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Gidi thiéu

Phan nay cua gi4o trinh trinh bay vé mach dan dong khau cudi cia dong co
budc. Mach nay tap trung vao mot mach phat don, déng ngat dong dién trong
cudn day ctia dong co, dong thoi diéu khién chiéu dong dién. Mach dién duoc
ndi truc ti€p véi cudn day va cap nguodn cua dong co, mach duoc diéu khién boi
mot hé thong s6 quyét dinh khi nao cong tac dong hay ngat.

Phan nay cling ndi dén cac loai dong co, tit mach dién co ban di€u khién dong co
bién thién t&r tro dén mach cau H dé diéu khién dong co nam cham vinh cttu
ludng cuec. Mbi loai mach dan dong dwoc minh hoa b:fmg vi du cu thé, tuy nhién
nhitng vi du nay khong phai 1a mot catalog day du cac mach diéu khién cé sdn
trén thi treong, nhitng thong tin nay cing khong phai dé€ thay thé bang dir liéu
veé chi tiét ciia nha san xuat.

Phan nay chi dwa ra mach di€u khién don gian nhat caa tung loai dong co. Tat
ca cac mach déu duoc gia thiét rang ngudn cung cap mot dién ap khong vuot
qua dién ap ngudng ctua dong co, diéu nay gidi han hiéu suat caa dong co. Phan
ké tiép - mach dan dong cé dong gidi han - sé d€ cap dén cdc mach dan dong
hiéu suat cao trong thuc té.

Dong co bién tir tré

Bo diéu khién dién hinh ctia dong co buede biéh tir trd dira theo nguyén tac nhu
trén Hinh 3.1:
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Hinh 3.1

Trén Hinh 3.1, cdc hop ky hiéu cho cong tac, bo diéu khién (controller - khong
thé hién trén hinh) chiu trach nhiém cung cap tin hiéu diéu khién déng mé cong
tac tai ting thoi diém thich hop dé quay dong co. Trong nhiéu truong hop,
chung ta phai thiét k€' b di€u khién, c6 thé 1a mot may tinh hodc mot mach diéu
khién giao tiép lap trinh duwoc, véi phan mém truc tiép phat tin hiéu diéu khién
déng mo, nhung trong mot sd truong hop khac mach diéu khién duoc thiét ké
kém theo dong co, va d6i khi duwgc cho mién phi.

Cudn day, 16i solenoid cua dong co hodc cac chi tiét twong tu déu la cac tai cam
tng. Nhu vay, dong dién qua cudn day khong thé déng ngat tire thoi ma khong
lam ap tang vot dot ngot. Khi cong tic diéu khién cudn day doéng, cho dong dién
di qua, lam dong dién tang cham. Khi cong tic mé, su tang manh dién ap cé thé
lam hu cong tac trir khi ta biét cach giai quyét thich hop.

C6 hai cach co ban dé xtt ly su ting dién ap nay, d6 la mac song song véi cudon
day mot diod hoac mot tu dién. Hinh 3.2 minh hoa hai cach nay:
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Hinh 3.2

Diod trén Hinh 3.2 phai c6 kha ndng dan toan bo dong dién qua cudn day,
nhung né chi dan médi khi cong tac mé, khi dong dién khong con qua cudn day.



Néu ta str dung diod tac dung twong d6i chdm nhu ho 1N400X chung véi cac
mach chuyén tac dung nhanh thi can phai mic song song voi diod mot tu dién.
Tu dién trén Hinh 3.2 dan dén van dé thiét k& phic tap hon. Khi cong tac déng,
tu dién sé xa dién qua cong tac xudng dat, do d6 cong tac phai chiu dugc dong
dién xa nay. Mot dién tro mic ndi tiép voi tu dién hodc véi ngudn sé gidi han
dong dién nay. Khi cong tic mé, nang luong tich tri trong cudén day sé nap vao
tu dién cho dén khi dién ap vuot qua ap cung cap, va cong tac ciing phai chiu
dugc dién ap nay. D€ tinh dién dung ty, ta dong nhat hai cong thitc tinh nang
lwong tich trit trong mach cong huong:

P=CVv2/2
P=LP/2
trong do:

P -- nang lwong tich trit [Ws] hay [CV]
C -- dién dung [F]

V -- dién ap hai dau tu

L -- d§ ti cdm cua cudn day [H]

I -- dong dién qua cudn day

Ta tinh kich thuéc nhé nhat cta tu dién dé tranh qud dp trén cong tac theo cong
thirc:

C>LI/(Vo- Vi)
trong do:

Vb -- dién 4p danh thung mach chuyén

Vs -- dién ap cung cap

Pong co tir tro bién thién c6 do tu cam thay doi tuy thudc vao goc cua truc. Do
d6, truong hop xau nhat duwoc dung dé€ lua chon tu dién. Hon nita, d6 ty cam
ctia dong co thwong it duwoc ghi ro, nén chung ta phai lam vay.

Tu dién va cudn day két hop véi nhau tao thanh mot mach cong huwong. Néu hé
diéu khién cho dong co quay 0 tan s6 gan vdi tan s6 cong hwong nay, dong dién
qua cuon day, kéo theo moment xodn do ddng co sinh ra, sé rat khéac so véi
moment xodn & diéu kién 6n dinh véi dién ap van hanh danh nghia. Tan s6 cong
huwong la:

f=1/(2n (L C)5)

Mot 1an nira tan s6 cong hudng dién cua dong co tir tro bién thién lai phu thudc
vao goc cua truc. Khi dong co nay hoat dong véi xung kich gan cong hudng



dong dién dao dong trong cudn day sé tao ra mot tir treong bang khong tai hai
lan tan s cong hudng, diéu nay cd thé lam giam moment xoan di rat nhiéu.

Dong co hon hop va nam cham vinh cieu don cuc

Bo diéu khién dién hinh dong co budc don cyc thay doi theo so do trén Hinh 3.3:
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Hinh 3.3 B

Trén Hinh 3.3, cing nhu Hinh 3.1, hop biéu dién cac cong tic va mot bo diéu
khién (khong thé hién trén hinh) chiju trach nhiém cung cap tin hiéu diéu khién
déng mé cong tac vao thoi diém thich hop dé quay dong co. Bd diéu khién
theong 1la mdy tinh hay mot mach diéu khién 1ap trinh duoc, véi phan mém truc
tiép phat ra tin hiéu can thiét d& diéu khién cong tac.

Ciing nhu d6i véi mach dan dong ctia dong co biéh tir trd, chung ta phai giai
quyét su thay doi do tw cam bat ngo khi cong tic ho. Mot 1an nira, ta c6 thé
chuyén su thay d6i nay bang cach dung diod, nhung bay gio ta phai dung 4
diod nhu trén Hinh 3.4:
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Hinh 3.4 -

Ta can thém vao cac diod vi cugn day ctia dong co khong phai la hai cuon day
ddc 1ap ma la mot cudn center-tapped don gian véi tap gitta c6 dién ap cd dinh.
Chtung hoat dong nhu mot bd tuw chuyén doi. Khi mot dau ctia cudén day bi kéo
xuong dau kia sé bi ddy lén va nguoc lai. Khi mot cong tic ho, do tu cam
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kickback sé lam dau bén d6 ctia ddng co noi véi ngudn duong va bi kep bdi cac
diod. Pau bén kia bi day 1én va néu n6 khong dat dwgc dién ap cung cap cung
Iac thi s& xudng dudi mutc 0, ddo chiéu dién 4p qua cong tac & dau do. Mot vai
cong tac cé thé chiu duwoc sy ddo chiéu nhu vay nhung nhitng cong tac khac sé
bi hur.

Mot tu dién c6 thé duoc dung d€ gidi han dién ap kickback nhu trén hinh 3.5:
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Hinh 3.5

Cac quy tac d€ tinh kich thudc tu dién trén Hinh 3.5 gidng nhu cac quy tac tinh
kich thwdc tu dién trén Hinh 3.2 nhung hiéu tng cdng huong rat khac. Vi mot
dong co nam cham vinh ctru néu tu dién hoat dong & gan hay béng tan s6 cong
hudng, moment xon sé ting gap hai 1an moment xoan & van téc thap. Duong
cong moment xoan theo van tdc sé rat phtic tap nhu trén Hinh 3.6:
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Hinh 3.6

Hinh 3.6 cho thay tai tan sd cong hudng dién, moment x0dn sé& vot 1én va tai tAn
s0 cong hwong co, moment lai sut nhanh. Néu tan s6 cong huong dién 16n hon
van toc tdi han cua dong co st dung mach dan dong dung diod & mot mitc nao
d¢ thi hiéu ting nay sé€ lam véan toc téi han gia tang dang keé.

Tan s6 cong huong co hoc phu thugc vao moment xoan, vi vy néu tan s6 nay
gan voi tan sO cong huong dién, tan s6 cong hudng dién sé lam no thay do6i. Hon
nita, 0 rong cuia s cong huong co hoc phu thudc vao do doc cuc bo cua dwong



cong moment xoan theo van tdc. Néu moment xoan giam theo van toc, cong
huwong sé rat doc, con néu moment xoan tang theo van toc, cong hudng sé rong
ra tham chi c6 thé€ tach ra thanh nhiéu tang s6 cong hudng khac nhau.

Driver dong co don cuc va bién tir tro

Trong cdc mach dién & phan trén, chiing ta khong quan tam dén cac cong tic va
cac tin hiéu diéu khién. Bat ky ky thuat déng ngat nao tir cu dao dén MOSFETS
cling déu dung dwoc hét! Hinh 3.7 1a mot vai cach méc cho mdi loai cong tac, bao
gom ca cudn day ctia dong co va diod bao vé phuc vu cho muc dich déng ngét
ké trén:
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Hinh 3.7

Moi cong tac trén Hinh 3.7 déu tuong thich véi dau vao TTL. Ngudn 5V st dung
cho mach logic, bao gdm open-collector driver 7407 nhu trén hinh. Ngudn dién
cho dong co, thuwong tit 5V — 24V, khong can d6 chinh xac cao. Ta can chti y rang
cac mach déng ngat cac ngudn nay phai thich hop cho viéc dan ddng cac cuon
day, dong co DC, cac tai cam tng khac va ca cac dong co buoc.

Transistor SK3180 trén Hinh 3.7 1a mot mach darlington cong sudt ¢6 do lgi dong
hon 1000, do d6 dong 10mA qua dién tro hiéu chinh 470 Ohm s€ du 16n d€ qua
transistor di€u chinh dong vai Ampe qua cudn day cua dong co. BO dém 7407
dung diéu khién darlington duoc thay thé bdi bat ky con chip open-collector
dién thé cao nao ma né cd thé diéu khién 6 murc t6i thi€u 10mA. Ngay ca trong
treong hop transistor hu, open collector nay sé giup bao vé phan con lai cua
mach logic khoi nguon ctaa dong co.

IRC IRL540 trén Hinh 3.7 1a mot power field effect transistor. N6 c6 thé chiu
duwoc dong dién 1én toi 20A va no bi danh thung ¢ 100V, do d6 con chip nay co6
thé hap thu dinh nhon ctia d6 ty cdm ma khong can diod bao vé néu né duoc
gan véi mot bo tan nhiét dt 16n. Transistor nay cé thoi gian dong ngat rat nhanh



nén cac diod bao vé cting phai nhanh twong tng hodc duoc chia nho bdi cac tu
dién. Diéu nay dac biét can thiét cho cac diod bao vé transistor chong lai phan
cuec ngroc. Trong treong hop transistor bi hw, diod zener va dién tréo 100 Ohm
sé bao vé mach TTL. DBién tré 100 Ohm con dong vai tro lam cham thoi gian
dong mo cha transistor.

D6i véi nhitng tng dung ma mdi cudn day cua dong co dan dong nhé hon
500mA, mach darlington ho ULN200x cta Allegro Microsystems hodc ho
DS200x ctia National Semiconductor hay MC1413 ctia Motorola sé dan dong cho
cudn day hodc cac tai cam ung khac truc tiép tir tin hiéu vao logic. Hinh 3.8 la
cac ngd vao va ngo ra cua chip ULN2003, day 7 transistor darlington:
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ULM2003

Hinh 3.8

Pién trd nén trén mdi transistor darlington phai thich hop véi tin hiéu ra TTL
ludng cuc chuan. Cuc phat cta mdi darlington NPN duoc néi véi chan 8, 1a chan
ndi dat. Mdi transistor dwoc bao vé béng hai diod, mot ndi gitta cuc phat va cuc
thu dé€ bao vé transistor khoi dién ap nguwoc, mot ndi cuc thu véi chan 9, néu
chan 9 ndi véi ngudn cuia dong co thi diod nay sé€ bao vé transistor khéi dinh
nhon cta do tw cam.

Chip ULN2803 cling giong nhu chip ULN2003 md ta ¢ trén nhung nd c6 18 chan
va 8 darlington cho phép moét chip c6 thé dan dong cho mot cap dong co tir trd
bién thién hodc nam cham vinh cttu don cuee.

Déi véi ddong co ma mdi cudn day dan dong nho hon 600mA, mach dan dong
quad UDN2547B cta Allegro Microsystems sé di€éu khién ca 4 cudn day cta
dong co budc don cuc chung. Néu dan dong nhé hon 300mA, ta nén chon mach
dan dong kép SN7451, 7452 va 7453 cta Texas Instruments, ca 3 loai nay déu bao
gom mot vai mach logic cung véi mach dan dong.



bong co hai cuc va mach cau H

Moi th tré nén phttc tap hon véi dong co buwdc nam cham vinh cttu ludng cuc
vi khong c6 dau noi chung trén cac cudn day. Vi thé' dé dao chi€u cua tir truong
sinh ra boi cugn day ta phai dao chiéu dong dién qua cudn day. Ta cé thé dung
mot cong tic kép hai cyc d€ lam cong viéc nay, mach dién twong duwong ctia mot
cOng tic nhu vay dwoc goi la cau H va dwgc md ta trén Hinh 3.9:
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Hinh 3.9

Cing nhu vdi mach dan dong don cuc da dé cap o trén, cac cong tic st dung
trong cau H phai duoc bao vé khoi su vot dién ap khi ng:flt dong dién trong cudn
day. Ta ludn stt dung diod cho viéc nay, nhw Hinh 3.9.

Can chti y rang cau H c6 thé 4p dung khong chi d€ diéu khién dong co budc
lwong cuc ma con dieu khién dong co DC, hat nha 16i solenoid (trong pittong
nam cham vinh cttu) va nhiéu tng dung khac.

V6i 4 cong tac cau H cho ta t8 hop 16 mode hoat dong, trong d6 cé 7 mode lam
ngan mach ngudn. Cac mode sau day thuwong dwoc stt dung:

mode thudn: cic cong tic A va D dong
mode nguoc: cdc cong tic B va C déng

Cac mode nay cho phép dong dién di tir nguon qua cudén day dong co vé dat.
Hinh 3.10 minh hoa mode thuan:



Hinh 3.10

mode suy gidm nhanh hay mode truot: tit cd cdc cong tic déu mé

Bat ky dong dién nao qua cudn day sé chong lai dién ap ngudn, gay sut ap trén
diod nén dong dién sé bi suy giam nhanh. Mode nay khong tao ra hodc tao ra rat
it hiéu tng ham dong 1én rotor ctia dong co, do do rotor s€ quay tw do (trreot)
néu tat ca cudn day dwgc cap nguon theo mode nay. Hinh 3.11 minh hga dong
dién ngay sau khi chuyén tir mode thudn sang mode suy giam nhanh
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Hinh 3.11

mode suy giam chdm hay mode ham dong luc:

Trong mode nay dong dién cé thé chay vong lai qua cudn day cua dong co vdi
dién tro nho nhat. Nho d6 dong dién chay trong cudn day ¢ mot trong hai mode
nay sé suy giam cham, va néu rotor dang quay, no sé sinh ra mot dong dién cam
tng co vai tro nhw mot cai ham rotor. Hinh 3.12 minh hoa mot trong nhiéu mode
suy giam cham cé ich, véi cong tac D déng, néu cudn day méi vira & mode thuan
thi cdng tac B c6 thé déng hodc mé:
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Hinh 3.12



Hau hét cac cau H duoc thiét ké'sao cho bao gom ca mach logic dung dé phong
nglta ngan mach nhung & mic do rat thap trong thiét k& Hinh 3.13 minh hoa
mot thiét ké dwoc cho 1a tot nhat:
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Hinh 3.13

Vi thiét ké'nay ta c6 cac mode diéu khién sau:

XY ABCD Mode

00 0000  fast decay
01 1001 forward
10 0110  reverse
11 0101 slow decay

Loi ich cta thiét ké nay la tat ca cac mode di€u khién co ich dwoc gitt lai va
chung duoc ma hda véi mot sd bit t6i thiéu - diéu nay rat quan trong khi st
dung vi xt ly hay may tinh dé diéu khién cau H vi cac hé thong nhu vay chi ¢
s&n mot s6 bit hitu han & cong song song. Tuy nhién chi vai con chip tich hop
cu H c6 san trén thi treong 1a c6 so d6 diéu khién don gian.

Mach diéu khién dong co hai cuc thuc té

C6 mot sO driver tich hgp cau H trén thi truong nhung van can xem su thuece thi
ting thanh phan roi rac d€ hiéu mot cau H lam viéc nhu thé nao. Antonio
Raposo (ajr@cybill.inesc.pt) da d€ nghi mach cau H nhu trén Hinh 3.14:
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Hinh 3.14

Ngd vao X, Y ctia mach nay c6 thé duoc diéu khién boi ngd ra ctia bo gop dién
mo TTL nhw trong mach di€u khién don cuc dwa trén darlington trén Hinh 3.7.
Cudn day cta dong co sé dwgc cung cap nang luong néu trong hai tin hiéu vao
X, Y c6 mdt tin hiéu on va mot tin hiéu off. Néu ca hai déu off, ca hai transistor
kéo xudng (pull-down) sé tat. Néu ca hai déu cao, ca hai transistor kéo 1én (pull-
up) sé tit. Nhw vay, mach dién don gian nay dat dong co vao tinh trang ham
dong luc & ca trang thai 11 va 00, khong thé hién mode truot.

Mach dién trén Hinh 3.14 bao gom hai ntra xac dinh, mdi nita dwogc md ta chinh
xac nhu mot mach kéo day. Thuat ngt nita cau H thinh thoang dwogc 4p dung
cho nhitng mach nay! Can lueu y rang mot ntra cAu H c¢6 mach rat giong voi
mach di€éu nghién ngd ra dung trong mach logic TTL. Trong thuc t€, cac mach
di€u khién ba trang thai TTL nhu 74LS125A va 7415244 c6 thé duoc dung nhu
mot nira cau H d61 vdi cac tai nho, nhw minh hoa trén Hinh 3.15:
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Hinh 3.15

Mach dién nay c6 hiéu qua déi véi dong co ¢ dién tro toi da 50 Ohm trén moi
cudn va dién ap tdi da 4.5V khi dung ngudn 5V. Moi mach dém ba trang thai
trong L.S244 c6 thé dung néu dién tré ndi cta by dém du 16n, va dong sé duoc
chia déu trén cac ngd dicéu khién (mac song song). Diéu nay cho phép thiét ké
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mach diéu khién giong nhu Hinh 3.15, va khi chwa ma hoda diéu khién, thi chung
ta c6 bang chan tri nhu dwdi day:

XYE Mode

--1 = fastdecay
000 slower decay
010 forward
100 reverse

110 = slow decay

Mode ham tht¢ hai, XYE = 110, ham hoi yéu hon mode dau tién XYE = 000 vi
LS244 hut dong nhiéu hon.

Chip TC4467 - 4 cau - cua hang Microchip la mét thi du khéac cua cac driver 4
ntra cau H. Khong giong nhu cac driver duoc san xuat trede d6, datasheet ctua
né cung cap day du ca nhitng tng dung diéu khién, va nguon cap 1én tdi 18V, va
dong trén modi mau c6 thé dat dén 250mA.

Mot trong nhitng van dé cua cac chip diéu khién ddng co budc ban sén 1a da s&
chung c6 tudi tho trén thi treong kha ng:fm. Vi du, ho Seagate IpxMxx, mach cau
do6i (tte IPIM10 dén IP3M12) dwgc thiét ké'rat t6t nhung chi dung cho cac dong
co buéc d¢ dinh vi diém dau cta dia cing Seagate. Mach dan dong cau H
Toshiba TA7279 tot cho dong co dudi 1A nhung cling chi duwgc dung trong ndi
hang ma thoi.

Cau H d6i L293 cua SGS-Thompson (va cac hiéu khac) dang canh tranh véi cac
chip trén nhung né khong tich hop cac diod bao vé. Chip L293D, sé gidi thiéu
sau, c6 chan tuwong thich va cd ca cac diod bao vé nay. Néu dung cac L293 gan
day, mdi cudn day ctia dong co phai dat qua mot cau chinh lvu (1N4001 Chéng
han). Viéc stt dung cac diod bén ngoai cho phép ta ddat mot day dién tro trén
duong vé ctia dong dé€ day nhanh sy suy giam dong trong cudn day khi nd bi
ngat, c6 thé trong mot s& ting dung nguoi ta khdng mong mudn diéu nay. Ho
L293 c6 thé dung dé diéu khién cac dong co budc ludng cuc nho, t6i da 1A/cudn
va dién ap cap lén t6i 36V. Hinh 3.16 cho ta so d6 chan ctia chip L293B va L293D:
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L293B/D

Hinh 3.16

Chip nay c6 thé xem nhu 4 ntta cau H doc 1ap, dwgc kich hoat tiing cadp, hodc hai
cau H day du. Day la dang déng géi DIP, véi chan 4, 5, 12, va 13 dugc thiét ké'dé
truyén nhiét cho bo mach in hodc d€ tan nhiét ra ngoai.

Cau H d6i L298 ctia SGS-Thompson (va cac hiéu khac) cling giong vdi loai trén
nhung c6 thé chiu duoc t6i da 2A/kénh. Nhu véi LS244, ta c6 thé noi hai cau H
trong 1298 tao thanh mot cau chiu duwgc 4A (xem datasheet d€ biét cach noi nay).
Mot diéu can Iwu y 1a chip 1.298 chuyén mach rat nhanh, nhanh déh ndi cc diod
bao vé (1IN400X) khong lam viéc duoc. Vay ching ta phai dung diod BYV27 dé
thay thé. Cau don LMD18200 cua National Semiconductor ciing rat tot, c6 thé
chiu duwoc dong 3A va da cd sén cac diod bao vé tich hop.

Trong khi cau H tich hop khong sit dung duoc cho dong hay ap qua cao thi trén
thi treong lai ¢6 nhitng linh kién duoc thiét ké tot d€ don gian hda viéc tao cau
H ttr cac cOng tic roi rac. Vi du, International Rectifier ban mot loat ntra cAu H,
hai trong s8 d6 c6 thém 4 transistor déng ngat MOSFET du dé lam mot cau H
hoan chinh. Con IR2101, IR2102, IR2103 1a cdc mach dan dong co ban ctia ntra
cau H. Con IR2104 va IR2111 c6 mach logic bén ngoai twong tu d€ diéu khién
cac cong tac ctia cAu H, ching ciing cé mach logic bén trong ma trong mot vai
tng dung cd thé lam giam thi€éu d¢ phitc tap phai thiét ké mach logic bén ngoai.
Cu thé, con 2104 bao gom mot ngd vao enable nho dé 4 con chip 2104 cong véi 8
transistor dong ngat c¢6 thé thay thé mot con 1.293 ma khoéng can thém mach
logic nao.

Mot s6 nha san xudt cho ra doi nhiing con chip cau H phttc tap bao gom ca mach
han dong. Ta cling can chti y rang trén thi truong c6 mot s§ mach cau 3 pha, dan
dong tot cho dong co budc nam cham vinh cru 3 pha cau hinh Y hay delta. Tuy
nhién, Toshiba TA7288P, GL7438, TA8405 la nhiing thiét ké'tdt, hai trong so nay,
néu bo qua mot trong 6 nira cau H thi ching ta c6 thé diéu khién duoc mot dong
co 5 pha, 10 budc/vong.
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