HE DAN PONG CHAY DAO
TRONG MAY CONG CU CNC

4.1 GIOGI THIEU

Trong may cong cu diéu khién s& hé dan dong chay dao gém hai
thanh phan co ban: thanh phdn diéu khién v dong co. Thanh phan diéu
khi€n 1am nhiém vu chuyén déi tin hiéu diéu khién tr CNC thanh tin hiéu
diéu khién dong co. Pong co lam nhiém vy bién déi nang luong tir céc
dang nang lugng khdc nhau thanh chuyén déng co hoc. Trong mdy cong
cu diéu khién s6, ngudi ta sir dung rong rdi hai loai dong co dian dong
chay dao, dong co thuy luc vad dong co dién. Pong co thdy luc diung dé
bi€n ddi ning lugng thuy luc thanh chuyén dong co hoc tinh tién (xilanh
— pitténg) hodc chuyén dong quay (dong co thuy luc). Pong co dién ding
dé bién déi nang luong dién thanh chuyén dong co hoc. Dong co dién
dung dan dong ban mdy la dong co bude (siepping motor), dong co mot
chié¢u (Direct- Current motor — DC) hoac dong co xoay chidu diéu khién

tdn s0.

11é diéu khién dén dong chay dao c¢é hai dang, diéu khién kin vi
diéu khién hé. Trong hé diéu khién kin luon c6 mat céc phén tir phin hoi,
cic phin t ndy diung dé xdc dinh vi tri, t6¢ do ban mdy va sinh ra tin
hi¢u phu hgp dua 116 vé cum diéu khién dong co nhidm gidm sai léch giira
tin hi¢u yéu cdu va tin hi¢u phin héi .Trong mach phan héi né€u ding thict
bi chuyén d6i 1a Encoder (thiét bi chuyén déi 6) trong mach phan héi ¢6

mat bo d€m ti€n - i va bo chuyén doi D/A. Trong trudng hop thi€t bj

100



chuyén déi 1a Resolver (thiét bi chuyén déi tveng ty) trong mach thay thé
bd d€m 1i€n - lbi bing bd so sinh. Ngoai ra thi€l bi chuyén déi nang

luong tir nang lugng dién - thuy lyc thinh chuyén dong co hoc.

Nhu viy ¢6 thé néi he diéu khién dian dong ban mdy irong may
cong cu diéu khién s6 1a thiét bi dién, dién - thuy lyc, dién — khi nén hoac
k&t hop gilta cdc cdc dang ning lugng khac nhau bi€n déi thanh chuyén

dong co hoc.
4-2 PONG CUO SECVO THUY LUC

Midy cong cu diéu khién s6 v&i cong suat 1dn thudag sir dung heé

théng thay lue diéu khién secvo lam dan dong chay dao.

Khi s dung hé thong thuy lyc trong dan dong chay dao cho ta thay

né ¢6 nhitng vu diém ndi bat ma cac dang din déng khac khong c6 dugc:

- Xét vé mat gid thanh cho thdy, gid hé théng thuy luc khong 1y 1é
thuan v4i céong sudt cha hé théng nhu trong trudng hop dan dong bang
déng co dién. Vi nhat la cong suat déng ldn nhung kich thude cua he
thong lai nho. Chinh dic diém noéi bat trén, mdy cong cu diéu khién sd
yéu clu cong suidt I6n va trung binh st dung hé théng dan dong sccvo

thuy luc la phi hgp.
2- Diéu khién thiy luc ciing hon so vdi diéu khién dién. Vi vay
dac tinh hé s& khué&ch dai mach cao va ddp ttng tdn s6 81 hon.

3- Diéu khién hé théng thay luc cho phép thuc hién lam tron
chuyén déng dung cu & dai téc do rong,

4- Sir dung hé théng thuy luc khong cédn cé thiét bi béi tron va lam
mat boi vi ban than hé théng c6 thé ty thuc hién chifc nang nay. Vi nhat

12 né kha niang diéu khién trong diéu kién tré

5- Cé6 kha nang chong qua tai cho hé thong.
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bi kém v&i nhitng vu diém, hé théng thuy liuc ¢6 nhuge diém riéng
cua nd, trudc hét he théng khong thuidn lgi trong bio dudng, ddi hoi ddu
phdi dam bao luén sach hay néi khdc di 13 trong hé théng cdn ¢ cdc thiét
bi lam sach dau nhu loc tho, loc tinh, vi d¢ sach cha dau ¢6 anh hudng
16n t6i do chinh xdc va tudi the cha hé théng. Ddu ding trong hé thong
thoy luc phai dim bio khong c¢é tdc dung xau véi cdc chi ti€t trong hé
théng va con ngudi. Va mot nhuge diém thudng thay trong céc hé thong
thuy lyc 1a 6n va rdt nhay v&i do nhét ctia dau.

Tin higu g khign || Khudéch dai
CNC secvo

bong ] Bongea | L monmdy | gy
o A Born thuy luc thuy lyc rraswrify phan héi
Vi rne - bi

Hinh 4-1 Hé& dan déng secvo thiy lyc mét tryc trong may CNC |

Hinh 4-1 trinh bay so d6 hé¢ dieu khién secvo thuy luc trong mdy
cong cu diéu khién s6. Tin hiéu yéu ciu tir MCU dua 16i mach khuéch
dat sccvo {mach nay s& dugce trinh bay & cdc muc 1i€p theo) nhd mach nay
cong sudt tin hiéu duge khuéch dai ién di 16n dé diéu khién van secvo.
Van secvo diéu khién d¢ m& mép van phu hop véi 16c do chuyén dong
theo yéu cau cla dong co thuy luc. Dé bién nang lugng thuy luc thianh
chuyén dong co hoc, hé théng diéu khién van secvo phai ¢é nguén cung
cdp dp luc cho déng co hodc xilanh thuy luc. Hé théng ngudn 4p luc sé&

dugc trinh bay & muc tiép theo.
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4.2.1 Nguén ddu ap lyc

Ngudn ddu dp luc dung dé cung cdp dau cho van secvo va dong cd
thiy luc thue hién chuyén dong ban mdy. Hé théng cung cdp ngudn dau

ap luc gém cdc thanh phan co ban nhu chi ra trén hinh 4-2:

£é&n secvo cdc fryuc

—= TG X

—e  Truc:Y

—»  fluci

Hinh 4-2 Ngudn dp luc cho van secvo vd dong co thuy luc.
1- Bom dung dé tao ra diu dp luc. N6 ¢6 thé 1a bom pitténg huéng
kinh, hudéng tryc hodc bom banh rang. Tuy theo dp sudt, luu lugng yéu
cau ma ngudi ta lua chon loai bom cho phi hgp. Pon vi do luu luyong bom

la lit trén phat.

2- Pong co dién din dong bom la dong co dién mot chiéu hodc
dong co xoay chiéu ba pha. Dé ty dong diéu chinh lvu lugng didu va dp
sudt ra cua bom ngudi ta thudng ding dong co mot chiéu diéu khién t8c
do.

3- Thung chita ddu phai di I6n dé€ chira da lugng ddu can thiét clia
hé théng. Dung tich thing didu duge tinh todn trén c¢d s nhiét do dau lam

viéc va kha nang lam madt cua hé thong.

4- Loc dung dé loc cac vat bin, phoi thép, cit bui va cdc vit clng
khdc ra khoi ddu trude khi dua ddu t6i hé théng thuy luc nhim nang

cao tudi tho cho hé thong.
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5- Acquy dau doi khi con goi la binh tich 4p. N6 lam nhiém vu én
dinh 4p suét cho hé¢ théng ¢6 nghia la lam lvu lugng ra clia bom thay
d6i trong gidi han cho phép. Tinh nidng cla acquy ddu c6 thé xem tuong

duong v6i phén tir ty trong mach dién hoac banh da trong he thong co khi.

6- Van mét chiéu chi cho phép ddu chdy theo mot chidu. Van nay
¢6 chiic ndng khdc nhau tuy thudc vi trf cha né trong he théng vi du né
k€t hop v6i van ti€t luu lAm b giam chin rat hiéu qud. Cdu tric nay
thuong diang trong cic mach thuy luc thuc hién chuyén dgng ban may.
Ngoai ra van mot chiéu dit trén dudng dau hoéi cliia hé théng ¢6 ¥ nghia la
gilt cho h¢ théng ddu luén ¢6 dp lure ngay ca khi he théng ngimg hoat
dong. Nhu vay né s¢ trdnh cho hé thong khong bi khi xam thurc khi chuyén tir

trang thai khong lam viéc sang trang thdi 1am viéc.

7- Van dp suat diing dé diéu chinh dp suit diu ciia hé théng va né

cing la thi€l bj bao ddm an toan qua dp cho hé théng.
4.2.2 Van secvo

Van secvo dién - thuy luc ding dé€ diéu khién lveu lugng didu cao
dp tG¢i dong co thuy luc. Van secvo cé hai ki€u diéu khién, diéu khién
theo dp sudt va diéu khién theo luu lugng. Pac tinh quan trgng cla van
secvo 1a c6 kha nang sinh ra tin hiéu: dp suat hodc liru lugng ma cdc dai
lugng nay ty 1& vdi tin hiéu vao. Thiét bi nhan tin hiéw clia van secvo
thudng sir dung dong co nhé c¢6 do chinh xdc cao. Déng co ndi véi con
trugt dicu khién thong qua vit me - dai 6c hoac qua bo truyén bdnh rang -
dai rang. Tin hiéu 1ir CNC dua t5i thi€t bi nhan tin hiéu cla van secvo
thugng cong sudt nhé. Vi vay trude khi dua d&€n dong co, tin hiéu cin
duge khuéch dai dén cong sudt di 1dn dé phi hop vdi cong sudt yéu cdu
cia dong cu diéu khién van secvo. Khuéch dai scevo sé duge trinh bay

trong cdc muc ti€p theo.
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Toc do dong ca thuy hee duge xdc dinh b&i-cong sudt ra cia dong
co vd tong momen yéu ciu cla 1ai. Cong suit ra ca dang co thuy luc doc
lap v61 cong suat vdo. Co hai dang tin hiéu vao van secvo 1a 4p suidt va
luu lugng dau. Ap sudt ddu vao van quyét dinh boi nguén dp sudl ¢6 nghia
a2 phu thudc vao 4p suft ra cua bom, dé dam bdo dp sudt ra cha bom
ngudi ra dung dong co mot chiéu diéu khién tu dong giir 4p suit ra cia
bom hoidc ding hé théng van 6n dp. Bién diéu khién van secvo la luu
hrong. Luu lugng cdp cho dong co duge diéu khién nhd van secvo. Kich
thudc mép van trugt van secvo ty 1& véi mirc tin hiéu dién d4p dat 1én dong
¢ diéu khién van secvo. Tin hiéu diéu khién t&r cum CNC duoc t6i dong
co diéu khién van secvo,

Luu lugng dau ra cha van secvo gui tdi dong co thuy luc duoe tinh
theo céng thirc:

q=k U (4-1)

LY

trong do:

q — luu lugng dau, //ph;

kv - hé sG van secvo {/ph.V;

U - dién 4p tin hiéu, V.

Cong sudt dong co tinh bang kW

pq=T, @ ., . (4-2)

trong do:

p - 4p sudl vao, bar;

q — luu luong dau vao, //ph;

T, — momen xoan trén truc ra, N/m;

o - toc do goc, 1fs.
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T&c do quay 6n dinh cia dong co dugce tinh theo cong thife
w = Kq (4-3)
¢ day K =T,/p la hé so dong co.

Momen tréa tryc déng co thuy lyc tinh theo dp sudt vi phan qua

van secvo theo cong thic,
Tm = KpoAPJ (4"4)
trong dd D, = thé tich ddu trong dong co tinh theo m?/ph.

Toc do quay cua dong co ty 1é vdi t6c do diu.

trong dé K, = hé s¢ dong co.

Hinh 4-3 chi ra moét so d6 van secvo dién - thiy luc dang con trugt
vO1 co cdu chdp hanh la xilanh. N6 gém: déng co nhan tin hiéu, xilanh
thuy luc, van trugt chinh, van trugt phan héi. Trén hinh biéu dién thoi
diém dimg cla van secvo, ¢6 nghia 1a tai thoi diém khao sat khong cé ddu
chay qua cdc mép van trugt Q, R va S. Gia thiét rang tin hiéu tir CNC dua
161 dong co, roto quay mot géc tuong ng vdi mice dién dp dua vio. Dong
co quay, dai 6c quay theo lan vit me dich chuyén mot lugng duong +X
(vit chuyén dong tir trdi sang phai), mép N cba van truot Q déng vi mép
N cua van trugt S mé. Ddu dp sudt cao tf ngudn qua 6ng A vio khoang B
qua mép C t61 D. Sau dé qua cita phan héi E t6i F vio dudng ong G t6i
hoc trdi H cua xilanh, 4p sudt ddu ddy pittong sang phai. Dau bén budng
xilanh phai I chdy qua 8ng J va sau d6 qua hoc K, L, M qua mép N cla
van trugt S v& bé. Khi con trugt Q, R, S va con truot phan hdi dich
chuyén mot khoang cich X va hé théng c¢é trang théi én dinh m&i. So dé

khdi biu dién ham truyén dat giita tin hiéu va tin hiée ra cla van secvo
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chi ra trén hinh 4-4. Ham truyén dat gifra tin hiéu vao la dich chuyén cia
con trugt diéu khién van secvo X,,, va tin hiéu ra la dich chuyén cin
pittong X 1a G=X/X,,..

. Rluspsudtono A van tiuet diéu khién ‘

T %aume Vgig%f{gr‘;
xa /l_LL ///L{l// /\/\/////; E

N
Q=2 R 5 =—|

Pong

e ////////ﬁq“ =l

NN

Dai &

G J

Van trugt phén héi

Hinh 4-3 50 d6 van secvo.

Tu so dé khoi vi€t quan hé gita lvu lugng vao va t6c do dich

chuyén cla xilanh tai thoi diém on dinh:

K\( K Lol ! —
X ydao m Ms+D 5

¥

Hinh 4-4 Sag dd khéi van secvo.

trong dé K, = hé $& van secvo, K, = hé s6 van diéu khién t6c do dong co,

|
Ms+D

2 . 1 - ie .
= dic trung cho hé chuyén déng co hoc, —= dac trung tai tac
5

dung lén co hé va A = phan hoi to6c do.
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thitc

K

X Ms +D K.,

Q\'au 1+ AKm Ms+ AKm +D
Ms+D

xra _ I_(_ X _ KmK\'
Xao S Que Ms? +5(AK  + D)

) K K.
xI(I :_Ii x — S [13] ¥ {4-7}
X S Qu, Ms®+ s(AK,, + D)

Ham truyén cia van secvo k€t cau néu trén ¢6 thé tinh theo cong

G = Xraffxv"an

ra K Ll K b

=— (4-8)
Xawo Ms”+(AK,, +D)s+K

K.,

m

4.2.3 Poéng co thuy luc

Boéng co thuy luc ¢6 hai dang: xilanh thuy lyc va dong co thay lic.

Phan trén da trinh bay vé déng co thuy luc cung vdi van secvo. Muc nay

dé cap tdi xilanh thuy luc, Xilanh thity luc bién déi nang lugng thiy luc

thanh chuyén dong tinh ti€n. Dic diém cta xilanh thuy luc ta 18¢ do dich

chuyén ciia cdn pitong ti lé thuan vdi 1hé tich ddu dua vao xilanh. Nhuoc

diém co bidn cha xilanh thuy lyc 13 hanh trinh chuyén dong ngén. Khi

tang nhanh thé tich ddu lam giam do nhay dong lic hoe cta hé thong. Vi

vay xilanh {t duge sir dung trong din dong chay dao clia mdy cong cy

diéu khién 58,
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Quan hé gita toc do dich chuyén cha pittong v6i luvu lugng (thé

tich ddu) do bdng thé tich trén don vi thdi gian va dién tich xilanh cho

boi:
f(t)
v{t)=—= 4-9)
{t) A (
trong do:
v(1) - t6c do dich chuyén cda pittong, m/ph;
f(t) - luu lugng dau tinh theo thé tich, m'/ph;
A - dién tich 1am viéc cla pittéong, m’.
Lyc tic déng lén pittdng duge tinh theo cong thic:
F(1)=p{t)A (4-10)
trong do :

F(1) - luc tic dung lén pitténg, N;

p(t) - 4p sudt chat long, N/m?;

A- dién tich 1am viéc cla pittéong, m’.

Vi dy 4-1 Xdic dinh t6c d9, luc va cong sudt sinh ra trén pittong,
néu chat long ¢6 dp sudt 1a 150 N/m?, dién tich 1am viéc cua pitiong 3,14
m?, 16¢ do ban mdy 10m/ph.

GIAI

Téc do dich chuyén cia pittong tinh theo cong thire (4-7)

10
3,14

=318 m/ph

Y =

Luc tidc dung lén xilanh dugc tinh theo cong thitc (4-8)

F=150x314=4712 N
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Xdc dinh cong sudt cua xitanh
F. 471, ,
v _ATL2x38 5 a9 kw
600 600
Vi du 4-2 Mot van secvo ding dé diéu khién dong co thiy luc, he
s6 cua van secvo K= 0,5 //ph.V va hé s6 dong co K = 2000 rad//. N&u tin

hi¢u vao U = 5 von,+ hdy tinh todn tdc do dong co theo vong/phiit.

N =

GIAI
Tir cong thuc (4-1), xdc dinh luu lugng qua van secvo
q=K, U=05x5=25 I/ph
Toéc do déng co theo cong thic (4-3)
o= 2,5 %2000 = 5000 rad/ph

4.2.4 Khuéch dai secvo

Khuéch dai 1a mét mach dién don gian dung dé hinh thanh tin hiéu

ra tang ty 1& vdi tin hiéu vao.

ofeet nul [1 | iy ERp=
invetting input | 2 | B
Non-invinput [[3] [ 6 ] output
V- |z E otwet null

Hinh 4-4A So chdan cla khuéch dai thuat toan 741,

Co6 nhiéu kiéu khuéch dai nhung khuéch dai secvo phan 1én ding
khuéch dai thuat todn. N6 ¢6 hé s¢ khuéch dai cao va ¢é kha nang thuc
kién phan hoi dé dang. Khué€ch dai thuat todn ¢é ba dang co ban: khuéch
dai tuyén tinh (khuéch dai dao), khuéch dai tich phan vi khuéch dai vi
phan. Ilinh 4-4A ¢hi ra so do6 chan cta khuéeh dai thuat tedn 741,
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4.2.4.1 Bo khuéch dai ddo

Hinh 4-5 chi ra so d6 mach khuéch dai dao ding khuéch dai thuat
todn 741. Tin hiéu diéu khién dua vao chan 2 ctia 741 qua dién tré R,
chan 3 no6i dat. Mach phan héi néi tir chan tin hiéu ra (6) dé€n chin (2)
qua dién tré R,. Hé s& khuéch dai ciia bo khué€ch dai dao khoang 100.000.
Gi6i han dién dp ra khodng £ 5 d&n £ 10 V. Dién 4p tin hiéu vao cin phai
nam gita +0,0001V dén -0,0001V. Dién 4p vio cia bo khuéch dai la:
Vi = IR,

Dién dp ra tinh theo cong thic

Vv, =1,R, (4-11)

G=—m 22 (4-12)

Hinh 4-5 So d6 mach bé khué&ch dai ddo.

Vi du duéi day 1d mach khuéceh dai secvo dung khuéch dai thuat
todn dé diéu khién dong co van secvo nhu chi ra trén (hinh 4-6). Mach
gdm dién trd R,= 50 kQ, R,= 5 kQ va gia thi€t rang dién tr& cudn day
stato dong co R,=20Q. Do dién 4p qua dong co thay déi vi vay momen
khong tuyén tinh véi dong qua stato. Vi vay, dé khiac phuc diéu do6 bing

cdach thém vao mach phdn tng dong co dién tro R, =3 Q. Dién 4p roi trén
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dién 1ro R4 ty 1€ véi dong qua dong co va dong ndy dugc phan héi vé bo
khu&ch dai.

Phan héi dong

Hinh 4-6 Vi dy mach khuéch dai ddo van secvo.
4.2.4.2 Bé tich phdan

Hinh 4-7 chi ra so dé mach bo khuéch dai tich phan ddng khuéch
dai thudt todn 741. Mach khuéch dai tich phan gdn giéng véi mach
khuéch dai dao nhung chi khidc 12 mach phdn héi 1a tu dién C.

Hinh 4-7 So dd mach bd tich phan,

Dong chay qua tu va nap cho tu q = Cv trong d6 v 1a dién dp roi
trén tu. Dong chay qua ty la :

dg _dv

dt dt
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dién theé roi trén tu C: (V, — V). Thuc t&€ dong chiy qua ty lﬁ:—Cd\;%

dong thdi cling qua R, tir d6 chiing ta ¢d

v dv

v r]

R dt

sau khi bi€n doi ta nhan duogc:
]

dv  =—(—)v__ di
a (RC) LY [+

tich phan ca hai vé:
15
Vra (t-,)*"\«"m (t )= T v\"mdt
Dot

trong dé v,,(t,) 1a dién dp ra tai thoi di€m (, va v, (t,) 1a dién dp ra O thyi

diém t,.

Tin hiéw ra tf 1¢ v6i tich phin tin hiéu vao tic 1a ving duéi clha do
thi dién dp tin hiéu vao theo thdi gian. Hé s6 khuéch dai cua mach tich
phan trong dé T L4 th& gian tich phan.

T
0=— (4-13)
RC
Dién dp ra cioa bo tich phan duge tinh theo cong thic

v =-v_G (4-14)

Diing mach khuéch dai tich phan dé diéu khién dong co van secvo
cht ra trén hinh 4-8.

Trong mach dién trd R, = 50 kQ, tu C, = C, = 500uF, dién tra
cudn diy doéng cg R,= 20Q. Bién trd thém vao cho cudn day dong co
R, = 3Q, R; = 15Q vi dién trd thém hé s6 khuéch dai R,= 500Q2. Mach
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dung thiét lap dong trong dong c¢o ngay ca khi tin hig¢u vao bang khong.
Tin hiéu vio nao dé dua tdi bo khuéch dai s& xay su thay doi tin hiéu ra
cho dé&n khi hé s6 khuéch dai bang khéng. Trong diéu khién, khuéch dai
tich phan cho dong ra tinh theo don vi miliampe trén gidy trén von cla tin

hi¢u vio hoac su thay déi dong ra nhu la mot ham cna dién 4p vao.

Phéin héi cong

Hinh 4-8 Vi du mach khuéch dal tich phén van secvo
4.2.4.3 Bé vi phan

Khuéch dai vi phan 12 bo khuéch dai diing dé khuéch dai hai dién
ap vao khic nhau cht ra trén hinh 4-9. Cdch bé tri mach dé sao cho khong
¢d dong chay qua dién trg cao trong bo khuéch dai thuat todn va dién thée
trén hai chan vao X cta thuat todn bing nhau. Dién th€ V, tinh bang cong
thic:

v, R,
v, R—I+ R,

v

L)

Dong mach phan héi R, phai biang dong qua dién tré R, .

trddétaco vV,

v, =—={v5 —v|) {4-15)
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Hinh 4-9 S0 dé mach bd khuéch dgi vi phén.

4.2.4.4 Bo khuéch dai tong

Hinh 4-10 chi ra mach khuéch dai t6ng hinh thanh trén co 56 bo
khuéch dai dao. Dong dua vao khuéch dai thuat todn ddo phai bing 16ng
dong thanh phin

I=1,+1g+1¢

nhung I, = V/R,. Iz = Vg/R,
I = V/Re. Ddng qua X bing
dong trong mach phdn héi L
Dién the trén ddu kia cua dién
rd R, la (V, -V,,). Gia thiét
rang dién th& tai X bing

Uiy

Hinh 4-10 Mach khu&ch dai tdng.

khong, dién 4p dau kia cua
dien o R, 1a -V, Do déddong [ sé la: 1= -V _/R,. Tirdoé ta cé:
Y _¥a ¥ Y

R N W N
RE RA RB RC

Do dé tin hiéu ra bang téng tin hiéu vao, tic 1a:
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R, R, R,
—Vat+t——vp+—Vv.) (4-16)
R, Ry c

Vi :_(

NéuR, =Ry =R taco

R,
Vi Va+Vg +Ve
mT R (Va+vp +V¢)

4

4-3 PIEU KHIEN PONG CO BUGC
4.3.1 Cdac ki€u dong co bude

Dong co bude (stepping motor) 12 mot ¢co cdu chdp hanh co - dién
ding dé bién doi nang lugng dién thanh chuyén dong co hoc. Pac tinh
chuyén dong cia dong co buée d rdi rac, trdi nguoe vai dac tinh chuyén
dong quay lién tyc va tren cua dong co DC vd AC. M4i xung dong cap
cho cugn déy stato, truc déng co thuc hién quay mot géc goi la bude goc.
Pic di€m co ban clia dong co bude 1a téc do géc ty lé vdi tdn s6 xung
vio. Bong co bude diéu khién tin hieu 56 duge sit dung kha rong rii trong
mdy diéu khi€n s6 NC, may in, robot, mdy photocopy va cdc midy khdc.
Péng co bude 6 1thé diéu khién ca vé vi tr va 16c do (dai toc do tir O dén
300 vong/phiit) ma khong cdn mach phan h6i nhung van dam bio duge do
chinh xdc vi tri. Tan $6 cung cdp cho dong co ndm & vung tin s6 thap. Do
chinh xic vi tri trong khoang 1 dén 5% budc gdc. V61 cong nghé hién
nay, cong nghiép da san xuat dong co budc vdi cong sudt 1on nhat 1
2kW.

Uu viét ciia dong co bude 1a & chd né ¢6 kha nang diéu khién truc
1i¢p biang mach s6. Vi vay, trong mach diéu khién khong can mach bién
doi s6 tuong ty (DAC). Vi né ciing khong can céc chuyén mach hoac
choi than nhu trong déng co mot chidu (DC) diéu khién secvo. Diéu khién

vi tri bang dong co budc trinh duoc sai s§ tich Iy chidu dai cla chuyén
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dong. Pong co bude duge sit dung trong cdc mach diéu khién hd. Mot wu

dién khéc cia dong co bude 14 it gay on.

Dong co bude dugc san xudt theo tiéu chudn budc géc hoac theo
cong suat. Dai budc gée cua dong co tir 0,72" dén 90" tuong Ung vai
1,8°, 7,5% 15", 30" hoac 90"

Pong co budc ¢6 ba kiéu: dong co budc nam cham vinh ciru PM
(Permanent motor), dong co budc cd tir trd bi€n doéi VR (Variable-
Reluctance stepper motor) va déng cg bude k&€t hop tir hai dang déng co
budc PM va VR goi 1d dong co lai ¢hybrid stepper motor). Do ¢ su phat
trién manh mé cua hé¢ théng diéu khién nén kiéu dong co lai duge sit dung
ngay cang rgng rai trong cong nghi¢p. Dudi day trinh bay nguyen ly lam
viéc, k€t ciu va hé diéu khién cho titmg loai dong co bude.

4.3.1.1 Dong co budc PM

Nguyén tac dién cha dong co budc PM (Permanent Magner stepper
motor) cing giong nhu dong co doéng bo ba pha. Hinh 4-11 trinh bay
doéng co budc ¢6 hai cap cudn pha. Hai cap cudn pha duge 1ap d6i xing
nhau qua roto. Roto coa dong co budc PM Ja nam cham vinh ciru. Cudn L.,
va L; hinh thanh mot it cudn pha va L, vd L, 1a cap cuén pha thi hai. Dé
hi€u nguyén tic lim viéc, gid thi€t ring vi tri ban ddu cla roto va stato

nhu chi ra trén hinh 4-11a.

Khi khong déng chuyén mach S, va S, dong khong di qua L, va L.
Khi déng .chuyé"n mach S, va S,, dong dién c6 dién dp +V chay qua S, va
S, t&i cdp cudn pha L, vi L;. Trudng tir cua hal cudn pha tang lén, cuc tu
tinh trén cudn pha va roto nguge nhau. K&t qua la momen cam @ng dién
tr 1am rote chuyén dong quay cho tdi khi cyc clia cudn pha va roto ¢ vi
tri nhu chi ra trén hinh 4-11b. N&éu khéng cat dién cho cdp cudn pha L, va

L., roto 5& khong thay déi vi tri c¢lia minh.
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Hinh 4-11 So d& nguyén ly cla déng co bude nom cham vinh clu(PM).

Tiép theo, ngat dién ciap cudn pha L, vad L; (m& chuyén mach §, va
S;) va déng chuyén mach S, vd S,. Cap cuén pha L, va L, duoc cap dien.
Tir trudng cha cip cudn pha ting din va cuc tinh cila cdc cuc chi ra trén
hinh 4-11c. Roto quay theo chiéu chi ra trén hinh vé va né quay dén vi tri
can biang mdi (hinh 4-11d). Khi dong dién van dugce cap cho cip cuc nay

vi tri roto s& khoéng thay déi.

Hinh 4-12 chi ra cau tric bén trong déng co PM hai pha don gian. Trén
stato dong co ngusi ta bd tri bon cuc va trén cdc cuc lidp cdc cudn pha.

Roto dong co duge hinh thanh tir hai chi tiét, chi ti€t thd nhat 6ng nam
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¢ham vinh ciru va chi ti&€t thi hai 1a truc thép cé do cich tu cao. Gng nam
cham c6 k&t cdu phit hop dé hinh thanh hai cuc bic (N} va nam (S) va éng
duge ép chat 1en truc thép cdch tir. N&u goi 56 cuc trén stato la Z,,, va 2ol
budc géc S,., cong thic tinh bude péc dong co bude PM nhu sau:

_ 360

S de 7

(4-17)
st
Pong co PM (hinh 4-12) ¢d bude goc:

_360 360 _
Z, 4

S, 90"

iy

sk

Truc thép )
cach tif //,L ... Day pha

B1

Ong nam cham A2
vinh ctiu

Hinh 4-12 S d3 cdu trde dong co PM 2 pha.

Hinh 4-13a chi ra so dé cdu tric bén trong cia dong co PM 1dim
cuc cling vdi tdm cudn day pha.

N&i day ngudn dién cung cdp cho cdc cudn pha chi ra trén  (hinh
4-13b). Hai cuon day trén hai cuc d6i xing duge noi voiL nhau qua roto
thanh mot cap pha. Tuong (ng v6i tdm cuon day pha cho tam kha nang vi

tri cha roto trong mot vong quay. Va tdc do budc ciia dong cd ciing la

119



tdm, boi vi ¢ tdm kha nang vi tri cha roto. Trén co s& cdu triic trong cila
déng cd, bude géc tinh theo cong thirc (4-17)

Hinh 4-13 So dé déng co PM bén cap pha.

Q° oo® 120° 280"

A
L

® 1
© 1
° 1

g t t t t t t t t t

1 2 3 4 5 & 7 & a

Hinh 4-14 Ddi xung yéu céu dé didu khién dong ¢o bdn pha.

Hinh 4-14 chi ra trinh tu c4p dong cho cdc cap cudn pha cla dong
¢ PM bdn pha cé cich n6i day nhu hinh 4-13b. Gia thiét rang thoi diém
bat dau khio sdt t, cap cuon pha L,, va L,, duge cdp dong duong tir A va
chay vé ddr. Giira thoi gian t, dén t, [ thoi diém 16n tai diéu kién can
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bing. Dén thoi diém t, dong dién cdp cho A bi ngit va cap dong duong
cho B phi hgp vdi nguyén tic trén hinh 4-11, tir trudng sinh ra trén cudn
L,,, Ly, lam quay roto sang vi tri méi tuong (ng vdi thoi diém 1, vh qud
trinh nay ti€p tuc dén t; ¢6 nghia 12 qud trinh nay 1A dua dong duong vao
cdc day C va D. Tai thoi diém t, , roto quay duge gée 180" Va tir vi trf

pay cuc tit clia stato cdn phai nguge theo huéng dén t,,.
4.3.1.2 Pong co buic VR

Pong co budc tir ird bi€n déi VR (Variable - Reluciance stepper
motor) ciing duge hinh thanh trén co s& thanh phdn co bin giong nhu
dong co buéec PM gdm roto va stato. K&t cdu stato trén timg pha cua dong
co VR gidng v6i stato dong cd PM, b4 tri rang trén cdc pha sé€ trinh bay 3

phan tiép theo.

Roto cia PM khic v6i roto cia VR & chd roto cia PM duge ché
tao tir nam cham vinh ciru con roto ciia dong co bude VR duge ché tao 1
thép non ¢é kha nang din tir cao va dic biét 13 cdc cuon day dsi ximng
nhau qua roto trong déng co VR ¢6 cling cife tinh con trong trudng hap

dong co PM 1a khdc cuc tinh.

Ta hiy quan sat qud trinh lam viéc clda mot pha trong dong co VR
ba pha, bon cuc trén stato, roto moét doan truc (doéng ¢o VR roto c6 thé
gém mot hoac nhiéu doan truc) véi cdch nédi cde cudn pha chi ra trén
hinh 4-14A. Khi cap dién cho pha A, cdc cudén Al va A2 c6 cung cyuc tinh,
cuc béc (N), tir thong ciia hai cuc tang dén v khép kin voi roto. Cyc A3
vd A4 mang cuc tinh nam (S), tir théng cla hai cuc nay ciing tang din va
kép kin véi roto. Dong tir roi khoi cue bac Al vdo rang 1 trén roto, sau do
tich thanh hai nhdnh, nhdnh tht nhat phdt trién 161 ring 2 trén roto, qua
cuc nam 3 chidy vao stato v kép kin mach tir ta1 cuc bac {N) Al. Nhdnh
thu hai phdt trién 161 rang 4 trén roto, sau do qua cuc A4 vao stato vi

ciing khép kin mach tit & Al. Dong tir trén cuc bic A2 phat trién sang
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rang 2 cia roto. Vi tai day dong tir ciing tach thanh hai nhdnh. Nhanh thi
nhdt phat tri€n tir ring 2 dén ring 3 cda roto va phdt trién sang cuc nam
A3 vao stato va khép kin tai A2. Nhanh thi hai phat trién tdi rang 4 wén
roto va phdt trién sang cuc A4 vio stato va dong tir khép kin tai A2. Bén
cudn diy hinh thanh bdn vong tir khép kin gita roto vi stato nhu chi ra
trén hinh. Dong dién cdp cho cudn pha A, & vi tri khao sdt tir trd 13 nho

nhdt, dong co ¢ di€u kién cian bang, truc roto ding yeén.

Hinh 4-14A Dong co VR ba pha bén cdp cuc trén stato,

Dé quay roto theo chiéu kim déng hé ta cip dien cho cudn pha B,
tai thoi diém nay tir trd trong dong co 16n, momen tir tac dong lén truc
roto lam cho roto quay theo chiéu giam tir trd. Vi roto quay cho tdi khi tir
tr¢ nho nhdt, momen trén bang khong, truc dong co dimg. Roto & vi tri
can bang mdi. Néu cdp dién cho cdc cudn pha lan lugt ABCA roto quay
timg budce theo chi¢u chi ra trén hinh. Muén roto quay theo chiéu nguge
lai ta cung cdp dién cho cdc cuon day theo thir tu CBAC. Cich cung cap
di¢n cho cdc cudn day déng co theo trinh ty thong qua cdc chuyén mach
¢o hodc dién la qud trinh hinh thanh tr trudng quay trong stato. L y

rang roto cia dong co lam bing thép non nén khi mat di¢n roto khong ¢é
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tir du vivay n6 khong bi him nén quay tu do dudi tdc dung cua tai. Day

13 nhuge diém cia loai dong co nay.

rang roto

Hinh 4-15 Cac théng s& cla S, vé& Ss.

Pong co khao sdt trén stato va roto déu c6 rang, cdc rang ndy co
chitc nang nhu la cyc. Khi thiét k&€ dong co VR mot doan truc, thong s6
quan trong ma ngudi thi€t k€ phai dac biét quan tam 14 s6 rang trén stato
va trén roto hay néi khac di 12 budc géc trén roto va stato. Néu goi sO
rang trén stato 1a Ny, s6 rang trén roto la N, va goéc do bang do gira hai
rang lién ké trén roto la Sy va Ss nhu chi ra wen hinh 4-15. Géce giita hai
rang lién ké trén stato tinh theo cong thic:

o
S, _ 360
NS

(4-18)

Géc gilta hai rang ké tren roto khi bi€t Ny tinh theo cong thire:

_360°
NR

S (4-19)

Néu goi S 1a gée bude cita dong co ¢6 don vi do bing d¢, gbc budc
clia dong co VR mot doan truc ¢é hai cdch tinh. Néu biét S, budc gdc

dong co la 1y s& giffa goc rang trén roto chia cho s6 pha cia dong co.
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S=k (4-20)

trong d6é Np= s6 pha clia dong co, Néu biét so rang trén stato va roto, gée
budc dong co tinh theo cong thic:

_ 360"
RS

S (4-21)

trong dd Ry - téc do bude do bang bude géc trén vong, R, = NpxN,
Vi dy 4-3 Xdc dinh bude gée cla dong co bude ba pha roto mot
doan (hinh 4-14). Sé& pha cua dong cola N.= 3. Rotocé N,= 8 ring.
GIAI
Xdc dinh goc gia hai rang lién ti€p trén roto Su:
Sk 360 =45°
g

Tir cong thic (4-20)  S= 113-5- =15°

Cling v&i vi du trén tinh theo c¢ong thie (4-21)

S-@— 360
Ry 3x8

Vi du 4-4 Dong co VR roto mét doan, N, = 4 pha ¢cé budc géc
S = 1,5% gbc gita hai rang ké clia stato Sy = 8" . Xdc dinh $6 ring trén

roto Ny, s6 rang trén stato Ng, va tdc do budc.
GIAI

Xac dinh géc giita hai rang lién i€p trén roto theo cong thic
(4-20) :
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SK = N}:XS = 4)(1,,5 = 6"

Tinh s6 rang trén roto 4p dung cong thirc (4-15) :
60° 60°
N R = 3___ — ..3__,_._ =60
N 6°

Xéac dinh s rang trén stato theo cong thite (4-19):

_ 3607 3607 s
S 8

Ny

Xic dinh téc dd budc theo cong thic (4-21):

R = ﬂ = 3—69 =240 bude/vdng
S 1.50

Dudi day khdo sdt két cdu dong co VR nhiéu pha véi roto chia
thinh nhiéu doan, s& pha pha cha dong co bang s6 doan trén roto. Hinh

4-16 chi ra két cdu dong co ba pha véi roto chia lam ba doan.

Dong co ¢ truc roto chia thanh nhiéu doan ciing duge ciu tao i
hai thanh phdn co bin: stato va roto, Hinh 4-16a chi ra k&t cau stato va
roto cliia dong co ba pha. Roto ciia dong co chia lam ba doan. SO rang trén
cdc doan cla roto bang nhau va bé tri trén cing dudng sinh tru. Stato cia
dong co ciing chia ba doan va dugc ghép trén ciing mot gong. Mai doan
chifa bén cuc, mdi cuc chia stato cd thé xem nhu 12 moc rang Ién. Trén
mobi rang 16n lai ¢é ring nho. Diéu quan trong cdn phai nhd rang $6 rang
trén stato tinh theo s6 rang nho trén stato vi $6 rang trén roto phii bang
vGi s6 rang trén stato. Hinh 4-16¢ 1a stato va roto dong co VR ¢é bon
cyc, trén moéi cue ¢& nam rang, s$6 rang cua stato la 20 rang va 50 rang
trén roto ciling phai ¢é $6 ring 14 20. Vi trén hinh cling chi ra cdch quan
cudn pha trén mot doan stato. Hinh 4-16b chi ra cdch ndi cdc cudn pha

trén dong co ba pha v&i roto gdm nhiéu doan tao thanh.



Hinh 4-16 Két cdu frong déng ca VR 3 bac fryc
a) két cdu stata va roto;
b) ba tti cudn pha va 5o 46 néi day;
c) ddu day cda pha A,

Rang trén cac doan stato khong b6 tri gi6ng nhu (rén roto ma
ching duoce dat léech nhau. Hinh 4-17 chi ra b6 rf ring trén cdc doan stato
dong co ba pha bén cyc 12 rang. Néu pha A c6 rang trén stato dai dién
v3i rdng roto va coi tai d6 géc budc bang khong, truc roto ¢6 dinh, rang
trén stato pha B dat léch v6i rang cha roto mot géc bang géc budc cia

dong co (trong trudng hgp nay gdéc bude S = 10°). Ring trén stato cua pha
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C dat léech so vdi rang roto ciia pha A mot goc bang hai lan buéc géc hay
bang 20"

Ta hay khio sit qud trinh chuyén doéng ciia dong co VR nhicu
doan truc. Gia thiét rang thoi diém ban dau khio sdt, pha A dang dugce
cdp dong mot chiéu, rang stato pha A tring véi mdt ring nao do trén roto
¢6 nghia I tai thoi diém nay tir tré nho nhat. Truc roto ditng va gée roto
gia thi¢t bing khong. Khi cat ngudn dién cua pha A va cdp dién cho pha
B. Do cdch bé tri rang giifa pha A vi pha B léch nhau, vi vay tir tro giita
ring cna roto va stato 1én do dé xudt hién luc dién tir lam truc roto quay
dén khi tir 18 13 nho nhiat ¢6 nghia la roto quay dén khi rang trén truc
roto dang khdo sit doi dién voi rang trén stato clia pha B tuong ng vdi
mot bude goc dong co. Tiép tuc cat dién pha B va cdp dién cho pha C
ring dang khao sat lic nay léch v6i rang trén stato pha C. T tro khong
con nhé nhit va lam roto tiép tuc quay dé sao cho ring dang khao sit dén
vi tri d61 dién véi rang trén stato pha C. Cat dién pha C va ti€p tyc cap
dién cho pha A va qud trinh tuong tu ti€p tuc Xay ra nhu chu trinh trudce

dé truc roto Uép tuc quay.

Hinh 4-17 B8 tri rang pha trén déng co VR ¢o roto nhiéu doan.

Bude géce trong trudng hgp dong co roto nhiéu doan truc duge tinh nhu

sau:
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360°

S=——— (4-22)
N, x Ny

irong dé N, = s6 pha clia dong co; N, = 56 rang trén roto.

Vidu 4-5 Pong co VR truc roto ba doan, s6 rang trén pha N, =12
va 58 pha N,=3. Tinh budc géc cia dong co.

GIAI
Budc géc cua dong co tinh theo cong thitc (4-22)

_360° 360"
N, xNp 12x3

:]00

4.3.1.3 Pong co budc kidu fai

Dong co buée kiéu lai (hybride stepping motor) ¢é dac trung cdu
tric cua ca hai dang dong co budc PM va VR, Hinh 4-18a so d6 két cau
trong dong co budc kiéu lai. Roto va stato cha déng co kiéu lai dang khao
sdt cng gidng nhu dong co VR chia thanh hai doan. Tuy nhién dong co
ki€u lai ¢6 nhimg diém khdc quan trong so vdi dong co VR: roto ctia dong
co kiéu lai ¢6 chita nam cham vinh clu. Truc nam chim cé cuc tinh
khong d6i va hai roto 1am bing thép non tuong tng v6i hai doan stato
duge ép lén truc nam cham va truc roto duge dat trén hai 6 bi. S8 rang
trén stato va roto cha dong co VR 132 bing nhau nhung d6i véi dong co

kiéu lat s6 rang trén roto nhiéu hon s6 ring trén stato.

Ty s6 giita s6 rang cla stato va roto thé hién kha niang diéu khién
chuyén dong quay déu cla dong co & téc do thap. Ring trén céc doan roto
cua dong ca VR duge bo tri trén cang dudng sinh tryu, véi dong co kiéu lai
cdc rang trén hai doan bd tr{ doi nhau ¢é nghia 13 ring trén doan roto nay

trung v&i khe giira hai rang cua roto doan kia nhu chi ra trén hinh 4-19.
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Gdng Stato
-

Hinh 4-18 a) Cdu truc trong déng co kiéu lai .

b) N&i day trén stato trong déng co kiéu lai .

Poan truc B

Nam cham
Vinh cliu

Boan truc A

Hinh 4-19 Cdu truc roto déng co kiéu lai hai pha.
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Rang trén cdc doan stato cua dong co VR dugc bo tri léch nhau va
bing budc gdéc nhung ring trén cdc doan stato cha dong co kiéu lai bo tri
trén cung mot dudng sinh tru trong cia stato ¢6 nghia 1a cac rang khong

bo tri léch nhau.

Phuang phap bé tri va néi cdc cudn pha trong dong co VR va dong
co ki€u lai ciing khdc nhau. Dong co VR cdc cudn pha duge ldp trén timg
doan stato, dong co lai cudn pha duge Iip trén ca hai cyc cioa hat doan
stato. Hinh 4-18b chi ra cdch cudn cdc pha trén hai mat cit A va B. Trong
vi du nay cuén pha A dugc duge lap trén cdc cuc 1é con cudn B lip trén

cic cuc chan.

Hai doan roto cha ddng co lam bing thép non lp trén truc nam
cham vinh clru nén cde doan roto ndy duwgce tir hod tugng ng v6i cuc cla
nam cham. N&u goi doan tryc mat cit A di qua 13 doan truc A va doan cé
mat cit B di qua 1a doan B va doan A ¢6 cuc tir 13 bic (N) va doan B cé
cuc tir 1a nam (S). Néu cip dién cho cudn A dong tir chay tif roto A chia
lam bai nhdnh. Nhdnh thit nhat dong tir tir nam chan vinh ciru lan sang
roto A, qua cuc 1 tai day rang trén cuc 1 ciia roto A d6i dién vdéi rang trén -
cuc 1 cia stato A ldc nay tir trd nho nhat. Sau d6 dong tir lan sang stato A
va lan tdi stato B. Dong tlr nay lan tdi cuc ma cuc dé cé tir trd nho nhat.
Trong vi du la cuc 3. Dong tir lan tit cue 3 trén stato B qua cue 3 lan sang
roto B va lan 161 roto A khép kin mach tr. Mach tir thy hai, cling xuit
phat tir roto A qua rang 5 lan sang stato A lan t6i stato B qua rang 7 trén

stato B lan t6i roto B va mach thit hai duge khép kin & roto A.

Khi cap dién cho cudn B tir trd khong cdon nhd nhit dan dén roto
quay theo chiéu lam giam tir rd, trong trudng hgp nay roto quay téi cuc 4

vi 8 trén roto A va trén doan B & cuc 2 va 6.
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Trong thyue t€, trén cidc cuc ngudi ta ldp hai cudn day dé co thé dé
dang thay déi cuc tinh. Hinh 4-20 chi ra b6 tri cic cudn day trén cuc cla

dong co kiéu lai hai pha.

Cubnpha Avab

fud White Glue

Hinh 4-20 B& tri cudn pha trén stato cla dong co kidu lai.

BuGc gée cha dong co kiéu lai tinh theo céng thirc:

S (4-23)

A

trong dé S, — gbc gira hai rang ké nhau cla roto; Z; — s6 ¢ap cuc trén
stato.
Toc do bude tinh theo cong thie:

360°
Ry ==

(4-24)

Vi dy 4-6 Dong co kiéu lai ¢6 s6 rang trén roto Ny= 30; s6 cap Z
= 4. Hiay tinh budc géec cha dong ca.

GIAI
Xdc dinh goéc giita hai rang ké nhau cia roto:

_360_360° _

= 12¢
"TN; 30

“
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Budée gde cua dong co:
S, 12

- _:30
Z, 4

Vi du 4-7 Tinh tedn tc do vong cla dong co bude kiéu lai bude

gdc 1.8
a) Diéu khién chi cap dién cho mot pha( diéu khién c budc).
b) Diéu khién nura bude (cdp dién cho hai cudn pha dong thoi).
GIAI
T6e do bude gée trén vong khi diéu khién ca bude:

_360° _360°

R. — =200 budc/von
TS 18 5
Tinh ntra buéc goc:
S_18 o
2 2

T6c do budc goc trén vong khi diéu khién nira budc:

R, = 3680 = 33?)— =400 budc/vong
2

4.3.2 M6t 56 théng s8 co ban cla ddéng co budce

Diéu khién dong co budc 1uy thuéc vao dac tinh, kiéu diéu khién
va kiéu dong co va nhét 13 khi thiét k€ cdn dac biét quan tin dén nhing
dac tinh nay. Cdc dic tinh 13 co sa dé hya chon hoac thay thé dong co cho

phit hop yéu cidu thiét bi méi.
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Budc goe: 1a géc quay cha truc dong co twong tng véi mat xung
diéu khién. Bude géc ctia dong co duge xdc dinh bdi kiéu diéu khién (ca

budc, atra buge) va cau tric dong co.

Do chinh xdc bwdc goc: DO chinh xdc budc géc duge danh gid
biang gid tri phén tram tang hoac giam cha bude géc so véi bude gée danh
nghia, vi du do chinh xdc budc géc 5% cua dong ca c6 bude goc 1,87 1a
(,09". Sai $6 nay duge tich 10y trong mot bude hoac trong 200 bude (dong

¢ ¢6 budc goée 1,8; 200 bude thuc hieén mot vong cla truc)

Momen tinh: Momen tinh 12 momen ngoat lyc ma momen nay gilt
cho truc khong quay. D€ dong ca quay duge cdn cdp dien cho dong co, vi

vay roto quay lién quan 161 dong trong doéng co.

Momen ham: hay con goi {a momen du, Momen ham 14 téng cic
momen hi¢n tai trén roto khi ddng co khong duge cap dién. Momen hdim
chi tang trong dong co PM va dong co bude kiéu lai khi [6n hon momen

tinh. Momen tinh phdi nhé hon momen han 10%.

Dién tro cudn day: Dién trd cudn day pha lién quan dén dong

dién trong dong co

Dong trong cudn day lién quan t6i memen, dong {dn, momen dong
¢o 16n, dong nho momen nho. Néu biét dién dp E cung cap cho mdi cudn
pha va dién tr6 R cudn pha, dong trong ¢udn pha tinh todn theo cong thire
I =E/R.

D¢ tu cam trén cudn day: Do tu cam trén cudn pha xic dinh boi
toc do e cam d€n bao hoa khi cdp dién cho cuon pha. Gid tri tir cam
nhanh hay cham 1uy thudc vao dong chay trén cuon day. Can phdi tinh
todn dong cdp cho cudn pha phir hop khi dong co quay & 16¢ do cao (tac

do ty cam}.



Momen quan tinh cia roto: Momen quén tinh ding dé€ tinh todn

gia t6c cla dong co, don vi do kG.cm?.

Momen khoi dong (pull-in torque): Momen khoi déng 12 momen
dién tir sinh ra khi cdp dién cho dong co dé né c6 thé ty khdi dong
{momen dién can bang véi momen qudn tinh va momen ma sdt) va chay
dong bd (khong bo budc). Dong co sé khdi dong va chay khong bo bude
trong vimg ty khdi dong va dimg cha dudng cong momen-téc do biéu
dién gigi han momen kh&i dong cua dong ¢o vdi tdn s§ bude. Vi du cho
trudc momen khdi dong cliia dong co, tir diém ndy vé dudng song song vdi
truc tin s& budc (nét dit) cat dudng cong momen khéi dong, tir diém nay
x4c dinh dugce tan s6 buéc 16n nhat cho phép khoi dong dong co budc chi

ra trén hinh 4-21 thi tan s8 budc cuc dai .

khbig%hﬂfqmu Ving taAng, giam téc 45
hay a6 chidu quaY 5 o momen  khéng duge ddo chidu quay

kil dng
\?om momen keo

l;""""h'.\-

7 /
-Téc do khdi dong Téc g4 keo

Momen bam

Mamen khii dang }—- r

Momen kéo } .

Tan 56 bubc (bubc/gidy)

Hinh 4-21 D& thi momen - tdn 58 budc cla dong co budc,

Momen kéo (pull-out torque): Momen chay la moment tai cyc
dai 6 thé dat lén truc dong co khi né dang quay ma khong gay ra dimg
dong co. Hinh 4-21 13 d6 thi biéu dién dac trung momen-tdn s6 budc
{budc/gidy) cua dong co budc. Hai dudng cong chia dé thi thanh hai viing
diéu khién. Ving thi nhat gidi han bdi truc momen, tin s6 budc va dudng

cong momen khoi dong 1a vung dong co c6 thé wr khdi dong va dimg.
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Trong ving nay dong co dugc phép khoi dong, thay déi chiéu quay, tang
téc dé chuyén sang lam viéc & vung tha hai ma khong bi bo bude va dimg.
Vung thy hai gidi han bdi dudng cong momen khéi dong, dudng cong
momen kéo va truc tdn s8 budc 1a vung cho phép dong co diéu khién tang,
giam t6¢c d6 nhung khéng duce phép thay déi chiéu quay dot ngot.

Tan s6 khoi dong cuwe dai: Tan s6 khdi dong cuc dai 1a tdn 56 1dn
nhat md & tin s6 ndy dong co & trang thdi khong 1di cé thé ty khai dong
duge. Tir duding cong quan hé momen- tadn $6 budc cho thdy momen khai

dong giam khi tan sé budce tang.

Toc do quay cua dong co tinh theo tin s6 cap xung:

o (f:8)x60 fS

4-25
360 6 ( )

trong do :
f< = tdn s6 Xung cap cho cudn pha, Xung/s;
® = t6c dd goc cua truc déng co vong/phiit;
S = bude goc, tinh bang do;
1360 = hé s6 chuyén déi 360°/vong;
60 = hé s6 chuyén d6i 60s/phat.

Khoing cach dich chuyén cla truc dong co tinh theo sé xung cdp
va buéc géc dich chuyén cla cong co theo cong thiic:

N x8
360

(4-26)

trong do :
6 = goéc quay cia truc dong cg, don vi tinh theo vong;

n, = s6 xung cdp cho dong co;
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S = khoang cédch ti€n khi dich chuyén mot budc géc cla truc dong

ca, tinh theo mm" {(milimet do);

360= hé s6 chuyén doi 360°/vong.

Dé thi€t k€ hé¢ dan dong mdi hodc thay thé dong co budc cha hé
dan dong ci cdn phai ¢6 nhitng thong s6 dac trung quan trong cla dong
¢g. Trén co s¢ thong O cua dong co thyc hién thiét k&€ hé dan dong mdi
hoac tinh toidn lya chon dong co phl hop v4i hé dan dong cd.

Bang 4-1 chi ra cdc théng s ¢o ban cha dong co budc bon pha

ki¢u lai ¢6 bude goc 1,8".

Bang 4-1

Thong s& Gid i
Pién dp diéu khién (dc) 6V
Momen tinh 30 oz-in
Budc goc L.8&"
Dong tréen mai pha 1.OA
bBién tr& trén méi pha 6.0
B6 tu cam mai pha 12 mH
B chinh xde bude goéc 5%
Nhiét do vung lam viéc -20"C dén 60°C
Mowmen hin 5.0 cz.in
Budng kinh truc 0.250 n
Trong lugng 1.2 b

Vidy 4-8 Dong co bude ¢o budc géc S =157, ndi true Uép véi truc
vit me dai 6¢ bi budc t, = 3 mm dé din dong ban mdy clia midy phay. Hiy

xic dinh:
(a) Tinh tdc do cua dong co theo don vi bude /vong.
(b) Dich chuyén cia ban mdy khi dong co thuc hién mot buse gadc.

(c) Cin bao nhiéu xung dé ban mdy dich chuyén Ly = 2,125mm.
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(d) Téc dong ban may khi cdp ngudn xung K= 220xung/s.
GIAT
Toc do goe cla dong co:

R, =230 _ 3% 54 buse/vong
T

Dich chuyén clia ban mdy khi dong co thuc hién mot bude goc. Goi

L la dich chuyén ban médy ta ¢6 quan hé:

15" L C3xt, 15x3

360°  t, T 360 360

=0,125mm

$6 xung X cdn dé ban may dich chuyén Ly=2,125mm:

Toc dé V ban may khi cdp xung K=220 xung/s:
V=LxK=220x0,125=27.5 mm/s
4.3.3 Hé diéu khién doéng co budc
Hé di¢u khién déng co bude cdn phdi cé hai chifc ning:

1- Cap ngudn dién cho cdc cudn pha theo trinh tu tin hi¢u vao.
Chiic nang nay duoc thuc hién nh& mach logic, mach trinh ty
va phin mém diéu khién.

2- Ngudn dién cdp cho cuon pha vdi thoi gian ngan. Day la yéu 16
rat quan trong doi vdi momen déng co. Vi vay hé so thoi gian

dién (L,/R,) phai 16n hon ding k€ so vai chiu rong xung vio.

Pong co bude cé 1hé didu khién theo ba cdch:
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1- Diéu khién ca bude (full step) Ia cdch diéu khién ma mdi lin
xudt hién xung diéu khién chi ¢6 mot cudn pha dugce cdp dién.
Hinh 4- 22a 13 so d6 thoi gian cdp xung cla dong co bon pha
A.ABB.

2- Diéu khién ca budc 1a didu khién ma méi ldn xudt hien xung
diéu khién hai cuon pha déng thoi duge cdp dién chi ra trén
hinh 4-22b.

3- Dicu khién nira budc (half step) 13 kiéu diéu khién két hop ci
hai ki€u cd buée: cdp dién mot cuon pha va hai cu¢n pha déng
thoi. Cdch dieu khién niy c6 thé thdy 15 trén biéu dé thdi gian
cdp xung (hinh 4-22¢).

thai gian chu k+ thei glan chu Ky thai gian chu ky
12 34586 7 8 12 3 45086 7 8 12 3 456 78
Fha | . ! Pha L Pha -
o on{ on
A JDn A-‘ R Jon]on
E F anjon [alallelg] an|on | onl
B +— & A A
- on o | —| [anfon on|on anfon|on
A et A +—d L ry
on - an|on an on -
Fi on |l 3 ]
a) b) ©)

Hinh 4-22 Bigu d6 thai gion cdp xung cla déng co budc kidu lai 4 pha.
Hinh 4-23 12 so d6 kh6i don gian biéu dién he diéu khién dong co

budc. Hé¢ diéu khién bao gém cac thanh phdn chinh: nguon cung cip
xung, logic va diéu khién.
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Xung digu - ) i
i Logic »= Diu khién

) 4

Ngudn dign
da audc
digu chinh

Hinh 4-23 Thanh phdn ca bdan cla hé didu khién déng co bube.

Nguén xung diéuv khién cé thé do mdy phdt xung hodc do nguédn
xung tir cdc thiét bi khdc cung cap. Xung cdp cho thanh phén logic c6
dang xung vuéng. Xung diéu khién phai tuong thich véi thanh phan logic
va logic | = 5V; logic 0 = OV,

Thanh phan logic 1a mach dién lam nhiém vu thyc hién diéu khién
cdp dién cho cdc pha dong co hay con goi la mach phén phér xung. Hi¢n
nay ¢6 nhiéu mach thuc hién chite ning nay, & day trinh bay mdt mach
phan phdi xung sl dung 1C 7474 va IC 7400. IC 7474 gom hai phan ty
nhd kiéu D. So dé cdu tric IC 7474 chi ra trén hinh 4-24a. IC 7400 gém
bon phan tt NAND va cdu triic cua [C thdy rd trén hinh 4-24b.

)

) 7400
il
1B DOEOED

GHD

)
Hinh 4-24 So dé cdu tric |C 7474 va 7400.

Mach phan phd&i xung cho ddng co buéc bén pha kiéu lai st dung
IC 7474 va 7400 chi ra trén hinh 4-25. Khi phén tich hoat déng cua mach
phan phéi xung cdn nh¢ ring phédn tir nhd D hoat dong theo sudn lén cla
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xung nhip. Khi chua ¢ xung nhip, phdn tir nhd L. chin 5 = @, ¢é mic
logic I twong Wng véi dién dp 5V (Q,=1), chan 6 = Q,¢6 mic logic 0

luong ing vdi dién dp OV (Q, = 0).

Phin tr nhd 2, chan 9 = Q, c¢6 muc logic 1 (Q,=1), chin & =
Q, ¢& miic logic C (Q«, = 0). Nh& cdch néi cdc chan phi hop nén tai thoi
diém nay trén cdc chan 3,6,8,11 clia IC 7400 ¢6 mifc logic biang khong
nhu chi ra trén biéu d6 phan bé xung theo thdi gian (hinh 4- 26).

T
bee 1.3
;" s} \)0—
14 —— P
‘J pF{ Q? 8 4 _‘\\E
M3 5| €
L
%3
J 4T 5
i—w a
— |3 m| B
s 1 CLR Q'\|‘ L[ I—/D_
12— 1t
oA

Hinh 4-25 So d& nguyén Iy mach phan phai xung déng ca bdn pha.

Khi gdp sudn lén cda xung nhip tht nhdt trang thdi cha phin 1
nhé 1 thay doi trang thai tir logic Q,=lchuyén sang mirc logic Q,= 0,
(7|= 0 chuyén sang Q,=l do noi chan 6 véi chan 11 (CK) la clia vio

xung nhip cba phdn tir nhé 2 vi vay phén tif nh6 2 thay doi trang thdi tir

logic Q,=1 chuyén sang trang thii Q,= 0 \'216;= 0 chuyén sang Q,=1.
NGi chan 6 cna phdn tr nhé 1 v6i chan 12 phan tir A trong 7400 va chan 9
phan tir nhé 2 v&i chan 13 cta phin tir A cha IC 7400 chan 11 ¢6 logic
chuyén tir logic O sang logic 1 vi trong khi dé cde chan 8,6,3 vin ¢é miic
logic bang khong. Trang thdi nay giit cho dén khi xuat hién suom 1én cla
xung nhip thi hai. Khi dé trang thai phin tr nho 1 thay déi trang thdi, Q,
tir trang thdi logicQ,= O chuyén vé trang thii Q,=1 va Q, tir trang thdi
logic Q_]=l vé trang thai Q,= 0. Trang thdi cha Q,= 0 dua tdi cha vio

xung nhip phan tir nhé 2 nén khong lam né thay déi trang thdi cia phdn tir

140



nhé 2 vi vay cdc ciia ra 9,8 khong thay déi mirc logic. N6i chan 5 cua
phin tir nho 1 t6i chan 9 cla phin tor B trong 1C7400 va chan 8 cla phin
tir nhé 2 voi chan 10 cua phdn tr B (rén 1C7400 cira ra 8 trén phan ur B
chuyén trang thdi tir logic 0 sang logic 1 va cic chan 3,6,11 c¢6 mic logic
bing 0. Khi ¢6 sudn lén xung thi ba clia xung nhip, trang thai cua phan

tir nhé 1 thay d6i, Q,=) chuyén sang trang thdi Q= 0 va Q, = 0 chuyén

sang trang thiai Q, = 1. DPéng thdi phin tit nhd 2 thay doéi trang thdi Q,=0
chuyén sang trang thdiQ,= 1 va Q_2=lchuyé'n sang trang thai logic Q__=
0. N61 chan 6 phidn tif nhd 1 t6i chan 5 cia phan tir C trong 1C 7400 va
chan 9 cta phan tf nhd 2 v4i chan 4 phan tir C clia 7400.

a2 03 4 s 8 T 6
SinlE

Xung nkip

Hinh 4-26 Bidu dé xung theo thdi gian cla mach phan phai.
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Chan 6 cia C chuyén trang thdi tir O lén 1 va cdc chan 8, 6, 3 ¢6
trang thai logic 0. Khi xudt hién sudn lén xung thi 4 xudt hién, trang thai
cta phan o nhd | thay déi trang thdi Q,= 0 chuyén trang thdi sang Q,=
1 vaQ, = | chuyén sang trang théi Q, = 0. Khi Q, = 0 nén trang théi phén
tr nhd 2 khong thay doi c6 nghia 1a Q,=1 vaQ, =0. N&i chan 5 cia phdn
tif nhé 1 vdi chan 1 cha phdn tir D trong IC7400 va ndi chan 9 trén phéan
tir nh& 2 v&i chan 2 cla phdn tr D trén 1C7400. Chéan 3 chuyén trang thai
tr logic 0 sang logic 1. Xuat hién sudn 1én cla xung th& nam qua trinh

lap lai nhu khi xuat hién sudn xung lén thi nhat.

Hinh 4-27 14 so do6 lap cia mach phan phéi xung dung 1C7474 va
7400 cho déng co bon pha kicu lai. Tin hiéwv ra mach phan phé6i xung trén
cdc dau 11, 8,6 va3.

Hinh 4-28 1a so d6 nguyén 1y mach diéu khién don gian kiéu ca
bude dong co budc bdn pha. Hé diéu khién gém bén thanh phdn co bédn
nhu chi ra trén so do khoi. Mach logic (phan phéi xung) dudc thigt k& tir
bdn phan (& nhd FF -A, FF-B, FF-C, va FF-D vé6i ddv ra 1an lugt A, B, C
va D.

Yigas5Y WiLaS¥
-E-l;'f | Cul.bk
15
o By
0 pa O [
LERH]
| | 1 6
L - 3
Xung vao

Hinh 4-27 So dé |dp mach phdn phél xung.
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Tin hiéu ra dua tdi mach diéu khién dong co. Mach diéu khién sir
dung bon transistor kiéu NPN. Cic cudn day cia dong co budc duge cap
béi dong ngudn mot chiéu.

Ban dau chua ¢é xung vao, cira ra cdc phdn ur nhé ¢é muc logic 0
do d6 bén transistor T, ,T,, T, va T, déu déng, va cdc cudn pha khong
dugc cdp dién,

Ngudn maét chigu

D
3

L Bidng oo budc

L.~
Transistor NPN

Mach digu khigh —

Lagie

IR
Ja QA

r

|

o

|

| I S

\ FF-A FF-B FF.C FF_D""_Fhaannhﬂ
|

|

|

|

EIEEET

*

e s miy e = e m e o m — =T = o m — — ——

Xung vag

Hinh 4-28 So dd nguyén ly mach diéu khién dong co budc bén pha.

Khi xung thif nhat xudt hién cla ra ciia FF — A chuyén trang thdi tir
0 1én 1. Transistor th& nhat T, md, dong dién tr duong ngubdn, qua dién
trd R (81 cudn pha A qua transistor vé cyc am ngudn, truc roto quay mot
buéc goc. Xung thit hai xuat hién trang thai chan A cia phan tr nhd
chuyén tir logic 1 sang logic O, transistor T, ngit dong cdp cho cuodn day
A. Dong thoi chan B cha FF-B chuyén trang thdi logic tr O 1én trang thai

logic 1. Transistor T, md, cudn B duge cdp dién , truc roto quay budc tiép
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theo. Sau d6 cuén A va B duge cap dien. Khi chan D cua FF-D chuyén

trang thai logic ti 0 1én | va bd dém lap lai chu ky mai.

Phan mém diéu khién dong co budc chinh 12 phin mém sinh ra
chudi xung dé cung cdp cho phan diéu khién dong co. Phin mém c¢6
nhiém vu tuvong duong vSi nhiém vy cha mach phan phéi xung. Phan mém
diéu khién c¢6é thé viét theo ngon nglt BASIC hodc ngén ngi
ASSEMBLER. Hinh 4-29 trinh biy mach so dé lip mach diéu khién déng
thoi ba déng co budc bon pha dung Microcontreller 8051.

Béngca 3

j béng cd 2
—_——

Bing cd 4

———

Hinh 4-29 $G dé phén cUng Ung dyng 8051 diéu khién dong co busde .
Doéng co thi nhit duge diéu khién trinh ty phan phéi xung theo su
thay déi trang thdi c6ng ra thi P2 tir P2.0A8 (chan 21) dén P2.3A11
{chan 24).
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Pong co thi hai duge diéu khién gua c6ng ra thir hai tir P2.4A12
{chan 20) dén P2.7A15 (chan 28). Va dong co thi ba duge dién khién qua
c6ng ra PO tir PO.7AD7( chan 32) dén P0.4AD4 (chan 32). Dé cho
microcontroller 1am viéc duge mach cdn cd cum phdat xung. Mach phat
xung s0 db wrén ding dao dong thach anh véi tan s6 11,0592MHz.

Dugi day ta phin mém don gidn diung diéu khién dong co budc sir

dung microcontroller 8051

org 00h
ijmp start
org 03n
reti

org Cbh
reti

org 13h
reti

org 1bh
reti

org Z23h
retil

; Dinh nghia cong

: Céng ra P2
clr EL
gL equ p2.3
qe equ p2.2
Q3 equ p2.1
ad equ pe. 0
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: Chuong trinh bat ddu

mov sp, ¥2fh
mov pZ, #stl
lcall delay
mov p2, #st2
lcall delay
mov p2, #st3
lcall delay

delay

mov rl,#01h
loopl

mov rQ, #0
loop?

djnz r0,lcoop2
dinz rl,loopl’
ret

wezd

JOJSISUD]

Hinh 4-30 So dd mach ghép ndl déng co budc.
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Mach phan phdi xung cé thé ghép truc ti€p véi mach khuéch dai
cong suit nhung thudng dé an toan cho h¢ théng, ngudi ta ghép voi mach
khuéch dai cong suat thong qua phin tir OPTOCOUPLER. Hinh 4-30 chi
ra so dé mach diéu khién dong co bude ghép ndi véi mach cﬁné sudt nhg
1C 4N35.

4-4 DIEU KHIEN PONG CO SECVO MOT CHIEU

Din dong chay dao mdy cong cu diéu khién s6 NC/CNC doi hdi hg
diéu khién phai c¢é kha nang diéu khién dong thoi ca téc do va vi ui. Mic
di véi su phat trién cla cong nghiép dién tlt, dong co xoay chiéu diéu
khién t8c do bing bi€n tin ngay cang phat trién manh mé nhung dong co
mot chiéu secvo (DC servo motor) van duge su dung phé biét trong cdc
mdy cong cu diéu khién s8. Nhirng nam trude 1995 cia thé ky trude 95%
dong co dung trong xich chuyén dong chay dao mdy cong cy NC/CNC
déu sir dung dong co DC diéu khién secvo.

Pong co DC secvo c6 hai loai: déng co mot chiéu secvo ¢ chéi

than va dong co mot chiéu secvo khong chéi than.
4.4.1 Pong co secvo mdt chidu chdi than

Dong co secvo ddong mot chiéu (DC) chdi than duge trinh bay tren
hinh 4-31 gém bén thanh phin co ban: stato cla déng co DC ]a mot nam
cham vinh ciru, cudén day phdn tUng lap trén roto. Trong qud trinh hoeat
dong, tir tredmg co dihh duoge sinh ra tir nam cham vinh ciru gén trén stato
twong tic v6i dong tir sinh ra tir cudn day trén roto khi c6 dong dién chay
qua né. Qué trinh tuong tdc d6 sinh ra momen tdc dong lén truc roto.

Momen nay biéu dién theo phuong trinh:
T, =K. ¢-1,-sind (4-25)

trong d6 T, = momen dong co,
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K.=heé s6 dong co;

# = mat 4o dong tir;

1, = dong phdn ng;

ia

8 = goc giira vecto tlr trudng c¢6 dinh va vecto dong.

MNam cham
vinh citu

Chai than

8 gop W = \u@ndé}'

rato

Hinh 4-31 Cdautgo déng co secvo DMC chdi than .

Céng thuc (4-25) cho thdy phdn 1 sin® adnh hudng téi momen trén
tric dong co. Hinh 4-32 chi ra quan hé giita vecto tr trudng c6 dinh va
vecto ddng qua phin tng. Momen trén truc dong ¢o ting dan tir 6 = 0" va
16n nhat khi géc 6 = 90° cé nghia 1a khi vectd tir trudng c6 dinh vuong
goc voi vecto dong phéan dng, momen trén lI‘II._lC dong co la lén nhat va khi
8 = 0” vecto dong phin (ng song song véi vecto tir trudng cd dinh, tai dé
momen trén truc 1a nhé nhat. P€ dam bao momen trén truc déng co ludn
dat dugc gid tri 16n nhdt cdn thiét phai diéu khién chuyén mach cap dién
cho cudn day roto sao cho vects dong phan (ng ludn ludn vudng goc vdi
tlr trudng c§ dinh. VGi cach diéu khién qud trinh cdp dien nhu trén,

momen dong cd s&€ bi€n thién ty 1¢ véi déng cdp cho cudn day phan ting.
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l I Véc to ti iudng
khdng ddi
=

D@,

c 9 U
O] /\ 4 Momen QUH
o ( ) @ = Ve to tif tsiing \_

E?;I & khang ddi
@@ ife -—
|

Véc to dong
phan ¢ng

Hinh 4-32° Vecto tu truong cé dinh.vects dong va momen déng co secvo DC.

Mot moi lién hé khdce gitta cdc thong s6 cia dong co mot chién 12

16c dé quay cia roto ty k& véi stic dién dong phan dién sinh ra trong cudn

day phan ung.

Momen va tdc do clia dong co secvo DC dién khién ¢é thé mo ta

bang hai phuong trinh sau:

trong doé:
Ty.- momen tir, Nm;
I,- dong dién trong cudn day phin ting, A;

E, - dién dp phan dién (emf), V,

K, - hé 30 momen, kilogam mét trén ampe;

K- hé s8 dién, don vi do von trén vong trén phut;

(4-26)

(4-27)
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®» - van toc quay cia dong co, vong/phat.

Mach dong co secvo DC chi ra trén hinh 4-33.

. Ry Ly
——— VT T -k

Iy r—
O f, (-
b

+__(0

Hinh 4-33 Mach déng co secvo DC,

Tir dinh lunat Kirchhoff ta ¢é phuong trinh mach
dl,
t

V, =K,o+R I +L( 3

) (4-28)

thanh phdn L, nhd hon so vdi R, nén ¢6 thé bd qua L,. Bé qua L, phuong
trinh (4-28) s& la:

V, - R, =Ko (4-29)

Phuong trinh momen tai T, dat 1én truc dong co :

T,= T, + Ts +T¢ (4-30)
va
Ty=J, (dw/dt)
Tg= fdcm
Te= 1 (do/dt)+f,
trong dé:

Ty - momen dong;
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T, — momen tinh;

T, - momen can;

J,.- momen quén tinh roto dong co,
f,.- hé 8 sdc can nhot cna dong ¢o;
J,, — momen quan tinh tai;

f. — hé s& sie can nhdt cha tai.

D€ dong ¢o quay thi momen dong co phai bang véi momen tai:

Tm = Tdc= I<mlu (4_31)

Uu diém cha dong co secvo DC chdi than la don gidn trong dicu
khién va gid thanh san phdm ré. Tuy nhién, sit dung chuyén mach co khi
va chéi than 13 nhuoe diém chinh ciia loai dong co nay. Khi chuyén mach
gay ra 6n, tang nhiét do trén vanh gép va qudn tinh roto cao khi giam toc¢
d6. Dé khic phuc cdc nhuge diém trén ngudi ta da sir dung dong co secvo
DC khong choi than.

4.4.2 Ddng co secvo DC khdng chdi than

Pong co secvo DC khong chéi than duge s dung pho bién trong
miy cong cu diéu khién s¢. Cdu tric cia né vé co ban gidng nhu dong co
secvo DC chéi than nhung khdc & chd cdc cudn pha clha dong co lap trén
stato va roto 1ld nam cham vinh clru. Roto duge ché tao ur vat ligu ferit
hodc samari coban. Roto 1am tir vat liéu samari coban c¢6 kha nang tap
trung tir cao va tir du thdp. Nhung gia thanh roto loai nay cao hon nhiéu
so voi khi roto lam tir vat liéu ferit. Vi vay, né chi ding ché tao roto cho
dong co cong sudt 16n. Tuong ty nhu dong co xoay chicu, tir trirdng quay
trong dong co DC khong chéi than duge sinh ra nhdy mach diéu khién thi
tt cdp dong cho cdc cudn pha. Cudn diy pha cla déng co khoéng chuyén
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dong vi vay c6 thé sir dung chuyén mach bang dién tir nén loai trir nhiing

nhuge diém 16n tai trong dong co DC secvo chdi than.

Pié¢u khién cdc truc mdy cong cu didu khién s& ddi hoi diéu khién
chinh xdc ca vé vi tri va téc do. Vi vay , dong co secvo DC khong chdi
than cdn phai ¢é mach phéan héi, tin hiéu phin hdj 12 t6c do quay truc
dong co hoac vi tri géc truc. D¢ ddm bao chinh xdc chuyén déng ban
mdy, tin hi¢u phan héi phai duge cdp lién tue cho mach diéu khién. Trong
cong nghiép thi€t bi mach phan hoi clia dong co secvo DC thudng sir dung
la cam bi€n t8c do (Tachometer) chéi than hodc khong cé chdi than,
sensor hiéu ung Hall, resolver, synchro vi encoder. Nguyén 1y lam viéc

cla cdc thi€t bi nay s& duge trinh bay trong cdc muc ti&p theo.

_— SensorMuﬂnchl | |
/ £ Tucdbngod | |
- ~ !
S I T =N
; C s 12 | ] .
; Ry ! k | ! L
:*’ / \ B
(0 ! '
‘\"- | e J f; o 12 . 120° I =
'\ R fm /
\// \{f\‘xxfr__//'/ff”‘:\ ~
L S
Sergor Fudy Gng Mol i seran! e d'r\urid b)
Dia nt
a)

Hinh 4-34 ) Sensor hiéu ung Hall vé dia ti 1ap & dusi déng co.
) Tin hiéu chuyén mach sensor hieéu Ung Hall sinh ra trong mét véng.

Phuong phdp chuyén mach hieu tng Hall duge sir dung khd phé
bién trong diéu khién dong co secvo DC. Trong dong co secvo DC 3 pha
khong chdi than ngudi ta dat ¢d dinh ba sensor hiéu ttng Hall }én vo phia
dudl dong co va cdch déu nhau 120° quanh tryc dong co. D€ 1dy tin hiéu
tr sensor hi¢u Ung Hall, mot dia tir nhu chi ra trén hinh 4-342 duge lip

trén dudr truc dong co va trén dia ngudi ta cit mot rinh, Khi mot trong ba
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sensor hiéu ting Hall di qua rinh, trong khoang th&i gian ngan dong tir bi
matl va két qua 1a trén diu ra cha senor hiéu 1ing Hall khong ¢é dién dp
Vi, (V- dién dp higu vng Hall). Tin hiéu ra tir sensor thuong duge dua

qua mach Trigger Smith dé hiéu chinh lai thanh xung chir nhat.

Hinh 4-34b chi ra tin hiéu dwva ra tir sensor hiéu trmg Hall trong
mot vdng quay cla truc dong co. Tin hiéu nay ¢6 thé ding diéu khién
chuyén mach transistor cong sudt & tin hiéu ra cia diéu khién dong co.
Pdng thoi tin hiéu nay ciing c6 thé diung dé xac dinh vi tri cia truc déng

ca,

Hinh 4-35 ]a so d6 khoi don gian mach diéu khién chuyén mach
dong cd ba pha secvo DC khong chéi than.

- Pha A Pha B Pha ¢
. | Ghuy&n ) Chuyé
Oy kivén) mgc\;h A ?nh:;ﬁn rnc_:ghn =
1 dgm | 1 diém 1 digrn | Ta
khéng khang khing
B8 bign ddi Mach cang sudt |
] eongsustdongvoo X [ Daiingtan
[]
B biln O thach céng sudt
<dng sudt déng tho&t f ™  Datington
] '}
Diguchd [ g | BS bign d8i Mach cing sudt
chidu ng p| cOn watdeng vao v [T Dasington
xung
] ol 06 bk 3 Mach céng sudt
o] 0ngsudtdengthedt YIT™  Dadington
iy khén
thai gican ‘ ] I
[ B bnrcida Mcich ol ng sust
. cng sudt dang v 2 [T Daidington
B bi&n 38 Mich SAng BuEt
4| onasust odng moatI[[™  Damngfon e
l &

I B SRS TV
TéH A Tén Tai <

Hinh 4-35 So dé khdi mach diéu khién chuyén mach cho déng co ba pha.



Hé gdm sdu bo bien d6i cong sudt ddong vao (source current) va
dong thodt (sink current) duge diéu khién b&i mach diéu ché chiéu rong
xung PWM (Pul Width Modulator). Muc dich cha bo bién déi nay la
khéng ch€ dong dién cdp cho mt trong ba cuén day stato Ly, Ly va L.
Tin hi¢u chuyén mach diéu khién dong co giti téi chan diéu khién
transistor cong sudt ddong vio va transistor cong sudt thoat lip theo kiéu
Darlington. Hinh 4-36a chi ra mach transistor dong vao, dong thodt, cudn

pha Ly, Ly va twang ty nhu thé véi cudon Ly va L, hoac L, va L,.

Hinh 4-36 a) Mach transistor vao va transistor thodat véi cée cudn pha,
k) Mach phat xung tam gidc.

Hinh 4-37 chi ra mach bi€n d6i cong sudt dong vao vd mach tin
hiéu ra. Mach bién déi cong sudt 3dong vao cé c4u tric 1a mach bién 4p
xung ddy kéo. Tdn s6 chuyén mach cha b6 bién dbi cong sudt dong vao
dugc thuc hién nhd mach da hai. Mach nay cé thé thiét lap tr IC
CD4078B. Tin hiéu ra Q va 6 cla mach nay dugc dua 18i chan diéu
khién ctia hai transistor trudng (MOSFET) cong suat. Bo bi€n déi cong
sudt dong vao con duge diéu khién boi bo diéu ché chiéu rong xung
{(PWM) tan s6 thiap. Tan $8 phdt xung cia PWM dugce thyc hién nhd may
phdt xung tam gidc nhu chi ra trén (hinh 4-335b).

Hinh 4-37 12 so d6 mach clia mét trong sdu bo bién do6i dong. Diéu

khién mach da hai vi mach bi&n d6i ddy kéo hoat dong nhu sau: khi chan
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tin hiéu raQ cia IC CD4047B & miic cao va tin hiéu enable (A) & mic
thdp, dong chay tir ngudn dién dp mot chiéu 12 V qua transistor Q, t&i
cuon L,, clia bién dp T1 v C qua transitor Q, va dat. O thoi diém ndy
khong xuat hién dodng trong cudn Ly, chdy qua cudn cam L, D3 bién thién
ap ngugc. Khi Q chuyén tir mic logic cao xudng mifc thap va enable (A)
khong thay déi mite tin hiéu, dong chdy qua L, bi ngdt. Trong cuon day
L, xudt hién dong chay qua D3 huéng t6i diém E nap dién cho tu Cl. Tai

thii diém nay tin hiéu ra Q tir muc thap chuyén 1én mic cao.

1MN5819
D3

ECZ36

D7

RG

CDAD47R [

Q4
>QS ('—J\ 1RFD110
=/

IRFD 110

= =

CD40508

Hinh 4-37 M&t trong séu tang bién ddi cla hé didu khién déng co
DC khéng chél than.
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Dong chay tir ngudn 12 V qua cudn Ly, cba T} hudng téi diém D
qua Q, vé dit, Trong cudn Lg, xuit hién dong dién chdy qua L, 16i diém
E nap dién cho tu CI. Nhu vay vdi tdn s6 thip cla tin hiéu enable {A), tu
€l nhanh chéng duge nap dém mitc xdc dinh. Vi xung dong & diém C va
D ¢6 tan s6 va chu k¥ 6n dinh cho nén dién dp tai diém E gin nhw khong

thay déi. Djén th€ tai diém E la dien ap cdp cho anot chia tiristor T1.

Pién dp tai diém F diév khién bién do dong géc cua khuéch dai
cong sudt Dalington va dién 4p nay la ham cda tin hiéu chuyén mach &

diém B.

Trong thoi gian & viing réng cia tin hiéu tai diém B, dong dién
mot chi¢u dién dp 12 V qua transistor Q, t6i di€ém G cia cudn day L,, cia
bién th& T2 sau d6 qua cuon L,,, diot DI d&n C, lic ndy chan Q cua
CD4047B dang & mifc cao nén dong qua Q3 vé dar. Khi tin hiéu cong ra
Q clia CD4047B & mic cao vi tai B muc logic dang & muc thip D2 trd
thanh thién dp thuin dong chay tir G qua D2 qua Q4 vé dat.

Khi tin hiéu Q chuyén xudng mitc thdp gay ra ngit dong chay
trong Ly, cta T2. Diot Schottky D5 trd thanh thién dp thuan. K&t qua 1 ¢6
dong chay 5i diém F. Khi Q chuyén tir cac xuéng thap va dong chay
trong Ly, cia T2 bi ngat, D6 c6 thién dp thuan, dong chiy vé diém F.

Bién d6 cha dién 4p tai diém F ty 1& v6i do réng ciia xung chi
nhat & di€ém B. Mach Darlinton bj khéa khi hé diéu khién giit cho cuc g8¢
cua transistor Q2 & mic logic cao. Khi Q2 khéa bé bién ddi ddy kéo thu
hai khong hoat dong va khong cé dong chay t61 diém F, do d6 khong ¢6
dong cép cho cuc géc cla Q6 nén Q6 bj khéa. Khi 1ai diém B chuyén tir
logic cao sang logic thip transistor Q2 md. Do réng xung tai diém B ting
Ién lam cho dbng goc cta transistor Q6 tdng lén va khi do réng cla Xung

vao B giam xu6ng dong géc cla Q6 ciing gidm xudng. Nhu vay dong
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Collector va emitter cia mach Darlington 1a ham cua do réng tin hiéu

chuyén mach.

Tiristor T1, transistor Q5 va diot Zener D7 hinh thanh mach bao
vé dong co secvo va chéng qud d4p cho mach diéu khién. Dé khéng ché
qué 4p ngudi ta néi diém H trong hinh 4-37 v6i diém D trong hinh 4-36.
Tiristor T1, transistor Q5 va diot Zener D7, dién tré6 R3 va R4 duoc lap
nhu chi ra trén hinh 4-37 . Trong mach dién tr& R3 va R4 chon du 16n dé
v6i dién dp binh thuong QS5 luén bi khéa do doé tiristor T1 ciing ludn bi
khéa. Khi dién dp tai D vugt qua 4p dinh miac du 16n transistor Q5 ma,
transistor T1 m& nén dién 4p tai E va F gdn bang 0 va mach Darlington
khéa. Chi y ridng trong qud trinh dién dp tai D vuot qua dién dp cho phép,
transistor Q2 dang & trang thdi mao.

Cubnday - - m;::-. Diu cudi

| Vat liéu tir

L
{7 1 \
’\—\(:\—r/f - P]‘l anh

e

SR RN R ——

Chuyén mach diéu
khi¢n Tachometer
khong choi than

Hinh 4-38 K&t cdu dong co DC khéng chdi than.

Hinh 4-38 1a k&t cdu clia dong co DC khong chéi than. Trén dong
co bo tri hé théng phanh, sensor do t6c do (Tachometer khong choi than),

chuyén mach hiéu ng Hall, sensor kiém tra nhiét dong co.
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Trong mdy co6ng cu diéu khién s&, hé din dong chay dao diung
dong co secvo DC khong chéi than dodi hoi hé diéu khiém dong cd cung
cip tin hiéu diéu khién ca vi tri va toc do. C6 hai ki€u co ban ciha hé diéu

khién dong co secvo: tuong ty va sd.

Heé diéu khién secvo kiéu tuong tu 13 sir dung mach dién dé thuc
hién bil sai s6 vi tri va t6c do. Hé gédm bén cum diéu khién co ban : mdy
tinh, diéu khién vi tri, diéu khién t6c d6 va dong co DC khong chéi than.
MG6i quan hé giita cac cum diéu khién chi rd trong (hinh 4-39). Tin hiéu
yéu ciu gii tr may tinh dén cum diéu khién vi tri, tin hiéu nay dugc so
sanh véi tin hiéu phan héi vi tri tir b bién déi Encoder hodc Resolver qua
mach phin héi dé sinh ra sai s6 t6c do va sai s6 dugc dua t6i hé didu
khién toc do dé xir 1y cho phil hgp véi vi tri. Hé diéu khién t8c do chita
mach phan héi (8¢ dd sinh ra tir Tachometer. Tin hiéu dugc so sdnh vai
tin hiéu dua ra tir hé diéu khién vi tri va sinh ra dién dp va dong phi hop

b cho sai s6 vi tri va 16¢ do.

_| ©iéu khién Digy khign Dong
Mcy finh ¥i td e de e

s Mach e db =]
Mcich vi t

Tachometer

Encoder/Resadver

Hinh 4-39 So dé khéi cda hé dléu khién déng co DC kidu tuong 1y CNC.

Hinh 4-40 13 mét kiéu mach diéu khién doéng co secvo DC dung
trong mdy céng cu diéu khién sé CNC. Dién ap 161 tuong tu tir CNC va tin

hiéu phan héi cda Tachometer giti (&i mach diéu chinh (PI) dé sinh ra tin
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hiéu diéu khién vi tri. Tin hiéu sinh ra tir bo diéu chinh PI va tin hiéu tu
mach dao dong dua téi mach khué&ch dai cdng sudt trude khi té mach
diéu ch€ chiéu rong xung (PWM;). Xung tam gidc I3 xung chuin dugc
sinh ra tir mach phdt xung. Xung nay duge gui bo diéu ché chiéu rong
xung. Trén hinh 4-40 dién tr& R1 1a dién tr& khuéch dai cia mach diéu

khién vi tri.

._‘ﬁ Khuéch azi cing susl

Hinh 4-40 Mach didu khidn déng cosecvo DC.

4.5 PONG CO AC SECVO

Nh& sy phdt trién vuot bac cia cong nghé diéu khién dién, hién
nay chuyén dong chay dao trong mdy cong cu diéu khién s¢ ding kha pho
bi€n dong co AC secvo. Hinh 4-41a chi ra hinh dang ngoai cla déng co

AC secvo.

Nhung nhuge diém clia dong co AC secvo 1a hé diéu khién téc do
dong co phitc tap va dat tién hon so véi déng co DC. Hé diéu khién tdc
dong co AC secvo dua rén co sd& bién déi tan s6. T6c do dong co duge
xdc dinh theo tin s nguén. Mot trong nhilng phuong phip diéu khién t6c
do dong co AC secvo 12 bi€n déi dong xoay chiéu thanh dong mot chiéu

nh& bo chinh luu ba pha, sau d6é bién doi dong mot chiéu thanh dong xoay
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chiéu nhung ¢ tdn s6 da dugc luva chon. Hinh 4-41 la so dé kh6i don gian

hé diéu khién t6c do dong co AC secvo.

: Bi&n A8i
2 Ba pha AC pC tdn s AC
—™| Chinhluu = Fign d6i nguoe o
™ (converter) (inverer ) '
b)

Hinh 4-41 @) Dang ngodi déng cao AC.

4 b) So dé diéu khién t8c dé déng co AC.

4-6 LUA CHON DONG CO

Khi lya chon dong co nguoi thiét ké phai xem xét nhiéu y&u t6 va
cdc dac trung vé dai t6c do, su bi€n d6i momen-t6c do, tinh thuan nghich,

chu ky lam viéc, momen khoi dong va cong sudt yéu cau.

e o-n ,
Momen - Toc dd
0.99 { 140 -ﬁf—h\ ' rt 140
0,84 { 120} f i H20
0,70 t o ,\ .................... CbthJét ra-Tc')c dO o 100
g | 3
® 042 7/ A 03 o - 60
S
-§"02|1 40 /. 4O | 40
@«
8 0144 20 L 20
L 0 s i L 1]

200 600 1000
400 800
Toc do dong cd (vong/phut)

Hinh 4-42 Pudng cong momen-téc ddé déng co buédc.
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Pic biét lvu ¥ t6i dudng cong momen-tdc do dong co boi vi cic
dudng cong nay cho ta nhing thong tin quan trong. Hinh 4-42 chi ra
dudng cong momen-t&c do dong co budc. Pudng cong chi ra toc do khic

nhau véi dién dp tiéu thu tuong Ung.
Dé lua chon dong co ching ta cn Xxem xét cdc van dé sau:
¢ Momen khdi dong dong co.

Momen & t6¢” do quay bing khong duge goi 1a momen khoi dong
dong co. Dé dong co tu khdi dong duge, dong co phai sinh ra momen 16n
hon momen ma sat va momen tai dat lén truc cla né. N€u goi a la gia (8¢
g6c cla dong co va duge do bing rad/s’, T, 1a momen déng co, T, la
momen tai dat lén truc dong co va J 1a momen qudn tinh cta roto va fai ta
cé quan hé:

4= (Tm - TI&II}/‘] (4_32}

e Tdc do cuc dai cua dong co

Nhin vao d8 thi quan hé momen — t8c¢ do, tai diém momen bing
khong xdc dinh tdc do cuc dai ctia dong co. Can phai nhd rang tai t6c dg
nay dong c¢o khéng cho momen va 8¢ do nay duge goi la toc do khong
tai.

e (Cong sudt yéu cau cla tai

Cong sudt yéu cdu dic biét quan trong déi vdi dong co, vi vay
ngudi thi€t k&€ cin phai lya chon dong co cé cong sudt tudng ung vol1 cong
suat yéu cdu trong chu k¥ lam viéc.

e N¢gu hé din dong yéu cdu diéu chinh t6c do, 16t nhat la lya

chon dong co déng bod hodc 1a dong co mot chiéu.

e N&u hé yéu cau didu khién ca vi tri va téc do.
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Trong trudng hgp vi tri géc thuc hién theo vi tri rdi rac hoidc gia
s0, tot nhat st dung dong co budc. Déng co budc ¢é thé diéu khién téc do
bing cach thay doi tin s6 cz'{p xung va chi ding trong cdc mach diéu
khién h& ¢6 nghia 12 khong c6 mach phan héi. Pong co budc chi dung
trong trudng hop tai trong nhé va khong thé dung trong truding hop doi
hoéi t8c d6 qud cao. Trong trudng hgp yeéu cdu didu khién ca vi tri va 8¢
do, vi dy nhu trong cdc thiét bi chuyén déng theo chuong trinh sd, ngudi
ta thuéng st duyng dong co secvo. Dong c¢o secvo 1a dong co AC, DC hoac
dong co mot chiéu khong chdi than ¢é mach phian héi vi tri. Pong co

secvo ddt hon déng co budc.
e Heé théng c4n hay khong can giam toc

Théng thudng tai duge di€u khién & dai t6¢c d6 thip vi momen I6n.
Pic tinh clia ddng co 0 td¢c do cao momen thap vi vay cin hop tdc do dé
giam t6c do ddu ra. Khi dung hop tdc do qudn tinh tai ciing thay déi theo
va su thay ddi nay thé hién trong cong thitc (4-33)

Jc__' Jlai(mtai"!md)z (4‘33)

trong dé:
®,- t6c do goc cna tai, rad/s;

®, - t6c do goc cva dong co, rad/s.
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BO TRUYEN BIEN DOI CHUYEN DONG
QUAY THANH CHUYEN PONG THANG

5.1 TINH UU VIET CUA BO TRUYEN ViT ME- LAN

Trong may coéng cu diéu khién s& ngudi ta stir dung hai dang vit me
co bdn: a) vit me-dai 6¢c vdi cap ti€p xic mat cdn duge goi la vit me dai

oc thuong; b) vit me-dai 6c v6i cap tiép xidc lan got la vit me-lan.

d
04

Ealt I!-— !!r !I Sl '!Lr 1

(=
b

RS,

) T8 do v

Hinh 5-1 Quan hg gila tyc mao sat va tdc dé trong vit me
thudng va vit me-ian.

Ta hdy xem xét qud trinh ma sat khi chuyén dong cha vit me
thudng va vit me- lan théng qua quan hé gita luc ma sat cua cip vit me
thuong va vit me-ian nhu chi ra trén hinh 5-1. Pudng cong (1) 1a dudng
cong quan hé gifa lyc ma sdt vdi t8¢ do chuyén dong tuong wng véi mo
hinh (a). Puéng cong nay chia 1am hai viing, viing tit diém (a) dé&n diém
(b) 1a vilng ma sat nlta uét. Viing nay 1a cé su tiép xic truc ti€p giita cap
bé mit vit me va dai 6c. Khi van t6c bing khong, luc ma sdt 16n nhat. Khi
van toc tang, ném dau ddn ddn hinh thanh lam lyc ma sdt giam dén téi
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diém (b) va giai doan ti€p theo 1 qua trinh gita hai bé mat bdi tron thuy

dong va ldc nay luc ma sdt tang ty 1€ véi toc do.

Khi diéu khién méay CNC hai hoic nhiéu truc doi hoi thoi gian khai
dong ban may nhanh v6i momen nho. Tit dudng cong (1) cho thady vit me
thudng khong ddp tng duge ddi hoi trén. Vi vay cdn bo bién ddi chuyén
dong quay 1hanﬂh chuyén dong tinh ti€n mdi. Va két cdu vit me-lan da
thod min duge yéu cdu déi vdi chuyén dong ban mdy CNC. Vit me-lan
thay trang thdi tiép xic mit cla cap vit me thudng sang 1iép xtc lan bang
cdch dua vao rdnh ren s6 lugng 16n bi hoac bi tru (két cau vit me-lan s&
dugc trinh bay ré hon & cdc muc ti€p theo). Do ti€p xic giita vit me va dai
&c 1a tiép xic 1an nén ma sdt ¢6 thé coi khong déng ké va dudng cong (2)
chi ra trén hinh 5-1 14 quan hé giita van toc va luc ma sdt cua vit me — lan
tuong 1ing véi mo hinh {(b). Tir d6 thi cho ta thay voi vit me-lan di loai trit

duoc ving ma sdt kho va nira khé cua vit me thudng.
Vit me-lan cé hang loat cic vu diém sau:

1. Mait mat do ma sat nhd; hiéu sudt clia bo truyén gén bang
n=09

2. Luc ma st hdu nhu khong phu thudc vao van tde. Pidu dé

dim bao chuyén dong 6n dinh.

3. C6 thé loai trit khe hd va tao sifc cing ban ddu dam bao do

ciing viing doc truc cao.
4. Bam bao do chinh xdc lam viéc lau dai.
5.2 PONG HOC VA bONG LUC HQOC CO CAU VIT ME-LAN

Théng s6 budce cta vit me tuong ty nhu budc rang trong bd truyén
banh rang. Budc vit me duge xdc dinh 1a khoang cach dai 6c dich chuyén
khi truc vit quay mot vong. Vi chuyén déi chuyén dong quay cha vit me

thanh chuyén dong tinh tién xdc dinh theo coéng thirc sau:
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V() =tyw(t) (5-1)

trong dé -
ty — budc vit me, mm;
V(1) —t6¢ do chuyén dong thang, mm/phit;
®(t) — t8c do gdc, vong/phiit.

Pé bien chuyén dong quay cla vit me thanh chuyén dong tinh ti¢n
ngudi ta cho vit me an khop véi dai dc, dai Gc 1dp v6i ban mdy. Khi vit
me quay dai 6¢ chuyén dong doc theo vit me va ban may chuyén dong

thang.

Mot diém quan trong cla bo truyén vit me dai 6c 13 chuyén doi
momen thinh lyc. Dat 1én truc vit me mdt momen T (N.m) lyc FF (N) trén
dai 6¢ xdc dinh theo hai tredong hop sau:

1- Trudng hgp vit me thudng, luc F duge tinh theo cong thitc:

Fo 2Tnd,, — pty 5@

(5-2)
d,, +und, secf

trong do:
- hé s ma sdt git vit me va dai oc;
B - géc nghiéng cua bién dang ren;
d, - dudng kinh danh nghia coa vit me.

Chyd v ring néu vit me ¢ dang vuodng, pta ldy bing 0 vi néu ren

c6 diéu Kién cdt tuyén 18y p=L.

2- Trudng hop vit me - 1an duge tinh theo cong thirc sau:

_ 2nTE

F (5-3)

ty
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trong dé :
E — hi¢u suat clia bo truyén.

Bo truyén vit me-lan ¢6 thé xem ma sdt 12 khong dang ké, vi vay
hiéu suat bo truyén ldy E = 0,9

Vi du 5-1 Xdc dinh luc cuc dai ma luc nay c6 thé truyén cho dai 6¢c
chuyén déng doc theo vit me — bi néu dat 1én vit me momen T = 1ON.m,
budc vit me ty= 0,006m. Hiéu suat E = 0,9.

GIAI

Tir cong thirc (5-3) ta ¢c6

_2aTE _ 2x10x09
ty 0,006

F =3000N

5.3. KET CAU BO TRUYEN VIT ME - BI

Trong mdy cong cu diéu khién $6 ngudi ta sir dung hai kiéu bo
truyén vit me - lan: vit me-bi vi vit me - con lan. Vit me-bi dugc ding
phd bi€n hon vit wne-con lan. Vi vay & day chi trinh bay chu yéu vit me-
bi.

Hinh §-2 B¢ truyén vit me - bi ¢cé ranh héi bi dang éng.
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Vit me-bi c6 két ciu da dang nhung ching déu c6 chung cdc thanh
phan chi y&u: vit me, dai &¢, bi, rinh héi bi. Hinh 5-2 13 mot trong céc
dang vit me -bi thudng gap trong cdc mdy diéu khién s6, két cdu gom: vit
me 1, dai ¢ 2, vién bi 3, 6ng héi bi 4.

Vin dé quan tam trong k&t cdu bo truyén vit me - bi la dang
prophin rang vit me va dal 6c. Prophin ring vit me dang chi nhat vi hinh
thang 1a prophin ché tao dé dang nhir. Song do do cong cla hai bé mat
1iép xtc lam viéc khdc nhau qud 16n dan dén ¢ng sudt 1i€p xdc ting vi vy
kha nang tai cla bo truyén thap. Vi vay hai dang prophin nay it dugc su
dung. Tang bé mat lam viéc c6 nghia la giam img sudt tiép xﬂc,:tang kha
niang tai, do cing viing cua bd truyén vi giam momen ma sdt, prophin ren
dang tron thoa man diéu kién trén. Néu dudng kinh cba bi r, va dudng
kinh prophin ren 12 nira dudng tron c6 bin kinh r;, ngudi ta khuyén
kich thudc vién bi va prophin vit me va dai 6c nén lay theo ty ¢
T

' _0.95 = 0,97. V6i prophin ren I3 nira cung tron, goc ti€p xic cua bé
Ty

truyén cé thé ché tao dén a = 60". Song bo truyén ché tao véi gée tiép
xiic @ = 45° & c6 khe hé nho nhat va cho kha nang ché tao voi do chinh

xdc cao nhat. Hinh 5-3 chi rd dang prophin ren ntra dudng tron.

Hinh 5-3 Prophin ren nua dudng tron.

Mért van dé ciing rat quan trong trong k&t cdu cua bo truyén la két
ciu héi bi. Cé nhiéu dang két cau héi bi nhuag ching ta ¢6 thé chia thanh

mot s& dang co ban sau:
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Hinh 5-4 Ranh hdi bi kidu &ng.

1- Rinh héi bi kiéu 6ng cong duge dung khd phé bién trong cic bo

truyén, dang nay dugc chi rd trén hinh5-2.

Trén dai 6c ngudi ta khoan 16 ti€p tuyén vdi dudng ren nhu chi ra
trén hinh 3-4. Viéc dén hudng cho bi vao 6ng hoi bi ¢é thé dung hai cdch:
(a) miéng 6ng hoi bi 1i 1én mat ren cla vit me chi ra trén hinh 5-4a:
{b) dung tdm din hudng dé dua bi vao 6ng héi bi nhu chi ra trén hinh 5 —
4b. Trén dai 6c ngudi ta ¢6 thé bé tri hai hodc ba 6ng din, phan bé thanh
hai hoac ba vong tudn hoan kin. K&t cdu hdi bi kiéu nay c¢é nhuoe diém 1a
tang kich thudc bo truyén, d6 bén mon ciia ddu 8ng thdp, kep chat dng ¢6

dé tin cay khong cao.

) x SN
e PN
0
Hinh 5-5 Ranh hdi bi theo 15 khoan Hinh 5-6 Ranh hdi bi gida hai
trong dai éc¢. vong ren ké tiép.
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2- Ranh héi bi l1a 16 khoan trén than dai 6c va song song véi
duong tam dai 6c. Pudng dan bi dén dudng héi bi duge bs wri trén nap

cua dai 6¢ duge chi ra trén hinh 5-5.

K&t cau hoi bi dang nay ¢é uvu diém: gon va tinh cong nghé tot
song ciing ¢6 nhuoc diém 14 kha ndng tdch thanh nhiéu nhém hoi bi khé
khan.

3- - Ranh héi bi noi gitta hai vong ren ké nhau dugce bé tri trén
mang 16t dac biét. D€ dat mang 16t rinh héi bi ngudi ta phay trén dai 6c
cdc hoc nhu chi ra trén hinh 5-6. K&t cdu nay khdc véi cdc két cdu khic o
ché khong sir dung dubng din tiép xic vdi bé mit vit me ma dudng din
néi hai ranh k€ ti€p nhau. Phan 16n cdc bo truyén ngudi ta ding ba hdc,
cdc hdc cich nhau 120°. K&t cdu ndy ¢6 wu diém: (a) kich thude dusng
kinh b6 truyén nho bang vdi kich thude cha bod truyén vit me thudng cd
cung dudng kinh; (b) khong bi mdn nhanh ;(c) c6 dd tin cay cao; (d)

chiéu dai rinh héi bi nho.

K&t cdu cha bo truyén vit me — bi ¢dn phai ¢6 kha nang khir khe ho
doc truc va diéu chinh sic cang ban dau. Khir khe h& va tao strc cang nho
viéc diéu chinh vi tri tuong quan gifta hai phan cha dai 6¢c. Khu khe ho va

tao suc cdng ¢6 the thyc hién bing cdc phuong phdp sau:

1- Trén méi phdn dai 6c thiét k& dang mat bich d€ lien két hai
phdn dai v6i nhau théng qua méi ghép ren. Dé khir khe hd va tao sirc cang
ban ddu cho bo truyén bing cdch gita hai mat bich ngudi ta dat cdc tam
dém nhuv chi ra trén hinh 5-7.

V@i chiéu day tdm dém khdc nhau cho phép thay déi sifc cang va vi
tri ving tiép sic gifra bi vdi dai 6¢ va vit me. Thuc hién diéu chinh theo
phuong phdp nay c¢6 két cau don gian nhung két cdu ndy ¢ nhuge diém 1a
diéu chinh khé.

169



Pem diéu chinh sirc ciog
P

Hinh 5-7 K&t cdu khu khe hd va t@o suc cang ban ddu bdang tdm dém.

2- Mot dang khdc két cau khir khe ho va tao luc cang la gitr co
dinh mot phdn coa dai 6¢c va khir khe hg, tao strc cing ban dau bing luc
ctia 10 xo. Hinh 5-8 la két cdu dang nay. Trén hinh 5-58 ngudi ta ¢6 dinh
phédn dai 6c trdi va thay déi vi tri dai 6¢ phai. Diéu chinh luc 10 xo thong
qua cdc tdm dém lap trén mat bich.

tan dérmn

AN, rrfit bich

ba

\_\ Lo xo

Phin dai &c trdi Phin dai &c phai

Hinh 5-8 K&t cdu khd khe hd va igo stc cang bdng 16 xo .

3- Trén moéi phan dai 6c¢, vanh ngoai ctiia né ¢é vanh rang budc nho
va trong coc bao ciing bd tri vanh rang trong. Chi y ring s6 riang trén

vanh rang cua hai phan dai 6c khiac nhau moét rang. Nho ¢6 su khdac nhau

170



nay ma khi quay phdn dai 6c di mot géc, phan dai 6c kia quay mot goc
nho hon. Nho vay, két cau c6 kha nang khir khe ho va diéu chinh stc cang
ban ddu. K&t cdu dang nay chi ra trén hinh 5-9a va K&t cdu thuc t€ chi ra
trén hinh 5-9b.

Vanh rang trong }‘/:05 Vanh ring trong

Vanh rdog ngoai

a)

Hinh 5-9 K&t cdu khu khe hd va tao sUc céng véi dai 8¢ ¢cd vanh rang.

5.4 TINH TOAN THIET KE BO TRUYEN VIT ME - BI
5.4.1 Yéu cdu déi véi bo truyén dugc thiét ké

Khi thi€t k€ bo truyén vit me — bi kich thuéc bo truyén phai thoa man
hai thong s6: tai trong doc truc cuc dai, dich chuyén doc truc clia cum
truyén (gém 6, vit me, dai 6¢) vit me — dai 6¢ trong giGi han cho phép.

Né&u goi 8¢ dich chuyén doc truc cta cum truyén, 8. dugc tinh theo cong

thirc:

Sc = 6(] + 8\* + 8, (5'4)

trong dé:
8, - bién dang clia 6 lap truc vit me, um;

Oy - bi€n dang cha truc vit me, um;
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8 - bién dang cha bo truyén, wm;

Bi€n dang clia 6 c6 thé gidm dugc nhd viée chon & va gid tri stfc cang
ban diu clia 8. Bién dang clia vit me tinh theo céng thic:
i

4
3, =10 E-EQ, (5-9)
trong dé:
{ — chiéu dai truc vit 1dn ohit, cm;
Q - tai trong doc truc, kG;

E - modun dan héi cha vat liéu lam vit me, kG/em™;
F - dién tich mat cit vit me, ¢m” va duge tinh theo cong thuc:

Fz'.rrdiJ

» dy- duong kinh 1am vig¢c cla vit me, cm.

Gid tri 8 phu thudc vao kich thudc va suc cing cna bd truyén vi

vay s€ dugce tinh todn theo kich thudce thiét ké.

5.4.2 Tinh tod&n thiét k& bd truyén

Cic thong s6 ban ddu dé thiét k¢ thuong l1a chiéu dai L cia vit me
(chiéu dai vit me dugc thiét k€ dua trén co so tinh todn hanh trinh chuyén
dong cha ban mdy), bude vit me, tai trong Q, td¢ 46 n,,;, , n,,, cha Vit me,

max

th&i gian lam viée, vat liéu truc vit me va dai 6c¢.

Ngudi ta khuyén vat liéu truc vit me va dai oc nén chon vat 1iéu coé
ing sudt cho phép tir 2500 + 30000 kG/cm®. Do cing bé mat Liép xlc
60HRC.

1. Xdc dinh dwong kinh vong trdn tam bi cia bo truyén.

Chiéu dai L cla vit me 14 khoang cdch giita hai g3i d& vit me,

duong kinh d, tdm bi tinh todn theo cong thic:
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L
d,=— (5-6
0=30 )

Pé dam bao bo truyén nhd gon ngudi ta khuyén dudng kinh d,

khong nén 1dy vugt qud gid tri %

2. Xdc dinh duong kinh d, bi trén co s& budc t, cia vit me. Pudng
kinh bi 16n kha nang tai cao trong diéu kién khong ¢6 siic cang ban diu.
Nhung dutng kinh bi bi gi6i han baoi chiéw rong gitra hai rinh ren. Vi vay
dudng kinh bi dugce tinh theo cdng thic:

d, = 0,6t, (5-7)

chil y dudng kinh bi 18y gia tri nguyén 16n gan nhat.
3. Xdc dinh goéc nang cla prophin ren.
Géc nang cua ren dugce tinh trén ¢o so budc vit me va hiéu suft cla

bo truyén. Khi chon géc niang phai dam bao hiéu sudt cao cla bd truyén

16n hon 0,9. Géc nang duge tinh theo cong thic:

t
tgh = —— (5-8)
nd g
G6e nang cua bo truyén khong duge chon dudi 2°20° boi vi & géc
nang 2°20° hiéu suat 1a 0,85.

4. Tinh bdn kinh r, prophin ren vit me va dai 6¢

f
=1 5-9
g 0,96 (5-9)

5. X4c dinh s6 bi tinh todn vi s& bi lam viéc.
Chon vat ¢6 tng sudt cho phép &, = 25000 kG/cm?;, modun dan
K ’

héi1 E = 2,2.10°kG/em?; -+ =0,07 = 0,2 (r, - ban kinh dung tron tam bi)
Iy -
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va o = 45" . Tai trong tinh cho phép tdc dung lén bi duge tinh theo cong
thirc

Pep = 2(211 (5-10)

6. Tinh s6 vién bi b0 tri trong mot budc ren t, . N€u goi s6 bi trén
mot bude ren la s6 bi tinh todn Z, thi s8 bt tinh todn tinh gan ding theo

cdng thiic ;

ZTT =" (5‘11)

7. Tinh tai trong cho phép tdc dung trén mot budce ren:

Qep =2 sinacos AP, (5-12)

8. Nghién cuu qud trinh lam viéc cha bi trong mot budc ren cho
thay chi khodng 0,7 sd bi trong budc déng thdi lam viéc. Vi viy s& bi lam
viéc trong vit me - bi duge tinh :

L

Z =
LV 0.7

(5-13)

9. Tinh todn dudng kinh tam ving ti€p xuc dyy trén vit me:

diyy =d, —2r,cosa (5-14)

10. Tinh todn dudng kinh dinh ren cia truc vit me d, dua trén co
s0 dam bac viing ti€p xic nim hoan toan trén phin 1am viéc cla prophin:
dy =dg ~2[(r, +1,)cos ot — 15 ] O (5-15)
trong do :
r; - goc lugn trén prophin ren va duge 1ay gdn diing r.= 0,2r,.
it. Tinh dutng kinh tam ving ti€p xiic dy, trén daj 6c

diyg =dy + 21 cosa (5-16)
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12. Tinh dudng kinh dinh d,,, ciia dai d¢
d, -dy

dpo =dg + (5-17)

bdn kinh lugn trén dai 6¢ r, = 0,15 r,.

Kich thuéc co ban cia vit me va dai 6¢ bd truyén vit me-bi chi ra
trén hinh 5-10.

13. Tinh todn lugng dich chinh dé diéu chinh sdc cang ban diu.

Lua chon sic cang ban ddu phai chd ¥ d&n hiéu suit cha bo truyén.
Né&u tang siwc cang ban ddu lam gidm hiéu sudt cdéa bo truyén, tang
momen khong tai va xuar hién dao dong khi chuyén dong dai 6c doc theo
truc vit. Cling véi tang sitc cang ban ddu la tang tai trong gidi han, tang
kha nang tv hdm clia bd truyén. D€ tao sdc cang ban ddu bang cich
chuyén tuong doi gira hai phin dai 6¢c. Lugng dich chuyén trong diéu

kien E= 2.1.10° kGfem® L-096; =007 + 0.2 ; a = 45" tinh theo
I

Iy

cong thirc:

(5-18)

trong do:
8¢ — hrong dich chuyén twong d6i gilta hai phan dai 6¢, pm;
P. - stric cang ban dau.

Tir cong thitc (5-17) lugng dich chuyén 16n nhdt ¢d thé tinh:

(P2
aCmax =6} (;:lm‘“ (5—19)
1

175



lugng dich chuyén nhé nhit duge theo cong thic:

6Cmin :6; Pilm'" (5’20)
I

Pé tinh duge sic cing ban ddu ta cdn tinh hé s¢ tdi the cha bo

truyén. Hé s6 tudi tho K, tinh theo céng thitc:

Hinh 5-10 Kich thudc bd truyén vit me - bi.

160T,nC;
1(0:](0371(']? (5-21)

K, — hé s6 tai urong bién doi, thudng ldy K, = 0,9;

trong dé

T, — tudi tho cua bd truyén, thudng ldy 5000 gid;
n - sO vong quay tinh todn cia bo truyén, tinh theo c¢ong thic:
Doy + D

n=—"0 T
2

C; — s8 chu k¥ tai trong trong mot vong quay cia bo truyén, tinh

theo cong thitc: C, =05z, (1 + 0 cos ),
fy
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K, — hé¢ 56 tai trong bi&n doi. Khi khong ¢6 sic cang ban diu K,

=0,6 -+ 04 K, =0,4+0,6ﬂ trong do Q,,,, va Q,.. 1a tii trong 6n nhat

va nho nhat dat 1én truc, Khi ¢d mat siic cang ban diu hé s¢ Ky, =0.9.

Khi K, > 1 thi Qg =9KL£ trong do: Qg — tai trong cho phép:

i+

PCPT

Qcpr — tal trong tinh cho phép. Vi P, = . trong d6: Py — luc cho

0
phép; Q¢ = luc tinh .
Khi Ko< 0 thi Q¢p= Qepy va Py = Peyy

Tinh lyc cang cuc dai:

Q

e

P(‘max = P(_‘P(I - 0155 ) (5-22)

Tinh luc cang cuc tiéu :

p(_‘ min 0*5 -,_'9
Zoppsing

(5-23)

trong do
Qe tinh todn theo cong thic: Qe = 0,45 HB kG/mm”.
14. Tinh hiéu suat cha bdi truyén.

Khi khong ¢6 sic cang ban ddu hiéu sudt tinh theo cong thic:

tgh
n=—2r (5-24)
tg(A +p)
trong dé 4 - goc nghiéng cua ren. Goc nang duge tinh 1gh=—-; p- goc
TGy

ma Sat,

Chidng ta can phai xdc dinh géc ma sat

p. Tir diéu kién can bang luc ma sdt irén bi

Hinh §-11 S0 d3 lyc tac
12- HTBK dung lén bi.




nhu chi ra trén hinh 5-11. Géc ma sdt ¢6 thé tinh nhu sau

f\
tgp = —*~ (5-25)
rsinc

trong do :

f, — hé so ma sdt lan, vdi bé mat mai hé so f, = 0,001,

I /?*““ l
/4 I
M
i
/7 M
«%/ !

PR 7 ST ¥ oW 30 24 @
) Zoqpsmocos A

Q

Hinh §-12 MG&i quan hé gida K, v&é ——————.
Zpsinoicosi

Trong trudng hop ¢6 mat sic cing ban ddu cé thé tinh todn hiéu
sudt bo truyén theo cong thic :
tgh

8 5-26
T ig(A+p) (3-20)

ne =K

he¢ s6 K, xdc dinh theo do thi trén hinh 5-12.
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15. Tinh todn momen khong 1ai.

Momen khong tai My, cia bd truyén khi c6 site cang ban dau tinh

nhir sau:
) dy . .
Mg = PCZTT..smaT[sm(k+p)—sm(k+p)] {(5-27)
3
Phan d\a}dc trai —_— %

-

‘r!bi\x"x \

'J\,o

élg\.-g-\l CRORG
i r C &

- /

Phan dai &c phai

f _

Hinh 5-12 S0 d5& chiu lyc trén méi phén dai 8¢,

16. D& khir khe hd doc truc ca hai hudng vi vay két cdu dai 6¢ c6
két cdu nhu chi ra trén hinh5-13. Véi két cdu d6 chi ¢6 mot phin dai ¢
chiu luc theo mdi huéng chiu lyc. Néu goi K 13 s6 budc cdn thiét cia mbi
phin dai 6¢ duge tinh theo cong thic:

Q

K=—
QCP

(5-28)
trong do: Q - 14 tai trong yéu cau.

Khi tinh toin thiét k€ b truyén vit me - bi, kich thudc két cau co ban
chi ra trén hinh 5-10 cho theo bang 5-1 va bang 5-2.
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Bang 5-1 Kich thuéc k&t cdu bd truyén vit me - bi

Kich thuge do bang mm

Vit me va dai oc Vit me

dy t I, cl n dy dy ry

20 4 1,30 0,035 3"39° 18,23 19,3 0,25
25 5 1,56 0,042 3"39° 22,88 242 0,3
30 6 1,82 0,049 339 27.53 29 0.4
30 10 3,12 0,085 6"03° 25,76 28,2 0,6
35 6 1,82 0,049 34 32,53 34 0.4
35 10 3,12 0,085 5712° 30,76 33,2 0,6
40 6 1,82 0,049 2°'44° 37.53 39,0 0,4
40 10 3,12 0,085 4"33 35,76 38,2 0,6
45 8 2.6 0,071 315 41,46 435 0,5
45 12 3,64 0,099 4°51° 40,05 42,9 0.7
50 8 2.60 0,071 2°55° 46,46 48,5 0,5
50 12 3,64 0,099 4°22 45,05 47,9 0.7
60 g 2,6 0,071 2"26° 56,46 58.5 0,5
60 12 3,64 0,099 3°39° 55,05 37,9 0.7
70 10 3,12 0,085 2°36° 65,76 68,2 0.6
70 16 5,20 0,141 4°10° 62,93 67,0 1,0
80 10 3,12 0,085 217 75,76 78,2 0.6
80 16 5,20 0,141 3"39° 72,93 77.0 1,0
90 12 3.64 0,099 2"26° 85,05 87,9 0,7
90 20 6,24 0,170 403’ 81,52 86,4 1,2
100 12 3,64 0,099 2°11° 95,05 97.9 0,7
100 20 6,24 0,170 37397 01,52 96,4 1.2
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Bang 5-2 Kich thudc k&t cdu b fruyén vit me - bi

Kich thudc do bing mm

Vltf;CDal Bui 5c B i

trong
d, dyro dyo I, d, Zor Zoy {kG)
20 20.3 21,77 0,2 2,5 25 20 360
25 25.4 27,12 0.2 3.0 26 21 530
30 30,5 32,47 0,3 3,5 27 22 720
30 30,9 34,24 0.4 6,0 15 10 1000
35 35,5 37,47 0.3 35 31 26 910
35 35,9 39,24 0,4 6,0 18 13 1330
40 40,5 42,47 0,3 3.5 36 3] 1380
40 40,9 44,24 0,4 6.0 21 16 1620
45 45,7 48,54 0.4 5.0 28 23 1650
45 46,0 49,95 0.5 7.0 20 15 2060
50 50,7 53,54 0.4 5,0 31 26 1860
50 51,0 54,95 0,5 7.0 22 17 2340
60 60,7 63,54 0.4 5,0 38 33 2420
60 61.0 64.95 0.5 7,0 27 22 3090
70 70,9 74,24 0,4 6.0 36 31 3260
70 71,5 77,07 0,7 10 22 L7 4750 -
80 80,9 84,24 0.4 6,0 42 37 3900
80 81,5 87.07 0.7 10 25 20 5710
90 91,0 94,95 0.5 7.0 40 35 3020
90 91,8 98,48 0.9 12 23 18 7400
100 101,0 | 104,95 0,3 7,0 45 40 5720
100 101,8 | 108,48 0.9 12 26 21 8650

Vidy5-2
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Tinh todn bo truyén vit me — bi cho mdy phay diéu khién s6 véi sé
liéu ban dau: Chiéu dai vit me L =1800mm, budc t, = 12mm, luc doc truc
1én nhat Q = 800 kG, s6 vong quay 1én nhat n_, = 50 vong/phit, t6c do

nhé nhat n,;, = 1 vong/phit; thdi gian 1am viéc 5000gis.
GIAI
1- Xdc dinh dudng kinh bo truyén:

L 1800

=—= 60 mm
30 30

]

2- Céc kich thudc co ban cua bo truyén lua chon theo (bang 5-1 va
bang 5-2): o = 45° d,= Tmm; r—'=0,‘5‘6; A=3"30" Zor =27 2 = 22,
Ty
mot phan cua dai 6c ¢6 3 budc ren vi vay s6 bi cha ca nita dai 6c 1a Z,, =
22x3 = 66; tai trong cho phép Q¢ = 3090kG

3- Tinh todn bd truyén theo tudi tho

Tinh t6c dé trung binh n:

Ninax ™ Ninin _ 50+1
2

n= =25,5vong/phut
Tinh s6 chu k¥ tai trong C;:

¢, =0,5Z.y(1+Lcosa)=0,5.22(1+ i’—; 0,707) =119
r“ -

Tinh K, :

60T, nc, 60.5000.25,5.11,9
KU=K03/ = =0,93\/ = =1,88

Vi K, >1 nén ta cé:

Pep
Pep =—L -8 sk
Ko, 188

4] 4
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= = 1640KG
7K, 1,88

4- Xic dinh luc cang ban dau

Tinh lyc cing ban dau cuc dai:

PCmax = P(IP(I - 0155 &) = 52(1 - 0,55@) =138 kG
P 1640
Tinh sic cang ban dau nhd nhat:

Q  _o5. 800
Zosina  46.0,707

PC min = 0'5 =12kG

(Zr=0,72Z,v,=0,7 .66 =46)

5- Tinh lugng dich chinh tao stc cang ban ddu

Khi cdn tao luc ciang P¢,.. = 38 cén luong dich chinh mot lugng:

/93 38°
. =635 =631"—=355 um
Cmax d[ \ 7 L

Khi can tao ra luc cing Pc..,=12 cdn dich chinh mét lugng:

P¢ 12°
Scm =6 3= =63—=16,5um
Vd, 7

6- Xdc dinh hiéu sudt cia bo truyén
Tinh géc ma sat :

f, 0,00l

t = =
&p r,sina 035.0,707

= (,00404

tirdé p = 0°14’

Xéc dinh hé 56 K. Pé tim hé s6 nay ta tinh :
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Q 800

: =———— =204
ZyysinaP. 46.0707.12

Tra trén dé thi (hinh 5-12) hé s6 K= 0,97
Hiéu sual bo truyén:

to
“ gh 0.97 %:0638 _
tg(h + p) 0,0679

7- Tinh todn momen khong tai

.91

-

d.
M=P.Z sina—2Y [sin(h + p)~sin(h — p)] =

2
55,05

12.46.0,707.

[0,0678-0,0596] = 88,1 kGcm



THIET Bl PO LUGNG VA DPIEU
KHIEN TRONG MAY CONG CU CNC

6.1 ENCODER
6.1.1 Cac dang encoder va ing dung

Nhiém vu cha encoder la do ludng dich chuyén thing hoidc goc
dong thoi chuyén doi vi tri géc hoac vi tri thang thanh tin hiéu nhi phan
va nho tin hiéu nay c¢é thé xdc dinh duge vi tri truc hodc ban mdy. Tin
hiéu ra cua encoder cho dudi dang tin hiéu s6. Encoder dugc su dung lam
phdn t&r chuyén doi tin hiéu phan hoéi trong cac mdy CNC va robot. Hinh
6-1 1a encoder kiéu quay thudng dugc sir dung trong cdc thi€t bi cong

nghiép.

Hinh 6-1 Encoder kiéu quay.

Tuy thuéc vao chuyén dong clia encoder ma ngudi ta chia né thanh
hai kiéu: thang vd quay. Nguyén 1y hoat dong hoan toan giéng nhau

nhung encoder thing c6 diém khdc co ban so véi encoder quay 1a chiéu
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dai cua encoder thing phai bang tdng chuyén dong thing tuong ing c6
nghia la chi€u dai cdn do phéi bing chiéu dai thudc. Vi vay encoder théng
thudng dat hon nhiéu so véi encoder dang quay. Encoder quay chi 12 mot
dia nho va kich thuéc encoder khong phu thudc vao khoang céch do. Vi
vay Kkich thuéc cia né nhé gon hon nhiéu so véi encoder dang thang.
Encoder quay c6 thé dung dé do ca hai thong s6 dich chuyén va téc do.
Trong mdy cong cu diéu khién s6, chuyén dong ban may duoc din
dong tir mot dong co (dong co bude, dong co mot chiéu hoac dong co
xoay chiéu) qua vit me - dai Gc-bi t6i ban mdy. Vi tri ban mdy c6 thé xéc

dinh dugc nho encoder ldp trong cum truyén dén.

Bdnh rifug

Vitme - bi Banmdy _—

b)

Hinh 6-2 a) Encoder I&p trén truc vit me.
b) Encoder 1&p trén tuc banh rang.

- Hinh 6-2a la truong hop encoder dugc ldp déng truc véi truc vit
me, phia bén kia vit me c6 thé néi tryc ti€p v6i dong co hoic thong qua
hop t6c do. Trong truong hop co cdu bi€n dbi chuyén dong quay thanh
tinh ti€n la thanh ring- banh rang, encoder lip truc ti€p lén truc ctia banh

rang chi 1 trén hinh 6-2b. Hinh 6-3 chi ra mot trong c4c két cau lap encoder
kiéu thang trén ban may.

Do chinh xdc vi tri cia ban mdy phu thudc vao do chinh xdc ché
tao vit me - dai 6¢ bi, bi€n dang cua bo truyén, lip rap va cdc yéu t6 khic

nhu nhiét d6 moi truong. Do chuyén dong thing ban mdy bing encoder
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quay la phuong phap do vi tri kiéu gidn ti€p. Encoder quay chia thanh hai

loai: encoder tuyét d6i va encoder gia s6.

Thiet bi thu
tio hidu

Hinh 6-3 Encoder thdng Idp trén ban may phay.

6.1.2 Encoder tuyét ddi

Encoder kiéu tuyét d&i, két cdu gdm cac thanh phdn sau: nguon

sang, dia mi hod va cdc phodetetor dugc chi rd trén hinh 6 —4.

Pia ma hod duge ché€ tao tir vat liéu trong sudt. Ngudi ta chia mat
dia thanh cdc géc déu nhau va cdc dudng trdon dong tam. Céc dudng tron
déng tam va ban kinh gidi han cdc géc hinh thanh cdc phin (6 dién tich.
Tap hgp céac phéan t6 dién tich cing gidi han bai hai vong tron déng tam
goi 1a dai bang. 56 dai bang trén mat dia tiy thudc kha nang coéng nghé.
Cong nghé hién nay cho phép chia mat dia m3 hod 16n nhdt 1a 12 dai.
Trén cdc dai bang, cdc dién tich phan t6 c¢6 phan t6 dé trong sudt (dnh
sdng c6 thé xuyén qua dugc) va cling ¢6 phan t8 duge phi lén né mot 16p
md dnh sdng khong thé chi€u xuyén qua duge. Su trong sudt va khong
trong sudt dac trung dac tinh caa cdc phan to.

Hinh 6-5 12 vi du vé cau trisc cia dia encoder don gian v&i mi héa
nhi phan. Dia dugc chia thanh 16 géc déu nhau tuong Gng mdi goc
360°

16

=22,5%va 4 dai bang.
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Piamid bod

Dai bing

Nguda sdng
(LED)

=\S:Z
™ ¥

Photceensor

q Khuech dai
| Ii 4

Trigger Smiths

Hinh 6- 5 Dia encoder quay - tuyét déi dung ma nhi phan .

Trén dia c6 64 phan t6 dién tich. Phan t6 dién tich trong suét
tuong (ng v4i vung khong t6 den chi ra trén (hinh 6-5) va dién tich khong
trong su6t dugc t6 den. Mo6i goc chia biéu dién mot s6 nhi phan vi vay
trén dia ma héa khao sat bi€u dién 16 s6 nhi phan vi du géc thi “0” biéu

dién s6 nhi phan 1111, géc thir “1” biéu dién s6 nhi phan 1110.

Nguyén ly hoat dong cua encoder tuyét d6i dugc mo ta trén hinh
6-4. Dia ma hod lap trén truc, d6i dién qua dia ma héa phia bén trdai (hinh

6-4) ngudi ta bo tri nguén sing (LED), phia bén kia dia (bén phai) ngudi
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ta bo tri cac photosensor, khuéch dai va trigger Smiths. Tuong @ng voi
mdi dai bang nguoi ta lip ngudn sang. Truong hop khao sdt ¢ hai dai
bang vi vy ngudi ta b6 tri hai ngudn sing (2 dén LED). Bén phat ngudi
ta ciing bo tri tuong dng voi mdi den LED 1a mot photosensor. Trong
trrudng hop khao sdt ding 2 photosensor. Nguon sdng va cdc photosensor
dugce 1ap ¢6 dinh. Khi dnh sdng i ngudn sdng chi€u 16i dia ma hod, n€u
doi dién voi tia sang 1a dién tich phan to trong sudt, dnh sdng xuyén qua
dia tSi photosensor lam xudt hién dong chay qua photosensor. Néu doi
dién v&i tia sdng 13 dién tich phan & bj phi 16p chin sang, anh sdng
khong t6i duge photosensor va trong photosensor khong cé dong dign
chdy qua. Dong ra cia photosensor nhd, vi vay thudng duge dua td1 bo
khuéch dai, khuéch dai tin hiéu 1én da 1dn trude khi dua 81 tang tiép
theo. Do qué trinh quay dia ma hod, cuong do dnh sdnh tang tr nho dén
cuc dai (tia sdng xuyén qua hoan toan) va tiép theo giam dan dén khi tia
sang bi chin hoan toan lic dé dong trong photosensor bang khong. Vi
vay dé cé xung ra la xung vuong nguoi ta cho tin hi¢u qua much stra dang

xung trigger Smiths. Dang xung ra nhu chi ra trén hinh 6-4.
Goi $6 géc trén dia 13 S va s6 dai 12 a, quan hé¢ gilra s6 gdc va s6
gidi bi€u dién theo cong thifc sau:
§=2" {6-1)
trong dé: a — 50 nguyén duong.

Vi du, né€u dia ¢6 s6 dai bang a = 8, s gdc trén dia cdn phdi chia
S=2"=1256.

Gid tri géc chia trén dia mad hod «, tinh theo cong thic:
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Vidy 6-1: Xdc dinh s6 géc va gid tri géc tinh theo do cla encoder
tuyér d61 véi so dai bang 1a 10 ?

GIAI

S0 goc cua enceder cdn chia :

S =2'" = 1024 goc/vong.

Gid tri moi goée tinh theo do :

_360°  360°

== =03515"
2! 1024

Vidy6- 2: Cho gid tri géc cha encoder tuyét ddi o = 5,625°, Hay
tinh s6 bang trén dia.

GIAI

Tl cong thirc (6-2), tinh s6 gbc trén dia clia encoder:

g 360° _ 360°
a  5625°

Tinh s6 dai bang trén dia theo cong thie (6-1) S: 22

_E_]g@_

=6
lg2 g2

lay logarit hai vé ta c6: ?55: 492;' a
6.1.3 Encoder gia sé

Encorder gia s6 dugc s dung rong réi trong cong nghiép. Encoder
gia s6 c6 hai kiéu: kifu thing va kiéu quay. K&t ciu ciia encoder kiéu
quay chi r& trén hinh 6-6. Encoder quay gém c6: ngudn sing (trong ké&t
cdu nay ngudn sing la béng den), thiu kinh, dia thuéc cd dinh, dia phét

xung, photosensor va mach dién.
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Pia phdt xung duge 1am bing vai lieu trong sudt, trén né ¢é mot
hoac hai dai bang (dai bang 12 tap hop céc vach sdng 16i ¢ chiéu day
gidng nhau). Mot trong hai dai biang trén dia lam nhién vy tao xung, dai
bang con lai ding dé xdc dinh gée khong quy chi€u. Hinh 6-7 chi ra mot
dang dia phat xung v&i hai dai bang. Dia phit xung dugc lap trén truc va
chuyén dong quay ciing vdi tryc. Pia thude (thudc c6 dinh) c6 x¢ bdn
ranh trén cling mot hang, rinh xé thi ndm bé tri trén hang riéng va thuéce
duogce ¢6 dinh trén vo cling v&i phia v3i photosensor.

Photceensor
B phdt xuug

\-\‘.

Chuda kbéng

Hinh -6 Encoder gia sé dang quay.

Dai bdng taoxuag,

Déi bfng xdc dinh
diére khoug

Hinh 6-7 Dia phdt xung v&i hai dai bang.
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Tuong ing v6i nam ranh trén thude ¢ dinh ngudi 1a lip niam

photosensor. Photosensor cling dugc ¢6 dinh véi vo encoder.

Thdu kinh lam nhiém vu bién déi dudng di cla tia sang thanh cic

Iia song song.

Hinh 6-8 chi ra nguyén 1y hoat dong ciia encoder gia 6. Anh séng
tlit nguon sang 1 qua thau kinh 2 bi¢n déi thanh cdc tia sdng song song di
thude doéng 3 (dia phdt xung). Vi thude dong 3 chuyén déng nén c6 thé
xem thudc 4 la cira s6 va thude 3 nhu 1a cdnh cira s6 déng mS diéu khién
dnh sing tdi photosensor 5. Khi cia $6 md rong dan cudng do dnh sing
tang ddn, dong trong photosensor ciing tang din va dong cuc dai khi cira
s6 mo hoan toan. Khi cira sé khép din dong trong photosensor ciing giam
din vi bing khong khi cira s6 déng kin hoan toan. V&i cich b6 tri hop 1y
hai cap hai photosensor trén bon réinh cia thude ¢ dinh ngudi ta thu duge
song sin va song cosin. Mét trong hai cap photosensor cho ta tin hiéu
xung va ket hop hai séng sin va cosin cho phép ta xdc dinh chiéu chuyén
dong cua thudc dong (xdc dinh chiéu chuyén déng cha cencoder & dugce

trinh bay trong cdc muc tiép theo).

A
\

Hinh 6-8 Nguyén ly hogt déng cda encoder gia 6.

Encoder gia s6 ki€u thang ciéing c6 cdc thinh phin co badn nhu

encoder gia s6 ki€u quay nhung chi khic 13 thude dong 1a thusce thing.
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Nguyén 1y hoat dong cla né hoan toan giéng nhu nguyén ly hoat dong

cua encoder gia s6 kiéu quay thé hién rd trén hinh 6-9.

Burde vach

Ngudu sdng Thiu kinh Thude ddng

. 2 g
’ o —
/ . i e __,_,._.-:"_':’—""
i e —
i
i

Thudc tinh

Photosensor

Hinh 6-9 Nguyén Iy hoat déng cla encoder gia s& kiéu thdng.

Mot vin dé dat ra la lam th€ nao bo dém biét dugc huéng chuyén
dong quay cua truc encoder thudn chiéu kim déng hé hay nghich chiéu
kim doéng hé dé thuc hién dém ti€n hoac 1ui?. P& xdc dinh chiéu cua

encoder ngudi ta dung giai phdp bo tri hop 1y cdc photosensor. Hai
p]ﬁﬁosensor dung chung mot ngudn sdng va bé tri cdc photosensor nhu
“chi ra trén hinh 6-10. Vi cdch b6 tri ndy dong chiay qua photosensor A
co dang song sin va photosensor B ¢6 dang cosin c6 nghia la hai séng A

va B trugt nhau moét géc 90° do pha.

Khodng cdch b tri hai photosensor dugc tinh theo cong thirc (n-
1/4)T, trong d6 T la budc géc cua encoder, n 1a s6 nguyén lay n=1,2,...,
c6 nghia la hai photosensor can phai dat cach nhau mot khoang bang
1/4T. Séng trén cong ra cha photosensor duge dua téi IC trigger Smiths

dé stra thanh xung vuong.



Phowocensor A
1

08R000;
@Qﬁ% thtinsenso:Boo
&
] &3
[} | Photemnsor va

(7
%
(==
S - i
= vach goc Ebdng =
= =
=) =
% S
2 S
Z S

000000

Hinh &-10 B& t1 photosensor dé hinh thanh séng A truot pha so véi séng B
gbdc 90°.

Xung ra cua trigger Smiths khi quay thuan kim dong hé (CW) chi
ra trén hinh 6-11a va quay nghich kim dong hé (CCW) chi ra trén hinh
6-11b.

A vfri1loofi1]ooft

A DJ1 11001 1[0 01
B T1lool oot

g 00[11]00J11]00

Quay thuin
kim ddung hd Quay azuoc
ki ddug hd
a)
b)

Hinkh 6-11 a} Xung ra cla cdc photosensor khi encoder quay chiéu kim déng hé.
b} Xung ra cla cdc photosensor khi encoder quay nguoc kim déng ha.

Pé xdc dinh chiéu quay clia truc bing cdch so sdnh sy xuat hién
cha song B véi séng A. Khi quay nghich séng B vugt trudc séng A mot
goc 90" pha va khi quay thudn séng A vuot trude song B mét géc pha 90°
pha hay bang 1/4 géc do. V@i cdch lip mach logic thich hop cho phép
phan biét duge chiéu quay cua encoder. C6 cdc giai phdp thuc hién xédc

dinh chiéu quay sau:
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1- Khi sudn phai cia xung A di xuéng va xung B dang & mitc cao
chi dinh ring encoder quay theo kim ddong hd va nguwoc lai khi sudn phai
xung A di xudng va xung B dang & mic thdp, encoder quay nguac chiéu
kim ddng hé chi ra trén hinh 6-12.

Quay thuda (CW) Quay nghich (QCW)

Hinh 6-12 Chigu quay xac dinh theo sudn xuéng xung A va mic cao xung B .

2- Khi sudn phai xung A di xuéng, xung B dang & mitc cao va khi
suon trai xung A di lén, xung B dang ¢ mic thap twong dng véi trudng
hop truc encoder quay thuan va khi sudn phai xung A di xuéng, xung B
dang 0 muc thdp va sudn trdi clla xung A 1én, xung B dang & mic cao 1a
trudng hop truc encoder quay nguge kim déng hé chi rd trén hinh 6-13.

Quay thuia (CW) Quay nghich (OCW}

[N T T I

L] K
N

oW ' rruut

S
I I T I |
[
R

Hinh 6-13  Chiéu quoy x&c dinh theo sudn 1&n, xudng xung A vé mic cao, thdp
xung B
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Hinh 6-14 chi ra mét mach logic don gian diing hai D-flip-flop dé

xdc dinh chiéu quay cua encoder theo gial phdp (1)

— .

D CLR QfF————
A b O _
Q

D LR Q=2
B Lo )
Q

Hinh &-14 Mach xac dinh chiéd quay encoder .

Mach xac dinh chiéu quay (hinh 6-14) ¢6 d6 chinh xdc thip vi ¢
thdi diém thay d6i chiéu quay xudt hién xung quay thuan khong ddng lam

gidm do chinh xdc vd mach rat nhay voi su dao dong cia dia encoder.

Khi dia encoder bi rung 1am qua trinh xdc dinh chiéu quay khéng
thuc hién ngay dwgc nén ng'udi ta con gei encoder ¢6 hiéu (ng nay la
“encoder tré”. Mach xdc dinh chiéu quay cia encoder ¢6 do chinh xéc
cao hon gém ¢6 bon 1C va hai phan tir dao chi ra trén hinh 6-15. Texas
instruments did san xudt [C SN74L.S2000 chuyén dung cho mach xac dinh
chiéu quay cua encoder.

Nhu ta da biét dong qua photosensor phu thuoc vae cuong dé dnh
sing giti 131 né vi vay dong qua photosensor khong 6n dinh.

Dang tin hi¢u ra cua photosensor ¢é dang gan gidng van hinh 6-17a.
B¢ dam bao didu khién 6n dinh can sira dang tin hicu thanh xung vuéng.
Mach sita tin hi¢u thanh xung vuong thuang ding 1a mach dang trigger
Smiths.
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Dy Qy D, Qf——
A Ky Q, K2 o)
(I)ﬁ1 ﬁ)ﬁz
]
1
s A A__FaQ
B D3 63 . CK4 04 —
— k3 Qs D4 Qq ¥

Hinh 6-15 Mach x&c dinh chiéu guay cé dé chinh xa¢ cao.

Hinh 6-16 13 so dé nguyen 1y cia mot kiéu mach trigger Smiths.
Mach duge sir dung vi né ¢6 dac tinh chuyén déi dién dp khong do6i xiing
theo mic ngudng tin hiéu vio khdc nhau, mifc ngudng dang duong lén va
mitc ngudng dang am di. Mach trigger Smiths c6 bd rhd trang thdi gom

hai transistor Q,, Q, v&i clung dién 1r& emitter.

S0

Tin hi¢u vao

Tin bigu ra

GMND

- . - »

Hinh é-16 Nguyén Iy mét kiéu mach trigger Smiths

Khi dong chay qua Q,, dién ap roi trén dién trd emitter lam thay
déi trang thai chuyén mach cho Q,, vi du d& chuyén séng tin hiéu dang
(hinh 6-17a) diing mach trigger Smiths cd trang thai cao 12 +5V ¢o
nghia la khi tin hi¢u dwong 1¢én dén +5V doéng mach. No nhé trang

théi tin hi¢u vao cta nd cho d€n khi dién 4p am xuéng +2V
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chuyén mach dugc ngit. Hién nay, trigger Smiths dugc thiét k€ tir cic
flip-flops vi du nhu IC trigger Smiths - 74L.814 chia sdu trigger trén mot
chip vd méi trigger ¢6 mot céng NOT & cia ra, IC 4093, IC 40106
...trigger Smiths duge ky hiéu nhu hinh 6-17b.

Tiu bigu vao
Ngudng cac

SV e b op Lo oM —

2V = -
0V e

Ngudag thap

|
!
!
. . |
Tin hiu ra ! Tiahituvio Tia hidu ra

LY
b)

]
—-_p——— - -
1
i
i
1
|
|

)
Hinh 6-17 Tin hiéu vao - ra cda trigger Smiths.
So sdnh encoder gia s6 véi encorder tuyét doi, encoder gia s6 ¢é
bon ru diém sau:
1. Chiilng don gian va ré tién.
2. Chiing khéng can mach giai m& ma chi can mot bo dém.
3. Dai do chi bi gidi han bai dac tinh cia bo dém (t6¢ dé dé€m)

4. V61 encoder gia s6 ¢6 diém khong vi vidy géc do c¢é thé chon
bat k¥ & diém ndo bing cich dat lai bo d€m. Trdi lai ndé cé nhitng nhuge
diém sau:

I. Encoder gia 56 khéng do duge vi tri tuyét d6i ma chi do sy thay

d6i gia s vi vay sai s6 do cé tinh tich liy.
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2. Khi ngdt ngudn dién lam mat g6c "khéng" cua hé théng do vi
vay hé thong do khong xdc dinh dugc vi tri cia no. Mudn do duge phai

xdc dinh lai diém goc "khong” do.
3. Encoder gia s6 rat nhay véi cdc tin hiéu tdc dong tir ngoai vao.

Encoder con dung lam tay quay dién (hinh 3-3) diéu khién bing
tay hé hé din dong bin mdy. Encoder dugc lap déng truc véi tay quay
tuong ty nhu encoder 1lap déng truc véi trye vit me-bi. Truyén déng quay
clta encorder lic nay khong phai 14 truyén tir dong co tdi ma la tir tay
ngudi diéu khién. Khi quay encoder sinh ra xung (tugng ng véi gdéc cia
tay quay), cdc xung nay duge gini tdi hé diéu khién may (MCU) va diéu
khién dong co chay dao. M&i xung cla encoder giri dén dong co, dong co
quay di mot géc va ban may dich chuyén mot chiéu dai don vi ¢d 5O
(BCS) theo chiéu xdc dinh. Nhu vay tay quay dién thuce hién chite nang dich
chuyén ban mdy bang 1ay trong diéu khién may cong cu diéu khién sa. Tan

s& xung phét ra cua encoder 14 ham t6¢ do quay cua tay quay.
6.2 RESOLVER

Resolver 1a thi€t bi do kiéu tuong tu, dung dé do vi tri hoac tdc do.
Thiét bi do theo nguyén tic cam tng dién t&r. Dién dp tin hiéu vieo ty 1é
vai vi tri goéc hodc toc dd truc cua resolver. Resolver ¢d cau triic gidng
nhu mot déng c¢o dién xoay chiéu loai nhé. Hinh 6-18a 13 mot kiéu
resolver thuong gap trong cidc may CNC. Né gdm roto, stato, trén roto
nguoi ta 1ap hai cudn day va dat chiing vuéng géc v6i nhau va stato ciing
c6 hai cudn day dat vuong gdéc vdi nhau 90 nhir trén roto, cdc thanh phin

va bo tr{ cudn day trén roto va stato chi ra trén hinh 6-18b .

Né&u mot trong hai cudn day cia stato duge cap dién dp xoay chicu.

Trén ca hai cuon roto xudt hién dién dp va dién dp cuc dai trén cic cudn
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day khi roto va stato thang hang nhau. Dién dp trong cudn roto bang

khong khi cuén day cua roto va stato vuong géc voi nhau.

Hinh 6-18 a) Hinh dang chung cla mét kiéu resolver.
b) So dé bd tri day trong resolver.

Resolver lap trén truc dong co nén ludon quay, vi vay dién dp ra
trén hai cudn roto mot cudn dién dp bién thién theo dang s6ng sin cuodn
thir hai theo dang s6ng cosin. Tuong tu nhu vay néu ta cap dién dp xoay
chiéu vio mot trong hai cuon day cla roto, trén hai cuén day cua stato
cho dién dp dang séng sin va cosin.

Né€u kich thich vao hai cuon stato boi hai tin hiéu c6 cung bién do
cung tan s6 nhung léch pha nhau 90° c6 nghia la:

U, (t) =U cosot

. (6-3)
U, (t) =Usinot
Dién dp dua ra trén cdc cudn diy roto ¢6 hai thanh phan:
U, =U,sindp+U, cos :
a 1 ¢' 2 ¢' (6'4}

U, =U,cos¢p-U, sin¢
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trong do ¢ {a géc da cho cna roto.

Thay (6-3) vao (6-4) ta c6 dién dp ra trén cdc cudn roto:
U, =Usin{ot+d)

(6-5)
U, =Ucos{(wt+¢)

Trong miy CNC Resolver duge diing dé do vi tri va duge lap & mot
ddu ctia truc vit me-bi, dau kia cla vit me lap tryc ti€p vdi dong co hoidc
dong co ndi vdi true vit me -bi thonrg qua hop toc do. Tin hi¢u ra tir
resolver ding 1am tin hiéu phin héi. G6éc pha ciia tin hiéu phan hoi xdc
dinh vi tri tirc thoi cia truc, vi du roto quay mot géc 90" goe trugt pha cua

tin hiéu ra trén stato ciing s& bang 90" so vai chuin.
Chu y rang resolver dung trong may CNC roto chi ¢6 mot cudn day
trén roto nhu chi ra trén hinh 6-19.
bién dp ra cia cudn day trén roto U, :

U, =Usin(ot+¢) {6-6)

Hinh 6-19 S0 dé bé tri day trong resolver dung trong méay CNC.

Trong trutng hop cdp cho cudn roto mot tin hiéu dang Asin(wt)
theo tai li¢u [1] dién dp chay qua hai cudn day trén stato s€ la:

U, (1) = Usin(wt)sin § (6-7)
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U, (t) = Usin{wt)cos 0 6-8)

trong do 8 - goc cla roto ddi véi stato.

Bay gi& ching ta xem xét (ing dung cia resolver trong hé¢ diéu
khién mdy CNC,

Resolver duge sir dung trong mach phan héi cha hé théng din dong
chay dao ding dong co DC secvo. Hinh 6-20 13 so khéi mach phan hoi
dung resolver cua déng co CD secvo. Truc cha resolver lip déng truc véi
dong cd hoadc v&i vit me — bi, vi vay roto cla resolver quay déng thoi véi
truc dong ¢o. Hai cudn day trén roto, mot cudn duge néi tit vi cudn kia
no1 v4i nguodn tin hiéu kich thich. Hai cudn trén stato déng vai trd tin
hiéu ra vdi dang tin hiéu sin va cosin. Khi kich thich dién dp véi tin so
du 16n vao mét cudn trén roto, do truc cha resolver quay ciing dong co
nén hai cudn day stato xudt hién séng sin va cosin va day 12 séng ra cia
resolver. Hai séng ra cia resolver cho phép xdc dinh dugc vi tri cha truc
dong ca hoac truc vit me - bi. Thong thuong tin hiéu ra tir resolver rat

nho vi vdy tin hiéu nay dugc khuéch dai trude khi dua t6i bo ADC (bién

@ Khu&ch dai
N

Tin bigu
dao ddog|

doi tuong tu s6).

Roto

oo +

Kich thich chuda

Hinh 6-20 So dd nguyén tac i&p resolver
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Hinh 6-21 13 mach tao dao dong sin dé cung cdp cho cudn day
roto. Mach nay diing bo dao dong cdu Vién dé tao ra dac dong hinh sin
diéu hoa vdi tin s6 va bién do khéng thay d6i. Nhuge diém cia mach nay
chi cho phép tao ra dao dong hinh sin v6i tan s6 1n nhat la 10kHz. Cau
Vién gém dién rd R, R,, C, va C, trong d6 R = R, vit C, = C,. Tan s6 tai
tam dao dong cau Vién dugce tinh theo cong thic: f. = 1/ 2a. R.C, trong
d6 R=R,=R,vaC=C, =G,

Nguyén téc thuat todn khi€n co ban déi véi bo dao dong la viing
14n s6 cla né. O ving tdn s cha cdu Vién chi cé dao dong hinh sin va
dao dong nay dugc 6n dinh nhd mach phan héi. Bé tao dao dong cau Vién
duge hinh thanh tir bo khuéch dai phép toan don gian, mach hoan chinh
chia bd tao dao dong chi ra trén hinh 6-20. B¢ daoc dong cdu Vien gém
U,,vd U,,. Diéu khién hé s8 khuéch dai caa U,, dugc thuc hién bang hai
phuong phip. Diéu chinh hé s6 khuéch dai béng cdch thay déi tryc tiép
gi4 tri dién tré R,. Cdch thi hai 1a diéu chinh hé¢ s& khuéch dai 1y dong.
Pé ¢6 thé diéu chinh he s6 khuéch dai tv dong U, bing cdch ngudi ta dua
vao mach dao dong cdu Vién mot mach gid tri tuyét d&i va mach 16i tich
phan. Méch gid tri tuyét d6i duge cdu trdc tir mach khuéch dai thuat todn
gom U, Dy, D,, R;; va R;;. Mach tich phan 16i gém U,,, D,, C, va Ry,.
Chiét 4p R,; ciing dwgc xem 1a thanh phdn clia mach tich phan 16, dung
d€ diéu chinh dién dp chudn tai diém D. Muc dich clia mach tich phan 15i
1a nhan biét sai léch dién 4p tuyét d6i 6 di€ém A va tin hiéw nay dugce diéu
chinh lién tuc bing cdch so sinh tin hiéu d6 v6i tin hi¢u chudn. Néu tin
hiéu tai diém A tang lén, phin héi am & cira ra cQa tich phan 161 ciing
tang lén, tin hiéu nay duge gini nguge trd lai cdu diot D, D, va U,,, phan
héi am tam thdi giam hé s khuéch dai cla tdng thi nhit chia can Vién.

Thuc chat 13 gidm bién 4o cla tin hiéu tai diém A.
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Hinh 6-21 So d8 mach bé dao déng ¢du Vién dung trong mach phan hdi clda
resciver;
(cac théng 58 linh kién trong mach: R1= R2= 33k, R3 = 2.7 k), R4 = 0/0-500¢2. RS =
RE=27KLR7= R8=47KQO.RP=RI10=RI1 =RI13=R14=10kQ, R12=R15=R19 =
4.7k R16 =100k R17 =0/10k0D, R20= 15k, R18 = 100kQ. Uy = U, = U, = Uz,
=Upp=2Upy=Uyy=Uy=1/4-324D1=02=0D4=D5=D6=1N?14, C1 = C2= 0.01uF,
C3 = 100uF. C4 = 0.1uF).

Hinh 6-22 chi ra mach luu trit vad khuéch dai tin hiéu ra cia
resolver trude khi dua t6i mach bién d6i bi€n doi s6 resolver. Chi ¥ rang
cac dién tré trong mach nay déu bang 12 kQ. Hai ting khuéch dai déu ¢d
hé s6 khuéch dai gdn bing —-1. Dién dp va dong khué&ch dai cua tin hiéu
kich thich déu dugc cung cdp bdi cdu Vién chi ra trén hinh 6-21. Tin
hiéu dua ra tir resolver 12 tin hiéu sin va cosin. Tin hi¢u dugc loc nhiéu
qua bo loc tdn s6 thap va duge khuéch dai lén truée khi dua t6i bé bién

déi 56 resolver. Nho mach s6 hoc dic biét trong bo bién ddi s& resolver
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nhanh chéng so sanh s& nhi phan nay véi bi€n tam bit cu thé, xdc dinh vi
tri truc dong co va né ciing cung cip dién dp xdc dinh 16¢ do dong co. Hal
tin hiéu nay dugc dwa 1di mach diéu khién 16c do dong co va dén mach

diéu khién chuyén mach thong qua dicu khién dong co secvo.

R3

Cl
+5in FE 3760

-5
—
l;f[n Il:.i.ﬁ_u;: sig
ssatver 8 R4 R7 Bifo ddi
56 cua
= - Ceed | Resolver
]
C3 |
RE 0 ) .
+D‘-M_P!Ejju_~w_4 Tia bigu chuba

| 1ircBu dao doog Vign

= 5

- Cos
—a

Tio hisu s C4
Ratolver &¥a

REll P.Hi

Hinh 6-22 So d6 mach dung dé nhén va bién déi tin hiéu
cua resolver thanh tin higéu s&:

(cac thong s& linh kién mach: R1= R2 = R3 = R4 = RS = R6 = R7 = RS = RY = R10 =
R11=R12 = R13 = R14 = 10 k2, R14 = 33 kQ. R7 = 0/10 ki1,
C1=C2=C3=Cd=33uR)

Vidy 6- 3. (3 thisi diém « ngudi ta ciip dién dp kich thich cho cuén
roto cua resover U, = 24 V va gbc truc 1a 90", Tinh tin hiéu ra trén hai

cudn stato cla resolver ?
Giai
Tin hiéu ra trén hai cuén stato dugc tinh theo cong thic (6-7) va

(6-8):
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U, =24(sin90°) =24 v
U, =24(cos90°) =0 V

Vidy 6- 4: O thdi tai thoi diém t tin hiéu dua vio roto cha resolver
dién dp U, = 24V. Dién 4p ra trén hai cuén day cia stato U,= 17V va U,=

-17V. Xic dinh géc clia roto?
GIAI
Tinh cong thitc (6-7) va (6-8) ta cé:

arcsin(E):4S” hoic 135 dé (*)
24
t7 0 ; .
arccos(—-2~i)= 135% hoac 225 do (**)

Tir (*) va (**) cho ta thay vj tri géc cha roto phai 12 135 do
6.3 INDUCTOSYN

Inductosyn la mot thi€t bj ding dé do géc hoic do dich chuyén dai
¢6 do chinh xdc cao. Hoat dong cia né gidng nhu hoat dong cha resolver.
Inductosyn c¢6 hai dang: thing va quay. Nguyén 1y lam viéc cua
Inductosyn thing duge trinh bay trén hinh 6-23. Khi cdp dién 4p xoay
chiéu vao cudn day 1, xung quanh cuén day 1 sinh ra tir truong, tr truding
nay méc vong qua cudon day 1 vdi phuong, chiéu dugc x4c dinh theo
nguyen tac ban tay trdi. Cho cudn day 1 va cuon day 2 chuyén dong tuong
do6i voi nhau. Khi chuyén dong cuén 2 xudt hién dién 4p, dien ap nay i lé
vGi khoang cdch dich chuyén gitta hai cudn day. Inductosyn dang thing
cdu tao gém thanh thude dong (1ap tfén ban médy) va thanh thude tinh (lip
trén than mdy). Hai thuéc ndy duge sdn xwat tir vat lieu cdch tir hoac
Keramic nham trdnh bj mat mat tir théng. Cuon day lip trén thude (inh

dugc ch€ tao theo phuong phdp quang héa va budc vach T = 2mm. Khi
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dich chuyén vi tri cha thuge nhu chi tra trén hinh 6-24a qué trinh bién

thién dién dp trén cic diém dich chuyén tuong Gng chi ra trén hinh 6-24b.

}' Chiéu tr

Chiguddng dign L fors
- rdang

Hinh 6-23 5 &p x&p cda cdac cudn ddy trong Inductosyn.

[ U

A
vilp A= s LTL ‘Q\ A
' I B /
|
wi |G| 12 s FLILT N
C
D+ BT 5
F

T = BRI
2)

Hinh 6-24 Dang séng khi trugt gida tdm1 va 2 (hinh 6-23) .

Trén thudc dong ngudi ta lap hai cuon day ¢6 bude gidng nhu cudn
day phan tinh nhung hai cudon day dugc dat cach nhau moét khoang 1/4T
tuong ung véi goc 360"£90" chira trén hinh 6-25a va Inductosyn dang dia
chi ra trén hinh 6-25b.
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a) \ b)

Hinh 6-25 Thudc va cudn day.

Khoiang cdach gita thudc dong va thudc tinh khoang tir 2+3mm.
bai v6i Inductosyn cach tinh todn va diéu khién giong nhu trudng hop

resolver.
6.4 CHUYEN POI SO-TUONG TU (DAC)

Chuyén d6i DAC la chir viét tat tiéng Anh (Digital- to-Analog
Converter) la thi€t bi dung dé chuyén doéi thong tin nhi phan thanh dién
p tuong tu ty lé.

Tro.ng mach diéu khién truc mady CNC, ngudi ta st dung bo dém
ti€n-10i d€ so sanh tin hiéu yéu cdu véi tin hiéu sinh ra tir encoder, sai
léch cua tin hiéu yéu cau va tin hiéu encoder la tin hiéu nhi phan. Tin
hiéu sai léch can phai chuyén déi thanh dién 4p nhd DAC, sau dé duoc
khuéch dai tdi cong sudt can thi€t trude khi dua t6i cho dong co. Hinh 6-
26a la so d6 khoi biéu dién y nghia cia DAC trong hé diéu khién.

DAC nhan thong tin tir bo dém ti€n-1ui va bién déi thanh dién dp.
Mbéi flip-flops trong bo dé€m diéu khién mot tin hiéu vao DAC. Méi gi4 tri
logic vao bang 1 sinh ra dién d4p ma dién dp nay cé gid tri ty 1& véi dién
tré vao. Quan hé giira dién dp tuong ty va tin hiéu vao chi ra trén hinh 6-
26b. Mach cha yé&u hinh thanh DAC gém mach dién tré va khuéch dai

thuat todn, bo khuéch dai thuat todn duoc xem nhu la bo cong.
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a) b}

Hinh 6-26  a) So d& khéi bléu didn quan hé gida bd dém va DAC.
b) Quan hé giga tin hiéu vao va dién ap ra,
DAC duge xay dung i mach dién ud c6 hai dang: dién tro trong

s& va mach thang dién tré.
6.4.1 Chuyén ddi DAC dién trd trong s8

Hinh 6-27 chi ra bo DAC 4 bit mach dién trd trong s6. Néu bo
DAC n $6 cdn n dién tr& véi cdc gid tr khdc nhau. Gid tri dién 10 ty 1é
v8i trong s6 cua bit trong tir nhi phan. Got dién tr& phan héi cha mach
thuat todn la R,, dién tr& trong s6 coa dién tré thi /12 R, va dién ap trén
dién tro tha /la U, dién dp irén clra ra cia khugch dai thuat todn 1a U,.
Quan hé gidra dién dp ra cla thuat todn va dién trd tho /sé 1a:
R.
ii. U, {6-9)

Uoz

Véi DAC ¢6 n bit, dién dp ra dugc tinh nhu sau:

el

R, \ R
Up=—(=tU; + LU, + ...+ =L U ) (6-10)
R, R, ° R

= n

Trong mach dién trd trong s, gid tri dién tré 12 hé nhi phan véi bit
¢6 gid tri nho nhat (BNN) gdp 2" lan gid tri bit 16n nhat (BLN). Tin hiéu
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dién 4p U dat 1én mdi dién rd phy hgp v6i gid tri logic biang 1 va khong
c6 dién 4p U dat lén dién trd tuong tUng vé6i gid tri logic bang 0. Dé cdp
dien 4p hoac ngit dién 4p trén cdc dién trd nguoi ta sit dung chuyén mach

dién tu.

+1J

Hinh 6-27 DAC mach dién ted trong so.

N&u gid tri dién trd trong DAC nhu trén hinh 6-27 véi R,= R,
R,=2R,R.=4R ...., R, = nR, dién &p dat lén cdc bit giéng nhau, phuong
trinh dién dp ra cia DAC dugce viél:

R n-1 b
Uy=—-U—"2>» — (6-1D

0 o 2 >
trong dd b, - trang thdi logic cua bit tht ¢ véi ( =0, 1, 2, ..., n), trang
thdi cua bit ¢6 thé 12 0 hoac 1. Su thay déi dién 4p vao wrén dién dp ra
duge goi ta hé s6 khuéch dai cia DAC va h¢ 56 khuéch dai K dugc tinh

theo cong thitc sau:

RfU

K, =|——
R2|1—I

C

(6-12)
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Vi dy 6- 5 : Dién dp vao cla DAC 4 bit dang dién tré trong s8
U = 2V. Gid tri dién trd 1a 20 kQ, 40 kQ, 80 kQ2 va 160 kQ ; dién r&
phan héi 60 kQ

(a) Tinh dién 4p ra tuyét ddi ciyc dai;
(b) Tinh h¢ s¢ khué&ch dai cia DAC.
GIAIL

Dién dp ra cuc dai tinh theo cong thac (6-11) :

3
“"60(1+1+%+é)= 1125V

Wal=3 3

Hé s6 khuéch dai tinh theo cong thic (6-12):
|2x60|_

6.4.2 Chuyén ddi DAC thang dién tré

0,75 V/bit

Chuyén d6i DAC thiét k& theo mach dién 1r& trong s6 s& khong
thuan lgi khi can chuyén déi cdc s6 nhi phan kich thuée 1dn, bai vi dé
chuyén déi s6 nhi phan kich thuéc 16n yéu cdu mach vt nhiéu loat dién
trG doi hoi dé chinh xdc cao. Vi vay gid thanh cla bo chuyén déi dit. Dé
tranh nhugc di€ém ndy ngudi ta dua ra bo chuyén d6i DAC dang thang
dién tré. Mach chi gom hai loai dién trd R va 2R véi dé chinh xdc cao va

sd d6 mach dugc chira trén hinh 6-28.

Dac tinh gid tri cia mach 12 gid tri dién tré ra luon khong déi va.
bang R, khong phu thuoc vao kich thuée cia tir nhi phan. Tin hiéu dua
vao b chuyén déi thong qua cde chuyén mach dién tir, vi du trén hinh 6-
28 chuyén mach dua tin hiéu s viao 1a cdc transistor T1, T2, T3, T4. Tin
hi¢u logic bang 1 phit hgp véi dién 4p +U va bing O khi dien dp bing

khong. Dién dp dua ra & bit i nao dé dugc tinh nhu sau:

211



U, =- (6-13)

ZR R
J:/\/\Z/R 2
bn
Xy o L
X, O
3 o
X o
Hinh §-28 DAC mach thang dién trd.
Pién dp ra cha DAC bang téng dién 4p trén cdc bit :
R, &b,
U,=—U—=-L3% L (6-14)
R 2

trong dé: b, - biéu dién trang thdi logic ciia bit thiri c6 thé 14 0 va 1.

Néu gid tri dién trd va ngudn dién chinh xdc, dién dp ra s& 1a ham
tuy€n tinh v6i tir nhi phan duge chuyén déi.

He s6 khuéch dai caa DAC thang dién trd.

RfU

2"R

<

(6-13)

Vidy é- 6 : Mot DAC thang dién tré 10 bit ¢6 gid tri sau:
U=35,12 V,R =50 KQ
(a) Tinh todn gid tri dién dp phan hdi R; ma bé DAC doi hoi véi do
khuéch dai K_= 0,01 V/bit.
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(b} Tinh dién dp ra cuc dai cita DAC.
GIAI
Xdc dinh dién dp phan héi cha DAC theo cong thite (6-15):

2"RK,

=100 Q

Xidc dinh dién ap ra cuc dai cda bd DAC theo cong thic (6-14):

@ (L+ l +‘___+L)= 11,375 ¥
50 2' ']2 2[“

—

U x| = 5,12

max

6.5 SENSOR HIEU UNG HALL
6.5.1 Hiéu Ung Hall

Hiéu ing vat 1y ndy dd dugce phdt hién vao nam 1879 do E. H. Hall.
Hiéu ung dua trén co s0 moi tuong tdc gilta phan tir mang dién véi trudng
dién tir ngoai, vi du thép, vat mang di¢n nay la dien tax. Khi dién tu
chuyén dong xuyén qua trudng dién tit né chiu mét luc tic dung :

F=qvB (6-16)

trong d6 q = 1,6x10"'°C la dién tich cua dién tf, V 1a t6c do chuyén dong
cla dién tr va B la trudng dién wr don vi do biang tesla (1 tesla = 1
N/ampe.met = 10° gauss). Hudng cua lyc do trudng dién tir tic dong lén
dién tich phu thudc vao huéng cla truong dién tir vdi hudng chuyén dong
cha dién tu.

Chiing ta gia thi rdng dién tir chuyén dong trong mot 14m dén dién,
tdim dé duoc dat trong truong dién uir chi ra tréa (hinh 6-29). Trén tam
dan dién, mat bén phai va trdi ngudi ta ddn hai tdm lam dau ndi day noi
vdi von k&€, Hai dau khdc, phia trén va phia dudi ciing ddn hai tdm dau noi

dé cdp ngudn cho (dm din dién. Khi cho dong dién va tir trudng qua tam,
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dudi tic dung cu trudong dién tir, luc F lam léch duong chuyén dong cua
dién tir sang phai va lam bén phai cua tdm am hon bén trdi tdim. Diéu dé
la do dong dién va truong dién tir sinh ra duge goi la dién thé Hall V.
Trong diéu kién nhiét do xdc dinh dién thé Hall dugc xdc dinh theo cong
thic sau:

V, = hiBsina (6-16a)

6 day o la géc gitra véc to truong dién tir va tdm Hall (vi du tam Hall la

tdm kim loai) chi ra trén hinh 6-30a.

Dubog chuyfa déng

Doog 4 is disa tie
-] cua da Ttrlflfbﬂg
1-.,.\
=4
-
Bién dpHall

Dong digu khidn

Hinh 6-29 Sensor hiéu Ung Hall. Trudng dién tu ladm chuyén déng dién tu.

Po6 nhay cia hiéu ing Hall cé thé dugc dinh nghia nhu 1a gradien
dién th€ dién trén mot don vi trudng dién tir. Phu hgp véi 1y thuyét dién
tr ty do cta thép, hiéu ung Hall c6 thé viét:

1

H=—-
Ncq

(6-17)

trong do :
N- s6 dién tir tu do trén mot von;

c- t6c do anh sang.
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Sensor hiéu ng Hall ¢é bén chan ra. Chan dé dua dong diéu khién
vao sensor goi Ia chan diéu khién va dién ud giita hai chan diéu khién goi
Ia dién trd diéu khién R,. Chan 1dy dién dp ra goi chan dva dién 4p ra vi
sai v dién trd giffa chdng goi 1a dién trd ra vi sai R,. Ky hiéu cta sensor
hiéu wng Hall chi ra trén hinh 6-30b.

6.5.2 Sensor hiéu Ung Hall

C6 hai dang sensor hiéu ung Hall: tuyén tinh va ngudng. Sensor
tuyén tinh gém sensor co ban hiéu wng Hall vd mach khuéch dai thuat
todn nhu chi ra trén hinh 6-3ia va tin hiéu ra trén sensor chi ra trén hinh
6-31b.

Sensor ngudng c6 cdu tric mach gém sensor hiéu ing Hall co ban,
mach khuéch dai thuat todn va trigger Smiths, so do0 mach cla sensor nay
chi ra trén hinh 6-32a. Tin hiéu ra cla sensor nay duge xem nhu la ham
cua mat do dong ti chi ra trén hinh 6-32b. Tin hiéu ra trén sensor ¢6 hai

mic: mic cao va mite thap.

T+E
.VH +VH
x|

be

a) b)

Hinh 4-30 @) Tin hi&du ra cda sensor phy thudc vao géc giua
trugng dién ta va tdm.
b) Ky hiéu sensor higu Ung Hall.
Hiéu wng Hall c6 thé sk dung dé thiét k€ sensor do dich chuyén va
vi trf. Sensor hiéu #ng Hall can phai ¢6 ngudn trudong dién (¥ va mach noi

ghép. Chu ¥ riang trudng dién tir ¢6 hai dac trung quan trong la mat do
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ctta trudng dién tir va cyc clia nd. Khi b tri trudng dién tir phdi dam bao

dudng tir thong vudng goéc vai tdm dan dién va can phai phii hop v€ cuc.

i-rE Sensor Hall Tia hiey 12 (V)
Bicu ¢o bin
hinh
= Dien dp
-V 5 X oy Tin hiéurz khong tic dung T 750
3ns
\ T
© pxit Khuech 200 -100 g 100 200
dai thuat 1odn
a) by

Hinh 6- 31 ) S¢ d6 mach cua sensor hiéu Ung Hall tuyén tinh,
B) Ham truyén cla sensor hiéu ung Hall tuyén tinh.

Sensor Hall ¢6 thé dung lam chuyén mach d6i véi d6i tuong
chuyén dong, vi du lam chuyén mach cap dién cho céc cuon day trong
dong co DC. D€ thyc hién nhiém vu chuyén mach, sensor Hall va trudng
dién tir lip trén gong c6 dang 161 16m, giita chiing cdch ghau béi khe ho
nho nhu chi ra trén hinh 6-33. Thuc ra, sensor hiéu ng Hall duge dat d6i
dien v6i truong dién tlr. Néu giifa sensor hiéu dng Hall va trudng dién tir
¢é mot tAm sdt tirchuyén dong. Khi tdm st tir khong nim gita nam cham
va sensor hiéu (ng Hall, dong tir,tr nam chin xuyén qua sensor, sensor &
trang thdi déng (hinh 6-33a).

Khi t4m sar tir nam gilra nam cham va sensor hieu ¢ng Hall, tam
st tir 1am r& nhdnh mach tir va tr trudng khong 161 duoe sensor vi vay
sensor & trang thdi md. TAm st tif ¢6 thé chuyén déng thing hoac chuyén

doéng quay.
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+E Tio bigu
7 i (Y)

[

Diéu chlzh 12 ‘
0 -

1 §

=Yy x thy Tin hidy 22 6
. 4
Tho

K 1 1l
T T T 1
1 100 200 300 400 500
et B (Gauss)

a) b)

.
Lol

Hinh 6-32 @) So dé mach cua sensor higu Ung Hall ngudng.
b) Ham truyén cda sensor higuw Ung Hall ngudng.

goug  Dbugiir gong

a) b

Hinh 6-33 a) Doéng td dong sensor hiéu ung Hall.
by Déng tu biré nhanh boi tém sét td, md sensor hiéu Ung Hali,

6.6 BO DEM TIEN - LUI

Hi¢n nay trong mdy CNC, nguoi ta thuong ding bo dém ¢ khad
ning d&€m ti€n va d€m lbi thay cho mach so sanh trong mach diéu khién
dong co hoac dung trong mach encoder gia s6. Trong encoder gia s§ doi

hoi phai d€m tién hoac lui tuy thudc vao chiéu quay cla iruc. So dé mach
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b6 dén ti€n - lui ba tdng chi ra trén hinh 6-34. Méi tdng ddi hdi mot céng
OR, hai c6ng AND va thém mot phin ti nhd T-FF.

Nguyén tdc hoat déng ctia bo dém hiéu nhu sau: Néu trén dudng
ti€n (UP) dat dién 4p cao (H) va céng AND thdp (L) cho phép, do d6 Q
dua ra tin hiéu kich thich cdc phdn tir nhé ti€p theo. BO dém thuc hién dén
11€n. Néuw trén dudng lui (DOWN) dién ap cao (H) va c6ng AND & muc
cao (H), bd d€m dang & trang thdi dém lbi. Chan Q dung dé dua ra thiét
bi chi thi.

Hién nay cdc mach IC c6 chirc nang dém tién va i cé ky
hieu:741.890, 74L.S160, 74LS168,74L5169, 74LS190, 7415193,

Tien (UP)

Kod (CLEAR)
Hinh &- 34 B& dém tién - Ui {ba tang) .

Bay git ching ta xem xét hoat ddng cua phian tir T-FF. Phan tir
T-FF ¢6 mot ddu vio va ¢6 hai ddu ra. Ddu vao cha T-FF la ddu diéu
khién T va ddu ra Q thay d6i trang thai theo timg xung diéu khién téi.
Néu T-FF lat trang thdi & sudmn 1én cla xung diéu khién, ta c¢6 T-FF tich
cuc cao. Nguge lai n€u Q lat trang thdi & sudn xuéng cia xung diédu khién
ta ¢6 T- FF tich cuc thdp. Hinh 6-35a chi ra ky hiéu cia T-FF la phan tu
nhé tich cuc va hinh 6-35b 13 phdn tir nhé tich cuc thdp va hinh 6-35¢ la
thi du, dé thi thoi gian mé ta hoat dong cua T-FF tich cuc cao. Tir d6 thi
th&i gian cho thdy, n€u diat & ddu vao T didy xung vudng véi tan s6 f= 1/1
thi dau ra Q s& nhan duge diy xung tdn so /2.
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Phuong trinh dac trung che hoat dong cua T — FF
Q; =Q, (6-18)

trong d6 Q; la trang thai ddu ra coa Q sau thdi diém t; 1t la thoi diém xuit

hién xung diéu khién T; Q, 12 trang thdi diu ra Q tai thoi diém t.

T
T
Q— er— —
(_}o— 60— Q R N
2 b) I —

Hinh 6- 35 @) Phdan t0 T-FF tich cyc cao.
by Phdan tU T-FF tich cyc thap.

6.7 SENSOR PO TOC PO

Dé diéu khién chinh xdc t6c do dong co secvo cin phai do t6c do
tire thoi cia né va so sdnh vdi véi 16c do yéu cau. Toc do tdc thdi dong co
secvo ¢6 thé do dugc nho sensor toc do (tachometer). Tachometer vé co
bin gidng nhu mdy phdt dién mot chiéu loai nhd tir trudng khong doi
(PM). Tachometer cho dién 4p ra ty 1& v van 18c géc cua roto
tachometer. Trong k&t cdu tachometer duge l&p truc ti€p vdi truc cia dong
co vi vay téc do cua dong ¢o bang 18c d6 phin Ung cla tachometer. N6 1a
thi€t bi cho ra tin hiéu tuong tu. Tin hiéu sinh ra tit tachometer 14 thong
tin vé t8¢ do dung cho di€u khién. Su khdc nhau giita dién ap sinh ra tir
tachometer v6i véi dién 4p yéu cdu la co sO diéu khién t6c do dong co.
biéu khién dong co duge thuc hién nhd mach kin phan hdi am. M&i quan
h¢ gitra dién dp ra U, cua tachometer va toc do quay phian imng cla

tachometer:
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U =K (6-19)

trong dé : K, - hé s& tachometer. H¢ s6 K, ddc idp tuy€n tinh v6i tir trudng
khong déi cla tachometer. Hinh 6-36 chi ra so d6 khéi diéu khién 8¢ do
dong co mot chitu c¢6 mach phin hdi téc do ditng tachometer cho méi truc

cua may CNC.

3

Ditu khida

Bdng cd

Tachaneter

Hinh 6- 36 Mach didu khién t&c dé.
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BO NOI SUY TRONG MAY
CONG CU DIEU KHIEN SO CNC

7.1 TICH PHAN SO DDA
7.1. 1 Vaitrd bd ndi suy

Trong may cong cu diéu khién s& cdc chuyén dong tao hinh duge
b& tri cho cdc co cdu chdp hanh, vi du may phay CNC hai truc thang, hai
chuyén dong thing dugc b6 tri cho ban mdy (chuyén dong thang theo truc
X, chuyén déng thing theo chuyén dong Y). Chuyén dong quay tao ra toc
d6 cidt got va chuyén dong tinh ti€n thyc hién cdt hét chiéu sau cét, duoc
b6 tri cho ¢o cdu mang dung cu cit. Trong qua trinh tao hinh, cic co cdu
chip hanh chuyén dong dua dung cu theo cic diém trén quy dao da xdc
dinh. Toa do6 cdc diém ban ddu vd gia s¢ chuyén dong duge xdc dinh theo
ban v&. Thiét bi thuc hién dua dung cu giifa cdc diém da cho va quy dao

xdc dinh goi la bd nodi suy.

Nhu vay, bo ndi suy khong thé thi€u dugc trong cdc mdy cong cu
diéu khién s& vi ciing c6 thé néi bd ndi suy 13 thiét bi dic trung clha mdy

cong cu CNC.

Thong tin dua vao bo ndi suy dudi dang s6 va thong tin dua ra cua

bo noi suy la thong tin vé toa do clia mdi diém dudi dangz xung.

Thuat todn ding trong bd nodi suy dugc chia thanh hai kiéu:
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- Nhiém vu cla thuat todn 12 xdc dinh thdi diém truyén gia s8 toa

d0 va tan so truyén gia s& phu thude vao téc doé thay doi toa do.

2- Thudt todn ki€u thit hai 13 xdc dinh gia tri toa do téc thai tic 1a

xac dinh gia trj tich ldy gia s& trong chu ky.

Thuat todn thuc hién theo kigu thit nhat goi la phwong phép ham
danh gid va thuat todn thuc hién theo ki€u thit hai goi 12 phuong phdp tich
phan s6. Bo néi suy theo phuong phdp tich phan s6 thuc hién thuat
todn hai cdch: cdch thit nhdt 1a dung cdc mach logic thiét lap bo noi
suy. B6 no1 suy nay goi 1a ndi cing va né thudng gip trong cdc may NC.
Cach tha hai 1a trén co s& phdn cing chung lap trinh thuit todn noi suy
trén ¢ sO mo phong lai noi suy phin cing goi 12 phdn mém noi suy. Phin

mém noi suy ¢6 trong cdc midy CNC va cdc trung tam gia cong CNC.
7.1. 2 Nguyén tdc thudt todn tich phan sé

Tich phan s6 dugc thuc hién theo phuong phdp hinh thang hoic
hinh chir nhat xdp xi. Phuong phdp hinh chit nhat xap xi dya trén co s&
cong lién ti€p hinh chir nhat viing dudi dudng cong tich phan va phirong
phap hinh thang xap xi ciing dua trén co s& cong lién tiép cdc hinh thang
nam phfa duéi dudng cong tich phan. Phin tit DDA trong hé diéu khién
may CNC sir dung phuong phédp hinh chif nhat xdp xi.

Chiéng ta gia thigt ring ham khao sat P(1) biéu dién quan hé giita v
tri chuyén dong ctta co cdu chdp hanh theo bi€n thdi gian t chi ra trén

hinh 7-1.

N€u chia truc thoi gian thanh cdc phan At bing nhau, tich phan s6
theo phuong phép chit nhat xdp xi ving dudi clia dudng cong P(t) nhu 12

tong ciia cic hinh chit nhat c6 mot canh 1a At, tich phan ¢6 thé viét :
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i=

2(t) = ]’Pdt ;ipi At (71-1)
0 I

Py P=11) j

At

Hinh 7-1 Xa&p sd mét ham lién tuc.

Goi z,1a gid tri cha tich phan z(1) ¢ thdi diém t = kAt, gid tri z,

x4dc dinh theo cong thifc:

k-1
z, =) PAt+PAt (7-2)

i=|
k-1

Tir (7-2) nhan thiy s6 hang Z P.At la gid tri cia tich phén tai thdi

i=]
diém z,_, va s6 hang P, At 12 dién tich hinh chir nhat 1ai thoi diém t = kAt,
phuong trinh (7-2) cé th;":’ viét nhu sau:

trong dé Az, goi la gia s6 tich phan, tinh theo cong thic:

Tich phan so6 thic hién theo 3 budc:
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Bite thir nhdt xdc dinh P, bing cach 1ay gid tri tung do truge do
cong hodc trir gia 86 Ap,

Bige thur hai xac dinh gia s6 Az, tich phan tinh todn theo cong
thite(7-4).

Buée thir ba 1ay gia s tich phan Az, c¢dng véi két qua tich phan

trudc do z,_,nghia 1A tinh todn theo cédng thic (7-3).

Thoi gian duge chia thanh cdc gia 6 nhd goi la chu k¥ dong hé
(gidng nhu & xung) va thuat todn tich phan diing déng hé ngoai. Thuat
todn DDA 12 thuat todn lap vdi tdn s6 dong hé tdn s f. Tdn s6 lap cla
DDA tinh theo céng thiic:

1

f=—
At

(7-5a)

Trén co so thuat todn tich phan DDA, cau tric cia DDA ding
mach dién tir gém thanh ghi p , » bit luvu (rit gid tri bi€n P , thanh ghi tht
hai ¢ ciing ¢é # bit va bo cong nhi phan nhu chi ra trén (hinh 7-2).

Bdug bd S
Y
Thaah ghiq |~
Y
B6 coug 0z
+ip j *
™ Thaok ghi P
_‘Iip il

Hinh 7-2 S¢ d4 khdi cla mdt tich phdan DDA,
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S& liéu vao Ap va ra Az ciia DDA ]a bit. Gia tri dua vao thanh ghi
p ¢d gia tri phai nho hon dung lugng ciia thanh ghi p cé nghia 1a gid i
dua vao thanh ghi trén dung lugng thanh ghi 2”7 phai nho hon 1:
, N

— <]
2“

trong d6 n la s& bit cha thanh ghi. Khi nap gid tri Ap vao thanh ghi p bat

dau tit bit nho nhat clia thanh ghi nay.

Thanh ghi p ding dé luu trit gid tri p, va thanh ghi ¢ luu trit gia i
¢x.1- Khi ¢6 xung déng ho, gid tri cia thanh ghi p va thanh ghi ¢ dugce dua
viao bd cong, k€t qua phép cong dua vé luu trir trén thanh ghi ¢ :

Qe = Qs TP

Néu gid tri cua ¢ 16n hon (2" —1), ¢é nghia 1a gid tri ¢ vugr qud
dung lugng cuc dai cta bo cong, bd cong xudt hién tran Az. Qud trinh lap
duge thuc hién théng qua nhip dong hé. Vi du, mach thyc hién DDA gém
hai thanh ghi va b cong ¢6 n = 4, tai thoi diém khao sat thanh ghi p ¢6
gid tri p, = 11, = (1011), va trén thanh ghi lwu ¢ c6 gid tri g, = 6, =
(0110),, bo cong nhi phan thuc hién nhu sau:

Qs 0110

P 1011

= g 0001
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Qua trinh hoat ddng cia tich phan DDA theo nhip cla déng hé véi
tan s6 f nhy sau: gia sit ¢ nhip thit &-/ cia dong hé, thanh ghi p dang luu
trir gid tri py, va thanh ghi ¢ lvu trir gid tri q,.,- Khi ¢é xung nhip the &
gui 16 DDA, gid tri +Ap duge nap vao thanh ghi p lic nay thanh ghi p
luu gid tr1 py = py, = Ap. Gid (ri p, va gid tri ¢,, dua 16i bo cong va bo
cong thuc hién phép cong, két qud cta phép cong q,. Néu gid tri g, ldn
hon (2"-1), xuét hién xung tran, gid tri con lai duge nap tré lai cho thanh
ghi ¢ v&i gid tri q, vi nguge lai khi gid tri tdng nho hon (2°-1), khong
Xudt hién xung tran, gid tri tong ciing dugc nap tra lai cho thanh ghi ¢ véi

zid tri q,, k&t thic mot bude tich phan.

Gid tri At dugce tinh theo cong thire sau:

At:-l— (7-6)
2Il
trong dé n la s& bit cua thanh ghi.
Thay cong thirc (7-6) vao cong thic (7-4) ta ¢6
1
AZk =—“' P (?‘?)
2
Tir cong thite (7-5a) ta ¢6 thé viet:
At.f =1 (7-8)
Pat (7-8) vao (7-7) ta ¢é:
y f
bit: C:F (7-10)

cong thic (7-9) sé la:
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Az, =Cp, At (7-11)

va C goi la hé so tich phan
Phudang trinh (7-11) €6 cdu tric giong véi phuong trinh (7-4).

Né&u chia hat v& ¢ong thic (7-9) cho At thi 1y s& gilta Az va At 12

14n s6 trung binh gia s& ra 1, cla tich phan DDA:

Az 1
f,=| 221 =" p.f 7-12)
¥ {ml oo P (

Tir ¢cong thitc (7-12) cho thdy tdn $6 ra trung binh cua DDA ty lé
thuan vdi gid tri p, . tdn s6 xung nhip va ty & vdi 2" & day n 1a s0 bit clta
thanh ghi. S6 lugng bit ciia thanh ghi duge lva chon trong qud trinh ndi
suy: n cang lon d¢ chinh xdc noi suy cang cao. Vi€t gon lai cong thic (7-
12y

f, =Cp, {7-13)

DDA dugc ky hiéu nhv cht ra trén (hinh7-3):

f
i

+4p
f
s -
L8 g o Az ©

Hinh 7-3 Ky higu biéu dién mét DDA,

vidy 7-1 Mot b tich phan don gian c¢é gid tri nap vao thanh ghi

p khong doi. Tinh todn tin hiéu ra Az & 16 budc lap. Cic thanh ghi trong

bo tich phan ¢6 s6 bit n = 3. Gi4 tri nap vao thanh p = 5 vi gid tri & thanh
g =0.
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GIAI

Birée 0: Ngudi ta nap gid tri vao thanh ghi p = 5,, = 101
Thanh ghi ¢d gia trj q = 0,,.

Buée 1: Mach thyc hién 1dy p cong vGi cong vai q, két qua cua
t6ng 5,0 + 0,y = 5,0. 5,0 dugc nap vao ¢, lic nay q = 5,,. Tinh theo nhi
phan ta c6: 101+ 000 = 101.

Bucce thir 3: LAy p = 5,, cong v8i q = 5,,, , két qua cha téng 5,, +
5, =10,, . Tinh tdng theo ma nhi phan: 101+ 101 = 1010. Gi4 tri tong 16n
hon 2* = 8,, nén & budc nay ¢6 mot xung tran Az va gid tri nap trd lai cho
thanh ghi q = 10,, — 8,0 = 2,0 = 010.

Biedge thir 4: Lay p =101, céng véi q = 010, gid tri tdng: 101 +
010=111.

Gid tri tdng khong vugt qua qud 2° vi vay khéng ¢é xung tran, téng
L11 nap tr& lai cho thanh ghi g. Céc bude ti€p theo nhu chi ra trén (bang
7-1). Téng clia gia s6& Az biéu dién k€t qua cha tic thdi cla tich phan.
K&t qua tich phén s6 chi ra trén hinh 7-4.

Budce tick phan

Az O 4 8 12 16

10

/w’
5 e
]
__’_..ﬂ'-
t
0 ) 2

Hinh 7- 4 K&t qua tich phén s6
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Bang 7-1 K&t qua tich phan sé

Bugc N p q Az TAZ
0 5 0 0
1 5 5 0
2 5 2 1 1
3 5 7 1
4 5 4 1 2
3 5 1 1 3
6 5 6 3
7 5 3 1 4
3 5 0 | 5
5 5 5 5
10 5 2 1 6
11 5 7
12 5 4 1 7
13 5 1 1 8
14 5 6
15 3 3 1 9
16 5 0 1 10

Hinh 7-5 la so dé mach lip tich phan DDA don gidn dugc thi€t ke
tir mach IC thong dung.

Trong mach ding 6 thanh ghi 4 — bit d€ thiét 13p thanh ba thanh ghi 8 — bit
s6. Thanh ghi thi nhat luw trit gid tri p , thanh ghi thi hai luu iy gid o ¢
va thanh ghi thit ba lam nhiém vy thanh ghi dém cho mach tich phan
DDA. Mach sir dung hai bo cong 4 — bit ghép thanh bd cong 8 - bit s0.
Xung tran clia bo cong dugc dua ra tir chan 14 cua bo cong. Tin hidu reset
lai mach dua vao chan 1 cua cdc thanh ghi Pé mach tich phan DDA hoat
dong cdp xung déng hé qua chan 9 cla cd thanh ghi. Gia tri ban dau nap
cho thanh ghi dua vao céc chan 4, 5, 12, 13 clia cdc thanh ghi.
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Hinh 7- 5 Mach lép tich phan s& DDA,

7.2 NOI SUY THANG DUNG MACH TICH PHAN DDA

Khi khdo sdt dudng chuyén dong cua dung cu cho thily  bat k¥
dudng chuyén dong nio cia dung ciing ¢ thé t6 hop tir cic doan thing va
cung tron. Heé di¢u khién dua trén co sé 10a do cua diém dav, diém cudi.
téc do va quy luat dé diéu khién cdc truc thuc hién dua dung cu theo
thong tin dé goi nodi suy. Dé thiét k€ diéu khién cdc truc mdy tu hiy khao
sdt qua trinh chuyén dong clia ban mdy. Vi du, mdy phay mét truc thing,
chuyén dong thang cla ban mdy duge thyc hién nhd cum truyén din dong
co budc v4i n bude gdéc va vit me — bi, bude , = m. Khi dong co quay mot
budc géc ban miy dich chuyén mot doan L. = m/n don vi chiéu dai hay
con goi la bude co sd (BCS). Gia thiét ring cin chuyén dong thing dung
cu 1ir diém A dén diém B, chiéu dai AB = K. Dé dua dung cu di tir A dén
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B dong co cdn phai quay ¢ bude géc, ¢ = K/L. Trén co s do chiing ta ¢6
thé xdc dinh dugc khodng cdch diém bdt ky nao trén AB dén dién ddu A

theo céng thirc:

K, =) Lxi (7-14)
=1

trong d6 K, 1a khoing cdch tir diém dau dén doan thd i, L fa budc co s
cla hé chuyén dong. Cong thic {7-14) ¢6 thé viét theo cdch khic:

Ki=K_ +L (7-15)

So sanh céng thitc (7-15) v6i cong thie (7-5) cho thdy cdu tric cua
cong thire gidng nhau. Tir dé cho phép ung dung tich phan s6 DDA trong
qud trinh diéu khién cdc tryc mdy. N€u méi tin hi¢u ra cua tich phan
DDA dua 161 dong co budc, dong co qu'ay di mot géc bude duge bin mdy
dich chuyén mot doan thang nho. DE chuyén dong ban may 1ir A dén B,
bo tich phan DDA cin dua t6i dong co ¢ xung. Téc d9 chuyén dong bin

mdy c¢d thé thay doi nhd thay doi tan s6 ra f, cua bo tich phan DDA.

Pé chuyén dong cla dung cu theo dudng thang bat k¥ trong mat
phang (2D) ngudi ta cdn hai chuyén dong thang tao hinh. Hai chuyén
dong nay duge phin phoi cho ban miy. Mot chuyén dong thang song song
vi truc X, goi 1a chuyén dong chay dao doc, chuyén dong thang thit hai
bo tei cho true Y goi i chay dao ngang. Khi 10 hgp hai chuyén dong X va
Y dung cu s& chuyén dong theo dudng tuong Ung trén mat phang. bé
dung cu chuyén dong trén dudng thing trong khong gian ta can phai 1o
hop ba chuyén dong thing, mdi chuyén dong thing 1a mot truc thing
mdy. Hai chuyén doéng thang phan phdi cho ban midy nhu trong truong
hgp 213 va chuyén dong thang con lai bo tri cho truc vudng gdoe vér mat

phang chua hai truc X va Y.



+Ap Al
— e hz
-Ap DDA - 1 -
— p True X
f
Edug hd
L4
+4p &1 Az
-4p DA -2 ———
d - P Tue Y

Hinh 7- § B8& ndisuy thdng .

Dugi day trinh bay c&u tric bo ndi suy thing dung mach tich phan
DDA trong phang (2D). D& tao bo ndi suy dudng thing 2D ngudi ta di
diung hai mach tich phan DDA, mot mach tich phan DDA cho chuyén
dong truc X cia ban mdy vd mot mach tich phdn DDA dung che truc

chuyén dong con lai (Y).

Dé dung cu chuyén dong cit rinh nghiéng trong mat phing cén
phal ¢é ndi lién hé dong hoc giira hai truc X va truc Y vi du, mdy tién van
nang, dé cit budc ren trén mat tru, chuyén déng quay trdn cla truc chinh
va chuyén déng tinh tién clia ban mdy ¢6 mdi quan hé dong hoc v6i nhau,
khi tryuc chinh quay mét vong — ban may tinh ti€n mét luong t,. Méi quan
hé dong hoc nay dugc cdc co cdu co Khi thye hién. Méi lién hé dong hoc
gitta céc truc mdy trong mdy CNC duge thye hién nhd mot bi&n trung gian
- déng hd ngoai. Béng hé ngoai déng thoi cung cdp nhip thdi gian cho
mach diéu khién cdc truc. Vi vay trong ndi suy dudng thing trong mat
phéng, hai tich phan DDA Cﬁa truc X va truc Y duge cung cdp chung mot
déng ho nhu chi ra trén hinh 7- 6.
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Gia thiét rang dung cu gia cong ranh thing AB, toa do ddu A(0,0)
toa do diém cudi B (15, 9), bude co cd cha ban may BCS = 3. Pon vi do
toa do cdc diém va BCS la don vi chiéu dai. B ndi suy diung hai mach
tich phan DDA, DDA — 1 cho truc X va DDA — 2 cho truc Y. Thanh ghi
cta cdc tich phan DDA, n = 3. Tin hiéu ra cta tich phan DDA t6i cdc truc
tuong \ing nhu chi ra trén hinh 7-6. Xdc dinh xung ra trén cic DDA.

h'
L 3 Eutbng thigt k¢
B(159)
Budog udisuy l'
l /‘ J b
v | [
|
) P S S Vo
-t r—

Hinh 7- 7 Dudng thiét k& vd dudng ndi suy.

Gia s6 trén truc X tinh theo BCS, a = 15/3 = 5 BCS, gia 50 trén
truc Y tinh theo BCS , b = 9/3 = 3 BCS chi ra trén (hinh 7-7). D€ mach bo
noi suy thuc hien chuyén dong dung cu trén dudng AB di thiét k€ ta nap
vao thanh ghi p cia DDA -1 gia s8 a va nap cho thanh ghi p cua DDA -2
gia s6 b. Dung ddng hd ngoai vdi tdn s6 f cung cdp cho cd hai mach tich
phan. K&t qua cdc bude tich phan chi ra trén bang 7-2.

Tir cong thic (7-11) tin hidu xung ra trén cdc tich phan DDA ¢é
thé viéu:

Az, = CaAt {(7-16a)

Az, = CbAt (7-16b)
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g day C & hé so cua cdc tich phan DDA cho trong cong thitc (7-10). Ty
$6 tan s& tin higu ra trén cdc tich phan la:
Az, /At a

== (7-17)
Az, /At b

V1 tri e thdn cla ban mdy theo cdc truc duge xdc dinh bdi tich
phan phuong trinh (7-16):
X=Cat Y =Cht (7-18)

Bang 7-2 K&t qud clia ndi suy dudng thang

DDA - | DDA -2

] Buoc N a, Az, - Az,

L0 0 0

1 5 3

] 2 2 I 6

: 3 7 i l

: 4 4 1 4

5 L 1 7

; 6 6 2 1
7 3 ! 5

! R 0 ! 0 L

Mot van dé dat ra 1a lam nhu thé nao dé thay doi t6c do ban miy.
Téc dé ban may phi hgp v61 tin s0 ra trung binh cha cdc cdc tich phan
DDA tuong tng cic trug. Tir cong thitc (7-12) cho thay tian s6 ra trung
binh cua tich phan DDA ¢6 quan hé véi tin s6 dong hé ¢6 nghia la néu
thay doi tan s dong hé s€ thay doi duge tdn s6 ra cla tich phan DDA. T
suy ludn trén, n€u ta ding mot bo tich phan DDA thi ba Jam mach thay

d6i tin s dua vio bo tich phan dudng thing. Diu ra cia tich phan nay
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nGi vOi cura vao tan s6 ngoai clia bd noi suy duong thing. Hinh 7-6 biéu
dién so do diu tich phan DDA th ba vio bo ndi suy thing.

Néu coi tich phan thit ba déng vai tro diéu chinh toc do, chon
thanh ghi DDA — 3 m — bit. Thanh ghi p nap nap ma chay dao (MCD) tinh
theo cong thie (3-3):

1<V

MCD = (7-19)
trong dé V 1a t6¢ do chay dao yéu cdu trén dudng thing AB tink theo phiit
chi ra trén hinh7-7, va L 1a chiéu dai chuyén dong cia dung cu. Trong
trudng hop dang khao sit L duge tinh nhu sau:

—
] ¥ il

L =ya’+b (7-20)

trong do « 13 gia s trén truc X va H 13 gia 36 trén truc Y.

1
Evug bd +4p 1 a2
f -hp DDA-1 ————
p Tre X
L4
Lt ,
oz
DDA-2 =
p Truc Y

bicu khidu gidm tac

Hinh 7- 8 So d6 khéi bd ndi suy dudng thdng thay ddi 16c dd chay dao .

Tin s6 ra trén tich phan DDA — 3 duge xdc dinh bang cich thay

phuong trinh (7-19) vio phuong trinh (7- 13} ta cé:
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£, =Cxmcp =10Vt (7-21)
2" L
Dau ra cia tich phan DDA - ndi voi ddu vao tdn s6 cla tich phan
DDA — 1 va DDA ~ 2 hé s0 cba tich phan 1 va 2 sé la:

fy _ 10VE _ 10VF (7-22)
2!12"1 L 211]+I] L

=

Toc do ban mdy theo c4c truc tinh theo cong thite (7-17):

v = _c, (7-23a)
At
Az,

v, =222 _cp 7-23b

Van t6¢c V, vd V, tinh theo don vi dai trén giay.
Tinh lugng chay dao thuc t& trén ranh AB theo t6¢ do chay dao
thanh phdn V, va V.
Vs = V2 +V2 ={fa’+b? = CL (7-24)

Thay phuong trinh (7-22) va (7-20) vao phuong trinh (7-24) ta cé:

v,, =y (7-25)

pnem

Xdc dinh gid tr1 MCD trén co s& biét cdc gia s6 , t6 do chay dao,

56 — bit trén cac thanh ghi cha tich phan 1, 2 va 3. Cht ¥ ring s6 — bit

trén cdc thanh ghi di dugc xdc dinh ngay trong qué trinh thié€t ké bo noi

suy. Tu phuong trinh (2 - 1) va phueong trinh (2-2) tinh ra tdn sé ra f,y
trén tich phan DDA - 1.

236



fo =X v (7-26)

JAX? + AY”
trong dé Ax, Ay 1a khoang cdch dich chuyén ban mdy tinh theo BCS.

bit phuong trinh (7- 19) vao vao phuong trinh (7- 23) ta ¢é:
_ MCDxf

1')I1+I'll
-

A (7-27)

Tan s6 ra trén tich phan DDA -1 tuong Ung vdi vin t6c ban mdy,
vi vay tir phuong trinh (7-26) va phuong trinh (7-27) ta cé:

MCDXFa _ AX v (7-28)

gm+n Jm
Vi gia tri clia a bang gid tri Ax, gid tri MCD xdc dinh nhu sau:

MCD= v 2 (7-29)

Jaxt+ay? f

Dé c6 thé dirng chinh xdc, trong mach bo noéi suy trén tich phan

DDA - 3 ngudi ta b6 tri phdn tir VA dé dua xung diéu khién gidm téc vao
chin am cta DDA — 3 nhu chi ra trén hinh 7-6.

Vidy 7-2 Mady phay NC hai truc c¢é BCS = 0,0lmm, tdn s6 dong
hé dua vao cdc tich phan DDA, f = 1x10" Hz, dich chuyén theo truc X va
Y véi gia s0 tuong tng Ax = 2 mm, Ay = 3 mm, tdc dd chay dao la V=6
mm/ph, cdc thanh ghi n = 10. Tinh todn gid tri thanh ghi.

GIAI

VAL LN
T 22 432 0,000x60

=553 BCS/s
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v :__9_?52.__ 1 833 BCS/s

YT 52, 32 000160
‘\,‘2 +3
Tuong ling v6i van tdc chuyén dong cla ban mdy 1 tin 8 ra cia
cdc tich phan trong Gng cia bd ndi suy, ¢6 nghia 1a £, = 553 va

fR‘l' = 83,3

Gid tri nap vao thanh ghi p trong tich phin DDA — | la:

555%x 2"
p, = —— = 57
' 1x10°

83,“ 2][]
p, = 1 g5
: 1107

7.3 NOI SUY VONG DUNG MACH TIiCH PHAN DDA

B¢ noi suy vong khong thé thi€u duoc trong hé diéu khién mdy
cong cu diéu khién s6. Noi suy vong rit ra su cdn thiét phai xac dinh
nhiéu diém doc theo cung trdn trong khi chi bié€t diém ddu, diém cudi va
bén kinh cung tron. Trong thyc t&€ nhiéu truong hop nodi suy vong chi gigi
han ¢ moét phin tv géc ma trong gdéc nay phdi ¢ ca diem ddu va diém
cudi. Néu cung tron 1on hon gdc phan tu can phai chia cung thanh cdc

doan cong lién tiép.

Gia thit cdn chuyén dong dung cu theo cung trdon ¢é toa do diém
tam Py(X,,¥s), va hai diém ddu va cuéi P, va P, nhu chi ra trén hinh 7-9.

Goc vi tri cua dung cu ¢ la gdc nghiéng cua dudng kinh néi ti
diém khao sat véi tam cung tron va truc duong X.

Toua d6 diém khao sat trong hé toa do XOY .

Xx= R cosd +x, (7- 3
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y = Rsind + vy, (7-31)
trong d6 R Ia bidn kinh cung tron.

¥ P2y

3
Y—Yy R \
(b Pl

Hinh 7- 9 Dudng cong khéo sat,

Tirhinh 7 - 7ta cé :
X-X = Rcosd {7-32)

¥ - Yo = Rsing (7-33)

Tdéc do chuyén dong trén cdc truc duge xdc dinh bdi phuong trinh

vi phén :
dx ., dd
V, = —=-Rsing— 7-34)
dt I ¢dt (
V, = dy_ Rcosidl {7-35)
Toodt dt

Thay phuong trinh (7-32) va (7-33) vao phuong trinh (7-34) va (7-
i5)tacd

dx do
V, =—=-(y- — 7-36



dy do
V = 2L=-(x- . 7-37
, (x :’co)dt ( )

Goi hinh chi€u cta bdn kinh n6i tir diém ddu cung tron va tam

cung tron xudng truc OX A/ valén truc OY la J, i vaj sé la:
1 = X — X, = Recos¢ (7-38)
i=-{y -v¥s)=Rsing (7-39)

T&c d6 chay dao cha dung cu cit trén cung tron :

' dt
v
S de (7-40)
R dt

Phuong trinh (7-40) chi ra kha ning thay doi t6¢c d¢ chay dao.

Trén co s& mo hinh todn hoc chuyén dong cla dung cu trén cung
tron, st dung mach tich phan DDA thuc hién diéu khién chuyén dong
dung cu theo dudng vong, t6 hgp mach tich phan DDA d6 1a bo ndi suy

vong.

Bo noi suy vdng gbém hai tich phan DDA -1 va DDA - 2, DDA —
1 diéu khién truc X vi DDA — 2 diéu khién truc Y. Thanh ghi p cia DDA
- 1 nap gid tri {y — y,| twong Ung vai gid tri j = Rsing va Thanh ghi p cda
DDA - 2 nap gia tri |x — X,/ twong ting véi gid ri 1 = Reosd. Chi y rdng 50
nhi phan trong thanh ghi khéng c6 dau. Lay tin hiéu ra coa tich phan
DDA — 1 dua t6i céng vao am (-Ap) cta DDA — 2 va lay tin hiéu ra cua
tich phan DDA - 2 dua (6i cong duong (+Ap) cua DDA — | tuong tng véi
phuong trinh (7-36) va (7-37). Hinh 7-10 1a so d6 cdu trdc cua bd noi suy

vong.
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Tin hiéu ra trén cdc tich phan DDA cia bd noi suy vong tuong ng
v@i phuong trinh (7-11):
Az, =CRcosdtdt (7-41a)

Az, =CR sin ¢t dt (7-4th)

trong d6 C la dai lugng bi€n déi tdn s6 tin hiéu ra tich phan DDA. Tu
cong thuc (7-40) cho thay gid tri C cia cac DDA trong bo ndi suy vong
la:
v
C=—"L (7-42)
R
L.ua chon dua tin hi¢u ra trén tich phan DDA — 1 dén ¢6ng vao cua
tich phdan DDA - 2 & cong +Ap hodc -Ap vi tin hiéu ra trén tich phan
DDA — 2 dén cdng vao cha tich phan DDA ~ 1 & cdng +Ap hoac -Ap la

vin dé khé khan trong qud trinh thi€t k€ mach noi suy vong.

Hinh 7- 10 S0 dé khdi bd ndi suy vong.

Trong qua trinh khao sdt duéng cong nodi suy ngudi ta nhan thdy,

qua mot diém c¢é tam dudng cong khic nhau nhu chi ra trén hinh 7-11.
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KRinh 7- 11 Tam khd nang cua ¢ac dudng cong.

S6 dudng cong nay c¢é thé chia thanh hai nhém, nhém dudng cong
that nhat gém cac dudng cong a.b,c vd d. Nhom dudng cong thu hai la cac
duong cong e.f,g va h. Xét nhém dudng cong thit nhil ta thay cau tric cia
cdc dudng cong nay gidng nhau, vi vady cic bo néi suy ding dé hinh thanh
cdc dudng cong thi nhat l1a giéng nhau, vi dv néu cho hudng X nguoc lai
thi dudng cong « vd b dugc hinh thanh trén ciing mét bé ndi suy vong.
Nhém dudng cong thir hai dugc hinh thanh trén b ndi suy khdac. Ngoai ra
nhitng dudng cong dac biét duge thi€t k& v&i b ndi suy rieng dat trong hé
didu khién. Bo noi suy ding dé didu khién dung cu chuyén dong theo
nhém dudmg cong thd nhdt cho trén hinh 7-12b va cho nhém thit hai chi
ra trén hinh 7-12a. Mach néi suy chi cho phép hinh thanh cic dudng cong
trong cung goc phan tu. Cdc cung trdn 16n hon, dé noi suy duge phai chia
n6 thanh cung nam trong cdc géc phdn tu lién 1i€p va day ciing 13 nhuge

diém ciia bo noi suy cing.

Cédc dudng cong 16n hon géc phdn tir hoan toan c¢é thé thyc hién

bdi nhd phan mém mdy tinh viét mo phong lai bo nodi suy cing.
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Hinh 7- 12 S0 da khdi bd ndi suy tuong ung val hai nhém dudng cong.

Vi dy 7-3 Gia thiét ding bd ndi suy cing cac tich phan s6 ¢é thanh
ghin = 4 - bit dé chuyén dong dung cu trén mot phdn v vong trdén vai cde
thong s6 ban ddu i = R = 15 va J = 0. Tinh todn gid tri trong thanh ghi &

c4c buéc noi suy va vé chuyén dong thuc coa dung cu.
GIAL

Cung tron noi suy nam trén gdc phan tu ¢é dang tuong Ung vdi
doan cong « trén hinh 7-11a vi vay diung mach tich phan DDA ¢6 cau tric
nhur hinh 7-12b. Gi4 tri cua i = 15 nap cho thanh ghi p cua DDA — 2 va
nap cho thanh ghi p cia DDA — 1 gid tri 0. Dudi tic dung xung dong hoé
ngoai, gid tri trong thanh ghi p cta DDA -2 gidm xudng do xung tir ra
trén tich phan DDA - 1 dua cong -Ap clia DDA - 2. VA xung ra cla tich
phan DDA- 2 dua viio céng +Ap clia tich phan DDA -1, gid tri thanh ghi p
cua DDA — | tang lén.

N6i suy cung tron dirng khi gid tri trong thanh ghi p cia tich phan
DDA — 2 vé khong. Tan s6 ra trén cong ra clia cdc tich phan s6 tuong ng

vdi t6¢ do cua truc.
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Béng 7-3 chi ra cdc budc tinh todn trong bod noi suy. Hinh 7-13 chi

ra dudng cong tinh todn (a) va dudng cong yéu cau (b).

Bang 7-3 K&t gqud ndi suy vong

Bude tich DDA -2 DDA -1

phan P q Az P q Az
0 5 0 0 0

1 15 15 0 0

2 15 14 1 i L

3 15 13 1 2 3

4 15 12 | 3 6

5 15 11 1 4 10

6 15 1C 1 5 L5

7 15 9 1 6 5 1
3 14 7 l 7 12

5 14 5 1 8 4 !
10 13 2 1 9 13

L1 13 15 9 6 L
12 12 11 l 10 0 |
13 11 6 1 11 11

14 11 ] 1 12 7 l
L5 10 11 12 3 l
16 o 4 1 13 0 l
17 8 12 13 13

18 8 4 1 14 11 L
19 7 11 14 9 1
20 6 1 | i5 8 1
21 5 6 15 7 1
22 4 10 13 6 l
23 3 13 15 5 l
24 2 15 15 4 1
25 1 0 ] 15 3 1
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Trong hé diéu khién may ngudi ta mong mudn s8 lugng phan cing
may cang nho cang t&t. Vi vay ngudi ta tim cach dung s6 luong mach tich
phan nho nhat nhung van dam béo duge cdc tinh nang ndi suy cua he ditu
khién. Dé thyc hién yéu cdu trén ngudi ta da 6 hgp ba mach tich phan
véi mot s6 céng logic hinh thanh bd ndi suy cé ca hai chic nang ndi suy

dudng thing va noi suy cung tron nhu chi ra trén hinh7 -14.
Trong bod noi suy, tich phan DDA - 3 déng vai trd diéu khién 16c

dd cho ca hai bé noi suy c6 nghia 1a gid tri téc do duge mi hod va dua

viao thanh ghi p cla tich phan DDA -3 .

Cung tron tinh todn

fa— Cung tedu yéu cdu
Tam cuag tron

e

+ N N NN AT

Hinh 7- 13 Cung trén ndi suy va cung 1ron yéu cdu.

Tir md héa tdc d6 chay dao trén cung tron tuong ung véi cong thic
(3 - 4), bdn kinh R tinh theo céng thuc :

R=4i-] (7-43)

¢ day i va J tinh theo cong thie (7- 38) va (7 - 39).
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Buong tron Duisag thiag
—% 1
+4p At ’I : &
i -
T2p| Doa-1 I 1,
f =1 -
} 3 _ Truc X
+4p At - &
— =
-Ap DDA-3 —0—*
+ﬁ£; At - 2
_ip| DDA-2 —e— I
—™ P .0
TrueY
Tl

Hinh 7- 14 B® ndi suy thdng v& véng.

7.4 PHAN MEM NOI SUY

Hién nay, CNC dugce sir dung ngay cing phé bién trong sdn xuat &
nude ta. Mdy CNC khdc v8i mdy NC d ché ngudi ta dat mot may tinh nho

trong he diéu khién va coi né nhu la mot phan cia hé diéu khién mdy.

M4y tinh ding dé hinh thanh cdc chitic nang NC nhu qud trinh s¢
liéu, tinh todn t6c do, mach diéu khién 16¢c do va ndi suy giita hai diém
cho trudc (diém ddu, diém cudi). Noi suy c6 thé xem nhu 1d mot thi tuc
dic biét ma né sinh ra tin hiéu lénh thuc hién chuyén dong dung cu theo
tirng doan nhd. Hién nay cé cac kiéu noi suy nhu dudng thang, cung tron,
parabol, elip. Noi suy elip khong thé thuc hién dugc trong mdy cong cu
CNC nhung né c¢6 thé duge sit dung & cdc dang mdy khdc vi du mdy cét
laze.
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Phin mém noi suy DDA 1a phdn mém thyc hién noi suy trén cg 56
thuat toin phin cing DDA. Noi suy DDA doi hoi thuat todn cong [&n tyc
theo nguyén tic nhat dinh dé tao ra cdc diém noi suy méi phit hop vai §
tuong di cho. Trong bo ndi suy cing, t6¢ do nodi suy duge diéu chinh
bang tdn s6 doéng ho ngoal.

Tin s& thuc hién chu k¥ ldp trong phdn mém nod1 suy phu thudc vio
mdy tinh st dung trong phan cing hé diéu khién mdy. Tan s6 déng ho cua
mdy tinh nam trong dai hang tram kilohec, chu ky thoi gian coa mdy tinh

khodng 1ps nén né cé kha nang sir dung hinh thanh xung ngat tin s6 cao,

Tir cong thic (7-22) va (7-24) ta co:

y.L (7- 44)
[-0 2!1
trong dé V 1a td¢ do chuyén dong cua dung cu doc theo dudng cat, f, -

tAn s ra trén cong bo noi suy.

Tuong tu nhu thé doi véi dudng tron:
VvV R
. (7-45)
f, 2"
trong d6 V 12 18¢ do dung cu chuyén déng doc theo dudng cung tron cat.
Tir cong thic (7-44) vd (7-45) cho thdy ty 1¢ gilta t6c do dai
chuyén dong cta dung cu va tin s8 ra ciia bo ndi suy phu thudc vao ty s6
giita chiéu dai hodc ban kinh dudng cong vdi s6 — bit 1rong bd no1 suy

(dung lugng thanh ghi). Tdn s& ra bang t6c do dai cua dung cu khi 1y s6
nay biang mot (-25“-=1 hoac 2%= 1). Cic ty 58 nay con goi la hé s6 bd ndi

suy cuing.



Khoang cdch chuyén dong vi ban kinh dudng cong cét luon thay

déi vi vay ty le 2% hoac -;’—“ cling thay déi theo ¢6 nghia la t6c do dai va

tin s& ra khong con tuong Ung véi nhau. D€ téc do dung cu phd hop véi
tdn s& ra cdn phai thay d6i s6 — bit trong thanh ghi. Nhung véi bo noi suy
cimg DDA s6 lugng — bit trong cdc thanh ghi khong thé thay déi dugc. Vi
vay dé€ thay ddi tdc do chuyén dong cla dung cu can phai thay déi tan s6
déng hé ngoai. Nhuge diém nay dugc khdc phuc khi ding phin mém ndi
suy DDA. Trong phin mém noi suy DDA, s& — bit cia thanh ghi bo noéi
suy dugc coi 1a bién, vi vay c6 thé thay do6i dugc nén S = 2". D6i vai
chuyén dong dudng thang, ta ¢é S = L v d6i véi chuyén dong trdén ta ¢ S
= R. Tich phan DDA - 3 phai cung cép tdc do lap, t6¢ do nay bang téc do
chuyén dong cia dung cu doc theo dudng cdnndi suy tinh theo BCS trén
gidy. Phl hgp v&i cong thiic (7 ~ 12) tdn s0 ra trén tich phan la:

_ MCD

f
0 S,

f

trong d6 S, 1a giad tri md t6c do chay dao cuc dai cho phép va f 1a tdn s6
khéng déi clia déng hé ngoai. Trong phdn mém n6i suy, tdn s6 ndy 1dy tir

14n s& xung ngit cha may tinh.

Vidu 7-4 To6c do chay dao cuc dai cha hé diéu khién mdy CNC la
3600mm/ph, va budc co so cua mdy BCS = 0,0lmm. Néu ma héa chay dao
duge tinh theo mm/ph. Tinh todn S, va tdn s& xung ngét cua déng ho.

GIAI
Mai hod cyc dai S, l1a:

S, = 3600
Tan s&8 xung ngat la:
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\Y
= Yo 3600 =6000 xung/s
BCS 0,01x60

Tén s6 ngat 1a 6000 xung/s twong Gng véi thoi gian 1ap 167 us cua
he théng diéu khién CNC.

Hinh 7-15 chi ra so d6 thuat todn cia phin mém noi suy trén co 56
thuat toan phin citng DDA cho noi suy vong voi cdc gid tri thanh ghi p,
= a va p, = b, Hinh 7-16 1a so d6 thuat toin ndi suy thang v&i cdc gid tri
thanh ghip, =1vap, =].

Duéi day la mot doan chuong trinh viét theo ngon ngit Assembly
dua theo thuat todn tich phan DDA dé diéu khién dong co bude.

®)
i i

q1E1+1) =q1(i) +p qéiH} = qu _+pzp
g>R q2 =R
ql(i+1}| = ql(i+1) -R q2(1+1} = q%i+1} -R
L ]
1) = p(i) +1 1) = pli
92(1+ ) 92(1) pl(1+1) 91[1) +1
] ]
Xuugtd Y Xuag1di X
1 - T -

®

Hinh 7- 15 S0 dé thuat toan ndi suy vong
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®)

a(+l=q D +p, q2[i+1)=§ W +p)
r

i
qyli+1)-31=Delta - 1

qi+l)- SZ= Delta -2

Delta -2 >0

qinl) =Delta- 2

qli+l)=Delta- 1

Xung tdi X Kung tdi ¥

S T

Hinh 7- 16 So dé thudt foan néi suy thing

Chuong trinh néi suy thang, viét theo thuat todn mach tich phan

DDA cho dong co budc. Momen truc 2N/m

mov xh.q3h
mov x1,q3]
mov vh,p3h
mov yl,p3l
Icall addle6
mov xh,zh
mov xl,zi
mov vh,s3h
mov vl,s3l
Icall subl6
jb ZOV label3
mov q3h,zh



mov yl,pll
lcall addl6
mov xh.zh
mov xl,zl
mov vyh.,slh
mov vylsll
Icatl subl6
jnb  ZOV . labell
mov qlh,xh
mov qll,xi
sjmp labeld

label3:
mov g3h.xh
mov q3l,x]
ret

labell:
mov qlh,zh
mov gll,zl

jb empty X, labeld

Chk_Pulse X:
dec hxl
mov r6.hxl
cjne r6 #0ffh,Enable_X

dec hxh
movr5,hxh
cjne r3 #0ffh,Enable_X
setb emptyX
mov PO #0ffh
sjmp labeld

Enable_X:
clre
mov a,TIB

mov c.acc.?
mov refX.,c
jnb  refX,Q_ThuanX
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Chuang trinh ¢dp xung cho cédc dong co va thuc hiéi ly. chon

chiéu quy dong co budc.

Q_NguocX:
inc counterl
lcall F_Ng X
sjmp labeld
Q_ThuanX:
inc  counter2
Icall F_Th_X

labeld:
mov xh,q2h
mov xl,q21
mov yh.p2h
mov yl,p2l
Icall addlé
mov xh,zh
mov xl,zl
mov vh,s2h
mov yl,s21
Icall subl6
jnb  Z0OV.label2
mov q2h,xh
mov q2i,xi
sjmp labels
label2:
mov q2h,zh
mov g2l,zl

jb emptyY,label5

Chk_Pulse_Y:
dec hyl
movr6,hyl
cjne r6#0ffh,Enable_Y

dec hyh

mov r5,hyh

cjne r3,#0ffh Enable Y
setb emptyY
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setb p2.0
setb p2.1
setb p2.2
setb p2.3

sjmp label5
Enable Y:

clre

mov a,T2B
mov c¢,acc.7
mov refY,c
jnb  refY,Q_ThuanY
Q_NguocY:
inc counter3
Icall F_Ng_Y
simp label5
Q_Thuany:

inc  counterd
Icall F_Th_Y

Trong noi suy vong chuyén dong cic truc tao ra téc do chuyén
doéng V cia dung cu la khong déi, va i€p tuyén véi vong tron. Tde do cdc
truc tinh theo céng thic:

V_(t)=Vsin 6(t) (7-46a)

V, ()=Vcosf(t) (7-46b)

A%
g day 6{(t)=—.
ay 6(t) R

Téc do V, va V, 1a hai chuyén dong thing cla cdc truc, téng hop
hai chuyén dong thang thinh noi suy vong. Cédc thong s6 téc do cdc truc
l1a tin hiéu vio cua mach ndi suy vong. Tir suy ludn trén cho thdy thuc
chdt cung tron hinh thanh trén co s& cdc doan thang lién ti€p. Diém ddu
cia doan thang ddu tién cla cung trdon dugc cung cip boi diém bat ddu
cung tron, cic diém ti€p theo duge hé théng tinh todn cung cdp cho bo
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noi suy. S6 lugng doan thang dé hinh thanh cung tron 13 s6 vong lap can
thi€t dé€ hinh thanh doan cong néi suy.Sai s6 dudng cong ndi suy vdi
dudng cong thiét ké la co 56 dé tinh todn s6 lugng doan thang cin thiet

trén cung cin ndi suy.

S6 luong doan thing t6i vy nhdt la s6 doan thing sao cho sai 58

trén duong dan
Nho nhidt a bang mot bude co so (BCS).

Hinh 7-17 chi ra méi vong lap cla thuat todn phis hop vadi goc o

Y s

Hinh 7- 17 Thyc hién ndi suy hai diém trén cung tron .

g mdi diem B (X,.Y,) bo noi suy tinh lodn toa do diém ti€p theo

A(X,,.Y..). Chiéu dai doan thang cédc truc cidn chuyén dong :

DX| = X|+| - X

DY, = Y, - Y,

I
Vi t6c do tugng ung trén cic truc :

VDX,
V (t)=—t (7-474)
' DS



V).(t)z% (7-47b)

trong d6:  AB = DS, =/DX; +DY;
Cong thitc (7-47a) va (7-47b) 12 vi tri cta diém ti€p theo va ciing
chinh 1a cac thong $0 cdp cho bd ndi suy.

Néu cung gita diém A va B nhd, cung AB ¢6 thé coi nhu 1a doan
thang va ¢6 thé tinh AB = Ra. T6c do trén cdc truc chuyén dong c¢é thé
viét :

V., = K DX, (7-484)
Vya = KDY, (7-48b)

P v - & P " - - rd =t 5
trong dé K= o K la hang s6 va né tinh todn cho méi cung tron.
@

Hinh 7- 18 So dé tinh todn sai 58 dudng cong ndi suy .

Khi xdp xi dudng cong thanh dudng thing, dudng cong néi suy gap
phai sai s& nhu chi ra trén hinh 7-18. Sai s8 EH, dugc tinh nhu sau:
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EH, =R - Rcos%— (7-49)

Bién d6i cong thitc (7-49) ta ¢é:

EH.
cosE=1—-—' (7-50)
2 R

Tir cong thitc (7-50) ta cé thé tinh duge s6 doan thing cdn thi€t khi

noi suy cung tron ¢ géc phdn tu thir nhdt theo sai sé EH lua chon:

N=— 7-51)-
™~ ( )

trong d6 N i s& doan thing hinh thanh cung noéi suy.
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