc chon so @b dong lyc va diéu khién cin dé ¥ d&€n kha ning him cda BBD.
D1 7
N ‘ Vo
- N D2 4
_ T/ 52 Vi _
N
Q &

N :/53
S {
S4
O : .
(a) (b) (c)

Hinh 3.12: BBD 1am viéc 1 phan tu mit phéng tai (a), 2 phdn tu | va Il (b), | va IV (b1) vd& 4 phan tu
(c).

S1
@_o\o_‘

P& dong dién trong hai sd s6 d6 (b) va (c) lién tuc, ® *
ddm bio su di chuyén nhanh chéng cia di€ém lam viéc tir + l D3
phan tu thit I qua 11, ta cAn ¢ su dong ngit ngudc pha giita S1 (/ ZS
hai ngit dién ndi ti€p nhau: S1, S2 hay S3,54. i

\ LV P
Thét vy hay xem so do (b). Khi S1 déng, S2 ngat
vangugc lai: dong tdi c6 thé ddo chiéu ma 4p ra khong Do 4D Vo {
S4

ddi. Vi du nhu khi S1 d6ng, 4p ra s& bing V va khi S2 -
déng 4p ra bing 0 bat chap chiéu dong dién ip. Do d6 sd g
dd (b) c6 thé 1am viéc trong ch€ d6 gidm 4p (phan tu 1) (1)

hay ting 4p (phin tu 1I) phu thudc twong quan gifta trung binh 4p ra Vo va stic phdn dién E cia
dong cd. Khi dang kéo & téc do cao: Vo > E va Ip > 0, ta gidm V. Do dong niing phan quay, E
khong thay ddi tic thdi va > Vp : Ip ddo chiéu va ta c6 ch€ @6 him cho d€nkhi  Vy > E trd lai.
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BANG TOM TAT CAC PHUGNG PHAP DIEU KHIEN SG B0 CAU (hinh 3.12c)

Céch diéu khién Phan tvlam viéc | Pic diém

S1=82=84=S3 4 phan tulién tuc | chdt lugng dong hoc 5t nhat, lvu ¥ tring
din, nhdp nhd dong cao lam ting tdn
hao

diéu rong S1, S4 khi quay |I cho quay thuin, | mudn him hay ddo chiéu cin thay ddi
thuin, diéu rong S2, S3 khi | Il quay ngudc luat dk, dk don gian, it tdn hao, khong

quay nghich thé triing din
S1=S2 cho dk t&c do, I, II quay thuin, | him dirng tot, ddo chiéu cin thay ddi

— A LIV quay nguge | luat dk, it tdn hao, luu ¥ tring din
S4=283 dé chon chidu quay quay neut ; y Hang

S1=S2,84=S3 4 phan tu lién tuc | chit lugng dong hoc tt nhit, nhdp nhod
S1=S4(wt-7x) léch nhau dong thap va so dd phifc tap nhat, luu y

trung dan.

géc

So db (bl) 1a trudng hop clia so dd (c) khi ta déng ngdt S1, S4 (S2, S3 ludn ngit) d€ cung
cAp dong > 0 cho tdi vd déng ngit S2, S3 dé cung cAp dong < 0. Vi cich diéu khién nay, ta
khong c¢6 ch& @6 him né&u khong c6 su bd sung thuit todn. That vay, dong tdi chi c6 thé ddo
chiéu khi ta thay dsi cédp ngét dién lam viéc va do d6, khi ta giam Vy , Ip giam vé 0 vamomen
dong co bing khong, HT chi gidm tdc nhd momen cin clia tdi. P& c6 lyc him dién, ta cin
chuyén ddi ngit dién d€ ddo chiéu dong tai, thuit todn sé tuong tu nhu & bo chinh lvu dio chiéu
diéu khién riéng: khéa xung S1, S4 -> delay -> déng xung S2, S3 & 4p ra thich hop tranh viéc
qui dong. Khi him dirng, ta c¢6 thé ndi tit phan ¢ng dong co bing mot R nhé d€ him dong
ning.

Su déng ngdt ngugc pha giita hai ngdt dién ndi ti€p nhau (S1, S2 hay S3,S4) trong BBD
4p DC c6 mot nhuge di€m 1a c6 kha ning xay ra tring dan hai ngit dién ndi ti€p: S1 chua khéa
khi ta d6ng S2, lam ngin mach ngudn. Pidu nay c6 thé loai bé bing mdt khodng thdi gian nhd
(vai microsec) khdng c6 ngit dién lam viéc giita hai khodng din ctia S1, S2, thuc hién chii dong
bing mach phat xung hay mot mach tré trong khoi 14i transistor.

Vi du vé mach diéu khién BBD dp DC cong sudt bé ( < 5A, < 36 V)

Sau day 1a mot s6 so dd PON GIAN, khong c6 mach ci thién déng ngit, c¢6 thé dung &
cong suat bé, tin sd thap.

- Khi dong qua dong cd < 1 A, ta c6 thé diung vi mach SN754410 clia hing Texas
Instrument, c6 vé dang DIP16, trong c6 4 nita cau ddc 1ap c6 thé ghép thanh hai cau. Vé6i 2
cdng EX-OR (CD4070 hay MC14070) ta diéu khién cdu bing céc tin hiéu:

e PWM: diéu rong xung.

e EN: cho phép hoat dong khi c6 logic cao.

e DIR: Chon chiéu quay.

Diod phéng dién can dung loai phuc hdi nhanh, vi du FR105 hay FR157. P& trdnh hién
tugng tring dan c6 thé xay ra khi hai transistor clia ntra cAu chuyén mach, mot dién tré ndi ti€p
ngudn dugc thém viao. Vi mach SN754410 khong c¢é bio vé nhiét hay qud dong nhu mot sd vi
mach diéu khi€n dong co khéc.
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- MosFET kénh n IRF540 (Ippax = 33 A) va bd phu IRF9540 (kénh p) c6 thé dugc 14i
truc ti€p bing cdc optron khi ta khong yéu cau dic tinh d6ng ngit tot nhu sd do sau:
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Hinh 3.13: Mot s8 so d cAu v6i mach 14i don gidn.

VCC c6 thé bing 5 V hay cao hon khi thay d8i cdc dién trd han dong cia cac LED diu
vao optron. Céc diod 8n 4p 12V ding d€ bdo vé qué 4p cho c6ng clia MosFET khi 4p phan cuc
I6n hon 20 V. Transistor him dong ndng Q11 cho phép thyc hién viéc ham ddng ning khi vo
hiéu héa transistor chay thudn Q10 va nghich Q11, cAp dién cho OPTO1 vd OPTO3 phan cuc
cho Q1 va Q3 din dién, ndi ngin mach dong cd. Luu ¥ dong ngin mach tifc thdi cé thé ting
dén gid tri rat 16n, c6 thé lam héng MosFET.

Tin hiéu CHAY thuin c6 thé 1a nghich ddo cia CHAY nghich dé€ diéu khién dugc 4
phan tu. Khi d6 cin c6 bién phdp dé phong su triing din ctia 2 MosFET mic ndi ti€p. Ngoai ra,
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dé tranh cdc kha ning tic dong nhiim, cin c6 su lién dong clia ba tin hiéu diéu khién d€ tranh
ngin mach ngudn (nhu so @b diéu khién dong co nhd diing vi mach SN754410).

IIL4 PIEU KHIEN PONG CO BUGC:

1. Nguyén 1y hoat dong, phin loai:

Pong co bu6c thudng diing 1am phan ti¥ chdp hanh trong cdc hé thdng tu dong, cé rotor
chuyén dong titng géc xdc dinh (goi 1a budc) khi cdc cudn diy dugc cung cAp modt xung dong
dién, vi nhd xung dong nay dé giit & vi tri m&i cho d&€n xung k& ti€p. Nhd d6, né 1a phan i 1y
tudng cho cic hé thong didu khién vi tri véi cdc wu diém: truc ti€p diéu khién vi tri — khong
thong qua toc do, chi cin diéu khién vong hd va dung ky thuat s6. Nhudc diém 16n nh't 1a chi
c6 thé ché tao dudgc loai cong sudt bé.

C6 ba loai dong cd budc:

- Pong cd budc loai tir trd (reluctance type) hinh 3.14, rotor 1a khoi sit tit ¢6 nhitng ring
di chuyén trudc nhitng cudn diy sao cho tir trd mach 13 bé nhat twong ng lyc hit (holding
torque) 16n nha't khi cudn day tuong dng c6 dong dién. Phu thudc vao thit ty kich

Cu@ndﬁyl 1 001 001O00
Cu@ndﬁyZ 010010010
Cuonday3 001 001 001
CUCﬁT XYXYXYXYX
Cudn day 123123123
thdi gian --->
(@) Hinh 3.14; (b)

xung cdc cudn diy ta c6 su di chuyén ctia rotor. V§i so d6 hinh 3.14.a, dong co c¢6 3 cudn diy
va 4 ring, can 9 xung d€ rotor di dugc Y2 vong nhu hinh 3.14.b.

- Pong co budc loai nam chdm vinh ctu: ¢6 rotor la nam chdm vinh cttu ¢6 luc kéo
manh hon vi k&t hgp lyc nam cham dién ctia cudn day va nam cham rotor. Hinh 3.15.a trinh bay
ciu tao clia dong co hai cudn diy c6 di€m giita va rotor 12 3 nam cham. Dong dién chdy qua
cudn la lam ciip cuc tir 1 ¢6 cuc tinh nhu hinh v&, va cuc tinh ndy sé dio lai néu kich vao 1b.
Nhu vy ciing c6 thé xem dong co nay c6 4 cudn diy mot cyc tinh hay hai cudn diy lam viéc 2
cyc tinh. Sd d6 xung diéu khién dong cd hinh 3.15.b va 3.15.c khic nhau & chd mdi lic c6 1 va
2 cudn diy c6 dién (single winding va two winding). Hinh 3.16 trinh bay

Cudndiay la 1000100010001
Cudnddy 1b 0010001000100
Cudndiay 2a 0100010001000 (b)
Cudndiay 2b 0001000100010

thgi gian --->

Hinh 3.15:
Cudndiay la 1100110011001
Cuénddy 1b 0011001100110
Cudéndidy 2a 0110011001100
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Cu@n dﬁy 2b 1001100110011

Two Winding
Holding Torgue ~ % Single Winding oo T
Haolding Torgue thdi gian >
Rﬁs \ +is Hinh 3.15.c:
-1s +35

Hinh 3.16:

momen giit (holding torque) theo vi tri rotor ng v&i hai trudng hdp diéu khién cta dong cd
rotor nam chdm vinh ctru. Truc tung Gng véi truc mot cudén diy, momen sé cuc dai khi truc cuc
tif rotor cling cuc tinh ¢ hoanh dd bing khong va cyc ti€u (4m) khi ngugc cuc tinh.

Nhin xét 13 diéu khién véi hai cudn diy c6 dién cho ra momen 16n hon nhung tiéu tdn
ning lugng nhiéu hon.

- Thudng gip hon 1a loai dong cd buc hdn hgp vdi rotor 1a nam chadm vinh ciru nhung
c6 ca ring dé ting dd phan gidi (s6 budc trong mot vong).

Terminal 1 ++++————- ettt ————— + 1

Terminal 2 ———+++++-————- e

Terminal 3 ++-———- R e+ 3 i /94

Terminal 4 —+++++————- +H++t———— \L@

Terminal 5 -———-—- ettt ————— +++++ M
time ---> 5 2

Hinh 3.17: Dong ca budc 5 pha ndi sao.

- Hinh 3.17 cho ta sd dd ndi day dong co budc loai 5 pha ndi sao, mach dong luc gdm 5
ntra cau (10 ngit dién) dugc diéu khi€n dé 5 ngd ra c6 cuc tinh theo trinh ty trén cho 1 chiéu
quay. Nguyén tic 1a cdc ngd ra thay ddi trang thdi theo thit ty 5 ->4 ->3 ->2 -> 1 (hinh 3.17)
cho mot chiéu quay va ngudc lai cho chiéu ngudc.

b. So db diéu khién:

supply e supply

motor
windings

control switches

signals control
51gnalsg

Hinh 3.18: (a) (b)
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Hinh 3.19: (a) (b)

Hinh 3.18.a va 3.18.b cho ta sd db
nguyén 1y mach dong luc diéu khién dong co
budc cla hai loai tir trd va nam chdm vinh ctu
(hay hdn hgp). Tin hiéu diéu khién (control
signals) tic dong cdc ngdt dién dién ti Tin hidu didu khién
(switches) — thudng la transistor (BJT hay i
FET), d6ng ngit cdc cudn diy dong cd (motor bKl1
windings) vao ngudn cip dién mot chiéu
(supply). PK2

Hinh 3.19 (a) va (b) cho ta hai so do
logic d€ diéu khién dong co budc rotor nam
cham vinh ctru loai 4 cudn day, déng dién mdi
1an hai cudn day. Xung diéu khién busc (take L
step) dua vao chan xung nhip C (CLK) cia D

Dong qua
cudn day

Hinh 3.20: Mach lai cubn day 1 cuc tinh

flip flop. sd dd (b) cho phép d4o chiéu quay tir tin hiéu chiéu (direction) diéu khién c6ng EX—
OR ciia xung diéu khién budc.

Cudn day dong cd budc cd thé duge xem nhu mot tai RL binh thudng, nhung dé cé dang
dong t6i uu: nhanh chéng dat dugc bién do 16n (d€ cho ra momen quay 16n), sau d6 gidm dong
vé gia tri bé (han ch& phit néng cudn diy) di giff rotor ditng yén, so dd hinh 3.20 c6 thé dudc
diing. Ap cung cép ting l1én khd cao (24V) va ding R3 han dong cho phép xéc 1ap dong dién
16n qua cudn day nhanh chéng v6i Q1 va Q2 cling déng. Khi rotor dong co dén vi tri méi: QI
tat, ngudn cip dién cudn day chi con 12 V qua D1, ddm bdo dong dién duy tri cho d&n khi c6
xung budc méi.

Céc so dd dong lyc trén chi tao ra xung mot cuc tinh, thich hdp nhat véi loai 4 cudn day
(6 ddu ra), véi mot so loai khdc (3, 5 pha) hay cong suit 16n ta can xung 2 cuc tinh. Lic dé mdi
cudn diy sé dudc ndi v6i mot ciu 4 transistor (BBD 4 phan tu) hay cdc dau day dong co dugc
ndi v6i mot cau nhiéu pha (nghich luvu nhiéu pha) véi s6 dd phat xung trén véi mot it thay d6i.
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