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LOI NOI DAU

Céng nghé k¥ thudt théng tin trong dé nganh co dién tu 6 vi ni quan
trong cung voi cong nghd sinh hoc, cong nghé vdt lieu moi, cong nghé tao
ndng {womg mai, cong nghé moi truong va cdéng nghé hang khéng vii tru la
06 cude cdch mang vé cong nghé cao trong thé'ky 21. Cdc cong nghé nay sé
tao ra nhitng nganh cong nghiép mdoi rdt quan trong boi vi chiing tao ra gida
tri gia tang rdt lon va lam cho cde quoc gia s hitu cde nganh cong nghé
mai nay tro nén giau 6. Trong dinh hucng phdt trién nganh co dién tir &
Viét Nant | vidée dao tao ngudn nhéan lue doi hoi phdi di truse mor buce. Vi
thanh cong ban ddu trong qud trinh chuyén doi tir mot vién nghién citu co
khi truyén thong sang nghién citu co dién tir, Vién Mdy va Dung cu cong
nghiép (IMI) dd xdy dung mot chuong trinh khung dé dao tao dai hoc nganh
co dién tw, dong thoi dao 1qo lai cde ky su dd 10t nghiép nganh co khi, dién,
dién tu- tin hoc theo hong co dién .

Cung voi viée tdi bdn quyén ** Co dién ui- cdac thanh phan co bdn” trong
dedu nam 2005, nhom e gid xin gici thiéu voi ban doc quyén ' co dién tir-
hé thong trong ché tao mdy ", Pdy 14 quyén sdch thie 2 ndm trong loat tai
licu vé co dién tie do chiing 16i- cdc cdn bé trong nhém bién soan gido trinh
cia ho mon “co dién ' cia Vien IMI thue hién. Chiing 161 quan niém rang
noi dung quyén " co dién ti- hé thong trong ché tao mdy " duge bdt ddu 1y
cdc i thuyét hé thong (mé hinh todn hoc, mo hinh hé théng, ddp ving ciia hé
théng dong hoc, cdc ham truyén hé théng, mo hinh khong gian trang thdi )
va duoc két duic boi viée phan tich hé thong mdy cong cu CNC sé giip ban
dov ¢6 ditoc kién thiic vé tinh hé théng doi voi cdc sdn phdm co dién nt.

Do bién soan lan dau, dac biét nhiéu thudt ngit chua duoc viét hod nén
khong trdnh khdi sai sét. Ching (6i xin chdn thanh cdm on ban doc vé
nhiing y kiéh déng gép dé tai licu dugc hoan chinh trong ldn xudt bdn sau.

Nhiing y kién ddng gop xin gii vé: Vien Mdy va Dung cu céng nghiép,
46 Lang Ha, Dong Pa Ha noi

Cac tac gia



CHUONG 1. TONG QUAN

Su khdc nhau giifa co khi truyén théng va ca dién tir ¢ thé minh hoa
trong khi nghién cu chuyén dong cGa mot chit diém trong Khong
gian.Trong khi trong co khi truyén théng vin dé nghién cttu 1a chat diém s&
chuyén dong nhu thé ndo néu tdc dong mot luc cy thé nao d6, thi cau hoi
dat cho co dién tir 1ai 13 luc phai 1a nhu the nao dé khi tdc dong 1¢n chat diém,
chat di€m s& thuc hién dugc mot chuyén dong theo yéu can.

Dé giai quyét bai todn clia co truyén théng, c6 thé sir dung hé phwong
trinh can bing dong dé gidi quyé&t. Con & cau hoi sau, ¢6 the nhan thiy luc
tdc dong & trong trudmg hop ndy khong thé gilt bt bicn, lyc phai duogc tinh
todn va diéu khién d¢€ sao cho chat diém ¢6 the thue hién duge quy dao cho
trude. D6 1a van dé clhia co dién o, V& nhan thite: “Co dién 1t 1a sy két hop
déng thini chia k¥ thuat co khi, diéu khién dién tr va hé théng tu duy trong
thi¢t k€ sdn phim vi qud trinh san xudt " (theo IRDAC) thi d€ giai quyét
vin dé cla co dién tir, bén canh kién thic co khi con cin cédc kién thirc ve If
thuyét hé thong, bao goém cd k¥ thuat dién-dién tr va thong tin.

1.1. SUTICH HOP

Dic tnmg co ban chia mot hé thong 1a su tich hop . Tich hop nay gdm co
tich hop khéng gian va tich hgp chitc nang. Phu thudc vao ciu tnic tich hop
qua gidi phap ghép néi (interconection) ma h¢ thdng c6 thé 1a don gian hoac
phitc tap hon. Céc néi ghép nay thudng duoc két hop tir 3 ciu tnic co so la:
lien tigp, song song hodc cdu tric ¢é phan héi ( xem 5.4 “Mo hinh khong
gian cho cdc hé thdng c6 not két™)

Tich hop khéng gian

Tich hop khong gian 1 tich hop cdc thanh phdn/ mo dun cha h¢ thong
thong qua nhimg giao dién két ndi thanh phédn. K&t cdu nguyén li ciia mot hé
théng co dién tir ¢6 thé duge thé hién nhu & hinh 1.1. Su tich hop & day cé
thé x4y ra gifta qud trinh va sensor; ‘gilta qud trinh va he kich truyén dong,
trong khi mdy tinh c6 thé tich hop v6i hé kich truyén dong, qud trinh hoac
v6i sensor theo nhiém vu diéu khién clia n6. Trong hé thdng nay trudc hét
céc dai lugng yéu cdu duge do va luu lai. Trong d6 nhi¢u dai lugng cho dén
ngiy nay vin chua thé do tryc ti€p ma cdn phai c6 su chuyén ddi tin hiéu
thong qua céc loai cam bién. Trong nhiéu hé théng, dé ¢6 thé xit li nhanh
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Hinh 1.1. Céu tric nguyén Ii mot

hon, ngudi ta ¢6 thé khong diing cac dudng cdp ma sir dung cdc cam bién va
h¢ xur If dir lieu cuc bo, tich hop trong méi lién quan dén mién lan can cta
cac thanh phan thiét bi. Diéu d6 ciing c6 nghia 12 ngay cang c6 yéu ciu ting
cuong diéu kién moi truong cta cdc thanh phan dién tr va cam bién & cdc
dang nhu nhiét do, gia téc, su 6 nhiém. . .. Ngoai ra, cdc co ciu chap hanh
cling nhu cdc thanh phan kich truyén dong ciing ¢6 nhimg nhu cau méi, vi
du, ching ¢6 thé phai s¢ hitu mot diéu khién vi trf s¢ cuc bo. Trong nhiéu
truong hop chiing tich hop thich hop véi hé théng co khi. Poi khi cdc tin
hi¢u tir h¢ kich truyén dong qua xu I thong tin duoe sir dung cho qud trinh
co khi két n6i . Vi vay sur tinh todn thiét ké hé kich truyén dong va qud trinh
co khi déng mot vai tro hét sitc co ban trong tat cd cdc h¢ thong co dién tr —
trong ch¢ tao mdy. Kha nang tich hop khong gian cia mot he thong co dién
tr ¢6 thé duge thé hién nhu & hinh 1.2, Tich hop khong gian thé hién & phan
cung vat If cua hé thong co dién tir.

I
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| Microcomputer +Kich truyén dcng+ Qua trinh (co)+ Sensor

® Vi tri kha nang tich hop
Hinh 1.2 Tich hop khdng gian cda mot hé théng co dién tir
Tich hop chiic ning

Tich hop chiic nang 1a tich hop qua su gia cong xur Ii thong tin. Trén co
s cdc dai lugng do, duoc xir If, Iwu chuyén va thuc hién dudi dang: diéu
chinh , gidm sét, t6i wu, v..v. Diédu nay yéu cdu trong hé théng ¢6 su gia cong



thong tin truc tuyén (online), loai ngay tir khau thiét k& hoac dé twong thich
vGi né can thiét phii ¢6 nhitg co so chuyén gia, vi du, dugi dang todn moé
hinh qud trinh, phuong phdp nhan dang, quan sét cic dai luong trang thai va
ciac phuong phdp thiét k€ khdc nhau kém theo cdc tiéu chi ddnh gid pham
chat. Gia cong thong tin truc tuyén trong moi quan hé véi hé chuyén gia cho
phép tich hop chiic nang cua cic hé thong dién tu- co khi. Hé thong tich hop
chitc nang toan bo nhu vay ¢6 thé dugc thé hién nhu & hinh1.3. Su tich hop
chiic nang yéu cau ¢6 nhing phén cing thich hgp cung véi su phat trién 1ap
dat phan mém.

TICH HOP QUA CHUC NANG

Co s0 chuyén gia
M trinh qua trinh Tiéu chi Pham chat
Toan hoc
IThu thap thong tin: Phuong phap thigt ké
L Nhén dang L Diéu khién
- Giam st trang thai - Diéu chinh
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Giam sat thong tin truc tuyén

biéu khién Gidm st Thich nghi
Diéu chinh Chén dodn T6i vu
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TICH HOP CUA CAC THANH PHAN

Micro- Kich
b Q Sensor
= computer truyeén

Hinh 1.3 Tich hop chire ndng

1.2. TIN HIEU
Tin hiéu la cdc bién vat li hoac la cac dai lugng vt Ii duoc do ¢ tai cdc
phan khac nhau ctia mot hé théng, khi duge xtr li cho théng tin duge quan



tam. Trong cdc hé thong thuce & nguct ta thudng gap nhiéu {oai tin hiéu khic
nhau. Trong do tin hi¢y dién, dong dién hogc dién dp 13 cdc dai lugng dé do
nhat do vy ngudi ta thudng su dung sensor vir tranducer dé chuyén cic dai
tuong vat Ii thanh cdc tin higu dien. Nhifng tin hiéu nay, sau dé duoe xi I{
bai cde kg thuat phi hop | thé hién thong tin cla moét vi tri hodce thanh phén
trong h¢ thong hojc théng tin chia phan nay lién quan dén phan kia ctia he
thong (mdi quan hé 1/O).
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Tin hiéu lién tuc hodc gidn doan

Tin hi¢u cé thé phan logi thanh tin hiéu fién tye hodc tin hiéu gidn doan,
trong méi loai ndy 6 thé phan tigp thanh tin higu xdc dinh {(deterministics
signal) hodc tin hi¢u ngdu nhién (ramdom signal). Mot tin hiéu xdc dinh
luon c6 thé bidu dién dudi dang todn hoc (dang bac, doe, xung. SIN, COS..).
nhung thdi gian dién ra tin hiéu hoac gid tri tin hieu ngdu nhién ti khang
thé du bdo chic chin duge. Mot tin hiéu lién tuc, x(1) cd mot gid tri dinh 18
tai moOi Mot gid ut thai gian, trong khi tin hi¢u gidn doan x(n) ¢é gid tri dinh
ro chi ¢ tai nhitng diém i rac (1 cc s6 nguyén thuoc n). Tuong tng véi tin
hi¢u lién tuc va gidn doan [a tin hiéu tuong tu (analog) va tin hiéu s& (digital).
M@t s6 dang tin hi¢u (tin hiéu lién tuc, tin hi¢u 1ay mdu, tfn hiéu s§ va tin
hi¢u ngau nhién ) dugce thé hién & hinh 1.4,

Tin hiéu tuong tu (analog) va fin hiéu sé (digital)
Tin hieu tuong tr 13 tin hieu mi bién do clia nd ¢ thé ldy mét gid i bat

Ky trong mot mién lién tyc. Con tin hidu sé 13 tin higu ma bién do chi duge
xdc dinh 0 mot s6 thoi diém cu thé.

Céc tin hiéu xdc dinh ¢6 thé chia thanh 2 loat: tin hiéu tuan hoan (xem
hinh 1.5) va tin hiéu khong tudn hoan (nhue tin hi¢u dao dong hinh sin gidm
dan, cdc tin hiéu ¢é tan s6 thay doi bi¢n diéu).

Tin hiéu thé hién luéng thong tin gua h¢ thong ciing 12 dai ugng thé
hi¢n mGi quan he gitta cdce thanh phin trong hé thong

1.3. CAC THANH PHAN CHU YEU CUA HE THONG CO DIEN TU

Trong [1]. cdc thanh phdn co ban clia he thong cu dién tir da duge liet ke
vit miéu ta. Sa d6 & hinh 1.1 thé hién cdc thanh phin chii yéu ciia mot hé
thong co dién tir trong ché tao may. Hé thong nay duge xdc dinh boi thanh
phan co thye hien mot s6 chuyén dong cy thé va phan dién {mdy tinh hoic
cdc hé théng vi xir If nhiing), bé sung tinh thong minh cho hé théng. Trong
thanh phan co, cong suit hé théng luon déng mot vai tro 1on, nguoc lai véi
phén dién tir, xit If thong tin méi 12 vin dé chinh. Cic cim bién chuyén déi
chuyén dong ca hoc thanh cdc tin hiéu dién (n€u cdn, c6 thé qua mot bo
chuyén déi wrong tu-s6 (AD)). Cic khuéch dai cong sudt s& chuyén dai tin
hieu thanh cdc cong sudt diéu bién. Trong da s6 cic truémg hop ngubn cip 1a

nguén dién, nhung ciing c6 nhitng truong hap ngudn 1a hé thong thuy Iue
hoiic khi nén.
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4. SAN PHAM CO BIEN TU

Tat ca cde sin phiam co dien wr déu mang tinh he thong. Theo {9] . san

phiim co dién tir hién nay c6 thé phan loai theo:

[ ]

. Nhimg san pham vdi cdc thinh phéan chinh 1a co ¢ k€t hop dign tr de

tang cudmg chdc ning nhu cdv mdy cong cu diéu khién s0 hodc cic bo
truyén dong ¢d toc do vo cap sir dung trong cde miy gia cong.

. Cédc hé théng co truyén théng duge thue hién theo hudng ket hop vai ciie

bo phan dién tr bén trong | trong khi gino dién sit dung gilt nguyén khong
thay doi. vi du, cdc méy khau hién dai hode ¢dce hé thong san xuat tw dong.

. Cdc hé theng eilr nguyen cic chie nang cta hé thong co truyen thong |

nhung cdc co ciu bén trong duge thay doi bai thinh phan dien tr, vi du
nhu ddng ho dién . can dién g,

. Cic san pham thiét kK€ vdi sir tich hop dong van cong nghé co va dién (.

vi du nhu mady photocopy., miy gidt thong minh, v...v.

Cidc san pham co dién i e ciu trie didu khién theo cde mac sau

Mic : diéu khicén miic thap (vi du cho tién an dao, phan hdi ¢ can. on
dinh hod, tuyén tinh hea).

Muic 2: didu khién muc cao (diéu khién phin hoi cdp cao).

Muc 3: gidm sdt, ké cd chin dodn 161

Mirc 4:t61 vu hod qua trinh

Miic 5: quan If qud trinh chung.

Du don gian hoac phiie tap hon, thi dc tinh tich hop cia co dién (I a tao

cho cde san pham vithe thong co dién twr phdt trién hudng (61 cde dic diem:

Sw phan chia chiic nang giita co VA dién tr hudng vé don gian phin co, dam
bao két ciiu khoé, gon nhe. K&t qua 1 ¢d sy ting ddng ké luong sensor,
kich truyén dong. thi€l bi diéu khién. cip vi cic diu noi dien trong san
pham.

Céc tinh nang hoat dong duge cii thién: bang (ng dung dicu khién phin
hdi tich cuc, diéu khién thich nghi v diéu khién trén co s6 mo hinh.

Céc chite nang méi duge bé sung: d6 13 nhimg chitc nang ma chi ¢d dién tir
0 méi thue hién duge nhir cde bién phu thude vio thai gian hoac su thich
nghi cia cdc tham s6.



CHUGNG 2. M0 HiNH HE THONG CO DIEN TU TRONG CHE TAO MAY

Trong i thuydét he thong, mo hinh déng mot vai o quan trong vi chiing
rat can cho viee phan tich, tong hop va thict k€ h¢ thong, Mot he thong
khong phai chi ¢ mot mo hinh duy nhdt vi cde mue dich khic nhau ¢6 the
din dén mé hinh khic nhau. Vi du. d61 vdi mot dong co dién, nhitng mo
hinh ¢ the xay dung theo mue dich ¢d thé 1 qua trinh chuyén doi nang
tuong co-dién: he thong nhiét hode he thong co khi dé nghién ctu dao dong
vt vitt liéu.

Ngoiii ra. trong thiét k& cic he thong co dién t, viée thay doi ciu triic
vir bo didu khién luon can duoe danh gid dong thii, Mac di mét bo dicu
khién phit hgp ¢6 thé tao nén mot két cdu don gidn hon, thi. mot thiét ke 1oi
vé ca khi khong bao gity ¢d thé o khi nang thye hién chide nang 16t cho do
hé thong ¢6 bo dicu khién tinh vi. Vi vay, quan trong Th ngay tir giai doan
diu thiét k¢ di phii ¢é sur hua chon thich hop, dip (ng cdc tinh co khi can
thiét dé dat duoc su hoat dong 16t cuia he thong duge diéu khién. Mac khic.
Khd ning bit clia bo didu khién ¢6 the tao nén nhitng ket ciu co khi re hon,
Pidu nay bicu hign ring. tai nhimg giai doan diu cta thiel ke, mot mo hinh
don gidn the hien cdc yeu 16 co ban cta hé thong co the cho bict ede gidi han
kha nang hoat dong ctia he thong.

Mac khic. trong thuc (¢ ¢ nhiing hé thong dang van hanh nhung khi
xdy ra sy ¢6 hoac lau ngay cin diéu chinh lai tham s6 , [Ge d6 ngudi ta méi
nghi dén viée cin xem xét fai viee phan tich he thong, nghia la phai danh gii
lai cic chi tieu chat lugng hé théng. Mudn lam duge viée ndy ta cin xic
dinh duge mo ta tedn hoe cta cic thanh phin trong he thong va thue hién
phan tich hé thong. Nhu viy mé hinh hé thong khong nhing ¢can cho phin
tich, tong hop va thiét k& he thdng ma dac biét cdn cho cic truong hgp “1an
fim 1617 sau ndy.

Nhu vay khi bin vé hé théng ngudi ta thudng néi dén mo hinh hé thong.
tin hiéu qua h¢ thong va dép Gng cia hé thong .

2.1. MO HINH CAC HE THONG CO BAN
2.1.1. M6 hinh toan hoc

Hiy xem xét trudng hop bo xw 1f didu khién 8¢ do mot dong co. Toe do
dong co s& thay doi ahu the nio doi véi thai gian? Chic chan, tdc do dong
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co khong dat ngay duge gid tri téc do da (tirc gid tri thi€t iap) ma cht dat
duoe sau mot khodng thii gian. Trong tit ¢a cde trutmg hop xu i déu ¢6 hién
firong "tré". Vay didu gi gdy ra hién tugng dé. Can phai biet "thai do” cha hé
thong d6i véi thoi gian khi he thong phdi chiu mot so “"nhiéu”

Mo hinh todn hoc 12 mot trong nhimg cong cu gitp dé ¢6 the hicu "thdi
do" cua mot hé thong, Ching 1A nhimg cong thiic miéu td méi quan hé gitia
diu vao v dau ra ciia mot hé thong, st dung cho kha nang dy bdo truge
nhitng dap tng cd the sinh ra trong he théng dudi nhing diéu kién cu thé. Ca
s& chia moi mé hinh todn hoc 1a cdc dinh ludt vat If chi pho “thai 4o cua hé
thong. ‘

Tira nhu mot ngoi nhi, 6 16, can chu,v...v. duge xay dung tir mot s cic
khéi dac trung co ban, mot hé thong ciing duge cdu thanh 1r mot diy cdc
khoi dac trung. Mdi khoi ddc trung didge coi ld ¢ gt thude rindy hode chiic
néng don. Didu nmiy 6 thé nhan xét gqua cic vi du don gidn: mot he thong
mach dién duoc ciu thanh tir cic khéi dde trung, thé hién tac dong cla cdc
dién tré, tu dién vi cdc cudn cam. Khéi dac tnung dién trd duroe cho 1a chi
c6 dic tinh "trd”, khoi dic trung tu dién thi ¢6 dac tinh dién dung con cdc
khoi dic trung dién cam thi chi ¢6 thude tinh vé kha nang ty cam. Khi két
hop cdc khéi dac trung ndy theo cde cdch khdc nhau, ¢ hinh thanh cdc hé
thong mach dién da dang md mai quan hé xudt / nhap cia timg hé thn duoc
bi cdch kel hap hop 1i mai quan hé clia cde khéi dac trung. Theo cach do,
¢6 thé thu duoc mo hinh todn hoc cho hé théng. Mot hé thong duge 13p tir
cdc khoi dac trung néu trén duge goi 1a hé théng tham s6  gop (lumped
parameter system), vi moi mot tham so (tic tinh chit hoic chitc nang) duge
xem xét riéng biét.

C6 sur twong tu trong "hoat dong " cia cédc khoi dac trung su dung trong
cdc hé théng “kinh dién” co, dién, nhiét va thuy-khi". Suu day s€ dé cap dén
cic khoi dac tring co ban, ¢6 thé tong hop dé tao nén mo hinh toan hoc cho
cdc hé thong vat 1i thuc .

2.1.2. Cédc khoi dic trung cta mdt hé théng co khi

Hé thong tinh tién

Mo hinh thé hién cic hé thong co khi 6 cdc khoi diac trung co ban 12 16
x0, phén ti cin hay con goi 1 gidm chan (dashpot) va cdc khoi lugng. Lo xo
(hinh 2.1) duge sit dung thé hién do cling cta hé thong, phdn 1t can thé hién



cic lue chéng chuyen dong nhu cdc tic dong ma sdt hoic cic tac dong giam
dao dong con khdi lirgng the hién qudn tinh hoic khang tr& déi v gia toc.
H¢ thong co thue khong nhat thiét phai hinh thanh (i [0 xo. giam chén va
khoi lugng nhung lai luon ¢6 tinh chét vé do cing, do can (giam chin) va
quan tinh. Cic khoi dic trung niy ¢6 thé coi nhw ¢o ddu vao 1a mot fue. déis

, ra 1o mot chuven vi.

- LicF Do cring ciia mon 1o vo duge micu
I

N hang mai quan hé gita hue F. st dung dé
Thay 48 cndu d2i. x lam cing hoac nén & xo va lugng x

dan/nén 1o xo:
DéuvaoF mﬁé’u ra.x F=k.x (2.1
j Trong d6 & 1 hang so.
. . be ¢6 cing lugng kéo nén, khi k cang ldn.,
Hinh 2.1. L6 xo ) CHRE QU & Keo nen. K ang o
luc dé kéo hodc nén 10 xo cang phai lon.

Chg‘j}a”g Lo xo ¢6 k cao hon goi 12 cé do clng cao
weF | B/ hon. Dai twgng  tao luc dé kéo 10 xo

cung bj tac dong hor mdt luc ( theo dinh

- - -t&hang & . . N PR
‘ i ludr 3 cua Niuton). Luc nay c¢d gid tri
.l i bang luc kéo 10 xo (tic kx } nhung ¢6

£ . B

Thay &6 vi tr hudng nguoc lai.

_ Khot dic trung plidn i cdn (dashpot)
| Prbow pav a4 duoc thé hién bing lic cin pho bién nhat

e Ia mu st nhét v ma sat kho, Ma sdt
xudt hien khi mot vit thé duoe ¢ diy
trong mot dong chat long hode dich chuyén vt nguge lai véi cdc Tue ma sdt.
Vat duge ddy nhanh hon déng nghia véi viée phii chiu lye can cao hon.
Phan tr can duge st dung @ biéu dién cdc lyc ndy |, loai 1am chuyén dong
cua cdc doi tuong cham dan, gidng nhu chuyén déng cha piston trong mot
xilanh déng (hinh 2.2). Su chuyén dich cla piston bude chat 16ng & mit bén
kia phdi chay qua piston, theo chiéu nguoce 1ai, tao mot luc can. Trong trudng
hop 11 tudng, luc can F L ti 18 véi t6c do v cia piston:

F=cv (2.2)

Trong dé ¢ ]a hang s0. ¢ cang 16n thi luc can tai mot t6¢ do cho trude cang
I6n. Do t6c do ti 1¢ véi sy thay doi chuyén dich x cha piston. tic v=dy/dr,
nén:

Dauvaa, F

Hinh 2.2 Phan lr cén

12



e 25
dt

D6 1a mai quan hé gitia chuyén dich x cha piston- didir ra vivive F - de
vdo, phu thude vio toe do thay doi cia dau ra.

Khéi dic trung kil fuong (Rinh 2.3) thé hién tinh chat sau : mot kKhoi
luong tén hon thi yéu cdu lue 16n hon dé tao cho nd moL gia tée nhat dinh.
M1 quan hé gitta lue F v gla tée ¢, theo dinh ludt 2 cua Niuton Ta: F=m,
trong do hiing s6 1 1é gitta luc v gia 16¢ duge goi 1a khoi lugag . Gia toc 1a
su thay déi cia 10¢ do dai vai thoi gian, dvidt v toe do v T sy thay doi et
chuyén dich v dai vdi thdi gian, dvde, nhu vay:

didx/dty Ii:.l_"

- dv
F=mau=m—=m— = m— (2.4)
it ot dt”

B¢ kéo 1o xo, tang t0c chuyén

Lo F KR! LUONG Gia (e LTQHg (';L’m mot khﬁ'i“va‘l (\.'i'luyérlz
T dich piston trong mai truong cé

4-X—b- can. ¢an phai ¢o ning  luong.

Chuyén vi Trong trudng hop 1o xo vd khdi
fregnig, thi ¢ thé thu lai nang lugng

Pau vao, F KHOI LUONG Biura, x nhung trong trudng hap phdn tie cdn va
- dan hoi thi khong. Lo xo khi bi

Hinh 2.3 Khéi hugng kéo dan, di luvu nang lugng trong

no, nang lugng niy s€ duge giai
phong khi 10 xo co vé vi tri ban ddu. Nang lugng du trif khi gidn luong 10 xo
v la '/gkxl. Vi F=kyvnén cd thé viét:

E-L1I
k

]
3 (2.5)
Ciing ¢é mét ning heong du trit trong khdi lugng khi khéi lugng chuyén
dong véi tde do v. Ning lugng nay duge goi 1a dong ning, duge giai phéng
khi dimg chuyén dong:

E="1.mn" {(2.6)
Tuy nhién lai khong ¢6 ning lugng tich trong phan wr can. Piston khong
quay vé vi tri ban dau khi khong ¢6 lye ddu viao. Phan trcan fam tiéu hao
nang lugng . Tiéu nang P phu thudc vao t6c do v vt duge xdc dinh boi:
P=cv’ (2.7)



Hé thong quay tron
Lo xo, phin tir cdn viu khai luong [ cic khoi dic trung co ban cho cidc
h¢ thong tinh ti¢n, trong he chi gom lue v cae dich  chuyén thang, Con
trong hé théng quay tron, 3 khai dac trumg ¢o ban 13 19 xo xoan. phan (e
cidn quay (rotary damper) vi khai luong quay (biéu thi quin tinh cta khoi
lugng quay). Vi nhitng khoi dac trung nay, diu vio 1 momen xodn va diu
ra 12 goe chuyén vi (géc quay). Voi (o vo xodn, gbe quay 0t 1¢ véi momen
X0in:
=L 0 (2.8}
Vai phdn it can guay, mot dia quay trong ¢hit long, momen khing T 1
¢ vai toc do gdc w. Vi o do goc 1 s thay déi cua gOC so vGi thon
elan e d6/di. nén
T=cer = et (2.9
V6L Midi liugng quay, Khoi dac trung biéu thi dac tinh 14 mémen quan
tinh I cdng cao, thi momen xodn cin thiét dé Ko ra gra toe goe o cang on:
T=lu (2.10)
Gia toc gdea i sur thay doi clia (6¢ do edc d6i véi thesi glan, tac defddr,
con 16e do goe 1 sy thay doi clia g6¢ chuyén dich véi thoi Zian, vi viy:
dw _ ;i{_(d()fd{_) iy d"0

r=71— -
i clt i

(2.11)

Lo xo xoin va khéi luong quay déu trie nang luong. phin tu cian quay
th ticu hao nang tugng . Nang lugng duge trit bdi 16 xo xoin, khi xoay mét
poc il kO VI T=E0 nén ¢6 the viet:

.
L

E= (2.12)

ra | —

Ning luong duoe tich bdi mot khéi lugng quay vai t6e do goe o 1h dong
nang E, duge tinh béi:

| I
f - 2
E ?I(u (2.13)

Nang lugng hao tin béi gidm chan xoay khi xoay voi 10¢ do géce w a:
P=cw (2.14)
Bing 2.1 tong két cdc phurong trinh xdc dinh dac tinh cdc khai dic trung,
trong trudng hop c6 dich chuyén thing (tinh tién), dau vao -luc F. ddu ra-
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chuyén dich x va trong truong hop chuyén dong quay tron, ¢6 momen X0an

T- diu vio v 6- gée chuyén vi la dau ra

Bang 2.1 cdc khéi dic trung co

[ Khéi dac trung

Phuang trinh miéu ta

| Dong néing/ tan nang

Tinh tién:
E=—"—
2k
Gidm chan dx
F=c— 5
it P=cv*
Khéi lugng Fem (."';\' E=—pn-
i~
Quay tron:
Lo X0 T=k. 0 :
po AT
2k
Phan tlr can qu 10
n tlt can quay 7=.49 P=ci’
et
Momen quan tinh 2 2
q r=1L? E=oiw
dr” < ]

Dic trung mot hé thong co

Céc thinh phin co khi trong h¢ théng co dién tir thé hién su hi*n dién
cta ching thong qua cdc tdc dong vé chuyén dong va cdc tic dong vé lyc

e nen ld xo

g
/]
2 :(h m
Y ong e F
7
/il
A LE]
/
/] T ,
// L Luccan Chuyén vi x
Dau vacF Hé thong khdi Dau ra, x
[ugng-giam chan-———=——

Hinh 2.4: Hé théing khoi lugng-1o xo- gidm

/momen lén cic két cau da. kich
truyén dong (actuator) vit cdm bién
(sensor). Hiéu vil dy bdo thudc tinh
cua cdc tic dong nay. nhitng thude
tinh ndy sinh tir su k&t hop cde tac
dong do cing, ma sat- dan hoi va
qudn tinh, ¢6 thé thu duge néu xdic
dinh dugc trang thdi luu trd hoac
ticu hao nang lugng cua ching. Su
lwu trir hodc tiéu hao nang lugng ¢o
tAm quan trong, quyét dinh tinh hé
théng méi quan hé cdu thanh cdc
thanh phin tao mo hinh hé thong co.



Céc thanh phin co ban ctia hé thng co thudng 1a: khai luong, 10 xo,
giam chan theo ki€u thé hién ¢ hinh 2.4. D¢ ddnh gid m6i quan hé giita luc
va chuyén dich, gid thiét hé thong gém chi mot khoi lugng m (ma thuc chat
do la h¢ thhong gém khai luong - gidm chan- 10 xo) va céc luc tac dung lén
ching. Bi€u do khai lugng va cdc luc tic dung lén khoi lwgng ay duoc goi la
bi¢u do-vart the' - nr do (free ~body diagram). Khi céc luc tic dung déng thoi
lén vat thé, tong cua ching ¢6 thé duge thé hién dudi dang vecto tuong

IEJ'é’u ra: chuy&n vi

52

: Nén
l Dauvao: Luc
a)
Pau ra: chuydn vi
Khdi luang
Y
ET] L He giam xoc
Khai ltang
cla giam xdc
é Lép
Budng
I Dau vao :Luc
B}

Hinh 2.5: Ma hinh toan hoc
a) May dugc lap trén nén
b) Bénh xe dang chuyén déng trén duong

16

duong. Néu tit ca cic luc tic dung
thang ctng hudng, lue tong la téng
dai s cdc luc thanh phan. Nhu vay,
cac luc tic dung vao khoi luong
trong hinh 2.4 ¢6 luc tong bang luc
F trir luc tao nén tur viéc bi gian 10 xo
va luc can tir giam chan:

Fs Jlic tong tac dung vao khoi

ligng xac dinh boi:

Fy= F-kx-cv (2.15)
trong dé v la toc do cua piston trong
co ciu giam chan khi khoi lugng m
dang chuyén dong. Luc nay tic dong
Ién khai lugng, lam né tang toc:

Fs sma (2.16) -
Tiic :
Fokom ey (2.17)
di dr-
hodc:
md‘:\.-f-cngrk’f:F (2.18)
dt” dr

Phuong trinh (2.18) la phuong

trinh vi phan bac hai, miéu ta mai

quan hé cua luc F -diu vao hé théng
va lugng chuyén vi x- diu ra.

Nhiéu hé thong duoc két hop
hop Ii tr cic kho dac trung cua 10 xo,



giam chin vii khai lugng, Hinh 2.5 a the hién mot mo hinh may lap én nén.
¢6 the sir dung [am co sa dé nghién ot cice tic dong dao dong 1én nen vio
chuyén vi mong miy. 1inh 2.5b the hieén mo hinh bianh xe viv hé thong gidm
x0c cho mot o 10 hoae may kéo - Mo hinh nty 6 the st dung dé nghién citu
hoat dong cita xe Khi chay (ren duong go ghé, tr ¢ lam ca sd dé thigt ke he
thong giam xéc i xe. Phan iich cdc ma hinh nay déu ¢6 the theo nguyen
tic di néu cho mo hinh don gian 16 xo-giim chim —khai lugng. Bicu d6 vt
the tr do (Iree body diagram) duoc thiét k& cho timg khai luong trong he
thong, the hiégn Wmg khoi luong doce 1ap vacde fye dp vio né. T do, doi vdi
moi Khai luong. lue 1ong tde dung tén né bang tich coa khéi lrong (m)va gia
1o (a).

Chuyér v cds

# 4 Khirotedxcin

.I : - .
) /! | \ b
Truc Méman ‘EEI__;__\L__/MG,,“&

T T

SN

SN

Krarg trd xodn
aj by
Hinh 2.6 : Quay mét khdi luong & ddu mut truc
a) Céu trac vat fi b) M6 hinh khoi dac trung

Cdc mo hinh twong (e duge xay dung cho hé thong chuyén dong quay
tron. B¢ didnh gid mai quan hé gilta mémen xoin va gde quay  chuyén vi
trong heé thong, ta chi xem xét mdt khéi lugng quay vit cdc maémen tac dung
[én khot luong nay. Khi ¢d mot vai méomen tic dung dong thoi 1én khoi
lugng, momen Ong 13 tong dai s6 (¢6 chd ¥ dén hudng) cta cic momen
thanh phan. Vi viy, mot hé théng gom mot momen xofin tic dong dé guay
mot khai luong tai dau mat mot true (hinh 2.6a) ¢6 thé duge bigu hién bdi
cdc khoi dac trung trong chuyén dong quay tron nhu bigu dién ¢ hinh 2.6b.
C6 thé so siénh hé quay véi hé tinh tién di duoe phin tich ¢ hinh 2.4 vé Tuc
vi chuyén vi thing, két qua cho mat phuong trinh twong ty:
d°6 do

—+c—+ kB =T (2.19%
di= . dt

!

P& minh hoa cho cic vin dé néu trén, 1a xem xét, phat trién phuong
trinh cua cdc vi duy sau day.

17



% Vi dy 2.1t hé thong hinh thanh tir 2
s . 16 xo K, k, va khéi lugng m. Xudt phit
7 Kh3i tir phuong trinh vi phan miéu td quan hé
/ , ::c""g d gilta ddu vao -luc F va diu ra -luong dich
T chuyén x trong hé théng & hinh 2.7, ta ¢6
/ h
4 chuyénvix — — Fs = F-kx-kyx (2.20)
Hinh 2.7:Minh hoa cho vi dy 2.1 Vi luc tong gay tang toc cho khoi lugng,
nén
d*x
Fs=m (2.21)
dt”
N d*x '
Do vay: m——+(k, +k,)x=F (2.22)
dr”

my

Xy I 1
E
Hinh 2.8: Vidu 2.2

Luc tic dong b
I 18 xo0 phia trén

My

l Luc tic dang bai
16 x0 phia dudi

Hinh 2.9: Minh hoa cho
vidu 2.2

18

Vi du 2.2 : tim phuong trinh vi phan miéu ta
chuyén dong cta khéi luong m,, khi chiu tdc
dung luc F (hinh 2.8). Trudc tién, ta xem xét
khoi lugng m, va cdc luc tic dung lén né (hinh
2.9). B6 la cdc lyc tdc dung boi hai 10 xo. Luc
tac dung kéo 10 xo du6i k, cang véi luong (x,-x,),
luc tac dung s€ la k,(x,-x,). Luc tdc dung bai 10
xo phia trén, gy gidn bang (v,-v;) 12 ky(x,-x,).
Nhu vy luc tdc dung 1én khéi luong la:

Fs=ki(xy-x))-ky(xs- x,) (2.23)
Do luc nay gay gia toc cho khoi lugng m,, nén:

1.
m, L—r =k (x, —x,)=k,(x; —x,) (2.24)
dr’ ; 2 b
Nhung vi luc gay cang 10 xo phia dudi 1a F :
F=k;(.,\-:".,‘:!)

Nén phuong trinh trén c6 thé viét lai la:

m, d;;r+k,(x1 -x,)=F
dt” C

(2.25)

Vi du 2.3: mot dong co duge sir dung dé
quay mot tdi, mo hinh miéu ta vat I thé hién &
hinh 2.6a, dugc dac trung bdi cdc khéi nhu thé



hién & kinh 2.6b ¢é phuong trinh vi phan la:

14049 ko1 (2.26)
ar- dt

2.1.3. Cdc khoi dic trung hé thong dién

Cdc khai dac tnimg ¢ s cho hé théng dién la cic cudn dién cam, ty
dién va dien trd. Dol v6i cugn cdm (inductor), hicu dién the i qua cudn cam
tai thoi diém tike thoi phu thude vio su thay doi cia dong qua cudn (difdt):

=L (2.2

Trong d6 L 12 do tr cam. Hudng cla higu dign the' 1a nguge vai hudng
hieu dign the duge sie dung dé truyén dong qua cudn cam, cdn goi la suat
dien dong nguoe (back e.m.f)). Phuong trinh co thé viét lai la:

i= %thdf (2.28)

Dt v6i mot r dién (capacitor), hiéu dién th€ qua tu phu thude vao dign
tich g trén tAm tu tai thon diém lién quan:
_4
- C

Trong dé C [a dién dung. Do dong dién i nap hoac phéng ctia tu dién 1a
t6c do tai d6 cdc dién tich dén hode roi ban ty, tic i=dg/dt, nén dién tich
téng ¢ trén cdc ban t la:

i

(2.29)

g = _[in’.’ 2.30)
Nhu vay:
. -
"= -C—jmrr (2.31)
Mac khic, vi u=¢/C nén:
di_tdg 1,
d Cdt C
Vay:
dit
i=C— (2.32)
d

DGi véi mot dién trd (resistor), hiéu dién the u qua dién trd tai mot thoi
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diém tie thisi phuy thude vio dong dién { di qua né:
H=Ri {2.33)
Trong do R 1a dién tré.
Ca cudn cam vi tu dién déu tich nang tuong, nng lugng nity ¢6 thé duge
giai phdng sau nay. Bi¢n 1o khong tich nang lugng ma lai ticu hao ching.
Nang luong Iuu trong cudn cam khi ¢ dong dién i qua i

E=1pi (2.34)
2
Nang lugng tuu boi w dién khi ¢6 mot hiéu dién thé qua 16 la:
| I
F=—=Cy" {2.35)
2
Tieu nang P béi dién trg khi ¢ mot hiéu dién the qua né 12
P=in=" (2.36)
R

Bang 2.2 tong két cdc phuong trinh xéc dinh dic tinh cta cde khai dac
trung dién khi ddu vao a dong dién va ddu ra 12 hiéu dién thé. Cé thé so
chiing vdi cic phuong trinh trong bang 2.1 vé cdc khoi dac trung hé théng co.

Bang 2.2 Cic khéi dac trung dién

Khéi dic rimyg Phuong trink miéw td | Dong ndng hodc tan ndng
Cuén cdm o [ .4
' !=——Ih‘(ﬁ E=5L’
L
Ty dién _ du |
o i=C— E=—Cy-
dt 2
bién trg . "
I = — P ___
R R

2.1.3.1. Xay dung mé hinh hé théng dién

Cdc phuong trinh miéu 14 cdc khoi dac trung dién cé thé két hop voi
nhau tuén theo dinh luat Kirchhoff (Kirchhoff's law). Cic dinh ludt nay <6
thé phit biéu nhu sau:

Dinh luat I: dong dién tong dén mot nit thi bing téng dong dién rdi
khoi né, tic téng dai s6 dong dien tai diu néi bang 0.

Dinh ludt 2: tai mot mach kin hoac vong lap (loop), tdng dai s6 hiéu




di¢n thé qua timg phan mach bang sdc dién dong (e.m.f) dat vao phan do.

Dinh tuat 1 Kirchhof st dung rét tien d& phdn tich mit (ndt la diem ndi
giita cdc khéi dac trung hoiic céc phan wr cua mach. Mot nit 14 noi gap clia 3
nhidnh hodc nhiéu hon ctia mach). Binh luat 2 su dung dé phdn tich mdt ludi
(mesh analyis). luat nay dp dung dugc dén timg mit (Mot mit ludt 1a mot
dudng déng hoiie mét loop, khong chifa mot duomy dong khic).

Vi di 2.4:dé minh hoa dinh ludt Kirchhoit, str dung hai phuong phap
phan tich trén dé xay dyng cie mdi quan hé caa mach thé hién ¢ hinh 2.10.
Trong mach ndy, rdt cd cde thanh phan la dién od. Phin tich nui chinh.,

diém A, dién dp 12 u,, khi tham chicu

r!:)—z' dén cac nit chinh khac, vi du B, ¢o
¥ K P ur a . N .. N
l thé coi rang tit cd cdc dong dién vao

) T R, R, vii roi A, theo dinh luat 1 cua
Kirchhoff :

=i+ (2.372)

Hinh 2.10:Phén tich nut Dong dién vdo qua R, la ¢,. do hiéu

dien the qua R, 1 1e,-u), nén i, R,;= u,-1e. Dong qua R. la i.. do hiéu dien the
gua R, 12 1, nén i, R.= u, . Dong dién i, qua R, ndi ti€p v4i R, va hicu dién
thé u, 4p tén ket hop nay, tic i,(R+R,)=u,. Can bang dong, ta co:

w=uy My M

R, R. R,+R,

(2.37b)

Vi dir 2.5: phan tich mat Judi cho
mach & hinh 2.10. Gia thiét dang co
cic dong dién trong timg loop nhu thé
hién & hinh 2.11. Ap dung dinh lujt 2

Hinh 2.11: Phan tich ludi Kirchhoff cho timg loop. Xét loop ¢o
dong i, vi dong qua R, 12 i, ., qua K, 1a
B {i,-i,}, nén

=i, R,+(1,-i1)R; (2.38)
Tuong tr, xét loop ¢d 1,, vi khong
¢6 nguon stc dign dong (e.m.f) nén:
0=i.R+i:R,+(ii R (239)
Tir hai cong thirc trén cé thé gidi dé

Pign
ap M
aat

Hinh 2.12: Hé thong ty-dién tré
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thu dugc dong trong hai foop. tir d6 suy ra dong trong tirng nhanh mach.
Nhin chung néu s¢ ndt trong mach nhd hon s6 loop. thi nén sir dung phuong
phdp phan tich nut.

Vidu 2.6: xé1 mot mach bao gom mdr dién trd va mor tu dién mdc noi
tiép, nhu thé hién & hinh 2.12. Ung dung dinh luat 2 ctia Kirchhoff ddi vai
loop, ta cé:

U=Hp+U, (2.40)
Trong 46 u, 1a hiéu dién the qua dién tré R va u_ 14 hiéu dién thé cua tu.
Vimach 13 | loop don, dong i di qua cdc thanh phan [ nhi nhau. Néu diu ra
khoi mach 1a hiéu dién thé qua tu u,, va vi u=iR, i=C(dv /dt), nén:
quCdi+u(. 2410
dt
Cong thitc (2.41) [a phuong trinh vi phdl] biac 1 cho biét mdi quan hé
gitta dau ra u, va dau vio u.
Vi di 2.7: Hinh 2.13 thé hién mat hé théng dién trd-cudn cdm va ti dién.
Ap dung dinh lut 2 ctia Kirchhoff cho loop, ta co:

= iy +i; i, (2.42)
Trong do u, 1a hié¢u dién thé qua dién
trds, 1~ hiéu dién th€ qua cudn cam va
- ‘” t- - hiéu dién thé cia tu dién. Vi mach
chi ¢6 mdt loop nén dong ¢ 14 nhir nhau
khi qua cdc thanh phin . Do ddu ra hé
thong 13 hiéu dién the cia ban tu u,. va
Vi up=iR, u, =L(dildt), nén:

pien ap u |

Hinh 2.13 :Hé thdng dién cam-dién trd

u—zR+Li+u (243
dt

Nhung i=C{du, /dt)
du,. d’u,

+ LC
dt dr’

Nén: i =

+u, (2.44)

(2.44) 1a plong trink vi phan bdc 2.

Vidy 2.8 1 Xét méi quan hé gilta ddu ra- hiéu dién thé qua cudn cam #,
va ddu vdo i cha mach, thé hién trong hinh 2.14. Ap dung dinh fut 2 cha
Kirchhoff cho loop, ta c6:
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Hinh 214 Vidu 2.8

R ih A fz

Hinh2.15: Vidu 2.9

luat 1 caa Kirchhoff:

u=uy +it; (2.452)

Trong d6 u, Ia hiéu dién thé qua dién trd K
vitt, | hiéu dién the qua cudn cam. Vi vy,
=iR nén: u= K+, {2.45b)

1 .
i= II” Lt (2.46)

R
Nén: u=— |, dt vu, (2.47)
L'f i i

Vidu 2.9: Xét moi quan hé cla diu ra,
hiéu dién thé u,. qua cip tu C, va ddu vao u
ctia mach nhu hinh v& 2.15

Sir dung phan tich ndt, nit B duoc 1ay
nhu 13 nat chudn va ndt A duge 18y tai dign

the v, tuong ddi so vGi B. Ap dung dinh

=5+ (2.48)
Nhung:
. H—U,
= A (2.49)
|
= j u dt (2.50)
i
= (2.51)
i
Nén:
W ju dr +cw— (2.52)

Vi ue= u, nén c6 thé viét lai 1a:

du,.

R
n= RCT+ ¢ +ZI;:(.cfr (2.53)

2.1.3.2. Sw tuong tu giira hé co va dién

Cic khéi dac trung cho hé théng co va dién o6 mot s6 diém tuong . Vi
du, dién tr& clia hé dién khong trir ma tiéu hao nang lugng . Néu dong dién /

I~
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qua dién tr¢ R, i=n/R. R khong doi. thi nang luong mat mdt P= w’/R. Giam
chan (phdn ti can) trong hé théng co tuong tu dién trd |, cling khong trit ma
titu hao niang lugng . V4i luc F cd moi quan hé vdi tdc do F=cv. ¢ la hing
s0. thi ning lugng tieu hao béi giam chin 13 P=¢v". Hai phuong trinh niy ¢é
hinh thie tuong tu.

Néu so sdnh cd the thiay dong dién tuong duong vdi lue, hiéu dién thé
twong duomg vai toc do, hing so ¢ twong duong véi s6 dao nghich coa dién
tr& (1/R). Cic thanh phin tuong tr khdc ¢6 thé so sdnh 1d xo vdi cudn cim va
khot lugng vé tu.

2.1.4. Khéi ddc trung cho hé théng thuy,, khi

He thdng thuy khi ¢é 3 khoi
Déu vao Khdi’déc trung Dau ra dac oung co ban, cé thé coi la
buu tuong HE thong thuy,khil - Chénh léch 4p tuong duong véi dién trd. cudn

cam va tu dién trong hé thong

Hinh 2.16: Vidy dien. Mot hé thong nhu vay

(hinh 2.16), diau vdo, tuong

duong vai dong dién, i luu lugng dong ¢, va dau ra, tuong duong véi hiéu

dién thé, 14 chénh léch dp (p,-p.). Hé théng thuy khi ¢6 thé 12 hé thuy luc,

chat dan luu la dong chat long, khong ¢6 kha niang nén hodc 13 hé khi nén,
chdt din luu 12 13 khi. ¢6 thé nén nén c6 thé thay doi ti trong.

Hé thing thuy luc

Tro thuy lue (hydraulic resistance), R la ste cian doi véi dong chdy, xdy
ra khi chit 16ng chay qua cdc van hoiic qua dng ¢6 dutmg kinh thay doi
(hinh 2.17). M&i quan hé gifa luu luong theo thé tich ¢ qua thanh phan trd
va chénh léch dp tao ra (p,-p.) la:

p,-p- =Ry (2.54)
trong d6 R 12 hing s6 goi 12 trd thuy hyc. Trd thiy luc cang cao thi chénh
1éch dp cang cao doi véi mot téc do dong cho trude. Trd thuy luc tuyén tinh
sinh ra & dong chiy tang qua cdc 6ng mao din va cdc ddu ong ¢6 chita céc 16
nhé 1i ti {porous plugs), con tré khong tuyén tinh xdy ra & céc 16 ¢6 canh
sic hodc dong chay rdi.

Ap nang thuy hee (hydraulic capacitance) 13 thuidt ngit miéu ta su trit
nang luong v6i mot chat 1ong, dudi dang thé niang. Chiéu cao chat long
trong thung chita (hinh 2.18) /1 goi 1a ¢gt dp (pressure head), [h mot dang du
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trit nang luong nhu thé. Doi voi su du trit
ny. téc do thay doi thé tich V trong

f v 1 e R e
P thung, tic V/dr bang chénh léch gifa
AT o e e i
_ — cic Jua fugng theo the tich cua chdt long
vao thiing ¢, va roi thung ¢,.
Hinh 2.17 :Vi du tr¢ khang thuy lyc g ¢, =dVidt (2.55)
Nhung V=Ah, A la ti€t dién ngang
~\ -t thing chia, h- chiéu cao cot chat
—\la, Wt st ngong ct Emg: da chiéu cao c¢o
o ] fong nén:
d{Al dit
g —q. = L2 4202 s6)
h dt dt
P e, Véi chénh léch dp gifta diu ra va

ddu vao la p, p=hpg. p- t trong chat
long, g- gia toc trong trudng, gia thiét
~ chat 1éng khong nén dugce, tdc ti frong
chit long khong thay doi theo dp suat, ta c6:

:Ad(Pf'.Og) _Adp

Hinh 2.18: Ap nang thuy luc
{Hy draulic capacitance)

4, = (- (2.57)
Wi dt e dl
ap ndng C duge xdc dinh 1.
C= A (2.58)
g
viét lai :
D.i?'n tich tiét dp
/ﬂeﬂ ngang A G4, — 4, = —(—f? (2.59)
FiapA Khéi luvgng m F,2p,A Tich phan phuong trinh trén , ta co:
1
p= Ej(ql — g, )t (2.60)
L ] Thuy nang (hydrauwlic inertance)
Hink 2,19 Thuy néing ¢ y nghia tuong duong var cudn cam

trong hé thong dién hoac 16 xo trong hé
théng co. PE tang t6¢ dong chit 1ong can ¢6 mét fyc tac dong lén khai chat
long i (hinh 2.19), luc téng tdc dong vdo chat long 1a:

F.-F=p,A-p.-A=(p,;-p.)A (2.61)



Trong do: p;-p, 1a chénh léch dp: A la tiét dién ngang . Luc tong nay
tang toc chat long vdi gia tde a:
(pe-p-) A=mi (2.62)
a= dvidi nén:
(12,-p 0 A=nidvide ) (2.63)
Do khéi chit long nay <o thé tich biing AL, véi L - chiéu dai ctia khai
hoac i khodng cich gitta hai diém trong chat 1ong, noi do dp suit p, va p..
Néu chit long ¢6 ti trong riéng p thi m=ALp , nhu vay :

l: r
{(p —-paA=ALp «r (2.64)
) dt
Luu lugng theo thé tich cua dong ¢g=Av nén:
(pl'—pu)ﬁ;:L,(Jdi (2.65)
i el
(p,—p-)IA= f(—k‘i (2.60)
) ) di
O day / 12 thity nang , duge xic dinh la:
=12 (2.67)
A

Hé thong khi nén
He thong khi nén ¢ 3 khéi diic trung nea hé théng thity lue, dé la: tro,
dp nang khi nén vl khi nang. Khic véi chit long, khi cé thé nén nén su
thay d6i dp sudit 8 kéo theo sy thay doi thé tich va ti trong. Tro khi nén R
(pneumatic resistance) duge xic dinh trong thinh phan cua cong thite (2.66),
thé hi¢n moi quan hé véi fuu lugng theo trong khai caa dong r vi chénh
lech ap (p,-p-):
P, P, = Rm (2.68)
Ap nang khi C (pneumatic capacitance) 1 do tinh nén duge cua khi. ¢é
thé so sdnh tvang t véi nén [0 xo dé nap nang lugng. Néu ¢6 luu lwong theo
trong khoi cua dong i, vao thing chia khéi lugng V vy rir, roi thiing, thi
toc do thay doi trong khéi trong thiing i (i, — s, ). N&u khi trong thiing ¢é

ty trong p, thi téc do thay d6i khéi luong trong thiing 1 :



d{pV)

Hy =, = (2.69)
- dt
Nhimg do khi ¢6 thé nén duge, p va V ¢6 thé thay d6i vai thai gian, nén:
: . v ip
iy, —iin, = p v 2 (2.70)
; dr dt

Nhung( ¥ /dt)=(dV idp)itdpidt) va doi véi khi H twong pV=mRT suy ra
p=(miV JRT=pRT va dpldt=(1IRT )(dp/dn). kht dé:
. . (A Vod
m, — M, :,()(——(-E—Jr-—-g (2.71)
i dp di RT dt
Trong d6 R 1a hing s¢ khi va T la nhict do duoc thita rhim 1 bat bién
theo thang Kelvin, Nhu vay:
: . dV dV
ny, =i, =(p @ + l(—)Er£ (2.72)
i dp  RT dt
Ap ning khi do ¢ su thay d6i trong khoi lugng khi chia trong thung ,
C, dugc xdc dinh la:

C,=p (dVidi) (2.73)
Va dp nang khi do tinh nén duoc cia khi, C; [a:
€=~ (2.74)
- RT
Nén sty =ity ={C, +C1)£"-'!3 (2.75)
) Tt
Hoic: Yy — P, = : I(rir — it )t (2.76)
e =P C.+C. i 2 .

Khi nang 1 thé hién sy giam dp can thi€t dé tang t6¢ mot khot khi.
Theo dinh luat 2 Newton, luc tong ma=d(nm)/dt. Do lue dugce tao boi chénh
1ech dp (p,-p,). thi n€u A la tiét dién ngang khéi khi tang toc di qua. ta co:

dmv}

(p, - p.)A= 2.77)

di
Do m= pLA (p 13 ti trong khi, m 12 khoi lugng Khi dang tang toc, L 1a
chidu dii cia khoi khi dang tang t06c) va vi luu Tugng theo thé tich ctia dong
¢=Av v6i v 1a toc do nén:

n = ,()L/l% = g (2.78)
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Vi viy:

(p=p)A= Lﬂ{ﬂ
dt
Nhung = g . nen:

; L dim

P m——

! T Adr
dnit
7 - P = f-—
di

Trong (2.81) { I khi ning duwoc xdic dinh bing:

I=L/A

(2.79)

(2.80)

(2.81)

(2.82)

Bang 2.3 th¢ hién cdc dic tinh o bin coa cic khoi dac trung cho thay
Iue va khi nén. Luu lugng theo theo the tich cii dong doi vai thiy luc vi
fuv lugng theo trong khéi d6i véi khi nén [ twong tu véi dong dién, chénh
lech dp tuong wr véi hiey dien the trong mgt h¢ théng dien. So sénh véi hang
2.2 &p nang va thuy/khi nang cta thity Iye vit khi nén I3 nhitmg thianh phan
trir ning luong, trg thuy lye/ khi nén déu tieu hao nang fugng .

Bang 2.3 : Cac khdi daic trung cho khi nén va thily lue

Khoi dae trung [

Plucong trinh niiéu 1d

Nang lvong tritl tiéu hao

Thuy lue

Thuy niing

Ap niing khf nén
(capacitance)
Tro

(resistance)

m= C——~———~d(P[ —P)
eft

PP

=

]
=—1{p, —pdt E=—1y
(Inertance) o LJ.(/' P2l 2
Ap nzlr.lg thuy Iuc e di(p, - ps) . %C(m o
(Capacitance) i 2
Trov i~ P
i — P=—(p —ps)
(resistance) TR Pt
Khi nén
Khi nang ] r
(Inertance) m= —IjJ.(Pu = py)dt EhE Im
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Xay dung mo hinlt cho hé thong thuy/khi

Hinh 2.20 thé hién mot hé thang thuy

"_WL\! "@".d:'r?‘;nng iuc don gian,-dong chal long vio (¢g,) va ra
v (¢/>) khdi mot thiing chida. He thong niy gom:

b I thing chita, chat ong trong thiing va mét
=TS = trér 1a van. Thuy nang ¢6 the duge bd qua do

toe do dong thay déi rat cham. Do véi thiing
Hinh 2.20 - Hé théng chatldng  nity, ta ¢6 thé viét:

dp
g -q.=CL (283

Trédo co g din i
hep A Toe do chit 1ong roi thing ¢.. biing 10¢

e et S do ra khoi van. Viy d6i véi tror
P ry =Ry, (2.84)
= Chénh léch dp (p,-p.) [a dp sudl p duge
Chuyén vi,x

. o . tao b chiu cao cua chit long trong thung,
Hinh2 21 . Hé thong Thuy lurc R e . R
va p=hpg. Thay gid tri cua ¢, va p vao

phuong trinh (2.83), ta co:

_hpg c dihpg)
R it

(2.85)

i

Vavi C=Alpg
. di ih
nén: ¢, =f'1—l+—-’0‘g
d R
Phuong trinh (2.86) miéu ta chiéu cao clia ¢4t chat long trong thing phu
thude vao tdc do viao thing cha chit long.

(2.86)

Vidy 2.10: Hinh 2.21 thé hién hé khi nén. Trd tao nen boi duong hep
khi qua, quyét dinh t6¢ do khi vdo ong, dp nang khi dugc ¢dp boi chinh
ong xép. Khi nang cé thé bd qua vi 16¢ d¢ thay doi dong et cham. Luu
lugng theo trong khdi cila dong rirvito 6ng xép duge cho bdi :

prp, =R (2.87)

V6i p, 12 dp sudt trude khi vio 181 hep va p, 1a dp sau d6 (tice 1a dp trong
Sng xép). Tat ci khi vio dng xép, duge luu trong dd, khong ¢6 duong ra khoi
ong. Ap nang khi clia ong x€p dugce cho bdi:



d,

i
[f

I

iy =, =10+ ) (2.88)

s 10 te do cia dong cho boi phuong trich (2.87) va vi dng xép khong ¢6

dutmg thodt nén w1, =0 | thay vio (2.88) ta ¢6:

PPt C,)dpf (2.89)
Tt
Hay: p, = R(C, +C:)“I";l + s (2.90)
¢t )

(2.90) la cong thiic miéu td &p sudt bén trong 6ng x€p, p, thay doi theo ham
thon gian khi ¢6 diu vao ladp p,.

6ng x€p ¢o hodc dan phu thugc vao dp sudt thay doi bén trong né. Nhu
thé dng x&p ¢d dang cha mot [0 xo, ¢6 thé viet lai : F=ky, mdi guan he gita
lue gay din/ nén |, dua dén dich chuyén v, vai & 12 hing $6 co gidn cia ong
xép. Luc F phu thudc vio dp suit p., v&i p.=F/A, A ia ti€t dién ngang cua
&ng x&p, vi pA=F=ky. Thay p, vao cong thite (2.90}, ta co:
kode &k

) =RC +C)——+ —x (2.91)
b ] 'Jf‘. dr A

Cong thitc (2.91) 14 dao ham bac 1, miéu ta thay doi khoang gifin /nén x
clia Ong x€&p trong khodng thoi gian ¢+ khi dau vio 13 dp p,. Ap ndang khi C, do
thay dét khai lugng thing chita K pdVidp, vido V=Axnén C, = pAdyidp.,.
Nhung déi véi ong xép p.A=kx, nén:

S

O = pA—t___PA (2.92)
diky/ A) k

C, 12 dp nang khi do tinh nén duge cua khi :
C, =V/IRT = AxIRT (2.93)
- Vi du 2.11: Hinh
—jm-ﬁ‘?' Tf“'iﬁ." Ay rf‘ ién A, 2.22 thé hién hé théng
thuy luc minh hoa moi
Ay hy quan hé chitu cao cdt
e & — 4  chat 1ong trong hai binh
3 R, Z Ry ~ chita thay d6i véi thoi
Hink 2.22+ Vi du 2.1 gian, Trong mo hinh nay,
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bo qua thuy nang.

Trong thing 1 :

d .
G -g,=CL (2.94)
dt
Vi p=hpe va C,=A,/pg, nén:
dh
4~y =A—- (2.95)
i

T&c do dong thuy khi roi thiing g, bing téc do rdi van R,. Nhu vay dai
Vi trd:

pip: = Riq: (2.96)
Vi p,= hpgvap.=hhpg,
Nén : (h,-h-) pe=Rq, (2.97)

Sir dung gid tri cua ¢, cho béi phuong trinh (2.97) thay vao phuong trinh
(2.95) va (2.96), ta cd:
_ -h.)pg _ A]@L
R, dt
Phuong trinh (2.98) miéu 14 su thay d6i chiéu cao clia chat long trong thiing
1 phu thudc vio toc do dong vao.

(2.98)

P61 vdi thung 2, cdc phuong trinh thu duge tuong tu:

g+ =g, =C, 4 (2.99)
Tt
Véi p=h.pg vai C,=A./pg ti db:
dh.
G — g, = A, (2.100)
o dt

Téc do chat 1ong roi thang chita, g, bing véi t6c do né roi khoi van R,
Nhur vay doi véi trg (van):

Gia thiét chat 1ong thodt ra khi quyén. Thay gid tri q, cho boi phuong
trinh (2.101) vao cong thite (2.99) va (2.100) ta cé:
_apg - A dh,

R, T odt

4, (2.102)

31



Thay ¢, trong (2.102) bing cic gid tri cho boi cic phuong trinh chuyén
hod tir cic hidu thite cho thung 1:

Uy —hodpe hopr | dhy (2.103)
K R,

Phuong trinh (2.103) micu sy thay doi cua cot chan fong trong thing 2.
2.1.5. Cdc khéi dac trung nhiét

Kirdi dac trung cho he thong nhiét ¢6: nhict tro (thermmal resistance} vi
nhiet dung (thermal capacitance). Gida hai diém néu ¢é chénh léch nhict <&
¢o mot dong nhiét. Hien twong nay (wong duong vor mach dicn co dong 4
aittn hai dicm néu ¢6 mot chénh [¢eh dién dp u gifra ching. M1 quan he
it dong dién v chenh léch dign dp L =R (R 1 dien tro gitta ciac diem)
Moi quan he trong e duge st dung dé xic dinh nfiér oro RONEu g lactoe do

chaa dong nhiet, (F,-1. 4, I chénh léch nhiét, khi d6
g="oh (2.104)

I -

Gid tri cua (00 phu thuce vio phuong thiie truyén nhigl Trong truong
feip raeven it gra mot chiat ran, truvén mot clici, taeo:

T -T
g = Ak ———= (2.10%)

Fromg ¢4 A — GECdién nhiét truyén qua ; L- khoding cdch gilta hai diém
var Léw tai Jo nhi¢t do duoe T, v T,k - hé s6 din nhiét. Nhu vy, trong
plhes g thie truvén nhiét nin

R=-t (2.106)
Ak
Nén phutong thive truvén nhiér ia doi aa, nlne khi va mede, We do:
g=AlT.-T,) (2.107)

Vi A L dign tich bé mat ¢6 chénh iech nhiét, 1 [a hé sG truyén nhiét.
Nhu viy, v&i phuong thife truyén nhiét niy:
R=-t (2.108)
Al
Nldt deng L dai leong dinb gid sy luu nhiét luong bén trong (nd1 nang)
mat hé théng, Néu t6e do ludng nhigt vio hé thong [4 ¢, v toc do ra 1 ¢,
thi:



Tov do thay doi noi ndng =¢ - - (2.109;
Su thay déi nang luong hén trong. ¢6 nghia la ¢é sy thay doi nhiét | do:
Thay doi noi nang =me x thay doi trong nhiét do (2.1
Véi m- khoi luong., ¢- nhiét dung rigng , khi da:
Toe do thav doi ngi ndang =me X toc do thay doi nhiét do (2.111)
dr

Vivay ¢, — ¢, = He— (2.112)
i dt
Trong dé dT/dr ¥ toc do thay doi nhict. Cong thiie nay ¢o thé viét jui :
dr
g, —¢, = C— (2.113)
- dt

C Ti nhiét dung . C=me. Bing 2.5 thé hién tong ket cua cic khoi dac
tirung cho hé thong nhigt

Bang 2.3 Cic khaéi dac trung nhict

Khoi deie u‘r;‘.n-,q Cong e - ‘ Ning hr(;'n:ﬁ,; lirn J
" Nhiét dung B dr v
| Lo g, =g, =C— E=C1
‘ {Capacitance) : dt
Nhiét tré T, -T, | ’
: ¢ =—
(Resistance) | R |

Xdy dung mo hinh cho hé thong nhiét
Xét mot nhiét k& ¢6 nhi¢t do T, nhing vao mot chit long ¢é nhiét do T,
(hinh 2.23). N&u tro nhiét déi nguoc tir dong dén nhiét k& [a R, thi:

T, -1

|1] g =+ (2.114)
S R g
| + T e rong d6 ¢ 12 toe do dong nhiét tir chat long den
} ]‘. nhiet k& € 14 nhiét dung cua nhiét k& xde dinh
' bai

: . dr

Hinh 2.23 Hé thong nhiét 4 -4, =C— (2.115)

Vi chi ¢c6 mdi mot dong nhiét tir chit 1ong dén
nhiét k€ nén ¢,=qg va ¢,=0. uic:
(T
g=C (2.116)
dt
Thay thé gid tri ¢ &(2.116) vao (2.114) ta duge :
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T T, -T
Cola it (2.117)
dt R
Chuyén doi lai , tacé:
dr
RC—+T =T, (2.1138)
dt ’
Phuong trinh (2.118) li dao ham bic 1. miéu td sy thay doi cla nhi¢t do
vai that gian khi nhiét k¢ duge nhidng vao mét chat 1ong ndng.

O hé thdng nhiét néu trén , cac tham s& dugc xem nhu gop lai, tire nhiét
k& thé hién chi ¢co mdt nhiét do, chinh 1a nhiét do coa chat long. C6 nghia,
nhiét ¢o chi [a hivn cha thdi gian chi khong cua

T a1 ' A

10% vi tri trong vat the.

] Vidi 27.72: hinh 2.24 thé hién mot hé thdng
[ T

. nhiét- 10 sudi dién trong mot cian phong . Lo sudi
l\/\h phit nhiét lugng véi toc do ¢, va nhiét mat cua cén
phong véi t6c do ¢.. Ta chip nhian khong khi

Hinh 2.24: Vidy 21.12  trong phong 14 nhu nhau o nhiét doé T va khong ¢o

trif nhiét trong tudng. Hiy xem xét nhiét do cua
can phong s& thay doi nhu thé ndo vdi thoi gian.

+ NE&u khong khi trong trong phong cé nhiét dung C, thi:

LdT
g — g, =C— (2.119)
h= dt
+ Néu nhiét do trong phong 13 T vi phia ngoil phong la T, thi
r-T
(. = it (2.120)
S
( day R la tros khdng cla tudng. Thay vio ¢, & (2.119)
T-T dT
-t =C— (2.121)
i R dt
Nén: RC%I-+T=R(;I +7, (2.122)
ot

2.2. CAC MO HINH HE THONG
2.2.1. Cdc hé théng ky thuat

Trong muc?.1 cic khéi dic trung co bin cho hé co tinh tién, ¢o chuyén
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at

\NO |

Wing
b tuy@n tinh

Hinh 2.25:1.6 xo
a)litwong  b)Thuc

dong quay tron, dién, thay luc, nhiét dd duoc
xemn xét riéng 1¢. Trong thuc t€, cdc he thong co
dién tir {4 nhimg hé théng da thanh phan, vi du.
mot dong co dién ¢6 ¢d thinh phan co va dién.
Nhir vty cdc khoi dic tnmg dugce ket hop thanh
cdc he theng da “linh vue”. Cic k€t hop nay
duge thue hién véi gia thiet 1 ¢6 moi quan he
tuyén tinh, Thyc t€, nhi¢u hé thong co mdi
quan hé khong tuyén tinh, tuy nhién ta ¢6 thé
st dung phép xap x1 tuyén tinh cho nhing hé
thong nhu vay.
2.2.1.1. Tuyén tinh

MGi quan hé gilta luc F va do gidn x sinh
bdi mot 10 xo 17 twdng {3 tuyén tinh va duge cho
b F=kx, ¢6 nghia lyc F,s€ gly gidn doan v,
F, s& tao doan din x, va mot luc bing (F,+F.)

s& gay din {x,+x,). B6 got 1a nguyén téic cong, la diéu Kién cin cho mot hg
théng duge goi [a tyéhn inh. Mot dieu kién nita cho hé théng tuyén la néu

¥
o - —
Hinh 2.26: Quan hé khing
tuyén tinh
P
q
me [
24P F)
¢ Py — Py}

Hinh2.27: Dong qua 16 hep

¢6 mot diu vio- hge £, tao gilin x; thi mot diu
vio ¢F, & tao nén mot dau ra cx,, voi ¢ Ta hing
sa. D thi quan hé cua fye véi do din x la mot
dudng thing di qua géc (hinh 2.25a).

Thuc t€, 10 xo ciing nhu cidc thanh phin
cau tao khic khong phai 1a tuyén tinh If tuong
(hinh 2.25b). Thuong ching cé mot ving hoat
dong ¢6 thé cho la theo quan hé tuyén tinh
(hinh 2.25b). Dai vai 10 xo, phan tuyén tinh
duge thita nhan 12 viing gilta cda d6 thi. D61 voi
nhiéu thanh phdn ctia he théng, c6 the duge
chdp nhan tinh tuyén tinh trong mot pham vi
gid tri cia cdc bién quanh mot s6 diém hoat
dong.

Mot s6 thanh phan hé théng ¢6 moi quan
he¢ 1h khong tuyén tinh (non- linear), (hinh

2.26). Trong trudmg hop niy, cdch 16t nhit dé ¢é duge méi quan hé tuyén
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tinh 14 tuy€n tinh hod thong qua dudng thing tiép tuyén véi do thi tai diem
hoat donge. Quan hé v va x (hinh 2.26). tai diém hoat dong P, do doc m i
Av=mAx (2.123)
Trong d6 Av v Ay 1a nhimng thay doi nho trong tin hi¢u dau véio va dau
ra tai diem hoat dong.

Vidy 2.73: toc do chay cha dong chét 1ong ¢ qua mot 16 duge cho [a:

——
q= {-:;AJi‘-‘}f—:) (2.124)

Trong d6 C,- 1a hing s8, hé s8 chay. A 1§t dién cta 19, p- ti trong cua
chéit 1dng.(p,-p») - chénh lech dp, DSi véi A vt p khong doi, cong thic ¢6 the
viet lai la:

G=C\lp — Py (2.125)
C 12 hing s6 . (2.125) 1a moi quan hé khong tuyén tinh gitta t6c do dong
chiy va chénh léch dp. C6 thé ¢6 duge mdi quan hé tuyeén tinh  khi xet
dudmg thing thé hien do ddc cia e do dong/ chénh iéch dp (d6 thi hinh
2.27) tai diém céng téc. Do doc m 1a dgld(p,-p,) v c6 gid tri:
dq C

" dip, - p;) 24Py — Pz

G day (p,,-pe-) 12 gid tri tai diém hoat dong. DGi vai céc thay déi nho

quanh diém cong tac, ¢6 thé thay d6 thi khong tuy€n tinh bang dudng thing

do déc m , nhu vy ¢6 thé viét m=Ag/A(p,-p-) , do vay:

Ag=mA(p,-p.) {2.127a)

Néu c6 C=2n'lslkPa— q=2(p,p»), néu O diém hoat ddng (p;-

py)=4kPa véi m=2/(2/4 }=0.5 ; tuyén tinh hod, phuong trinh ¢6 thé viet fa:

Ag=0.5 Alp,-ps) (2.127h)

Tren day 1a van dé dong chay qua 13 cé tiét di¢n khong doi, Néu nhu

dong chiy qua van diéu chinh (tiét dién ngang cua van dugc diéu chinh dé
thay déi t6c do dong chay). vdn dé s& khic. Trong trudmg hop nay

g=CAJp,—p, (2.128)

Do ci A va (p,-p,) déu c6 thé thay ddi, phai tuyén tinh hod phuong trinh

khi mot hay ca hai bién thay ddi. Nho nguyén 1i xép chong, ta ¢d thé xem

(2.126)
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xé1 trudng hop cdce bién thay d6i doc 1ap. Sau d6 cong hai két qua dé ¢6 duge
phuong trinh cho truong hop cd hai thay d6i, Nhu vay déi vdi cic thay doi
quanh diém cong tic, cac doe cha do thi ¢ doi véi A s& 1a:

dg .
m, = d_/ic Pu— P (2.129)

Vi Ag=n1,AA (chi s6 o duoce sir dung dé hién thi cdc gid tri tai diém hout
dong) . Bai vai d6 thi, quan hé ¢ ddi vdi (p,-p,):

1”1 = dq = CA[] (2'130)
d(ﬁ] - .Dz) 2 Par = Pz

Vi vay Ag=nt,A(p,-p-) . Tuyén tinh hod khi ca hai bién ¢6 thé thay doi
sé Ia:
Aq =nt, AA+nAlp,-ps) (2.131)
Cic m6 hinh todn hoc tuyén tinh hod duge sir dung vi phan lon k§ thuat
¢la cic hé théng di¢u khién dua trén méi quan hé ¢d su tuyén tinh hod cho
céc thanh phén clia h¢ thong, Do da s& cdc bo diéu khién gilr ddu ra bang
v8i mot gid tri tham chicu, cdc thay déi so véi gid tri ndy thudong nho, nén
mo hinh tuyén tinh hod sir dung rat thich hop. ’
Vidu2.14.: dé minh hoa trudng hop trén, xét mot thermistor su dung dé
do nhiét trong mot hé théng diéu khién . M&i quan hé giita trd R cha

thermistor va nhiét do T cta né 1i: R= ke’

C6 thé tuyén tinh hod phuong trinh ndy quanh diém hoat dong T,: do
doc m cua biéu d R-T tai diém hoat dong T, dugc cho bai dR/AT, nhu vay:

m= dar = —fece (2.132)
el
Nén :
AR=mAT=( - kce "}y AT (2.133)

2.2.2. Hé théng quay- tinh tién

Cé nhiéu co ciu co khi d€ bién déi chuyén dong quay thanh tinh tién
hoac ngugc lai. Vi du nhu binh rang—thanh rang, truc véi vit me dén, puli va
hé thong cédp, v..v.

Dé phan tich cac hé thong nhu vay, xét mot hé théng bdnh ring- thanh
rang(hinh 2.28), chuyén déng quay cha banh rang dugc chuyén thanh tinh
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dduvio;

Sonenr. Bénh fng tien cua  thanh  ring.
mé Trude hét xét binh rang.
Daura;mmrenT_,., . ~ . ‘
Momen hitu  ich tdc
D::u . dong 1én bdnh rang Ia
t, v
e T.,-T bo ua
Bdn kinh r ( f‘“’ “I) . ( . \q f
momen thanh phan i va
Thanh ving giam chéin); _
e e
‘ oL 5 oo To=1— (2.134)
Hinh 2.28.Hé thdng banh- thanh ring di

Trong do 7 4 momen
qudn tinh cia binh rang va o 12 16c do gée ctia binh rang. Bénh ring quay
Lao nen toe do tinh tién v cda thanh rang. Néu # 14 bdn kinh banh riing, thi v=
re, ¢6 thé viét lai:

v

T\'e'm_Tm - (2 l 35)
rodt

i . < . [ . y
Tiep theo xét thanh rang. S& 6 luc F = — tic dung lén thanh ring do
¥

chuyén dong ctia banh rang. Néu c6 mot e ma sét F_= v, thi luc tOng s@
la:

Tm — v =gy ﬂ (2. l 36)
¥ ddt

Khi T, & ca hai phuong trinh (2.135, 2.136) . ta ¢

T, —rcv= (i + mr)ﬁ (2.137)
I et
Nhu vay:
T rew (2.138)
dt T+mr-

Keét qua (2.138) 1a mot phuong trinh vi phan bic mot, miéu td mai lién
quan dau ra v6i ddu vio hé thong quay-tinh tien,
2.2.3. Hé théng co dién (electromechanical)

Thi€t bi co dién nhu chiét 4p (potentiometer), dong co (motor), may phat
(generator) déu chuyén tin hiéu di¢n thanh chuyén dong quay tron va nguoc
lai. O day ta xét dé dua ra mo hinh cho cdc hé théng nhu vay.
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2.2.3.1. Chiét ap

Chiét 4p 12 dung cu chia dién dp (hinh 2.29), ¢é diu vao L chuyén dong

trom, ddu ra 1a hi¢u dién the.

hfw'\'\“\f‘\,LLLl-—!

Hinh 2.29 : Chiét ap (potentiometer)

i wWotar Tél
Dau vao
dign

a) Quay
T rusitnig 1t b
‘—h_""“"*—v-
B -._.\-.
b) [~ ——

ot day cua
cudn Ung

Hinh2.30 : Ddng co DC
a) Kéo mot tai b) Nguyén I dbng co co 50

o _ _0 (2.139)

v o0
Trong dé U 1a hiéu dién thé qua
chieu dai

1IN

toan  bd cua rdnh
potentiometer va A, la goc tong
con trugt quét qua tr mot diun muit
ranh sang ddu mat khic. Dau ra la «,

doi vii dau vao 6.
2.2.3.2. Bong co DC

Pong co dién ¢d diu vio 1a mot
hi¢u dién the, diu ra 1a chuyén dong
quay cla truc {chuyén ddi tin hiéu
dién dau vao thanh tin hiéu co diu ra
(hinh 2.30a)). Pong co ¢o ban gom
mot cudn day, cudn phan tng quay
tr do . Cudn nady dugc dit trong mot
truomg . duge tao nén boi dong
dién qua cdc cudn truong. Khi mot
dong dién i, qua cuon tng. do tic
dung cta tur trudng, tao ra cdc luc tac
dung 1én cudn day. lam roto quay
(hinh 2.30b). Luc F tic dung 1én day

c6 dong dién i, , chidu ddi L, trong trudng tit ¢ mit do thong luong B tai

ciic gée vuong vai day, duve cho bai:

F=Bi L
Vai N day:

F=NBi L

(2.140)

(2.141)

Céc luc trén cuon 161 tao thanh momen T: T=Fh , b 12 bé rong cua cudn

day. nén:

T=NBi Lb

(2.142)
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Momen tong nay ti 1é véi (Bi ), cac thong s6 khdc trong (2.142)khong

d6i nén ¢6 thé viét lai:
T=kBi, (2.143)
Do 161 la mat cudn quay trong Hr tredng, s& gay ra mot dién dp nhar 1 hé
qué cla cam tng dién tir. Dién dp nay theo hudng nguge véi thay doi sinh
ra nd, goi 1a sic dién dong nguoce (back e.m.f). Stre dién dong nguoce u, nay,
ti 1& thuan véi tdc do quay cta phan tng va thong lugng duge két ndi hoi

cudn day, mat do thong lugng ta B, thi:

tng cam Trong d6 w 12 toc do gbée clha truc va £, la
mot hang 0.
Xét mot dong co DC. cé cudn 181 (phan
Hinh 2.31: DC kich hoat riéng img) va cudn trudng (cudn
cam) kich riéng 1¢ (xem
: hinh 2.31). Pong ¢o duoc
L R, goi 1a diéu khién phdn ting
, e — {armature —controlled
' 1 motor} khi dong co co
u v * -~ . - a2 . P
‘e ° Mach cudn cam dong dién cudn cam ¢, gilf
Fieid circui e I
cO dinh; dieu khién dong
Mach phén tng . co thyc hién bing dicu
Armature circuit Tai . ) ., N ..
Load chinh dién dp phan tng v,

Dong dién cudn cidm co

Hinh 2.32 : Mach dgng co DC dinh déng nghia mat do

thong lugng B ¢ dinh cho cudn 18i. Nhu viy:
u, =k Bw=k,w (2.145)
O day k, 12 mot hing s6. Mach phan tng c6 thé xem la mét tr¢ R, ndi
ti€p vdi cuén cam L, (hinh 2.32). N&u u, 12 dién dp cla mach phin tng, do
€6 sitc dién dong nguge (back e.m.f) v, ta cd:

di .
u,—u, =L, % +R,i, (2.146)
't

Cic thanh phan cta phuong trinh (2.146) c6 thé thé hién theo biéu dd
hinh 2.33(a). Ddu vao hé théng dong co 1a u, , duge cong v6i tin higu phan
héi (nfc sudt dien dong e.m.f nguoc) u, dé thanh mot tin hiéu sai léch (u,-u,)-
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ddu vao mach phdn dng . Phuong trinh (2.146 ) miéu ta m&i quan hé giia
dau vao- tin hiéu sai léch vao cudn 181 va ddu ra- dong dién cuon 16t i, Thay

u, boi v€ trai cia (2.145) ta ¢6:
di _
u,—kw=L —“+R i (2.147)
‘ dt

Dong /, trong 161 sinh moémen T. D6i vdi dong co diéu khién phén ttng, B

1A mot hang, ta ¢6:
T=ka';ri=f\'J';u (2‘148)
tey =ty = .’”-:h—+ Ri, T=hi, !dm! Tt -
. T tlat
L. 1T Quay
"o CubN 16 - Tai Uy b
em
Cam {mg
) di, . iy 5
”I = Rr.'r + Lf _|.|- T:kﬁl:l f—n-—v =f - ohl, Taf
ar e Quay

U,
Mach phan |_] N N
— ] ‘C_-m[: Cuon 161 > Tai

Hinh2.33 : Béng co DC
a) Dibu khién dong tng b) Diéu khién truong
Trong d6 k, - hing $6 . MOmen niy trd thanh ddu vio cla hé thang chiu tai
(load system). Momen hitu ich tic dung 1én tdi la:
Mdamen It ich =T- momen can (2.149)
Momen can bing cew. (¢ 1a hang s6) . Néu bo qua moi tic dong do tinh din

hoi xoan clia truc ta cé;
Momen it ich =kj - co (2.150)
Maomen nay gay ra gia toc goc dwy/de, nén
w
lizk,,lﬁ—cw (2.151)

et
Ta ¢6 hai phuong trinh miéu ta diéu kién cho dong cd diéu khién phin (ng,

li:
di
u, ~ko=L 2+ Ri a1t —cw (2.152)
' dr dt
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T phuirong trinh (2.152), ¢6 thé thu duoce cic phuong trinh guan hé dau
ra, @ véi ddu viw. u, cta hé theng khi khir 1. (xem them phian 4,1.1 vé
chuyén doi Laplace).

Bong ca diéun khicn phdn cdm (field controlled motor): dong phin dng 1,
duge gitr ¢o dinh vi dong co duge diéu khign bang cich thay déi dién dp
mach cuon cam. Mach nay (hinh 2.32 ) chi yéu g6m cuon cam L, nd1 tiep
voi ror R, Trong mach do:

(!'.'I

W, =Ri AL, o (2.153)
' L ot

(6 the xét mot dong o diéu khién 161 véi cde thanh phan theo so do
hinh 2.43b: dau vivo h¢ thong 1d u, mach cuon cam bien doi di¢n dp thanh
dong 7, . moi quan hé v, vivi, duge thé hién o phuong trinh (2.153). Dong niy
din dén sinh mot trudng 1 . tao moémen T tic dong lén cuon 16t T'=4,B1
Do B 11 1¢ thuin véi dong cim i, va i, khong d6i. nén:

I'=k,Bi =k, (2.154)

ks [ hing s& . Momen diu ra duge hé thong tii chuyén thanh t6c do e
@. Nhu phuong tinh (2.149), mémen hiiu ich dong [én ti 1

Mamen hitn ich= T-mémen can (2.15%)

Momen can I co, ¢ 1 hang s6 , néu moi dnh hitdng do tinh dan héi

xoin cua truc duge bo qua thi:

Mamen lutu ich = ki, - co C(2.156)
Momen nay gay ra gia 8¢ gée doydt, nén:
de ) <
f— =kii, ~cw 2.157)
ot o
Dieu kién cho mot dong co diéu khién truding 12
di, /
£ da ;
i, =R+ L, — va i —=ki, —cw {2158}
ddt dt 7

2.2.4. Hé théng co -thuy luc

H¢ thng co- thuy luc chuyén déi tin hiéu thay lyc thanh tin hiéu chuyén
dong tinh tién hogc chuyén dong quay tron vd nguge lai. Vi du, chuyén
dong cua piston trong xilanh i két qua clia dp sut thay Iue khi ¢6 i
chuyén déi dp thuy lyc- ddu vio hé théing thanh chuyén dong tinh tién- diu
ra.
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. 5 2 &
véhinh  (&p VE hinh Hinh 2.34 the
P Ps P hién mét hé thong
thuy lie @ dau vio

iy vag

| i 14 chuyén vi x,, sau
X) =

khi qua hé thong,
' q//——\\q | chuyé:n thanh
chuyén vi x,cla tai.

Hé thong bao gébm

Xilaah

mot van  ong  va
Digntfcha  Piston mot xt fanh. Dau

vilo- chuyén vi x,
Hinh 2.34 He thng thiy e va tai vé phia trii tao boi
ap cap p, lam chat
[6ng chay vé mat trdi cha xi lanh, ddy piston trong xilanh vé phia phai vi day
nudc & mit bén phai caa khoang qua clra ra tai mat phai cua van ong, Tac
do cua dong chat long chay vao va ra khoi khoang phu thude vio  dd mdad
rong cong, cho phép dong chat long vao hode roi van . Khi dau vao- dich
chuyén x, & bén phii van dng 1am chat long chuyén dong vé muit phii cua xi
lanh, tao nén chuyén dong piston vé phia tréi.

Téc dd dong ¢ qua 18 (1 cde ¢dng trong van 6ng) 12 quan hé khong
tuyén tinh, phu thuoe vio chénh 1éch dp giita hai mat vi tiét dién A cta 6.
Ta ¢6 thé sit dung tuyén hoa phuong trinh (xem 2.2, 1);

Ag= n, AA+m. M chénh téch dp) (2.159)

Trong d6 m, va m, li hing 6 tai diém lam viéc. Trong khoang, chénh
lech dp tai ddu vio 1A (pep,). tai cong ra la (p.-p,). Néu diém cong tic,
quanh né phuong trinh duge tuyén tinh hod, 1a diém ma tai dé van Gng ndm
gilta vt cdc cong noi nd vai xilanh déu dong, thi ¢=0 vil Ag=g.: A i 1& vGi
néu v, dugc do tlr vi tri gifta, v su thay doi &p & phia mat vdo piston 13 -4p,,
tuong quan véi pg, v @ phia ra Ap, twong quan véi p,,. Nhu vay, phuong trinh
viét cho cdng vao [a:

g=nix+ms{-Ap,) (2.160)
va cho cdng ra:
¢=nxAnnAp, (2.161)
Cong 2 phuong trinh, ta co:



2g=2m,x; -0 (Ap,-Ap-) (2.162a)

g=m,x, -m, (Ap,-Ap-) {2.162b)
Trong A& m,=m./2
Dai véi xilanh, su thay doi dung tich chit Iong vao phia bén trai khoang,
hoic rai khoang ¢ phia bén phai, khi piston chuyén mot doan x, la Av,. (A [a
tél dién ngang cua piston). Nhu vay, thé tich thay doi theo toc do 1a
Afdx Jdry. Néu chit long vao bén trdi xilanh véi tac do ¢, do ¢d su 0 chit
long tr mdt nay sang mat kia piston, nén:

dx

"

g=4A +q, (2.163)

dt
g day g, Y téc do 10, Thay the ¢ boi vé trdi coa (2.162) ta co:
AN .
mx; - n (Ap-Aps)= A% +4q, (2.164)
dt
Tée do rd g, 13 luu luong qua khe ha gida piston va xilanh. DO vét mot

tiét dien ¢6 dinh ¢6 chénh lech dp (Ap,-Ap,). st dung phuong trinh tuyén
tinh hod cho dong:

¢, =mfAp,-Ap.) (2.165)
St dung phuong trinh niy thay vio ¢, 0{2.164)}:
II..
X, -mg (Ap-Ap-j= A{—;—'-‘-+ m(Ap,;-Ap,) (2.166)
dt
!_‘
nnx -y {Ap-Aps)= A% (2.167)
dr

Cheénh léch dp qua piston tao nén luc (Ap,-Ap,JA dat Ién tai. Tuy nhién
con ¢6 thanh phin cin chuyén dong. Thanh phan ndy ti 1€ véi toe do cua
khai, (dx, /dt). Nhu vay Tuc hitu fch téc dung lén i fa:

!- -
L hitu ich =(Ap,-Ap,)A- ci;T (2.163)
i
Luc ndy lam khéi luong tang 16c, (dx,/dr), nén
e 2 Ap - Ap A= P (2.169)
dr- dt

Sap x€p lai cong thite ndy, ta co:

s
mdx, ¢dx,
+ —————

Ap-Ap =22 2170
PrEE T A ( )
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St dung phuong trinh ndy dé thay vio chénh lgch dp & cong thite (2.167):

1" v AW oy .
X (i) (U T Oy e B (2171
A dt- A dt ddr
Sap x€p lai:
mims +m,) d x (i, + Ly
Whrm)dx, | g dmrm) dy, (2.172)
A et~ A ey
Dan dén:
mini, +m Iy o Ar
— . i } 4 ﬁ,, + HAg — . i ‘\_r (2. I ?3]
AT +cln, +my) dt- dt AT 4 el +ny)

Phuong trinh (2.173) ¢4 thé don gidn hod khi thay cdc hing s& bing k va
T; T duge goi 1 hang thdi gian (xem chuong3):

d*x, dy,
+

“

= [ = ke, (2.174)
i~ el

(2.171) 1a mo1 quan hé gifia diu ra va ddu vio duge thé hién dudi dang
phiuong trinh vi phin bac hai cda mot hé thdng cu- thuy lue.



CHUGNG 3. DAP UNG DONG HOC CUA CAC HE THONG

Phan tich dong hoc clia cde hé thong dé€ dy dodn va hi¢u hoat dong cua
hé thong cd thé thye hién bing mo hinh todn hoc micu i cach "img xu”
dong hoc thich hop ciia hé thong. Thong thudmg. mot mo hinh duge trinh
bay chinh xdc d¢ micu ta hoat dong lien tue hode gidn doan doi véi thist gian
cua mot hé thang.

Cic phuong trinh tuong dng chi phoi mo hinh dugc su dung de du dodn
vi hidu hoat dong dong hoc cla he thong. Thye t&, mot phan tich chit che ¢o
th¢ thue hién duge vdi nhimg md-hinh tuong dgi don gian. Thong thuong,
cdc phan tich ddp ing  dong hoc duge ¢igi han ¢ cic mo hinh bac 1 va ’)
wyén tinh, DU vay. cde gidi phdp nay di ¢6 thé cho thdy nhimg dip (ng
dong hoe dac trung cua hé thong. P6i véi cac mo hinh bic cao. khong tuyén
tinh ngiy nay di cd thé dé ding giai nho sy gitip d& cta mdy tinh.

3.1. PHAN UNG BONG HOC
3.1.1. M6 hinh hé thong dgng hoc

Mot trong nhitng chifc ning guan treng cua mot mo hinh duge phdt trién
cho hé thong do hodc diéu khién 13 ¢6 kha ning du dodn déu ra s¢ nhu the
nio déi voi mot dau vio, Nhimg vin dé nay khong thude tr utng hgp tinh.
D6 [ trudng hop sau mot khoang thot gian. khi da dat trang thiai xdc 1ap
mot diu ra x tuong itng véi mot diu vio y. Phai xem xét dau ra thay doi nhu
thé ndwo voi thot gian khi c6 sy thay ddi & dau vio hoac khi dau vao thay doi
vl thor gian.

Chuong 2 di thé hién nhitng vin dé lien qua m6 hinh hé thong dudi
dang mo hinh todn hoc. Phin nay ta s dung cde mé hinh nhu viy dé thuc

hien dy dodn cic dau ra s€ thay déi nhu thé nio theo thoi gian khi ddu vio
thay dé.

3.1.1.1. Pap ing 6 trang thai —qua dé va trang thai- xac lap
Piép tmg cia mot hé thong dicu khién dugc xem ¢6 hai thanh phan, dip
tng & trang thdai qud do (transient response) va dip (ng O trang thdi xde ldp

(steady-state response). Ddp ng o trang thdi qué do 1A phiin ddp Gng cua he
thong xdy ra khi ¢6 mot thay déi trong didu vio vd tat sau mot thoi gian
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ngan, ddp ing & tang thdi xdc 1ap 1a ddp ung gilt nguyén sau khi tit ca cic

Tr_o_ngiuc_rng
bdsung

.

lChuy gn vi

Dich chuy#in

Gia tii trusde khi
B3 sung tigny
lifgng

Gia trl traryg
thai &n dinh
Thdi gian

Hinh 3.1 Phan img ¢ trang thai qua dé
v& 6n dinh cta mot hé 16 xo

ddp dng qud do da tat.

Mot minh hoa don gidan 1a mét io
xo duge treo thang dimg (hinh 3.1),
Diéu gi s& xay ra khi cé mot trong
lugng bit ngo duge ga vao 10 xo. Do
vong cia 10 xo  dot ngd tang, sau ¢
¢6 thé dao dong cho dén sau mot
khoang thai gian, 6n dinh & mot gid tri
xdc dinh. Gid tri xde dinh 1d ddp tng &
trang thdi xdc lap cua hé thong 10 xo,
dao dong x4y ra Lrude khi dat trang thdi
xdc 1ap taddp dng qua do. Dau vao hé
thong 10 xo 1A trong lugng, dai lugng
thay d6i vai thoi gian. Cho dén mot
thai gian pio d6 khong con sy ba sung
trong lugng, lic niy dau vae mai giit.
khong ddi cho hét thoi gian con lai.
Kiéu diu vao nhu vay goi 1a dau vio

dang bic (step input), c6 do thi biéu dién nhu hinh 3.2.

Ca diu vao va diu ra déu 1a him cda thdi gian, 6 the viét dudi dang (1)
vai ki hiéu fliham va (1) mang nghia bién thai gian. Nhw vy do van trong
lrong W-diie vao heé théng 10 xo ta ¢6 thé viét Wit) va doi véi do vang d-

fit}

o t

Hinfr 3.2 :Ham béc tai =0

wit} dit)
—rr—p————] H§ thing
Trong Enuyé’n vI-
IUghy-ham hamthiw gian
thod gian

Hinh 3.3: Hé thong 1d xo

diu ra hé théng la dyt). Bieu dé khoi
ctia hé théng duge thé hién nhu hinh
33

3.1.1.2, Phuong trinh vi phan

Pé miéu td msi quan hé gitta ddu
vao vt dau ra mot hé théng ta phdi
miéu 14 moi quan hé gilta ching bang
ham cua thdi gian. Ta can dang
phuong trinh cho biét diu ra s& thay
dé6i nhu thé ndo véi thoi gian khi diu
vio thay déi. Didu ndy c6 thé thuc
hién dudgc néu su dung plong trinh
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vi phdn. Phuong trinh niy bao gom céc dao him ddi véi thoi gian, qua do
cho thone tin ve dap dng ¢ctia he thong doi voi thoi gian. Ham dx/dt miéu ta
i8¢ do x thay doi 4o vai thot glan, d° T de (dedx/do/dy thé hién sy thay doi
dx/dt van thai glan, Cle phuong 1 inh vi phan ¢6 the phan thanh phuong trinh
bac 1. bac 2 vi bic 3. v...v. phu thugc vao mite cao nhat coa dgo ham trong
phudng trinh. Doi voi nhmmﬁ trinh bac 1. mufe cua dao ham cao nhat 1
dx/dt. bace 2 1ad- “x/dt v bac 3 12 d* )/, Sau day ta s¢ xem &l ddp tng cua
cic he thang 6 mo hinh toan hoe bac 1 vivbice 2, st dung ciich tiép can gui
13 ~thar tm KEt qua -try & solution”™ dé tim ddp an. Phuong phip chuyen dot
Laplace duge giGi thicu trong phin 3.2 duoc sit dung de phan tich cac he
thang lien e doi vai (hoi gian,
3.1.2. Cdc hé théng béc 1
Vi dy 3.1 :Mot minh hoa cho hé thong bic 114 mot bé nude diéu khicn

phao (hinh 3 ). O hé thong nay, tO¢

e
do nude vao bé vi vi thé tam thay doi
ey, do cao cOt nude trong thuing 14 ham
i thoi eian, phu thudc viio chénh l&ch
2) giita chidu cao h cia nude trong thung
h v do cao H. tal do phao dong nude
1' hoin toan. tae 1oe do thay déi cot nudc
tde vai (H-hy

ah (m - (3.1)

0 - : a'f | \
b T ger tong d6 dhid 1 6¢ 4o thay dei chicu
H;n!r 24 Didu khién muc nuoc bang cao. £ 1A hing 6. Mic nudc trong
phao thung cang ting, gid tr (11- f1) cing nho,

nhu viy t0c do thay adi cot nude doi voi thoi gtan (cfhidt) cling cany nho.
Bicu dé cot nude doi voi thifi gian the hién nhu hinh3.4(b). Phuong trinh
miéu ta bigu d6 nay L

h=Hi-e™) (3.2

Tat cd cde hé thong bdce | cd dae tinh la toc do thay doi clig bién 1 ¢
thudn v chionft féc fr ¢iiva hien va gid i dai cho hién {c6 thé 14 zero). Tat
¢i ching €6 dung nghiem nhue thé hién & phuong trinh (3.2)

Vidu 3.2: Xét mot nhi¢t k& dat trong mot chat 16ng nong ¢6 nhiét o By,
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Toc do -gia tri doc trén nhi¢t k€ 6 thay déi theo thai gian, t 1€ vdi chénh
tech gitta 8 viL G, Dang phuong uinh vi phan miéu ta nhiét do cua nhiét ké
thay déi v6i thoi gian la:
6
— =k0-0,) {3.3)
ot
K 1 hing s&. Day la méi quan he dic trung coa hé théng bac 1.
D6i véi heé thong bac 1 ¢ dau vao 0 va mdt dan ra 0 ta & ¢ phuong
trinh dac trnimg cta hé thong bac 1 1a:
=90, (<" (3.4)

3.1.2.1. Phuong trinh vi phan bac 1
I Xét 1 hé thong bac 1 (hinh 3.5) vai
___.._—Y(t) Hé thong Ky o s . .
: < = vt la dau vio va () la daw ra hé thong.
¢é toc do thay doi tin hicu dan ra o 1€
Hinh3.5 : Hé thong véi (hyy-a,v), khi do phuong trinh vi
phan co dang -

a, £+a“_\, =b,¥ (3.5}
dt

SRR . Trong &6 «,, a,, b, 1 hing s0.

,
dau
Pau

: R Tin hiéu dau vao h¢ thong ¥(1) ¢6
< Theiglan

Thoi gian . thé ¢é nhidu dang . Dang thuong gip
" ANg ing g gqf

= ' - . ~ . - -
nhat la dang bac (step mput). Pay la

o~ dang khi ddu vio bat thinh linh thay

-7 Y S " g )

R // T - v déi gid tri, nhu hinh 3.6 (@). Nhimg

27T qran Thor gian dang thudng gap khdc 1a tin hi¢u dang

2 &) xune lue (impulse), déc (ramp), dang
gl p p g

, ) a tin hiéu diu vao
Hinh3.6: Cac tin higu vao  a) Bac St X““% e la\.lm _hl@u q‘” A tn?ng

. _ mot khoang thoi gian rat ngan, hinh
b} Xung luc ciDac  d) Sin R e e .

' 3.6b, tin hiéu d&c 12 dau vao hén tyc
ting. hinh 3.6¢ . ¢6 thé miéu té boi phuong trinh y=kr, vdi k 14 hiing $6. Mot
diu vio hinh sin. hinh 3.6d. ¢6 thé miéu ta la mot phuong trinh dang
y=ksiwt voi © gol la tin s6 gée vim =27 (f | tin sO).

3.1.2.2. Giai phuong trinh bac 1
Giai phuong trinh bic 1 12 phuong phép dua ra mot biéu thitc thé hién
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tryc 1i€p dau ra hay d6i nhu the nao véi thai gian, lien guan dén sy nhan
biét loai nghiém phil hop véi phuong trinh va xdc dinh nghiém do.

Xét mot phuong trinh vi phan bac | ¢6 ddu vio y(1), dau ra x() vi mot
phuong trinh vi phin ¢ dang:

dx
o, —+a,x=byy (3.6)

dt
Tin hi¢u ddu vio hé thang y(t) ¢6 thé cé nhiéu kiéu:
1. Truong hop, ddu vao bdng 0. Vi khong cé tin hiéu vao hé thong, ta khong
¢6 tin hiéu cudng bic he théng ddp tng nao khic la ddp tng tu nhién cla
16 véi diau vao 0. Khi dé phuong trinh vi phan la:

f_,
(r|:+au_r=() (3.7
dr

Ta hily thit véi nghigm dang x=Ae™: A va s 12 hing so. Khi d6 ta ¢o
dvfdt=sAe" . Thay thé céc gid tri nay vao phuong trinh vi phin (3.7)

a,sAet +a, Aet =0 (3.8)
nhu vay

a,s +u,=0 {(3.9)
Vil s=-a,/a,;. nghiém s€ 13

x =A™ (3.10)

dap tmg ndy thuat ngit goi 1 ddp tng tu nhién (natural response) vi khong
¢6 ham cudng buc.

2. Xét phuong trinh vi phan khi la ham cirdng birce, tie:
i‘.
a, <y X =byy (3.1
reli
Chia nghiém ciha phuong trinh niy thanh 2 phan, y=wu+v. thé hién
trang thai qud do va v- trang thdi xdc 1ap . Thay viio phuong trinh (3.11) ¢6
the viét:
a,MJra”(u +v)=h,y (3.12)
dt
sip xép lai:
du dv
(a,— + agt) + (o, — + agvy = b, v (3.13)
dt dt

Néu dé;
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fv
a, A (v =byv (3.14)
el
ta phai cé:
H.lf—fi-l'(ﬁ]”:ﬂ (3.15)
ddt

(3.14) va {3.15) 1i hai phuong trinh vi phan, mot chita ham cudng buce va

I 13 phuong trinh dédp ung nhién, Phuong trinh ty nhién, ¢é nghi¢m dang:
w=Ae M (3.16}

Phuong trinh ¢dn lai chita ham cudng buc y. Doi voi phuong trinh vi
phin nay, ki¢u nghiém ¢o thé thu phy thudc vao d'a.mg (in hicu dau vao y.
Vi mot dau vao dung bae, khi y khong ddi va 16n hon 0 tai moi thén glan.
(e y=k. ta ¢6 thé thir nghiem v=A (A I2 hiing $6). Néu tin hiéu ddu vao cd
dang y=a+bt+ct+...., vOi a, b, o 1a hing (c6 thé bang 0). Khi dé 1a ¢ thé
thit nghiem dang v=A+Br+cr+... DGi véi tin hicu vio dang SIN ta ¢6 the
thir nghiém v=Acoswt+Bsinwt

Gia sir ¢6 hé thong co ddu vao dang bac, do 1dn £, tai thoi diem 1=0. Ta
¢6 thé thir nghiém dang v=A. Dao ham clia mot hang bang 0, nhu vay khi
thay thé vio phuong trinh vi phan (3.14) ta duoc:

a A=hyk (3.17)
Vay : v=(h,/ak _ (3.1%)
D:"u Nehi¢m du co dang: y=t+¥, nhu vay:

Y
ot l .
“ y=Ae 4 20 (3.19)
. all
Gid tri cta hing A ¢6 the xdc dinh néu cé

2 ? Tne gian céc diéu kién bién, vi du, néu ddu vio y=0

pAu khi =0 thi:

{bofag)k 0= A+

. ) dy
Ninevdy: A=-(bjayk.
5 ° Tha gian Khi d6 nghiém trd thanh:
b[} —etd £ ey
Hinh 3.7 ; H& thing béc 1 x=—k(l=e ) (3.20)
a) Dau vao bac v
b) Dau ra két qua
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NEU > oo, 53 mi s& tien dén 0, s6 hang c6 s0 mi the hién phan phan
ng. nghiém trang thai tam thoi. Khi y x=(bi/a,)k, I didp ung cun hé thong
& trang théi xdc 1ap . Nhu vy phuong trinh c6 the viet [a:

x=gla tri trang thdai xdc ldp  x(1- ey (3.21)

Hinh 3.7 thé hién dé thi su thay déi ddu ra v véi thoi gian déi véi mot
diu vao dang bic.

Vi dy3.3 - Dé minh hoa, ta xét mot h¢ thdng cam bién dién (hinh 2.12)
gAm mot trd noi tiép véi mot ty. Khi chiu mot dau vio bac, do 16n V, thi dau
ra 1 hiéu dien thé qua tu. v dugc cho boi phuong trinh vi phan:

d

repv=v (3.22)
dt

Tim nghiém ctia phuong trinh, tdc ddp (ng clia he thong va thay doi clia
v do1 véi thai gian.

So sdnh phuong trinh vi phan (3.22) véi phuong trinh (3.14) ta ¢6 a,=RC,
a,=1 v b=1, khi dé dap s6 ¢6 dang:

v=V({l-¢"") (3.23)

Vi du 3.4: Xét trudmg hop ddu vao ¢6 dang déc (ramp input). Mot mach
dien gém mot trd 1ME, néi ti€p vai mot dién dung 2uF. Tai thoi diém t=0,
mach chiu mét dién dp déc 4V, tic dién dp tang voi toc do 4V/s . Xic dinh
dién ap qua tu 58 thay déi nhu thé ndo véi thoi gian.

Phuong trinh vi phan ¢6 dang tuong tu véi bai toan phuong trinh (3.22).
nhung bac di¢n dp V ¢ (3.22) duoc thay bing dién dp doc 41, wic:

du

RC—+u=4t (3.24)
dt

Thay cdc gid tri da cho vao (3.24), ¢6:
2£{t£ +u =4 (3.25)
dt

Lay u=u,+u, tong cla dap ing ty nhién va cudng bic, ta co:

211'[i +u, =0 (3.26)
dt
du,
Va 2——+tu, = 4¢ (3.27)
dt :
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V§i phurong trinh vi phan ddp img tu nhién (3.26) , ta ¢6 thé thir nghiém
dang u, = Ae™ . St dung gia tri nay cho:

245¢” + Ae” =0 (3.28)

e

Nhu vay néu s=-//2 thy u, = Ae’ 2. Véi phuong trinh vi phan ddp g

cudng birc (3.27). do bén phdi ctia phuong trinh 1a 4t, ta ¢6 thé thir nghiém
dang u,=A+Br. St dung gid tri nay cho:

2B+A+Br=4t (3.29)
Nhu vay ta phai ¢6 B=4 vii A=-2B=-8. Khi d6 nghiém cua phuong trinh
12 1,=-8+4+. Nghi¢m da cua phuong trinh la:
=, tu, = Ae’''T -8 =4t (3.30)
Vi v=0 khi t=0 ta phai ¢6 A=8, khi do:

w=8¢""" -8 +4t (3.31)
Vidu 3.5 Xét mot dong co c6 méi quan hé gifta toc do goc diu ra @ va

ddu vao- dién dp v duge cho boi:

IR dw 1
+

i w=—u (3.32)
kk, di k,

Gid tri trang thdi xdc 1ap cta téc do gée 1a bao nhieu? khi dau vao la
bac ¢6 gia tri 1V?

So sanh véi phuong trinh da giai ¢ trén. thi a,=IR/k K, a,=1 va b=1/k,.
Gid tri trang thii xdc 1ap cho ddu vao dang bac 1a (b fa Jk=1/k,
3.1.2.3. Hang thoi gian

D6i véi mot hé thong bac 1 chiv mot ddu vao dang bac ¢6 do 16n k ta ¢6
mot ddu ra y thay d6i vdi thai gian t theo:

v= gty (3.33)
a
hodic:  x= gia tri trang thdi xde Idp x(1—e ') (3.34a)

Khi thoi gian t=(«,/a,), thi thanh phan mii ¢ gid tri e’ =0,37 , 1dc dé:
x= gia tri trang thai xdc ldp x{1-0,37) (3.34b)
Trong thdi gian nay, ddu ra da ting 1én ti 0,63 1dn gid tri @ vi tri xdc
tap . Thoi gian ndy duge goi 1a hdng thoi gian (time constant) T. Trong thai
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Bang 3.1 Dap ung cia hé thong bac | gian 2(a/a,)=27. thanh phdn ¢4 6 mi

tror thanh e~ =0./4 nén:

v= gla i trang thai xde ldp > (1= 014

Trong thai gian nay, dau ra dd 1ang

dén 0.86 1An gid tri cua nd tai trang thi

xdc lap . Tuong w, cac gid tri ndy ¢d the

— tinhtoan choddurasau 3 1,4 Tva 3 T

—{ v...v. Bang 3.1 th¢ hien két qua  tinh

—! todn naty. con biéu dé hinh 3.8 thé hién

1 d6i v6i dau véao- dang bac
Thai gian ¢ Phén déura @
trang théar xac fap
0 o |
it 063
2t 0,86
It 0,95
41 0,98
5t 0,99
e 1

dau ra thay d6i nhu thé nio theo thoi

gian doi véi mot dau vao 1a bic don Vi

Theo T ta ¢6 thé viél phuong trinh 1a:

x= gid tri trang thdi xac lap x(1- ey (3.35)

Trong dé hing s6 thoi gian 7 1a («,/d,).

-'D'E . P h.;' ' d i ETR h
-y ta cO the viet dang to'ng quat cua phuong
56 ! trinh vi phén b4c nhit:
=R ! '
o s Vo dx .
c D L a,—+a,x=byy (3.36)
Rl -
= & ot dt
o - -
b bai la:
0 1t 2t 3t 4t 5t ;
o dx b

Thoi gian T yv=""Ly (3.37)

Hinh3.8: Phén ting cta hé thong bac 1 di ty ‘

d6i véi déu vao dang bac

bJa, 1a hé 50, nhan vSi dau vaoy dé

cho gia tri & trang thdi xdc lap , goi 1A hé so khuéch trang thai xde Iap
(steady-state gain), thé hi¢n diu ra 1on hon diu vio bao nhicu lan dudi dieu
kién xdc 1ap . Néu bidu thi hé s6 ndy la G thi phuong trinh vi phan ¢6 thé

10
]
<
%, 6
=
4
2
1 1 L 1 i 1
%2 &+ 8 8 1012
Théi gian
Hinh3.8 Vi du
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viet dudi dang:
dx

TEH =Gy (3.38)

Vi dy 3.6: Dé minh hoa, ta xét dau ra u,
ciia mot hé thong thay déi nhu thé ndo vdi
thoi gian khi chiu mot ddu vio bac - 5V (hinh
3.9) . Hing thoi gian 12 thoi gian dé diu ra hé
thong bac | thay ddi tir O dén 0.63 lan gid tri



Piuvaoe A3 thing
| %0

F

fiura

trang thdi xac 1ap cudi cung cua no.
Trong trudng hop niy T bang khoang J 5.
Ta ¢ thé kiém lai gid i bang tim gia trl
i 27, tie 6s. Tai d6 hé thong bac 1 ¢
gid tri trang thdi xdc lap ia 0.86. Trong
trudng hop nay, diu ra trang thai xde 1ap

2 i . - .t - - - - -
Chugdnvix 3 10V. Hé s0 Gy (=dau ra/dan vao ©

trang thii xdc 1ip) 1a/0)/5=2. Phuong trinh

Hinh3.10 | He théng 10 x0 b3c 2 vi phan bic 1 ¢d thé viet:

dy
dt

T

3.1.3. Hé thong béc 2

Tinh hiéu vao

(=]

Thi gian

&

Tin higu ra

b) Thas gian

Tin higu fa

d) Tht gian

Hinh3.11 Tin hidu déu ra doi voi
fin hidu dau vao bac
a) Khong cb giam chan
by Veigiam chan
) Vi gidm chdn manh
d) Vi giam chan dd ion
dich chuyén 6n dinh cua kh

dv,

+v=0 x— 3—-;— +i, = 21, (3.39)

df

Nhiéu hé thong bac 2 ¢6 the xem thire chit
nhut mot [0 xo bl kéo bol mot khéi lugng va
mot s6 ¢g cdu giam chin (damping). Hinh
3.10 thé hién dic trung cia hé thong nay. He
théng di duge phan tich O diém 2.1.1.3.
Phuwong trinh miéu 14 quan he diu vao - fuc F
v ddu ra - khoang dich chuyén x li:

I ii + (ﬂ +hkv=F (3.40)

di” dt
trong d6 m 1a khoi lugng, ¢ la hing 56 giam
chan vi £ 13 hiing 0 10 Xo

Pay 1a phuong trink vi phan bic 2 cla
mot he thong ¢é lue F bat ngd tac dung vao,
tite 12 mot ddu vao- bac (hinh 3.1 1a). Luong
dich chuyén x thay déi voi thas gian phu thudce
vio luong giam chan trong hé. Néu khong co
giam chin, khoi luong € dao dong tu do trén
1y xo, lien tuc khong ngimg (hinh3.d 1b).
Khong cé gidm chén, ¢d nghia cdxidi=0. Tuy
nhién, gidm chan s& lam cho céc dao dong tat
din (hinh 3.1} ¢) cho dén khi dat duge mot

61 fwong. Néu giam chén dit 1on s€ khong ¢6 dao
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dongva dich chuyén cia khdi lugng sé tang dan theo thoi gian, vii dan téi vi
tri chuyén vi 6n dinh ctia n6 (hinh 3.1id).

Phuong trinh vi phdn bdc hai

Xét chuyén dong clia mot kh6i luong tai mot mat 10 xo, khong ¢ giam
chin trong hé, khéi luong dao dong nr do, dau ra clia h¢ thong béc 2 la mot
dao dong lién tuc (dao dong diéu hoa don gian). Ta c6 thé miéu ta dao dong
nay bang phuong trinh:

x=ASinw,t 3.4

Trong d6 x 13 khodng chuyén vi tai thoi gian t, A —bién do dao dong, w,
-tdn s6 g6c cha dao doéng khong bi cdn  (undamped oscitations), dao ham
phuong trinh (3.41) . ta ¢t

dy =@, Acosw, 1 (3.42)
dr
Lay dao ham bac hai theo thdi gian
d{*:}: = ASinw,t =~ v (3.43)
dt”
Ruit gon lai, ta c6 phuong trinh vi phan:
1y
“lrmly=0 (3.44)
dt”
D6i v6i khoi lugng m trén 10 xo ¢6 do ciing & ta ¢6 mot luc ho1 phuc:
m d ‘:r =—kx (3.45)
de”
Va:
m—+kx=0
di” (3.46)
dx k2o
de= m

So sdnh hai phuong trinh vi phan, ta phai ¢6:
w, = L3 (3.47)
i
Va x=Asinw,f 1a nghiém cta phwong trinh vi phan 3.46.
Bay gits, xét truomg hop ¢6 giam chdn (tiic c6 can). Chuyén dong cua
khéi luogng trén 10 xo (hinh 3.10) khi chiu mot dau vio dang bac F dugc
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miéu ta bai :
X I = F (3.48)
dt” dr
Dé gidi phuong trinh bac 2 nay 3.48) 1a cé thé sit dung phuong phdp
da dang giai phuong trinh vi phan bac 1, coi két qua dugc tao bdi hai thanh
phdn, mot 1a ddp ing nhién vi mot 1a ddp ting cudng bic, tic v=x, +X;
Thay viio x & phuang trinh (3.48) ,tacod

m

d (x, +x,) dlx, +=x /)
o e

n -~ +hk(x, +x,)=F (2.49)
dt” i
N¢u dé :
w2 ey =0 (3.50)
dt- t
Thi phai co:
d x ¢ dx,
m—— + ¢ —— + kX, =F (3.5
dr- dr :

Pé giai phuong trinh trang thii W nhien ta c6 thé thi nghiém dang
x,=Ae". Nhu vay dx/di=Ase” va Fx jdf=As‘e" . Thay cdc gid tri nay VA0
phuong trinh vi phan (3.14), cho: )

mAs e +cAse” +kAe" =0 3.52)
nis. +os +h=(0 (3.53)

Nhu vay x, =Ae" ¢o thé chi 1a mot nghiém khi phuong trinh wén khi
bang 0. Phuong trinh nay duge goi la phuong trinh b6 tro (auxiliary
equation). Nghigm chia phuong trinh bac 2 (s) thu duge ta:

St —amk . . . 0 .
eV oAk ¢ fcp Ko Oy kS k3
2m 2ni 2ni m 2 m 4wk m

dat @, =kim , F=c14kmta co thé viét nghiem trén lai dudi dang:

s=-lw, toNC ) (3.55)

¢ 1a h¢ s6 cdn hode he s¢ gidm chdn (damping factor).

Gi4 tri s thu dugce tir phuong trinh (3.550 phu thudc rat nhiéu vao gid tni
ciia thinh phin can bac 2 . Khi {* >1 can bac hai cho binh phuong cla mot
56 duong, khi & <1 ta c6 can bac 2 mot s0 am. Hé s§ giam chédn quyét dinh



thanh phan ctia can L s6 duong hoac s6 am. d6 [a mot he s6 chu yéu trong
xace dinh dang diaun ra khoi hé thong .

V@i § >1 o hai nghiém s, v s, vl

s, ==Cfw, +w, T -1 (3.56)
s =, —w, ¢ —1 (3.57)

vinghié¢m chung . X, a:
x, = Ae" + Be' {3.58)

Pai véi nhiing tinh trang nhu thé, hé thang duge goi 1a b can manh
(over-damped).

Khi { =1, ¢6 2 nghiém bang nhau, $,=s,=-, . Dai véi dicu kién nay, hé
thone ducc goi [ hi can tar han (critical damped):
X, = (A4 B)e™™ (3.59)

Can phai xdc dinh hai hing s¢ A,B. Nghiém cia trudng hop nay <6 thé
ld x,=Ac™

V&i £ <1 1a 6 hai nghiém 4o vi can mot s6 am:
. - . o
s=—{w, T JO -T=={w, Tw,J-141-" (3.60)
Thay j=+-1
y ==, ij(u”vll——g'z (3.61)
a0t (W= J—°

Cé thé viet lai;

s=-{w, tjw (3.62)

Va hai nghiém la:
s, =-Cm, +jw (3.63)
s.=-C, -jo (3.64)

Trong d6 @ [ tdn 56 gée cia chuyén dong khi h¢ théng trong trang thii

bi can, dinh bai {. Nghiém trong cdc diéu kién nay ia:
.\'“ — Ae«-g’;-;w»r;'nr}r + Bel._;m“—_;'.-u]; _ e—.,’m“r(Aejnm + Be—_jm.r) (365)

Nhung o™= coswr +jsinwi v ¢”**"'= coswt - jsinewt. Nén
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xo= ¢UA coswijAsin W+ B cosot -jBsinl)
= ¢ ¥ [(A+B) coswi+] (A-Blsinmt]
N&u thay the cdc hing s6 P bing (A+B). Q bang (A-B), thi:
v= ¢ (P cosort Qsin o) (3.60)
Trong cic diéu kién ndy, ta ndi hé thong bi can nhe (under-damped.)
G trén di cho cdc nghiém-phin tu nhién cia ket qua. Pé ¢idi phuong
trinh cudng buc:

d°x . dyv,
m———tc——+hy, =F {3.07)
et clt :

Ta cdn xét mot dang riéng bigt cho tin ddu vao r6i thir nghi¢m ket quat.
Véi mot dau vao bac, do 16n F tai thoi gian 1=0 ta ¢6 thé thir nghiém xf= A
v&i A 12 hing s6 . Khi dé dxf / di=0 va d2xf /di2=0. Khi thay cac gid trl nay
viio phuong trinh vi phan (3.51), taco:

(+0+kA=F (3.68)
Tae A=F/k, nhu vay x=F/k. Nghi¢gm dii, [ 16ng cda nghiém tr nhien va
cudng bic . Nhu vay d6i voi mot he théng bi can manh (over-damped):

x=Ae" + Be™ +£ {3.69)
2,01 L=00 k
18k P6i v6i hé bi can téi han (critically-
£=0,2 ) 1h. :
vok damped):
w:  F
14l x=(Ar+ By ™ +— (3.70}
£=04 k
2r Va d6i vi hé thong bi cin nhe
or-if-- - (under-damped):
08 1 : F
06k y=e "PCoson + QSinwt) + T (3.71)
041 gf /8=20 Khi t—> o ci 3 phuong trinh trén déu
0.2 din dén nghiém x=F/k, trang thdi xéc
—
R lap . |
wpt Hinh 3.12 thé hién dd thi mét dau ra.
Hink 3.12:Phén ing cta hé thong bac  1& ham thoi gian clia cdc d6 gidm chin
2 déi voi tin hiéu dau vao bac khdc nhau {. Truc thdi gian la wt. Cic
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dé thi nay thich hop véi he bac 2, véi moi gid tri clia o,. Hé qua, x=0 uéc
tinh dao dong khong bi can (undamped oscillation) xay ra ddi véi w,t =0, 2,
dv...v.

Thuong ta ¢6 thé viét mot phuong triinh vi phan bac 2 dwdi dang tong
quat:

1" x x
s : + “ry a,x=byy (3.72)
Todt” di
- > ({’[I
Vot W, =—
(s
VA: = i
' deta1y
t L Vi dy 3.7: Xét mot mach REC ndi tiép
w | | (hinh 10.13) v R= 1008 L=2 H i C=204F
bie T -I-C Dong dién i trong mach duge xic dinh:
ang
iORdi ] J
fi—f+~£+—-i:[— (3.73)
dt* Ldt LC LC
pauvis T | Divn . )
v '“4“““9”-5“9—3:‘*' Khi ¢6 diau vio bac-U, nfu so phuong

trinh (3.73) v6i phuong trinh vi phan bac 2
Hink 3.13:Mach RLC n6i ién €0 (5no qudt (2.72), 1an s6 goc tu nhién duge Xac
dinh bai:
Lo 1

W =— = (3.74)
LC  2x20xi0
Nhu vily ©,=138Hz , so sanh v6i phuong trinh bac 2 téng qudt , cho:
. (R/L)} _RC_100° x 20107
¢ Tax(/LO) AL 4%2

(3.75)

Tic { =0,16. Vi {<] nén hé théng bi can nhe. Tdn s6 dao dong giam
chdn ® dugc cho boi:

w=w J1-¢ = 158\/1‘0,162 =156Hz (3.76)

Vi hé théng 12 bi can nhe nén nghiém € ¢6 dang:

x=e S (PCoswr +Q.S'fn(m)+£— (3.77)

Hay:
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i = e ™M PCOS1S6r + QSinl 560 + U (3.78)
Vi i=() khi =0} nén

O=1{P+0)+l/ — P=-U (3.7%)
Do di/di=0 khi 1=0), vi phan phuong trinh trén va dét bang 0, ta co:
% = M (WP sInt — wQcoswi) - So,e SR cos ot + ( cosat) (3.80)
[¢

0 =1{0-wQ)- Lw,(P+})

w P . 5
Q:_g_u_”_:_ga)”U :0 [6x1 8{1:-0,16-‘&' (3.81)
D) 1) 156

Nghiém ctia phuong trinh nay la:
I=U-Ue™ cosi 561+0,165in156t} (3.32)
Vi dy 3.8: Xét hé thong thé

Mamen xodn

A 151 Khong MBMER quan tinh | hien & hinh 3.14, dudi diéu  kién
nao thi hé thong chiu cin 61 han?
4 L?" } — ) Mbmen T Pau vio 12 momen xoin T, tdc
/] |+| I dung vaa dia c6 momen guan tinh 1
Mémen s0 véi tam truc: Dau true c6 dia
/: masat - . N -
. quay ty do, dau kia ngam chit.
Hinh 3.14 : Hé théng chiu xodn Truc quay, nguoc chieu véi . Ji do

cing xodn cla truc, momen xodn
d6i khang kB, xudt hién khi ¢ ddu vao 13 géc quay 6, (k la hing s0) . Cic
luc ma st can sy quay cla tryc va tao mot moémen nguoe chiéu cd0,/dt, vai
¢ 12 mot hang s6.

Trudce hét, ta tim phuong trinh vi phan cho hé thong -

a0
Mowten hitu ich =T — C“}i = k8, (3.83)
el
Momen hiru ich 1a 1d°8,/dr nén:
2
140y A% g, (3.84)
dr” dt
2
1900, DO pg =7 . (3.85)
dt” dt

Diéu kién can t6i han duge cho khi hé s6 can {=1. So sinh phuong trinh
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vi phan trén véi phuong trinh vi phan tong quit bac 2. ta cd:

-

2
2 ¢ ¢

(==

— 3.86
dasety Ak ( )

Pé ¢6 trang thii cin téi han ta phi’li c6 ¢ =Tk

3.1.4. Cdc tiéu chi d€ danh gid dac tinh cho hé thdéng béc hai

Hinh 3.15 thé hién dang dic trung dép dog ctia mot he thong bac 2 bi
cin nhe doi VO’I mot didu vio- bac. Mot 56 thuat ngit dugc su dung dé xdc
dinh su thic hlen nay la:

Thoi gian tdng toc (rise ime) 4 14 khoang thot gian aé dap (ng v ting (U

0 dén gid tri trang thdl xic 1ap Xy - 12 mot dai huong thé hién he thong ddap
{ing nhanh niur the nio doi voi diu vio. Do la thai gian cho ddp ung duo

don dé holn thién mot shan e chu kY, tite 1/2 ©.nhu vi
2 ! bE y:
1
wi, =7 (3.87)
/\ Lurgng qua digu chinh =
TNy TN Doi khi thoi gian tang tde duge col

20'{9'(55 - —‘1'—-—— - —yfm m mwm s 55

nhw thoi gian d& dap Gng tang
maot phin tram cu the nao do cita
gid tri trang thai xdc lap, vi du,

ru'z S 3rr12 21151U2 InTni2 wt 10% dén mot phan tram khic, vi du
90%.

Thoi gian dinh {peak time): [}

| thosi gian dé ddp tng tang tit U dén

gid tri dinh dau tién. P6 1a thoi
Hinh 3.15:Dap IT“Q baccha hé bicannhe  pian ddp Gng dao dong dé hoan
(under-damped system)

I

|

|
| l
| i b
' |

thien mot nira chu ky, 7T, nhu viy:
wt, =7 (3.88)

Litomyg qtid diéu chinh (overshoot) (xem hinh 3.15): 1a lvong 16n nhit ma
dap tng vuot qud gid tri o trang thdi xdc 1ap . DG chinh 12 bién do cua dinh
dau tien. Luong qui diéu chinh thudmg duge viét bamg phin tram cha gia tri
trang thai xédc 1ap . Déi véi dao dong bi can nhe cia mot hé théng, ta c6 the
viét:

= e M (Peoswr +Q@sinwr) + gid tri irang thai xde tdp (3.89)
Vi x=0 khi t=0 nén:
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O=HP+0)+xvy — P=-xg (3.90)
Luong qud diéu chinh xay ra tai ot =1 , nhu vay:
r=e TP O+ Xy (3.9
Luong qua diéu chinh 12 chénh 1éch ddu ra tai thoi gian nay va gid tri ¢
trang thai xdc 1ap , vy:

Luyng qud dicu chinh= xue ™" (3.92)
Do w=w,i-{" ,tacdhé viét lai:
L oges — G, 7T —-in
Liomyg qud dién chinh = xex - tee =y X LS (3.93)
Lo -¢ ¢
The hién theo U [& phin tram coa Xgg
. -ir
Phdn tram luong qud dicu chinh =exy = |[x100% (3.94)
vi-¢° )

Bang 3.2 cho gia tri lugng gud dic¢u chinh theo Bare. 3.2 ohiln 8t aud
. e T e ang.3.2; phén tram qua
phén tram ddi vdi mot s6 hé 6 can dién hinh. g.9.2p qu

diéu chinh

H¢ 50 suy gidm (subsidence ratio): 1 dai fugng thé | HésG | Phén tram qa
" . s r R NPT can diéu chinh
hién mikc nhanh tan ri cua cdc dao dong, 1a bign do 0.2 527
ctia lugng qud diéu chinh thi hai chia cho luong qui [ 54 55 4
diéu chinh dau tién, Luong qué diéu chinh dau tién| 06 35
xdy ra khi wt=n, luong qud*diéu chinh thi hai khi F 0,8 19
wt=2m, do vay:
S , P -{r
Luwong qud diéu chinf ddi tion = vy, exp) ——==== {3.95)
Ji-¢°
s ogis . oy -28r :
Luong gud diéu chinlt thit hal = x g exp| ——=—=— (3.96)

Lutont gud didu chinh dau tién

Hé 50 suy giam = —— ,
¢ ygiam Litgng qua diéu chinh thit hai

_gn
=cxp| ——— (3.97)
Fa

Thoi gian xde ldp (settling time), t 13 khoang thdi gian cho dén khi dao
dong tit, D6 14 thoi gian cho sy ddp tng roi vao va giit trong pham vi mot s6
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phin tram nao d6 cla trang thdi xdc lap . vi du 29 clia gid trj trang thai xdc
lap (xem hinh 3.15). Diéu ndy ¢d nghia ta bién do clia dao dong sé nho hon
29X g tit €O

— it (

x=e Peoswt + Qsiner)+ Gid tri o trang thai xde lap (3.98)

Nhu o phwrong trinh (3.90). P=-v . Bién do cia dao dong 12 fv-v ) khi x
B gid i max, Cac gid tri max. xfty ra khi ot nhan véi 1, khi d6 cosmt =1 vir
sin o= 0. Thon gian xdce 1ap ta 2%, khi bien do max. 13 2%x. tie 0.02x..
Nhur viy:
0.02x =¢ ™ (x.1+0) (3.99a)
0.02=¢ " (3.99h)
Lay logarit:
Q) ,02=-Cu 1,
[n0),02=-3.9 gan hing'4, nén:

fo = (3.100)

l.:(!}h’
ba 1a thoi gian xdc 1ap khi phin ram xac dinh 1a 2%, Néu 1a 5% thi
phuong trinh s¢ 1i:

o (3.101)

£

Vi thdi gian d¢ hoitn thién mot chu ki {tde thi glan chu ki) [A I/, T 14

tan 5O va vi o =2nt nén chu ki T duge xde dinh fa:

3
T=-" (3.102)
(0
Nhu vay. trong thii gian xdc lap g, s0 dao dong xay ra [a;

) Thot gian xdac lap
SO lwong dao déng = © i (3.103)
T

Doi véi thai gian xdc lap duge xédc dinh bang 2% gia tri trang thai xdc

lap . thi:

S6 dao dong =480, (3.104)
2rlw



i w=w,(0-{", nén:

S& lwong dao dong = 20§10~ _2 4 1 {3.105)

e 2

2
niw, i
Vi du 3.9: dé minh hoa, ta xét mét hé thong bac 2, ¢6 mot 1an s6 gde ty

nhién 1a 0.2Hz v tin s& giam chan 1 1.8Hz. Vi @ =, 4/(1~ " , nén hé s6

18=2J-¢" (3.106)

Nhu vay (=044, Do wt, =1/2x, khi dé thoi gian tang tdc 100% duge
cho bai:

giam chan Ja:

f =T 087 (3.107)
" ax18

Phin tram hugng qué diéu chinh duge cho bai:

. . \ -or
Phdn wrdm legng qud dién chinh = exr{ s x 10 %

1-¢*

~ 0,441
=exp ——m——
V10,447

Thoi gian xdc 1p 29%. duoc cho bai:

;= 4 4

" o, 044x2
S6 lugng dao dong xiy ra trong thoi gian xéc 1ap 2% duge cho boi:

S& duo djng =3 i,, -1= 3 : ——1=13 3.110)
Vi 7 Y0,44°

Jxlﬂ()%:ﬂ% (3.108)

4,5y (3.109)

3.2. CAC HAM TRUYEN HE THONG

3.2.1. Ham truyén

D61 véi mot hé théng khuéch dai, hé s6 khuéch dai thé hién tin hié¢u ra
& 16n hon bao nhiéu 1dn so véi tin hiéu dau vao, cho phép xdc dinh tin hiéu
dau ra cho mot tin hiéu ddu vao cu thé. Vi du, mot bo khuéch dai ¢ hé 58
khuéch dai 14 10, vdi mot dién dp tin hiéu dau vao 1a 2mV, tin hiéu dau ra s8
la 20mV, hodc néu tin hiéu dau vao 1a 1V thi tin hiéu ddu ra 1a 10V. Hé so
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khuéch dai thé hién mai guan hé todn hoc giGa tin hi¢u diu ra va tin hiéu
dau vao cha mot hé thong.
Pau ra

Hé s6 khucech dai= —
Bau vao

(3.11D

Nhung & nhidu hé thdng, m&i quan h¢ gitra tin hi¢u diu ra va tin hicu
ddu vao & dang phuong trinh vi phan, khong the don gidn dat hé s¢ khuéch
dai 13 mot con s0. Ta khong thé don gian chia tin hi¢u ddu ra v6i tin higu
déu vio dé thu duge he s& khuéch dai vi m6i quan hé vi phan chit khong
phdi 13 m&i quan hé dai s6. Tuy nhién ta c6 thé chuyén doi phuong trinh vi
phan thanh phuong trinh dai s6 thong qua su dung phuong phdp bién doi
Laplace. Phuong trinh vi phan miéu ta hoat dong ciia hé thong theo thoi gian,
thong qua bién doi Laplace duge chuyén thanh phuong trinh dai s6 don gian
khong lien quan dén thoi gian, nhu vay ta ¢o thé thue hién cdc phép dai s0
cho cdce dai lwong trong phuong trinh. D6 la kidu hoat dong trong mién thai
gian (time domain} duge bien déi dén micn-s (s-domain). Khi dé ta ¢6 thé dinh
nghia m&i quan hé pilfa tin hiéu dau ra va vao b1 ham truyén (transfer
function). HAm truyén néu méi quan hé gilta bien d8i Laplace tin hiéu ddu ra
va bién ddi Laplace tin hiéu dau vao:

Hemn triyén = Bién (fﬁ‘{ Laplace tin hiéu dcfy ra (3.112)

' Bién doi Laplace tin liéu ddu vao

Ta c6 thé thé hién khi tin hiéu & mién thi gian (ham thoi gian), bing
viét £(t). Khi trong mién-s, him dugc viét F(s) (chit hoa sir dung cho bién doi
Laplace vi chit thudng dung cho ham thoi gian (1)),

Gid sir tin hiéu dau vao mot he thong tuyén tinh c6 bi€n déi Laplace Y{(s)
va bién d6i Laplace cho tin hiéu dau ra X(s). Khi d6, ham truyén G{s) cia hé
théng duge xdc dinh la:

X (%)
Y{s) - X(s) Gis)=——+ (3.113
Ham truyén luon ¢6 cdc diéu kién
Hinh 316  Sodb khoi ban ddu bang 0 (tifc tin hiéu dau ra bang

0 khi tin hiéu dau vao bing 0O; t6c do
thay déi clia tin hiéu ddu ra v6i thoi gian 1a 0 khi t6c do thay d6i cua tin hiéu
diu vio véi thisi gian bang 0. Nhu vay chuyén d6i diu ra X(s)=¥(s)G(s),
tich cha chuyén déi dau vao va ham truyén dat. Hinh 3.16 thé hién so do
kh6i —mot hé thong c6 ham truyén G(s), ham 1dy va chuyén déi dau vao Y(s)
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thanh dau ra X(s). Trong so do khdi nay ta gidm tap hop phuong trinh cia hé
thong thanh mdt phueng trinh hé théng nhap- xuat (input-output) duy nhit
bang don gidn tit ¢d, ngoai trir bién phu thudc clia tap hop. Ham truyén két
hgp vdi bign phu thude 1a mot bigu dién todn hoe chita tat ca thong tin chin
" yéu duirge nhiing trong phuong trinh vi phan cia hé thong.
Cdc bién doi Laplace
Xét mot dai lugng 14 ham thdi gian, ta goi ham nay trong mién thoi gian
(time domain) va thé hién la f(t). Nhiéu van dé trong thuc &€ lién quan chi
vGi cie gid tri thoi gian 16n hon hoic bang 0, uke 20, Dé ¢é duwge hien doi
Laplace cua ham nity, ta nhan né vai €™ roi tich phan theo 7 tir O dén vo cuc .
& day s i hing s6 vdi don vi do 12 1/thai gian. K&t qua coa tich phan nay
goi 1a bién doi Laplace (Laplace transform), va phuong trinh duge goi 1a
trong mién s (s- domain). Nhu vay bién doi Laplace cGa mot ham thdi gian

f(1), dugce viét la T . duge cho boi:
C{f{()}:_[e""f(r)dr (3.114)
3]

Bién dbi naty chi xem xét cdc gid tri trong mién 0 + oo, chif khong phai
trong toan thang -co + co,

Trong mién s, ta ¢é thé thuc hién cic phép dai s6 (cOng, triv, nhan chia) ,
didu ta khong thé thuc hien duge déi vai haim goc, phuong trinh vi phan
trong mién thai gian. Bing cdch ndy ta ¢6 thé thu duge biéu thic don gidn
hod ddng ké trong mién s.

Néu mudn xem, dai lugng thay déi nhie the nio véi thdi gian trong mién
thoi gian, ta phai thue hién bién doi nguce.

Trong mién s, ham duoc viét 14 F(s) (13 hdm cia s, F thé hién bién déi
Laplace, con f thé hién ham phu thudc thoi gian f(s)), nhir vay:

Cl () }=F(s} (3.115)

Doi v6i bign dodi nguoc, mot ham thoi gian thu duoc tir bién doi Laplace
c6 thé viét: '

f(t)= C'{F(1)} (3.116)
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Bicu thirc nay duge doc 1a: f(t) 13 bién déi nguoc ciia bien dai Laptace
F(s).

Bé ¢6 duge bign ddi Laplace cho mot s¢ phuong trinh vi phan, nhiing
phuong trinh gém cde dai lugng 12 ham thdi gian, ta ¢6 thé sir dung mot s6
nguyén tac co bitn sau (xem b sung phu luc)

1. Mot tin hiéu xung don vi xay tai thoi gian t=0 ¢6 bign déi 1a 1.

2. Mot tin hi¢u bac don vi (tin hiéu nhay dén mot gid tri c6 dinh 1) tat thoi
gian t=0 ¢ hicn dor 1a 1s.

3. Mot tin hiéu bac don vi bit ddu tai that gian =0, duoc miéu ta bai
phuong trinh tin hiéu ddu vio =1t, cé bign déi 1a 1/s2

4. Mot tin higu hinh sin don vi, duge miéu td bdi phuong trinh tin hiéu dau
vao =1sin ot ¢é bien déi 13 o/(s+m7).

S. Mot tin hi¢u hinh cos don vi, duge miéu ta bdi phuong trinh tin hiéu dau
vilo = lcos ot ¢ bien dai 13 s/(s*+07).

Céc cap bién doi Laplace dugc thé hién & bing 3.3

Sau ddy [a mot s8 nguyén tic co ban dé thuc hién vé6i céc bign déi
Laplace:

I) Néu mot ham thoi gian nhan véi mot hang, thi bién d6i Laplace duge
nhan véi chinh hiang dé. Vi dy, bién ddi Laplace cho mot tin hiéu dau
vao dang bac, 6V cla mot h¢ thong dién, d6 chinh 13 6 1an bién déi cho
mdt bac don vi, 1a 6s.

2) Neu mot phuong trinh 12 tong, vi dy tong ciia hai hiam thoi gian, thi bién
ddi clia phuong trinh 13 t8ng ciia hai bién déi Laplace riéng 1é.

3) Bién doi Laplace cia dao him bac nhat mot ham la:

Biéi déi cia {i f(r)} = 5F(s) = f(0)

dt
Trong d6, (0) la gid tri cua f(t) khi t=0 (ham truyén c6 t4t ca cic diéu kién ban
dau 13 zero)

4) Bién déi Laplace ctia dao ham bac 2 mot ham 1a:

o

Bién dai cﬁa{ = [l J} = sF(8) = sf () -;—‘;_r{m

di

Vi dff0)/dr 1a gia tri dao ham bac 1 cha ham f(t) khi t=0 (ham truyén c6
tdt ca céc didu kién ban dau 12 zero)
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5) Bién ddi Laplace cta tich phan mot ham li:
b
Bien dai ctia H,f'ml[ :iF(.\-}
A

L0

Bang 3.3 céic cap  bién doi Laplace

F()=£" |F)].t20 Fis)=£]50)

| Xung lyc don vi 1

2 Biac don vi

n

"

o+

il

véh n=1.2.3...

%
4 e—u.r l
t S - s+
1
5 Int'_m ”T
. ) i+
véin=1, 2, 3... 1&‘ (s +o)
1
. W,
6 sin(w, 1) ——
s §T+a
A}
cos{w M—‘ %
7 (w,n t 5 +mf
8 e “sinf{w 1) G
o T
“ t (s +0)” + wff
9 e~ cos{w 1) — = +qa' 5
’ o i (s +o)y +w,




Sau khi thuc hién dai 56 trong mién 5. két qua c6 thé duge bién déi trd
lai mién thoi gian bing cdch sir dung bang bién déi nguoc, tifec tim ham thai
gian, thich hgp vdi két qua mién s, Thudng, sy bién déi duoc sip xép lai vé
mot dang c6 san trong bang. Nhitng dang dudi day thudng duogce st dung cho
phép dao nguac (tham khio thém phu tuc 1):

1 .
NI, cho e™
8+t
i -l
N2, — cho (1-2™)
sis+a)
Ny 274 ha e-"-e™
(s +ais+bH
N4, il — cho (I-at)e™
(s4+a)
,‘n‘”’
NS, ——%—cho 1-12"
S{y+a) a

3.2.2. Céc ting dung cho hé théng bdc 1 va béc 2
3.2.2.1. Cic hé théng bac 1

Xem x€t mot hé thong ¢6 méi quan hé tin hiéu ddu vao va ra theo dang
phuong trinh vi phan bic [:

a, ﬁ+a”x=é'9,,y (3.114)
di

V&i a,, a,, b, la hang, v 12 tin hiéu ddu vao va x 1a tin hieu ddu ra. Ci hai
[a ham thoi gian. Bién d6i Laplace cho phuong trinh ndy véi cdc diéu kién
ban dau 14 0

aSX(s) +a, X s1=h,Y(5) (3.115)
ta ¢6 thé viét him truyén G(s):
Gry= X0 __ b (3.116)
¥{s) as+a,
Sap xép lai:
Gls)=— 0l _ G (3.117)

{afag)s+1 1w+l

0 day G 1a hé s6 khuéch dai clia hé thong & trang théi xdc 1ap , tdc
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khong ¢6 s6 hang dy/dt. (a /a,) 12 hing thi gian T ¢clia hé théng (xem 3.1.2.3).
Khi mét hé thong bac nhét ¢é tin hiéu ddu vio bac don vi thi Y(s}=1/s,

bi€n doi tin hiéu dau ra X(s) la:

G WD)

Xy =GinY(s) = = (¥
siw+) s+ 1/T)

(3.118}

Vi ta ¢4 bign doi dang «/s {s+a), st dung bién déi nguoc ligt ke & diém
N2, ta ¢
y=G(1-e-") (3.119)
Vidy 3.1 Xét ham truyén coa hé béc 1 vid img xir ctia h¢ théng khi chiu
tin hiéu dau vao bic. Mot mach ¢6 trd R mac néi tiép vdi tu € (hinh 2.12).
Bau vao mach la i va tin hiéu dau ra 12 hiéu dién thé &, qua tu. Phuong trinh
vi phan quan hé tin hi¢u diu vao va dau ra li;

I,
n=RCEC 4y, (3.120)
dt
Bién doi Laplace vai tat cé cde didu kien ban ddu 13 zero
Uis)=RCsU  (5)+ U (3) (3.121)
Nhir vay ham truyén la:
U Ay
Gisy="eW | (3.122)

i) RCs+1

Vidi 3.1 Xét mét ciip nhiét ngdu, ¢é ham truyén két ndi tin hiéu dau ra
-dién ap U va nhiét do- tin hiéu dau vio i
. 30x107
Gly) =—
10s+1
V1 bién doi tin hiéu diu ra i tich coa ham truyén véi bign déi tin higu dau vio,
nen

V/'C) _ (3.123)

U(s)=G{s)X tin hiéu ddu vao (s} (3.124)
Gia su. tin higu dau vio dang bac- 100°C, tic nhiét do cha cip nhiét ngdu ting
dot ngot lén 160°C, bién doi ctia nd 13 100/s, nhu the:

—f -4
U{.\‘)=3[)X10 XIUOZ 30x10 = 3010~ 0.1 (3.125)
10s+1 § 10s(s+0,1) s(x+0.D

Phén tlr phan s6 co dang a/s(s+a), nén bién déi nguoc [a:
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U=30x 10-4{1-e ™) (V) (3.126)
Gid tri cudi, tie gid tri ¢ trang thdi xdc 1ap , khi t—eo thi e™'" -0, bang
30 x 10-4V, vi thé thdi gian d€ dat. gid sit 95% gid tri cudi dugc cho boi:
0,95 x 30x 107 =30x 107(1-e"")
Do dé 0.05 =¢ ™", In0.05=-0,1t nén thoi gian 1a 308
Vidy 3.12: Xét mot ngdu nhiét ¢6 tin hi¢u du vao dang doc 51°C/s. tite
nhiet do tang ci méi gidy 1én 5°C: bién déi clia nd I 5/s* , nén:

_30x10* 5 0.1

Us)= = x—=150x10"" ———— (3.127)
10s+1 57 s*(s+00)
Truyén nguge c6 thé thu duge khi sir dung digm N5 ;
l_e—{l.l.r )
U =150x107"(r - 0] ) (3.128)

Sau mot thoi gian, vidu r=/2s dién 4p cha cap nhiét ngdu U=7.5 x 107 (V)
Vi dy 3.13 © xét tin hiéu dau vao dang xung lue 100°C, titc nhiét ngau
chiu mot nhiét do tic thdsi tang dén 100°C, bien ddi cha nd6 ta 100, ta ¢d:

U(s) = %100 =3x107*
10s +1 (s +0.1)

Vi the U = 3x107 ™" (V), nhu vay, sau vi dy, t=2s dién dp nhiét ngau
& 1a U=18x107(V).

(3.129)

3.2.2.2. Hé thong bac 2

D6i v6i mot he thong bac 2, méi quan hé giifa tin hiéu ddu vao y va tin
hiéu ddu ra x dugc miéu ta bdi phuong trinh:
aqg+a|£+a”x=b{,y (3.130)
T drt dt
Véi a,, a,, a, b, 13 hing s6, bién doi Laplace cho phuong trinh v&i cdc diéu
kién ban ddu 12 0, ta ¢6:
aES“}X(sH- asX(s) +aX(s)=b,Y(s) (3.131)
X{x) _ b,

Nén G{s) = =
Y($)  a,st+a,s+ay,

(3.132)

Phuong trinh vi phan cho h¢ thong bac 2 con cd thé viét theo dudi dang:
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dx dx
X 12l =+ wix=bw;y (3.133)
dt” dt

Trong d6 0, 1 tin $6 gdc ty nhién mi h¢ thong duo dong vai va §la hé 56 gidm chan.

Bién déi Laplace phuong trinh (3.133) cho:

X(s) b,

G(.S')Z T E
Y(s) s +20m,s+0,

(3.134)

(3.134) i dang t6ng qudt cua ham truyén cho hé thong bac 2
Khi hé theng bic hai chiu mot tin higu diu vao bac don vi. titc X{(s)=1/s
thi bién d6i tin hiéu dduraséla:

X () = g (3.135)
s(s7 + 20w, s+@,)
Co thé viét lai:
PO — (3.136)
s(s+ p s+ pa)
V6ip, vap, la nghiém cua phuong trinb
st +2w,s+w, =0 (3.137)
Giai phuong trinh, nghiém cua mot phuang trinh bac 2
2w, £ W] b,
p: C " q L Ll (3138)

2
Nhur vay:

p, =—Cw, +o, {7 -1 (3.139)
p, =—Cw, —w,J{7 -1 (3.140)

Vi £ >1 can bac 2 12 mot nghiém thyc. hé thong bi can manh {over-damped).
Bi€n ddi ngwoc cua phuong trinh (theo diém 14 trong bang phu luc 1) 1a:
x =M{1 S ,} (314D
PP Pam P Py P
Vi { =1 nghiém cta phuong trinh bing 0, titc p=p,=- ®, Hé thong giam chin
t6i han (critically damped). Phuong trinh trg thanh:

X (5) = — Do (3.142)

s(s+w,)



Phuong trinh niy ¢6 thé khai trién (xem phu luc 1) d€ cho:

X(y) = bnwﬁ {l S . } (3.143)
s8Nt W, (y+aw,)”
Vi the: x=bwli-e  —we ] (3.144)

Vi £ <1, chuyén déi ngugc khi sit dung diém 28 trong bang o phu luc 1 1a:

x= b{,[l— ¢ sin(w, (=) +q>)} (3.145)

J1-¢°
Trong 66 Cos ®=, d6 1a mot dao dong gidm chin yéu
Vidy 3.14: Xét rang thdi giam chan clia mot hé théng ¢6 ham truyén
chiu mot tin hiéu dau vio biac don vi
1

G(.Y)Z,,4“—'_
s”+8s+16

(3.146}
Dai v6i tin hiéu dau vio bic don vi Y(s)=1/s, bi¢n ddi tin hiéu dau ra fa:
X ()= — e (3.147)
s + 8y +16)
C6 the viet dudi dang
]

e 3,148
() s{s+ds+4) ( )

Nghiém clia phuong trinh s'+8s+/6 13 p=p,=-4. Ca hai nghi¢m bang
nhau va 1 56 thuc nén hé chiu giam chin t6i han

Yidyu 3.15: xét mot hé théng bac 2 ¢d tin hiéu dau vao doc. D6 la mot tay
méy chiu tin hiéu vio dang d6c don vi v ¢6 ham truyén :

Gls) = - (3.149)
(s+3)°
Bi¢n déi tin hiéu dau ra X(s) duge cho boi X(s)=G(s)x ¥{s), vay:
Xiy=—K _x L (3.150)
s+ s~
Ta c6 thé viét lai khi sir dung cdc thanh phéin cuc bd (xem phu luc 1):
x(=— 2K K (3.151)

057 9(s+3) 9(s+3)°
Tir day bign doi nguoe 1a:
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.
x= éKH;Ke“” +$Kte‘3' (3.152)

Phuong trinh (3.152) thé hién tin hiéu ddu ra thay d6i theo thdi gian trong heé
thong bac 2.

3.2.2.3. Cac hé thong noi lién tiép

Yis) Xi(s

— 1 G Y Gy [

Gy(s) |—=

Hinh 3.17: hé théng ndi tiép

Mot hé thong gdm cdc hé thong con ndi lién 1i€p nhu hinh 3.17 thi ham
truyén caa hé thong s& la:
X{x) _ X, (s} y X5(5) y X{(x)
Yis) V() X,(5) Xals)

Gis) =

= G, (5)X G {5)X Ga () (3.153)

Ham truyén cia toan hé théng 1a tich ham truyén cua cdc hé thong con
ndi ti€p trong hé (hinh 3.17), khi khong c6 sy dnh hudng twong tic xdy ra
gilta cdc hé. Su twong tic c6 thé tao thay déi trong ham truyén dat. Vi du,
néu cdc hé théng con 1A cdc mach dién, ¢6 thé ¢6 van dé cac mach tuong tic
v chat tai n nhau.

Vidy 3.16: Xét ham truyén cua hé th6ng gdm 3 thanh phan noi tifp , ¢6
cdc ham truyén thanh phin 1a /0; 2/s va 4/(s+3). Skt dung phuong trirh trién
khai ¢ (3.133), ta ¢co:

b
G(s) = 10x =X 80

= 3.154
§ s+3 s(s+3) ( )

Mach phan cam Cubn 5i tai
1 1

—_—l—] T e k - —_—

Ls +R o o Ls +R

Hinh 3.18 Hé thdng ndi tiép { dong co DC)

Vidy 3.16: Xét mot dong co DC diéu khién phin cam, gém 3 thanh
phén ndi ti€p: mach phin cam, cudn 18 va tai. Hinh 3.18 thé hién sy sdp xép
v cdc ham truyén clia cdc hé théng con. Ham truyén cda toan hé théng la
tich ctia cdc ham truyén cdc thanh phin trong néi tiép:



1 k

Gis)y= > k% =
Ls+ R Is+ec (Ls+ R)is+¢)

(3.155)

3.2.2.4. Hé théng véi vong phan hoi

Hinh 3.19 thé hién mot hé thong don gidn ¢6 phan héi. Néu phan hoi am,
cdc tin hiéu ddu vio h¢ thong sé trir tin hiéu phan hoi tai bg cong. Thuat ngi
dwomg tien (forward path) duge st dung cho dudmg truyén ¢6 ham truyén G(s),
dudig hoi (feedback path) la dudng ¢6 ham truyén H(s). Hé thong toan bo
dugc goi 1a he théng vong kin (closed loop system).

Dai v6i hée thong phan hoi
G(s) (s} am, tin hi¢u ddu vio h¢ thong
con ¢é ham truyén Gs) 1a Y{s)
trir tin hiéu phan hoéi. Vong

Yis) Chénh lach

H(s) phan hoi véi ham truyén H(s),
cé tin hiéu dau vao la A{s). nén
Hinh 3.19. Hé thing phan hoi &m tin hiéu phan hoi ta H(s)X(s).

Do dé thanh phan G(s) ¢6 mot
tin hiéu dau vao la Y(s}-H(s)X(s) vi tin hiéu dau ra 1a X(s}, vi vay:
Xis)

Gly)y= ———— 3.156
Y Y- HOX () (3.136)
Quy déng, chuyén v€, nhdm lai, 1a ¢6
[1+Gis)H(s)]X(5)=G(s)¥(s) (3.157)
X {s) o Gis) (3 158)
Yis) 1+G(H(s) o
Nhu vay him truyén T(s) cho toiin h¢ thang cé phan hoi am la:
gy =20 G0 (3.159)

T oY) 1+ G(s)HLs)

Vidy 3.17: Dé minb hoa, xét ham truyén cho mot hé théng vong dong
6 ham truyén dudng tign 12 2/(s+/) va ham truyén dudng phan héi am 1a 3s.
Sir dung phirong trinh d trién khai & trén, c6:
Gls) _ 2s+h 2

T{s}= = =
1+G)HH(sY 1 +{2As+DISs Tls+1

(3.160)

Vi dy 3.18: Xét mot dong co d.c diéu khién 81, dudng tién gém 3 thanh
phdn: mach 16 v6i ham truyén [/(Ls+R), cuon I5i v&i ham truyén k va tai voi
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ham truyén //(Js+c). c6 dudng phan héi véi ham truyén K. Ham truyén
duong tién cho cdc thanh phan néi tiép la:
l k

Gis)= kx = (3.161)
Ls+ R Is+c (Ls+ R)XIs+ ¢}
Dudmg phdn héi ¢6 hivm truyén K, vay ham truyén toan bo ta:
T(s) = .(:L.s‘) __Us+R)b+e)y _ & (3.162)
I+ GOHGY o kK s+ RUs+ o) +kK

(Ls+ R)(Us + )

Vi du 3.19: Xét mot bo didu khién vi tri véi dudmg phan héi am c¢é ham
truyén 13 / va hai hé thong con trén dudng tién cia hé: mot bo diéu khién véi
I
sty + 1)

him truyén K vd mot hé thong truyén dong c6 ham truyen Ja Tim gid
tri K dé hé chiu giam chan 16i han.

Dudng tién c6 ham truyén Kis(s+7) va dudng phan hdi ¢ ham truyen /.
Ham truyén tong ciia hé thong 1a:

k
G(s) s(s+1) k
T(s)= = = 3.163
SR PwETRRYTI L KNk (5163
s(v+ 1)
Miu 56: 5'+5+K c6 nghiém [a:
—1xv1-4K

§= —l——— (3.164)

2
DE c6 gidm chan t6i han ta phai c6: 1-4K=0, tic K=1/4.
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CHUUNG 4. DAP UNG TAN SO

Phan tich v thiét k& cdc hé théng diéu khién cong nghiép thutng duoe
thuc hién khi st dung cdc phuong phap ddp ing tan s6. Thuat ngit ddp iing
tan s6 thé hién moi quan hé giita ddu ra vi diu vio cia mot hé thong tuyén
tinh vdi hé s6 hing & trang thdi xdc 1ap khi ddu vio bién doi theo quy luit
hinh SIN.

Sau day ta xét ddp ting cha hé théng khi ¢é tin hidu dau vao dang sin.

4.1. DAU VAO DANG SIN:

D6i v6i nhiéu hé thong didu khién, tin hiéu ddv vao hinh sin ¢6 thé
khong binh thuong. Cic tin hiéu dang niy can duge kiém thitr, vi cdc heé
thong ddp tng tin hiéu ddu vao hinh sin la nguén hiru hiéu trg gidp cong
tic thi€t k€ va phan tich hé thoéng.

Xét mot he thong bac 1 duge thé hién boi phuong trinh vi phén :
a d +a,x=b,y 4.1)
dt

v6i y |2 tin hiéu ddu vio, x 12 tin hiéu déu ra. Gid sir ta ¢6 mot tin higu dau vio dang
sin; y=sinet, néu thay vio phuong trinh vi phan trén, tin hiéu sau dao ham cing
mang tinh chat sin ¢6 cling t4n s6 {coswt = sin (Wi+90"). Ta ¢4 thé thuc hién dao ham
nhiéu t4n, chic chan dp tmg & trang thdi xdc [ap , x cling s& ta hinh sin cheg tin s0.
Tuy nhién tin hiéu diu ra s& ¢6 bién do va pha khidc vdi tin higu dau vao.

4.2. VECTO PHA (VECTU PHA}

Pé thuan tién khi phan tich tin hidu sin ta dimg thuat ngit vecto pha
(vectd pha). Xét mot dudng sin miéu ta boi v=V sin (wt+®) vé1 V 1a bieén do,
® tan s6 g6 va ¢ 13 gée pha. Vecto pha thé hien mot dudng thang ¢6 chiéu
dai [V| tao mot géc ¢ Vi truc tham chiéu pha. Ki hieu] | duge sl dung dé
chi d6 1én cha dai lugng chiéu dai cla vecto pha duoc quan tdAm. Vecto pha
duge xdce dinh khi chiéu dai v géc w duge xdc dinh. DE thuan tién ta c6 thé
dat ki hiéu vecto pha véi ki ty dam vi du V. Ki hiéu ndy ham y 13 dai luong
¢6 mot kich thudce (46 16n) va mot goéc.
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4.2.1. Khdi niém

Mot vecto pha cé thé miéu td dudi dang s phuc, thé hién boi (x+jy),
vOi x 12 phan thue va y 1 phdn do. Trén dé thj thanh phdn 4o duge thé hien
trén truc y va thuc trén truc x va x va y 1 toa d¢ Decac coa mot diém the
hi¢n s6 phic (hinh 4.1). Dudng néi diém

Y4ix nay téi goc dé thi thé hién mot vecto pha.
Gdc pha ¢ clia vecto pha, dugc thé hién boi:

2 vi y
tan ¢ ==— (4.2)

X

O Chiéu dai cta vecto pha:
0 Thic X V] =yt + ¥ (4.3)
Hinh 4.1 Thé hién dang phirc V6i x=|V|cos¢ (4.4)
cua phasor y =|V|sing (4.5)
Ta c6 thé viét:

V=x+ jy=|V|cosf+ jsinB) (4.6)

Cong thitc (4.6) miéu ta phén s§ thuc va s6 o cta mot s¢ phiic. xdc dinh mot
vecto pha
Xét mot vecto pha ¢ chidu dai don vi va géc pha 0°C (hinh 4._4), thé
hién dudi dang s6 phitc (1+j0). Ta lai xét mot vecto pha cé ciing chiéu dai
nhung gdc pha la 90°C (hinh 4.2b), thé hién dudi dang 0+jl1. DS 1a vecto
pha (4.2a) quay ngugc chiéu kim déng hé 90°C, tuong Gng véi viéc nhan
vecto pha dé véi j. Néu quay tiép mot géc 90°C (hinh 4.2¢), thuc hién cling
quy ludt nhan, ta cé vecta pha géc (4.2a) nhan véi j°. D6 12 vecto pha bing
vecto pha géc cé hudng nguoc lai, (tfc nhan v6i (-1), =1, j=4/(-1) . Quay
vecto pha goc di 270°C, uic 3x 90°C, tuong duong véi viée nhin vecto pha
gbe véi j'=j (Y=, v...v.

ao a & ,
a

« " that | that ‘ ‘ that | that
a) b} c) d)

Hinh 4.2 Quay vecto pha (a) O, (b} 80°, (c}180°, (d) 270°
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Vi dy 4.1: D€ minh hoa ta xét mot dien 4p u thay d6i v6i thdi gian theo
hinh sin, cé phuang trinh:
u= 10 sin (wi+30")U 4.7
Vecto pha thé hién & phirong trinh niy ch:
—  Chiéu dai theo i 1&, thé hién bién do clia dudng sin 1 10V,
_ Géc so véi truc tham chidu bing vai goc pha, 1a 30",
—  Phdn thuc cho boi phuong trinh 13 x=10 cos30" =8.7V: phan do 12
y=10 sin30" =5,0V. Vay vecto pha dugc thé hign bai 8,7+ j5.0 V.

4.2.2. Cédc phuong trinh cua vecto pha

Xét mot vecto pha thé hign dudng hinh sin ¢é bién d¢ bang 1:

X=S5T0 0N, (4.8)
dx/dt=tocosmt,

Co thé vift lai

dvidi= sin (i+90"),— dao ham la mot vecto pha c6 chi¢u dai tang bai
he s6 w va quay 90" so v6i vecto pha gdc. Theo ki hiéu s6 phiic, ta phii
nhan vecto pha gdc vdi jo, vi nhan véi j twong duong véi quay 90°. Nhu viy
phuong trinh vi phan:

ix
a, i a,x = b,y {4.9)
dt
C6 thé viét theo ki hiéu s6 phic, phuong trinh cla méf veeto pha
jowa, X +a X=hY (4.10)

O day cde ki tu dam thé hién di ligu tham chi€u tdi vectos pha. Ta co thé
n6i ring, phuong tinh vi phan, theo mién thai gian, di dugc bien ddi thanh
mot phuong trinh theo niién tan s (frecquency domain). Phuong trinh mién tan
58 ¢6 thé viét lai la:

(jwa, +a,) X=bY (4.10
X by

A (4.12)
Y Jjwa tq,

Trong muc 3.2.2.1 ciing phuong trinh nay nhung viél trong mién s fa cd:
X (s} b

Gls)="rr=—"" (4.13)
Y{s) as+d,
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Néu thay s bing jo, ta c6 cung phwong trinh. C6 nghia, ta ludn co thé
chuyén déi tir mién s sang mién tin s6. Nhy vay ta ¢6 thé dua ra mét dinh
nghia vé ham ddp img tdn 56 (frequency response function) hoac ham truvén
tin s (frequency transfer tunction) G(®) déi véi trang thdi xdc 1ap nhu:

Gljw) = vecto pha tin hliéu d{jftf ra
vecta pha tin hi¢u dau vao

4.14)

Vi du 4.2: Xdc dinh ham dédp Gng tan s6 cho hé théng co ham rruyén dat:
1

Gis)= 4.1
s+1

Ham ddp tng tan s6 thu dugc bang thay s b jo, 1

Glw) = — (4.16)
@+l
4.3. DAP UNG TAN SO
4.3.1. Pap ting tan s6 cho cdc ham béc 1
Hé thong bac | c6 ham trayén, ducc viet la:
G(.s‘)=—l-— GRS

T+
V@i 1 1a hang thoi gian ciia h¢ thong (xem 3.2.2.1). Ham ddp (ng tén s0
G(w) c6 thé thuduge khi thay s bang jw, nhu vay:
Glw) = —— (4.18)
|+ 7w
Néu nhan ca tir 1an mau véi (1- joT) ta co:
1 Xl-jwr _ 1-jot

Glw) = —— — = —— (4.19)
i+ jor 1-jor 1-jwrt’
ma j’=-1, nén
Glw) = —— e = (4.20)
I+w-t” l+w't

D6 13 phuong trinh ¢ dang x+jy, vi G(jo) ia ti s6 giita vecto pha tin
hiéu diu ra vd vectd pha tin higu ddu vao. Ta cd kich thude vecto pha tin
hiéu ddu ra l6n hon vecto pha tin higu d4u vao, bang he s6 |G( jw)| voi:

IGGw) = yx* + 5 =\(r L ] +{ wt } S 4.21)
l+wt” I+w't” J]+w212
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‘G(jw)‘cho biét, bién d6 cha tin hiéu dau ra 16n hon tin hiéu ddu vao 1a
bao nhiéu, dai lugng nay duge goi 1a do Idn (magnitude) hoic hé s6 khuéch
dai (gain). Chénh léch pha ¢ gilfa vecto pha tin hiéu diu ra va vecto pha tin
hiéu ddu vao duoc cho boi cong thirc:

tang =2 = —or (4.22)
X

Ddu am thé hién vecto pha tin hi¢u ddu ra tré so v6i vecto pha tin higu
diu vao mot géc o

Vi dy 4.3: D€ minh hoa, xét mot hé théng (mach dién ¢6 mot dién trd
noi1 tiép vai tu, tin hiéu dau ra duge 14y sau ty, hinh 2.12), ¢6 him truyén:

Gis)= (4.23)

RCy +1

Hé théng 1a bac 1, ¢6 hang thdi gian T cia RC, Ham ddp ving tdn s6 thu
dugc khi thay 5 bing jw la:

G = R (4.24)
Nhan or v miu vai (/- joRC) va sip x€p, viét lai phuong trinh:
Gl = Lt (RO} l+z{$;é‘)2 (423)
Nhur vay, tuong tu nhu phuong trinh (4.21):
(075 [——— (4.26)
J1+@*(RCY
Va: tan¢ = —wRC 4.27)

Vi du 4.4: Xét van dé lién quan dén xdc dinh do 1én va pha trang thdi
x4c lap cha tin hiéu ddu ra mot hé thong khi chiu mot tin hiéu ddu vao 1a
2sin (3t+60°) néu né c6 ham truyén :

4

Gix) = (4.28)
y+1
Ta ¢6 ham dép ttng t4n s6 khi thay s bang jo:
Gljo) = —— 4.29)
jo+1

Nhan mau va tr phuong trinh (4.29) véi (- jo+1), ta cé:
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(}(j[u):_4fw+4: 4 . 4w

(4.30)

5 4 -t/
i +1 @ +1 W+
Do 1én ctia mot s6 phitc x+jy duge cho bdi x” +y° . nhu vay:

[G(j(u)lz\/ 4 e 8 (4.31)

> +hH* @+’ - il +1

Géc pha duge cho boi tang =y/x nén :

tang =-o (4.32)
D6i v6i mot tin hiéu ddu vio c6 m=3rad/s. Do Idn s& ta:

4 i3 (4.33)
NS

vapha la : tang =-3

|G jw)| =

Nhu vay ¢ =-72°C, dé 13 géc pha giira tin hiéu ddu vao va déu ra. Tin
hiéu dau ra 1a 2,6sin(31-12°).
4.3.2. Pép ting tan s6 cho cdc hé théng béc 2

Xét mot hé thong bac hai vdi ham truyén (xem 3.2.2.2):

©
G(s) = — Z - (4.34)
s*+ 28w, 5+ W,

Trong d6 @, 12 tin s& géc ty nhién va { 1a ti s6 gidm chan. Ham dép ing
tan s6 thu duoc khi thay s bai jo, la:
Gjw) = ——2 =
—w’ + 2w, +w, (0, -w )+2jlww,

o e LB
RRIREH]

(4.36)
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Phirong trinh trén ¢ dang x+jy, do G(jw) 12 vects pha tin hiéu déu ra
chia vector pha tin hiéu ddu vao, ta c6 kich thude do I6n cha vecto pha déau

ra I6n hon vecto pha dau boi hé s84/(x* + yl ,la:
L

ERIEEE]

Chénh Jéch pha ¢ gitra tin hi¢u dau vao va tin hiéu dau ra dugce cho béi
tand=x/y va nhu vay

G jeo)| = (4.37)

tang = -——H— (4.38)

Dau trir thé hién pha tin hiéu dau wé sau tin hiéu ddu vao

4.4.90 TH| BODE (BODE PLOTS)

Ddp ttng tan s6 cla mot hé théng 1a tap hop cic gid tri vé do 16n
(magniture)|G(jw) va géc pha ¢ xdy ra khi mot tin hiéu dau vio dang sin
thay doi trong mot pham vi tdn s6. N6 ¢4 thé thé hién theo 2 dé thi, mét 1
dd thi theo do 16n |G(jw)| - thn 6 g6c  vh mot 13 do thi pha ¢- tdn s6 gée o,
duoc sir dung dé thé hién dac tinh tin s& bien-pha. Dé thi do I6n |G¢ jew)| - tdn

0 goc o thudng sir dung thang logarit, duoc sir dung thé hién dac tinh tan
sO togarit. Cap do thi nay duge goi 12 d6 thi Bode (Bode plot), Nhu vay ¢6
thé coi d6 thi Bode la cong cu hién thi ddp tng tin s6 ciia hé thong.

o] dac tinh tdn s6 logarit, d0 16n duge thé hién theo don vi déxiben (dB).
[GLiw)| theo dB =201g,,|G(jw)| (4.39)
Vi du mét do 16n 20dB ¢6 nghia;
20 = 201g,|G¢ jou)| (4.40)
[ =1g,p|G( jew)|
Va 10 = [G(jw)| (4.41)

Nhu thé mot do I16n 20dB cé nghia do i6n [a 10, cho nén bién do cha
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dau ra 1a 10 ldn bien do ddu vao. Mot dd 16n 40dB ¢6 do 16n 100 va nhu vay
bien do ddu ra 1a 100 lan bién d6 dau vio.

4.4.1. Cdc vi du vé dé thi Bode

Xét do thi Bode cho mot hé theng & hinh 4.3, ¢6 ham trityén Gis)=K, voi K
la hang s6. Ham ddp dng  tan so Glw=K, do kon|G(jw)=K va theo

decibel, |G(jw)|=201gK. D6 thi ctia do 1én trong trudmg hop nay mot dudng
thing do 16n ¢4 dinh, thay d6i K don thuan 1a dich chinh dudng dé 16n lén

D6 1dn B

20log, K

0,1 1 10

100

8 o |
& 0,1 1 10 100
. 20
[ra
w -
wradfs
+80° }-
1+
& ] i |
a1 1 10 100
-50°
w radfs

Hinh 4.4 .06 thi Bode G(s)=1/s

hodc xudng bang mot s6 decibel cu thé.
Phase béng 0.

Xét do thi Bode cho hé théng co ham
truyén G(s)=1/s. Ham ddp tng tdn s& s& [a:
Gljw)=1/jw, nhan véi §/j cho G(jw)=-j/w.
Nhur vy do 16n |G(jw] = [/o. Theo decibel
20lg(llw)= - 20logew. Khi w=1 radis do 16m
biang 0. Khi w=/0radls, |G jw) = -20dB. Khi
G(jw)=- 40dB. Nhu vay khi

tan s6 goc,

w=100rad/s,

tang 10 lan thi do Iénm,
|G(jw)| gidm di lugng -204B. D4 thi 36 l6n
ta duong thing cé do ddc -204B /décat
(décat la don vi do cha tin s6 o, tic Jogarit
cha do tang tin s6 10 lan), di qua 0dB
taiw=/radls. Pha ciia he théng nhu thé dugce
cho béng:
I

tang(b:-#:—oo (4.42)
Do vy ¢=-90 cho it ca cdc tdn s6 (hinh 4.4),

Vidy 4.5: Xét d6 thi Bode cho mot he

thong bac nhat, c6 ham truyén cho bdi :

HOE

™+

(4.43)

Khi dé ham dédp img tdn s 1a:
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G{jw) =

- (4.44)
jor +1
B 16n (xem 4.2.2) sé€ la;

Theo decibel 1a:

201g——1—) (4.46)

Khi w<<1/t thi o’t" duge bd qua so véi 1, do 16n 201g1=0dB. Nhu vay
tai cdc tin sd thdp, do thi do Ién 13 dudng thang c6 gi4 tri khong déi, 1a 0dB.
D&i véi cdc tin s6 cao, khi @w>>1/7 thi @*T° 16n hon nhiéu so véi | nén 1 ¢é
thé bo qua. Khi d6 do 16n 13 20lg(1/mt), tic -20]gmt. D6 1a mot dudng thing
c6 do dée -20dB /décat, cat dudng 0dB khi wt=1, tic ®=1/7. Hinh 4.5 thé
hién cdc dudng niy 461 véi tin s6 thap va tin s6 cao v diém giao nhau cta
ching, goi la diém cdt (break point) hodc tén 6 gdc (corner frequency) tai
w=1/1. Hai dudng thing ndy duoc goi la tiém can xdp xi dé thi thuc (true
plot), Chénh 1&ch gilra d6 thi thl_IC va dudng xap xi 1én nhat 13 3 dB, tai diém
cat.

Pha cha hé bac 1 (xem muc 4.2.2), dugc cho bdi rangg =-wr

2ok Bidm cit Tai céc tdn s6 thdp, khi @ nho
hon 0,1/1, pha gdn nhu bang 0. Tai
% 0 T pir T b \ /s . . . .
§ ' / '. ’\\“”a cdc tan sO cao, khi m 1én hon 10/T,
g 9sm '. ~ pha gan nhu bing -90". Gita hai
-40 LU  Bubng ginla B PR . 2
" i ' | guingthbng CYC Iri may, cO thé xét goc pha de
: 1 ! N . 2 P
'| : ! fim ra mot dudng thang hop Ii trén
! : :. dé thi Bode (hinh 4.5). Sai léch
| I'. ', max. dugc cho la xdy ra trong
L 1 »
o0k i : trudng hop dudng thiang 51/,
g, E : Xét mot he théng bac 2, cd
! w radfs N 2
N ham truyén dat:
-90° e
Butng gin 1 W,
dumgtrdng B3 thithye Glo)= (4.47)

2420w, s+ w,
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khi thay s bing jox

Gjw) = — 5
-+ j2Lw,0+ o),

Khi dé do 16n sé la (xem phan 3.3.2.2):

. |
G (iw)| =

(4.48)

Theo decibel, do [6n s€ la:

] {m d
(), @,

(4.49)

GCjw)| = 201g

\/[l (-—-) 24'( }
(4.50)

——2013\ﬂ( g 24(—)}
UH

200
0,1
g2
Z :E( 0,5
Q i
g,! , s 10 oy,
Digm cdt !
Pudng 8m can ll
m )
=t :
£-29F ;
g |
m b
| -40 divdecade’,
-40[' ! .
W02
L il
ol ! T
: TisSthtddn 10
™0 H¢ 6 can
....90' ________________
o
o=
T
m} .........................
wfiw,a §

Hinh4.6:06 thi Bode cho hé théng bac 2

Poi voi  (w/m,)<<1, dé 1on
gin béng -20lgl hodac 0 dB.
Vvéi (w/m,) >>1, do 1én xdp xi
bang -20lg(w/®,) . Nhut vay, khi
o tang boi hé so6 10, do 1on tang
bai hé $0
-20log100 hodc -40dB. Tai cdc
tdn s6 thap, do thi d6 lon [a mot
dudmg thang tai 0dB, trong khi
tai cdc tAn s§ cao, d6 la mot
dutmg thang tan s6 -40dB/décat.
Giao diém cla hai dudng thing
nay, diém cit, la tai o=, Do
thi do 16n 1a dudng xap xi dugc
cho bdi hai dudng tiém cin nay.
Tuy nhién, gid tri thuc phu thudc
vao hé s6 can L. Hinh 4.6 thé
hién hai dudng tiém cén va cdc
dé thi thue (true plot) cho mot s6
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hé s8 can (hé s6 gidm chan).
Pha dugc cho bai:

e 4.51)

D6 VG (wfo,)<<], tic(w/0,)=0,2, tangd xdp Xi bang 0 —vay ¢=0".
D6 véi (/w,) >>1, tic (w/e, )=5, tangd xdp xi -(-c), —>¢=-180". Khi 0=,
6 tang=-00 —=-90". Dudmg xdp xi hop If 1a dutmg thing qua -90" tai
w=w, , diém 0" tai (®/o,)=0,2 va -180° tai (w/®,)=5 (xem hinh 4.6).

4.4.2. X4y dung dé thj Bode {Bode plot)
Xét mot hé thong gom céc thanh phén ndi ti€p. Ham truyén cla cé hé
thong (xem phan 3.2.2.3)dugc cho boi:
G(s)=G () Gof5) GA(S)....V..V. (4.52)
Ham dép émg tdn s6 cho mot he théng c6 2 thanh phan khi thay s bai joo la:
G(jw)= Gljo) G(jo) (4.53)
Ta c6 thé viét ham truyén G(jo) dudi dang s6 phitc (xem phin 3.3.2). tic:
x+ jy =|G,(joY(cosg + jsing;) (4.54)
Trong d6 [G(je| 12 dO Idn va & [4 pha cba ham dép (ng tén 58, Tuong ty ta
c6 thé viet G2(jm) 1:

G (jolcosdy + jsinga) (4.55)
Nhur vay:

G(jw) = |G, (jw)(cosd, + jsing, |G, (jw)(cosgs + jsing,) (4.56)

= lG, (jm)“Gl(_;'w)‘(cusigtl1 cos¢, + j(sing, cosg, + cosdy sing, } + j2 sing, sing,)
Nhung j’=-1 va do: cos@, cos$, —sin@, sing, = cos(¢, + 0,)

sin @, cos @, +cos @, sin ¢, = sin(¢, + $.)

Nén:

G(jw) =G, (jo)|G,( jo)llcos(@, +8,) + j(sin(d, +9, ) (4.57)
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Ham dap Gng tdn s6 clia mot he théng ¢6 do 16n 1a tich cdc do 16n cua
céc thanh phdn v pha 12 tdng pha ciia céc thanh phan, tifc:

IG( jo)| =[G, (jw)

G, GG (G| v-.v. (4.58)

¢’=¢;+¢3+@+....1’...V. (4'59)
Bay gi®s xét d6 thj Bode theo logarit cua do 16n:

1G] =1glG (ol + g G (jo)| +1gG, ()] -.wv.v (4.60)
Nhu vay ta c6 thé co dd thi Bode cla mot h¢ thong bing cong cdc do thi Bode
d6 16n clia cdc thanh phan cdu thanh. Tuong t, d6 thi pha (phase plot) thu duge khs
céng pha clia cac thanh phan céu thanh véi nhau.
~ Bang viéc st dung mot lugng céc thanh phéin co ban, ta ¢6 thé thu duge
d6 thi Bode cho mat hé thdng 16n. Céc thanh phin co ban duge st dung fa:
i, G(s)=K, cho dd thi Bode nhu thé hién trong hinh 4.3,
2. G(s)=1/s , cho dé thi Bode nhu thé hi¢n trong hinh 4.4.
3. G(s)=s cho d6 thi Bode ,

S N Gls)=10 doi xdng givong vdi loal

| duoc thé hién trong hinh

| N . .

o © e o s e ads 4.4, |G jon|=20dB [décat, di

s o e 0dB tai o=1 rad, . ¢ 1a
“aol Gis)= 7= mot hing tai 90",

. 4. G(s)=1/(ts +1) cho do thi

_.mt_ Gls) = 2+ 1 Bode nhu thé hién trong hinh

4.3,
90k ' 5. G(s)=ts +1, cho do thi
Gis) = 10 Bode, déi ximg givong Vot

loai duge thé hién trong 4.5.
& db thi do 16n, didm cét 1a
tai 1/t véi dudng trude diém
nay thudc dudmg 0dB va sau
né 12 dudng ddc 20dB/décat.
Pha bing O tai 0.1/t va tang
len + 90" tai 10/

Hinh 4.7. Vidu
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6. G(s)=w; As” + 2gw,s + @) . Haim ndy cho do thi Bode nhu thé hién trong

hinh 4.6.

7. G(s)= (s + 2w, s + 0> )/ o’ . Him nhy cho d6 thi Bode, ddi xidng guong vdi

loai thé hién trong hinh 4.6

Vidu 4.6: D€ minh hoa van dé néu trén. ta xét hinh vé cic dudng tién can
cua dé thi Bode cho mot hé théng ¢6 ham truyen:

10

Gis)= el
s+

i

(4.6

Ham (ruyén (4.61) duoc cdu thanh bdi 2 thiah phdn , mot Ja ham truyén cta 10
vi mot i ham truyén 1/(2s+1). C6 thé vé d6 thi Bede cho timg thinh phin r6i cong

20 .
. Difmcit 5
o Y L |
1%, 410 100 w radys
0TV ST N, R TR G} = 0,1
AN
Y “\
mn -0r \‘\ \
= . \
P Y " 2,5
P Voo TEAGE
W B0 ’ L
& % \ 5, T
\ v 2,5
; &) = 5+ 15+ 25
ok \ + 154 29)
)
\
~10C
\G(s] - B
s(s + 35 + 25)
Gis) = 0,1
o I L dannacas
1,0 1, 10 100 wrag's
. 25
—90* pmarraacceeSwemrm e Gis) » ————
Fr39+25
=
o _ygo° RLSCESTER G(s) ¢ 2>
s{5? + 35 + 25)
' 2,5
-270° ’- Gl5) = 2
s{e? + 35 + 25}

Hintr 4.8: 96 thi Bode cho hé thong béc 2

90

v§i nhau  dé o thanh d6 thi
yéu cdu. D& thi Bode cho him
truyén 10 ¢6 dang cho trong
hinh 4.3 v6i K=10, con 46 thi
Bode cho [/(2s+1) thi tya nhy
loai cho trong hinh 4.5 vdi T=2.
Két qua duge thé hién trong
hinh 4.7

Vi dy 4.7. Xét hinh vé
cic dudng tién can cta do
thi Bode cho mot hé thong
¢ ham truyén:

2.5
Gls)s ————— (4.62)
sly” +35+25)

Ham truyén trén duge céu
thinh tir 3 thanh phdn, mot
v ham truyen 0,1, mét véi
ham truyén 1/s va 1 v6i ham
truyén 25/(s2+3s+25). Ham
truyén 0,1 s& cho 1 dé thi
Bode tua nhu trong hinh 4.3
véi K=0,1. Ham truyén 1/s
s& cho d6 thi Bode tya nhu
trong hinh 4.4, Ham truyén



25/(52+35+25) c6 thé duoc thé hign theo @ /(s” +2{w, +©]) v6i ©,=5 rad/s

vd £=0,3, ¢6 diém cdt khi w=w,=5 rad/s. Tiém cén dsi véi pha gua -90° ¢

didm cat 12 0° khi ta ¢6 (w/o,) =0,2 va la -180° khi (0/w,)=5. Hinh 4.3 the
hién dé thi Bode tdng hop.

45. DAC DIEM KY THUAT

Céc thuat ngit sir dung dé miéu ta dac

Mol . diém clia mot hé thong, khi chiu tin hiéu

0 -/’_‘\\: ddu vao hinh sin 1a cong hudng cre dai (peak

BdBf---meons ) 0 ? resonance)va dé rong ddi tan (bandwidth).

PE v Cong hiedng cue dai (peak resonance) M,

) _J" duge dinh nghia 1a gid tri max. cua do [6n
;

D9 rong ddi tan (hinh 4.9). Cong hudng cyc dai tugng dng

Hinh 4.9: 9c tinh thirc hign véii‘ gia tri “SL_I \juqt qua max. cua mot hé

thong. D6i vdi mot hé théng bac 2, su

cong hudng c6 quan hé truc tiép vii heé s6

can (damping ratio) khi so sénh ddp ung voi dé thi Bode ¢ hinh 4.6. Ta

nhan thdy mot hé so can thap twong ing vé1 mot cong hudng dinh cao. D¢

réng ddi tén duoc dinh nghia 13 bang tén s6 trong khoang d6 do 16n khong

thap dudi -3dB. Dai v6i hé thong cho dé thi Bode & hinh 4.9, do rong dai
tin 13 khoang mé giita tan s6 0 va tdn s6 tai 46 do 16n tut xudng -3dB.

4.6. 90 ON DINH

Khi ¢6 mot tin hiéu hinh sin & ddu vao mot hé thdng, diu ra hé thong c6
th 12 tin hiéu sin clng tan s6 goc, nhung cling ¢6 the vdi bien do va pha
khdc v6i tin hiéu dau vio. Xét mot hé théng vong lap kin ¢6 phin héi am
{(hinh 4.10), khong ¢ tin hiéu vao. Gia sir, vi mot i do, ta ¢é xung sin chinh
fwu mot nita 13 tin hiéu sai léch trong he thong. Tin hiéu ndy qua ddu ra va
héi hoan, t6i thanh phin so sdnh (comparator element) véi bi¢n do khong
déi nhung pha thay doi 180" (nhu thé hién & hinh 4.10). Khi tin hiéu nay
duoc trir khoi tin hiéu du vdo, ta ¢6 mot sai léch tdng, ti€p tuc xung chinh
lwu mot nira ban ddu. RS1 xung ndy quay lai vong phan hai, lai ti€p tuc tin
hiéu theo thdi gian. Nhu vay ta c6 mdt dao dong tu duy tri (self-sustaining
oscilation).

Dé c6 dao dong tr duy tri, he théng phai ¢6 ham dap tmg tin s6 vo1 do
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Chénh
leeh |

Dau vao

Piura

|

Chénh fech
ban dau
=3

Phin b
i — | T T F

dau vao
=3

Chénh léch
(&)
; ‘ j F T ‘ T

Phar hii-

Hinh 4.10:Dao dong tu duy Iri

I6n bang lva pha -
180" (nhu thé hién
& hinh 4.10). He¢
thong tin hiéu qua
1a: G(s) ndi tiép v
H(s). Néu dd lon
nho hon 1 thi ting
xung s6ng mot nua
tidp theo sau s ¢6
kich thudc nho hon,
nhur vay dao dong
s€ tit dan. Neu nhu
do I6n I6n hon t,
séng xung ti€p theo

s& 1Gn hon séng trude do, 6 hién tugng tich séng, nhu vay hé théng khong
&n dinh. C6 thé rit ra mot s6 két luan sau:
1. Mot he thong diéu khién s& dao dong v6i mot bién do khong ddi néu
nhu do 16n téng hop tir hé thong G(s) noi tiép véi H(s) 1a T va pha la-

180",

2. Mot he théng diéu khién s& dao dong v6i mot bién do gidm dan néu do
I6m téng hop tir hé thong G(s) ndi iép véi H(s) 1a nho hon [ va pha 1a-

180°.

3. Mot hé théng didu khién s& dao dong vdi mot bién do tang dén, nhu
vy 12 khong én dinh, néu do 16n téng hop tir hé théng G(s) ndi tiep voi
H(s) 16n hon 1 vi phase [a-180".

—— o=

-—l s

Hinhd. 11: Ham truyén dat

vong mé

Ham truyén cho hé G(s) n&i ti€p H(s) dugc
goi 13 ham truyén vong md (open —loop
transfer function), giéng trudng hop vong kin
thé hién trong hinh 4.10 vGi su ngdt tai bd so
sanh (comparator), nhu thé hién & hinh 4.11.
Ham truyén ciia vong md & tich ham truyén

G(s)H(s).

Mot hé théng diéu khién vong md t6t, on dinh thudng yéu clu do 1on cla
ham truyén vong mé, tize [G(s)H(s) | phdi nhé hon 1 (gid tri thuong ding la tir
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04 dén 0.5). Hon nita, gée pha phdi
—— trong khodng -115" +125°. Nhig gid
NE;“:‘ €hcaﬁndai ¢ tri ndy tao nén mot he thong diéu Khién
i . ' bi can nhe (under-damped control
:| system), loai v&i dau vao dang bdc,
i dem lai khodng 20% dén 30% luong
@ qud diéu chinh, hé 0 suy giam Khodng
tir 3 dén 1 (xem phén 3.1.4).
D6 thi Bode cho ham truyén vong
md ¢6 thé duoc sit dung dé thé hién do
Sn dinh cha he thong. Thuat nglt gleo
pha (phase crossover) dugc dung cho
20\ tan s6 trong d6 thi phase (d6 thi phase)
tai do g6c pha ddu tién dat

L
0,1 I~y 10 : S . _ ;
5 ;\ wrads -180°. Thuét nglt bhién khuéch dgi (gain
I

Bé lém

00

1
1
|
I
]
I
1
1
I

Pha

Gidi han pha

Hinh 4.12:céc giti han khéch dai va pha

Pa 16n
1
[
o

margin) dugc st dung cho hé s6 ma do
16n nhan véi tai giao pha cho gid tri 1
(hinh 4.12). Thuat ngiy giao khuéch dai
(gain crossover) dugc sir dung cho tin
s& trong dé thi do 16n, tai dé do lon
ddu tién cta vong mo dat gid ai I
Hink 4.13: Vi dy Thuat ngit bién pha (phase margin) dugc
stt dung cho mat s6 midc, & d6 géc pha
nhd hon -180" tai giao khuéch dai (hinh 4.12) . Nhimg nguyén tic trén duwgc
xem x€t cho hé théng diéu khién, goi 12 hé théng on dinh 6t n€u ¢6 bién
khuéch dai trong khoing 2 va 2,5 va bién pha trong khoing 45 va 65"))
Vidu 4.8 D€ minh hoat, xét mot d6 thi Bode trong hinh 4.13 cho mot
ham truyén vong md ctia mot hé thong diéu khién. Bién khuéch dai la gid tri
do 16n khi pha -180" 1a khoang 8dB, c6 nghia: 8=20lg (d¢ lon). Nhu viy do
lén 1a 10¥¥=2,5, bién pha la chénh léch pha so v6i -180° khi do lon bang 0, la
khodng 40°. Hé théng niy duge cho 1 hé thong on dinh.

Vidu 4.9: Xac dinh gia tri K cho hé thong véi ham truyén vong mo
K

- & cho bién khuéch dai 3dB (= 2). Ham dédp ing tdn sO cha
s(2s+1Hs+ 1)

vong md la:
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. K K
Gyl jer) =

S . = - . (4.63)
JOG2o+ D(jo+D)  —3m” + jo(l— 2w}
Nhan tir vi mau vai (- 3w~ + jed-20°), cho:
3K i ar . 1
Gy jw) = M.U +::Kw(l q2a:r ) (4.64)
Yo +w {1 -2w" )
D6 {dn cua ham dap tng tan s6 —vong md [
. K
Gy ()| = - — (4.6%)
Jow* + w3 (1~ 20%)?
Pha la:
P (4.66)
3w

Déi vai he thong ¢6 bién khu€ch dai 3dB, thi do phat 1a gia tri do 1on tai
®=-180". Tai gdc nay. phuong trinh trén cho /-2¢/'=0 v nhu vay w=1/v2.
Tai gdéc nay:

Bién khuéch dai =-201g |G,( jo) (4.67)
nén:
3= 20ig K (4.68)
\@(04 +w* {(i- 20° )3
K
3=-201 Do dé K/(3/2)=10-3/20 - K=1,06 (4.69
g{m} G2 :
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CHUONG 5. PHAN TiCH TRANG THAI VA BAC TINH CUA HE THONG

S.1. TRANG THA] CUA MOT HE THONG

Trang thdi x(t,) cua mot hé thong dong tai thdi gian t, [a tap hop cic
bién, cting ddu vao u{t) véi t2t, dinh doat hoat dong cua hé thong déi voi
moi tat ca 2ty

Co s6 cha dinh nghia niy 12 ghi nhan trang thdi vé cdu hinh hién thei
cliia mot hé thong. Vi thé bd nhd cua hé théng dong hoc duge danh riéng luu
giflt cdc bién trang thai tai thoi diém hién thdi t, (goi 1a diéu kién ban dau).
Cac phuong cich hoat dong trong twong lai cia hé théng duge quyét dinh
b&i didu kién ban ddu x(t,) va dau vio u(t) d6i véi t2t,. Trang thai hé théng
c6 thé viét 13 mot tp hop:

x {7}

x(t) = .\'3:(.')
x, ()

Trong dé n [ s6 lugng cdc trang thai. Mot tap hop bién bat Ki, thod mén
dinh nghia trén 12 mot trang thai hop 1€, cho dii trang thédi ¢6 thé khong 13
duy nhat,

Nhitng dé cap trong phén nay 1a cdc van dé trang thdi clia cdc he thong
déng luc. Cac hé thong dong lyc 1a cdc hé thdng ma cac bién s cla hé
thong lién quan Iin nhau, khong nhimg theo phuong dién dai s6 ma ca sy
can thiép cdc tac dong tich Tu§ va t6c do thay d6i ching. Cic mo hinh he
thong dong luc cé thé duge xay dung trong mién thdi gian lién tuc, gidn
doan hoac trong mién thdi gian lién tuc- gidn doan (nhitng hé thong lai, hé
thong 14y méu). Sau day ta xem xét cdc trudng hop nay.

5.1.1. Bién trang théi

Mot trong nhitng phan loai thuong duge su dung nhit cho mé hinh la
theo cdc hé phuong trinh da duge xdc dinh vé tp hop cdc ndi bi€n (inner
variable) clia hé théng. Cic ndi bién duge goi ta cdc bién trang thdi (state
variable). Khi gid tri bién hé théng cé tai mot thoi diém  wie thoi xdc dinh,
hinh thanh rrang thdi hé thong (system state). Nhiéu nghién ciu coi bién
trang thai va trang thi hé thong 1a dong nghia.
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T'dp hop cac bién trang thdai ciia mot hé thong cho truce 1a tap hop nei
bién, nhie viy moi bién hé thong 6 thé duwge tinh todn (computed) nhie 1
mor ham cia trang thei hién tai va 1a cde diu vao hé thong hién tai va teomg
lai. Dinh nghia ndy ham ¥ néu biét trang thdi & mot thot gian f ta ¢d thé tinh
dugc nang lugng tich trong he thong tai thoi diém 4y. Nang tuong tich phu
thude vao mot s¢ bien he thong (toc do, dién dp, vi tri, nhiét do, dp suat,
v...v) v theo dinh nghia c6 thé tinh duge tir trang thdi he thang.

Theo dinh nghia nay, téng quat hon ¢6 thé hidu trang thdi, cdc bién
trang thdi ¢6 the chon nhu [ haim cla cic thay ddi bén trong hé théng. Diéu
nay tao khodng cich giita trang thai va thé hién vat If cha né va ciing tao nén
mot dac diém tha vi, ring kha nang chon lya cdc bién trang thdi khong la
duy nhat.

Mot nhan xét quan trong nita 13, sy phdt trién cta trang thdi véi (hoi
gian 6 thé tinh tir gi4 tri hién tai cia trang thdi va cdc dau vao hién tai v
tuong lai. Vi vdy cdc mé hinh lién quan 13 cic phuong trinh vi phan bic |
cho thdi gian lién tyc hoic dé quy nhdy mot nhip cho théi gian gidn doan
(one-step recursive).

$.1.2. Cdc md hinh khéng gian trang thai co ban
Néu bigu thi x 1a vecto twong tmg sy lya chon cdc bién trang théi dac
tht, dang t6ng qudt ctia mo hinh biéh trang thai la:

DGi v8i cde hé thong thei gian lien fyc (continuous-time systems):

& F(x{t)ulr),1) (5.1
dt
Y =Gx(),u(t),1) (5.2)

Trong dé u(t) 12 vecto ddu vao vi y(t) 13 vecto dau ra hé théng,
Doi v6i cdc hé théng thei gian gidn doan (discrete-time systems):
Ar+1]= F(xft]alt]n (5.3)
Wil= G, rlule] oy (5.4)
Trong d6 u[t]la vecto  ddu vao (input vecto) va y[t]1a vecto ddu ra {output
vectd) hé théng

Vidu 5.1: Mot ngoai fuc
f{t) tdc dung vao mot hé théng
Masdt nhdt khoi luong—1o xo. Vi tri dft)
Hinh 5.1:M6 hinh hé théng ca khi

e flt)
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duge do tuong (ng vdi vi tri khéi lugng khi 10 xo duge nha va khéng chiu
ngoai lyc. Chuyén dong clia khoi lugng cham dan do luc ma sdt nhon, ma
s&t nay ti 1& thuan véi tdc do vi4) cua khai lugng.

Tir nguyeén Ii hé théng thoi gian lién e ta ¢6 the tinh vi tri khoi lugng
vi t6c do cha khéi lugng néu bigt toe dd ban ddu cua khoi fuong va luong
gidn dii 16 xo ban dau. Nhw vy vécio trang thai phii ¢6 hai thinh phan,
x(y =[x () xn] . chon trang thii tu nhién la:

y(H=d@) (5.5)
xz(f}I‘l’(f):,\-.'l(f) (56)
Vi su lua chon ndy, ta ¢6 thé dp dung dinh ludt Neuton dé cé:
fl)y= md_\-‘}(_.ng Kd(1)+ Dv(t) = mx, (1) + Kx (1} + Dx, (1) (5.7)
dr

Trong d6 m la khéi luong, D 1a hing 6, ti 1€ thuan voi ma sit nhét.
Phuong trinh trang théi c6 thé viet lai la:
() = x5 (0) (5.8)

=S qw-Lroe-r (5.9)
i m

tH

Nhan xét, nang lugng w(¢) tich trong hé thong duoc cho boi:
wit) = % Kd* (" + % my{t) = x(.')T Ax(t) (5.10)

v6i A 12 ma tran chéo: A = diag{%,%}

Tinh khong doc nhdt clia vecto trang thai: danh gia tinh khong doc nhat
cla vecto trang thai dugc thyc hién, thay vi sir lua chon dugc thye hién ]
(5.8), ta c¢6 thé chon mot trang thdi méi x(r)lien quan véi x(t) bdi mot ma
tran khong suy bién Te >, tifc:

x(1=Tx{H) (5.11)

(xem tiép & phin bién doi dong dang trang thai).

Tin hiéu va mo ta khong gian trang thai

Khong gian trang théi ciing c6 thé duge sit dung d€ mo ta cdc trang thii

da dang cua tin hiéu khi sit dung mo hinh, dang:
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&w Ax(r) : v(r)y=Cx{t) chocactin hiéu thai gian- hién tuc (5.12)
dt

ale+t]= 4,50, vlr]= €, i Jeho cac tin higu thes gian- roi rac (5.13)

Vi du 5.2: D& minh hoa, xét mot tin hiéu thdi gian- lién tuc cho boi:
f() =2+ 4cos(5r) = sin(5r) (5.14)

Tin hiéu nay ducc hidu 1a nghiém phuong trinh vi phan dong nhat:
3

d f)  edf ) _

dr? dt

6 FO)=6, f0)==5 va f(0)=-100 (5.15)

Néu chon cic bién trang thii x, (1) = f(2), % (0= F(1) va x, (= f(0), thi
mo hinh trang thai cho tin hiéu nay la:

0 l 0
d.ri.') =lo o Il y(r)z[l 0 (Jlr(.“} (5.16)
@ lo —25 0

Trong viéc str dung mo hinh khong gian trang thai nay, céc bién trang
thai khong c¢6 nghia vat If dic biét. Tuy nhién viéc mo ta nay dac biét hitu
ich trong If thuyét xay dung lai tin hiéu va gidi quyéet nhiéu trong viéc tong
hop hé théng diéu khién.

52 MO TA KHONG GIAN TRANG THA! CHO HE THONG THOI GIAN-

LIEN TUC

Nhimg phan tich sau tip trung vao loai cdc h¢ théng bit bién thoi gian
va tuyén tinh, Dé thyc hi¢n diéu ndy ta xem xét viéc xay dung mot mo hinh
tuyén tinh tir cdc phuong trinh khong tuyén tinh (5.1) va 5.(2).

Mot han ché nita trong phén nity 12 hé thong nghién cu ¢ tré thoi gian
khong thuan khiét. Dic diém nay tao nén mot vecto trang thdi ¢6 thi nguyén
khong xdc dinh. Hé thong nhu vay sé duge ban dén ¢ 5.1.4.

5.2.1. Tuyén tinh hoad

Vi ban dén cic cdc hé thong khong thay déi v6i thdi gian, phuong trinh
(5.1) va (5.2) c6 thé viét lai la:

A e () (5.17)
i S
w(1) = G(x(#).2(t)) (5.18)
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Gia thiét, moé hinh (5.17) va (5.18) co it nhit mot diém can hdng
(equilibrium point) cho boi {"0*”@*-"0 1, 3 toa do chi€u theo 3 vecto bt bién
thoa man:

0= F(xg.ug) (5.19)
Yo = G(xg.lgp) (5.20)
Ghi chi: diém can bang dugc xdc dinh bdi dao ham trang thdi bang 0.

Néu xét ving quanh diém can bang, ta ¢6 thé xdp xi mo hinh (5.17),
(5.18) boi day Talor rit gon, c6 dang:

: oF oF
x(t) = F(xg,ugp)+ _8?\-‘:-"9 (x(1) = xg) + v (u(®) —ugp) | (5.21)
=g u=lig
G G
y(1) =G(xg M)+ ‘a;\-":-"u (x(t) — xQ) + at_\-‘:-"u (u(t)—ugp) (5.22)
=iy y U=l

Khi d6, phuong trinh (5.21) va (5.22) ¢6 thé viet lai la:

%\ir_)_ = AAx(1) + BAu(r) (5.23)
t
Ay(1) = CAx(1) + DAu() (5.24)
Trong do:
Ax(t) = x(t) — Xg Au(t) =u(t)—ugy Ay(1) = y(t)— Yo (5.25)
0G
= 5.26
au\}i-j@ ( )

Cic y tuong vé tuyén tinh
ho sé dugc minh hoa bai cac vi
du sau:

Vi du 5.3: Xét hé thong
nang c6 tu tinh dugc thé hién
trong hinh 5.2, trong d6 qua cau
kim loai chiu hai luc: trong luc
mg va luc hit sinh ra bdi nam
cham dién f(t). Nam cham dién
dugc diéu khién qua ngudn dién

| !
hiy b A1) i

4
Vmg

Hinh 5.2 Hé thong nang tur tinh
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ap e(?) > 0Vr. Luc hit trén qua cdu f(t) phu thudc vio khoang cich h(t) va
ddng i(t). Mai quan hé ndy cé thé midu ti xap xi bdi:
K,
=—7— i 5.27
f)y= O+ f( ) (5.27)
voi K, va K, lacdc hdn}: sO dUUng.
Sit dung cdc nguyén i thif nhét, ta cé thé viét:

ety = Ri(r) + LY (5.28)
dt
V(1) = dh(f) (5.29)
dt
K, dviz)
- _ H) =me hudts 5.30
fn o+ K, i{t)y=mg+m - { )

Chon céc bién trang thdi a: dong i(t), vi tri qua ciu h(t) va toc do cua
qua cdu v(t), ta c6:

=[x xe ool =l ww ol (5.31)
Tix (5.28+5.30) ta ¢6 thé dat sy dién 1a hé théng theo (5.1) nhu sau:

di(t)y dx, (1} R 1

- = — = — -32
dt dt L i+ “w 32

dh(t)  dx.(t)

_eed 5.3
dr dt () 639
K

dv(t) _ dx,(1) _ L -g (5.34)

dt dr mx-(ty+ K,)
Trude khi xay dung mo hinh tuyén tinh hod, phai tinh di€ém can bang.
Diu vao truyén dién trong hé théng nay Ia dién dp nguén efr), diém can
bing thu duge voi e(t)=E,. Vi vay, ¢6 thé tinh trang thdi can bang véi cac
cong thife tir (5.32)+(5.34), khi dit tat ca céc dao ham bang 0, tifc :

R 1 E,
—ZXIQ+ZEQ=0 = X0 :_R" (535)
— X3 =02 x,, =0 (53.36)
K\Eq
K gm0, ey, -k, =0k, (5.37)
m(xy + K ) mg ng

St thiét lap trén 12 d0 dé dung mot mé hinh tuyén tinh hod & ddu vao gia
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s6 (incremental input) Ae(r) va trang thdl gia s6 (incremental  state)

Ax() = [Av () Av) Aol ket qué

dA\ ) R 1
— = —IA\‘](I)-F—EAL‘(I) (5.38)
‘m‘h{” —AxL (1) (5.39)
[£

ddx, (1) _ E—‘Q—Ar ) - Rmg’
- —= ! .

Ax, 5.40
elt E = (1) ( )

¢ o
Néu coi h(t)- vi tef clia qué cau 1a dau ra, ta ¢d thé so sdnh cic phuong
trinh trén véi (5.23) va (5.24) dé thu dugc:

_R 0 1 ik 0'[

L

A=| 0 0 -1‘ B_(}; C= ; D=0 (5.41)
Rg _Rmg” {)‘ 0 (]J
E

o KiEg ]

Trong nhitng phdn ti€p, ta bo ki tu A ra ngodi nhumg xin luu ¥, mo hinh
& trén 1a tuyén tinh trong cdc thanh phan gia s6 (A )cua trang théi, cdc ddura
vi diu vio & quanh diém can bang dugc chon.
5.2.2. M6 hinh khéng gian trang thai tuyén tinh

Trude tién, ta xét mo hinh khong gian trang thdi bt bién thoi gian tuyén
tinh:

d"d(: ) Ax(t) + Bu(r) (5.42)
y(1) = Cx(t) + Dul(t} (5.43)

Nghiém clia phuong trinh (5.42), theo rang budc x(to)=xq, duge cho boi:

xey=eM T, + Je"”’”Bu{’r)dT vt21, (5.44)

f

V@i ma tran chuyén tiép ¢* thoa man:
Al _ o ! L] '
e _HZ‘.‘W‘ ! (5.45)

Vi két qui nay, giai phuong trinh (5.43) cho:
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v(t) = Cet't ].r” + C-[ ¢ M Bu(nYdT + Dui() (5.46)

y
Péng luc hoc hé thong
Trang thdi cia mot hé thong ¢6 hai thanh phan, thinh phan tu nhién
X, (t)(nirc thanh phédn khong cudng biic) va thanh phin cudng bic x,, véi:

Att=iy

x (fH)=e X, (5.47)

3, (0= [ Bu(zyde (5.48)

Pé thiu hiéu mé hinh khong gian trang thii va cdch gidi ching, ta xét

trudng hop khi t,=0 va u(1)=0 ¥r >0, tic trang thdi chi ¢6 thanh phan ty
nhién (khong cudng bidc), khi dy:

x(r)=e"x, (5.49)

Tiép theo, gia thigt [ Ac " va dé don gidn, chiing cé cdc gid tri riéng
Ay Ay ... A, vOin (doc 1ap tuyén tinh) vecto riéng v,, v, ,....v, . Khi do luon

ton tai mot tap hop cédc hang s6 a,, o, ,....«, , M
Xo= D0V, e (5.50)
i1

Ké&t qué tir dai s6 tuyén tinh cho biét, cdc gid tri rieng cla A la A7,

A AR v6i cdc vecto riéng tuong dng v, 1, ,....v, . Viéc dp dung két qud

nay cho:
1] s l 1" 1
wy=eMxy =1+ Yoy — Ayt =Y ey, (5.51)
_ _ k! e _
t=1 &=l 4 =1
TN

Phuong trinh ndy thé hi¢n, thanh phan khong cudng bite clia trang théi [a
mot ket hop tuyén tinh cdc dao dong ty nhién (natural mode) {e’l“’ }, moi maot
dao dong két hgp véi mot gid tri riéng A. Do vay ;ma tran A quyét dinh:

- Cdu triic cua dap Ung khong cudng bic.
- Tinh 6n dinh cha hé thong.

- Toc do dap ing,

102



5.2.3. Cau tric cUa ddp ung khéng cudng buc (unforced response)

Khi khong c6 ddu vao, trang théi tién trién nhu mot t6 hop céac dao dong
tu nhién, thude loai di duge dinh nghia vé ham: 13 cdc him ma véi s6 mi la
56 thue hodc 1 s6 phitc. Cdc dao dong nay gom cd cdc séng sin khong doi,
séng sin ham mii s& thye, song thudn SIN, cdc song sin diéu bién s6 mii va
mot s& ham dic biét khic ndy sinb tir céc gid tri diic trung duoc 1ap lai.

5.2.4. Céu triic cta dap ung cudng buc( forced response):

Khi trang thdi ban dau 1a 0, trang thai s& thé hién chi mdi thanh phan
cudng bite. Thanh phin cudng bic cua trang thdi sé gdm ca cac dao dong tu
nhién va mot s& dao dong cudng bic bd sung hoac dao dong dac thu, phu
thudc vao ban chit dau vao u(t) coa h¢ thong. Thudmg, cdc dao dong cudng
bidc trong diu vao s€ cling xuat lién trong trang thai. Tuy nhién cé mot s&
rruomg hop dic biét phdt sinh khi mot s6 dao dong cudng blc trong uf{)
tring véi mot s¢ dao dong ty nhien cla he thong.

Tinh on dinh ctia hé thong

On dinh trong céc hé thong bit bieén theo thdi gian va tuyén tinh ¢ thé
phan tich duge khi st dung ma tran trang thii A.

Tit ca cdc bién he théng c6 thé bidu dién 1a cac ham tuyén tinh cia
trang thai vi ddu vdo hé thong. Khi dau vio he théng n(t) 1 vectd clia cdc
ham giGi han thdi gian (bounded time functions). khi do bién cua cic bién
phu thudc vao trang thdi b gidi han.

Pinh I 1: Xét mot hé thong dugc mo ta trang thai boi phwong trinh
(5.42) va (5.43), trong d6 AB.C, va D c6 cic phin tr bi giéi han. Khi &y
trang thai he théng (va vi the dau ra h¢ thdng) bi rang bugc cho tat ci cédc
dau vao 161 han néu vauchi néu cdc gid tri riéng cua A ¢6 cdc phan thuc am.

Vidu 5.4: D€ minh hoa dinh 1i |, ta xét lai vi du & hinh 5.2. D61 vai hé
th6ng nay ma tran A( & mo hinh tuyén tinh hod) dwge cho bdi:

X 0 0
L
A= 0 0 -1 (5.52)
Rg _ ng2 0
Eg K\Ey

Cic gi4 tri riéng clia ma tran ndy 12 nghiém clia det(Af — AY=0 , 6 day:
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' 2 2
detAr - ay=| A+ Rjao [Bmet 1, (Rmg” (5.53)
L K\E, K\E,

Khi trong cdc gia tri riéng clia ma tran cé mot gid tri thuc va 16n hon 0,
hé qua 13 hé théng khong 6n dinh (unstable). Diéu nay phit hop véi i luan
vat 1i. Thuc vay, theo Hi thuyét, it nhit ta c6 thé dinh vi qua cfu can biang
(dugc mo ta bai phuong trinh (5.27). Tuy nhién dé 1A mot diém cén béng
khong 6n dinh, vi ngay khi ta ¢é tdc dong (nhiéu) nhe 1én qui cdu, né s&
tang t6c hodc xudng nén hodc vé thanh nam cham dién.

Toc do dap dmg va cong huong

Ngay cé khi hé thong 12 on dinh thi van con nhiéu cau hoi fién quan dén
nhiig tinh chat co ban khac.

Trong mot hé thong 6n dinh, phdn thuc cha gid tri riéng quyét dinh toc
do hoi tu vé 0 clia cdc dao dong lién quan. Cdc dao dong cham nhat 12 cdc
dao dong c6 dnh hudng (dominant modes), quyét dinh t6c do tai dé déau ra
hé thong xac 1ap gid tri trang thai khong thay déi, tic quyét dinh t6c do dip
tmg cha hé thdng. Vi du néu cdc gid tri riéng ¢6 anh hudng quyét dinh cua
hé thong 1a:

A =—0 % joy,.0>0 (5.54)

Céc dao dong tu nhién lién quan sinh mot séng sin cham dén s6 mii:

y(t) = Ae™ 7 sin(wyt + @) . (5.55)

Ta nhan thay tin hiéu & (5.55) phén ra nhanh hon déi v&i mot « 1on hon.

Mot van dé dic biét quan trong d6i véi cdc cfu tric dan hoi la sy hién
dién clia cong hudng. Trong cdc hé thong vat li, su ton tai cdc gid tri niéng
phitc hop ¢6 quan hé mat thiét dén su hién dién 2 dang nang lugng. Sy cong
huéng mé ta sy dao dong (it can) gita hai loai nang lugng nay. Trong mach
dién, cic nang lugng ndy l1a nang lugng tinh dién trong c4c tu va nang lugng
dién tir trong cac phén cam dién. Trong hé thong cd thi d6 la nang lugng
dong dé chuyén dich khdi lugng va th€ ning trong cdc 106 xo. Céc ket cdu
dan héi c6 thé c6 mot s6 dao dong cong hudng. Mot trong nhilng van dé
chinh dé xdy ra cong hudng 13 khi ddu vao chita nang luong tai mot tan so,
gan vdi tin s6 cong huéng. Vi du n€u mot hé théng c6 gid tri riéng:

AL, =—005% j (5.56)

tifc tAn 6 cong hudng 12 Irad/s v mot trong cdc thanh phan dau vao 12 séng

104



sin, tan s6 0.9 rad/s, Khi d6 dau ra hé théng bidu 10 mot dao dong {cudng
bitc) réit 16n véi cdc bien do dau tién phat tri€n gdn nhu tuyén tinh, sau d6 6n
dinh & mot gid tri khong doi. Trong thye t&, hien tuong nay c6 thé phd huy
hé thong.
5.2.5. Su'bién doi dong dang trang thai
Nhu di n6i diém 5.1.1.. su chon lya cdc bién trang thii khong phai 12
duy nhit. Gia sir ta c6 mot hé thong , dau vao fa u (t), ddu ra y(r} va 2 sif ya
chon khédc nhau cia vecto  trang thai: x()e " v6i 4 dai lugng lién gquan
(A,B,C,D) va Te " v&i cic dai luong lién quan (A.B,C,D) khi d6 ton tai
mot ma tran khong suy bién (nonsigular) Te ™", nhu:
T = Ta(r) @) ="T""%{t) (5.57)
Phuong trinh nay dan dén sy tuong duong;
A =TAT ', B=TB, C=Cr" (5.58)
Sy lura chon khdc nhau cic bién trang thii c6 thé hoac ciing ¢6 thé khong
dap tng duge cdc tiép can hign wong hoc khic nhau doi vdi phan tich hé
thong. Doi khi d6 chi la vin dé vé don gidn todn hoc hodc la su quyét dinh
vé cic phuong tién lién quan 4é do céc bién hé thdng. Nhung quan trong 12
dis cach mo ta trang thii ndo duge chon thy nhimg dac tinh co ban cua hé
thong cu thé s& khong thay ddi vi thuc t&, céc gia tri riéng cla he (I sng 1a
bat bisn d6i véi cac bién ddi dong dang, do:
det( A — A) = det(ATT ™' ~TAT "y = det(T) det(A] — A)det(T by =de M - A)  (5.59)
i i, & Nhu vay do
e VAVAYAY > > én  dinh, ban

R

1 chat ctia dap
t ""j L tng khong
velt) g c L R, |v.(ty cudng bitc va
i 0 t6c do ddp vmg
a khong déi dGi
Hinh 5.3: Mach dién véi cc bien 4ol
dong dang.
Vi du §5.3: Xét mach dién (hinh 5.3). Chon vecto trang thdi:
w0 =ln0 ool =0 v auo=y,0.

Sir dung cdc nguyeén 1i thif phat, ta cé:
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d.\‘(.-") E . (]) g
o | R+ R xty b e (5.60)
C RR,.C

C6 thé luya chon vecto trang thdi Mo=lxe [l =lin LHnf .
Trutmg hop nay ta ¢d trang thdi;

|| R
(1) = - ¥ 6
(1) . [() l]\{r) (5.61)

———
M

5.2.6. M6i quan hé khéng gian trang thai va cdc ham truyén dat

Khong gian trang thdi hudng dén ham truyén

M&i quan hé diu ra va dau vio clia mot he thong dong trong mién tin so
dugc mo ta boi mot ham truyén dat, thu duoe khi sir dung bien déi Laplace
vai cdc dieu kién ban dau 1 0 (nhu da dé cap o muc 3.2.1) Dai véi mot ham
bit bi€n thoi gian tuyén tinh véi diu vio w(f)e ™ va diura yit)= *, haim
truyén H(s)e ™" dugc xdc dinh boi phuong trinh:
Yi(s)

Titc thanh phan (i /) trong ma tran H(s) 1a bién ddi Laplace cua ddp tng
trong déu ra /" khi mot xung lyc don vi dat & ddu vao J, vt cdc diéu kién
ban déu bing () va v6i cdc ddu vio cdn lai bang 0 cho tit cd 120

Mat khdc néu bién d6i Laplace (5.42), (5.43) véi cdc diéu kién ban dau
bang 0, 1a cé:

¥Yist=His)}/ (%) trong do [H(.s')]‘:r— = (5.62)

Xis)= (51— Ay BU(x) {(5.63)
Y(3)=CX(s)+ DU) = (Csl — A B+ DU () (5.64)
His)

Dé don gidn va c6 thé phan tich sau hon, ta xét cdc h¢ thong vo hudng
(scalar system), tifc h¢ théng chi c6 mot ddu vao va mot diu ra. Tuc m=p=1,
B trg thanh vecto cot , C vecto hang va D=H( e )( trong cic he thong thuc,
thudng D=H{ « )=0). D6i véi cic h¢ théng vo hudng, H(s) [a thuong cua céic
da thidc theo s, tic:

_ CAdj(sl ~ A)B + Ddet(s] - A)
B det(s - A)

H{s) (5.65)
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¢ day, Adj(o) biéu hién ma tran lién hop ().

Vin dé co ban rang cdc cuc clia ham truyén 14 cde gid tri riéng clia ma
tran A. Tuy nhién nhin chung diéu d6 khong ding, cé thé tap hop cic cuc
cia ham truyén tring véi (ap hop cdc gid tri riéng clia ma tran A, nhung
cling ¢6 thé khdc, diéu ny ¢6 thé duge 1am 6 qua vi du 5.4:

Vidu 5.4: Cho:

-2 1
A= ;
0 -3

Khi do:

]
B= . c=[o 1]: D=0
0.5

Hin=Csi-A)7'B

! s+3 1
= 0 | 5.66
(.s‘+2)(s+3}[ [ 0 s+2}{0.5} ( )

05(s+2) 05
(s+2)s5+3) 5+

Nhu vay, ham truyén chi ¢ mot cuc, mac dit ma tran A cé hai gid tri
rieng. Ta nhan thdy cé mot sir huy cuc zero trong H(s). Hién tugng nay cé
moOi quan hé chat ché v6i van dé dac tinh clia hé théng (xem thém phin 5.4).

Xét lai vi du 5.2, néu ta dinh nghia ddng i(r} [a ddu ra hé théng, ta ¢6 thé
nhdn x&t, tir dau vao e(r) dén ddu ra nay chi ¢6 mot cuc. Pidu ndy nguoc véi
thue t& [ kich thude cda trang thdi bang 3. Diéu ndy ¢6 thé gidi thich la
trong mé hinh vat i gian don cua chdng- ta, dong /(1) khong c¢6 anh hudng téi
vi tri va t6c do cta qua cau kim loai (chdp nhan c6 thé bo qua su thay déi
trong do tu cdm do sy thay doi vi tri cda qua ciu). :

K&t luan 1a ham truyén c6 thé cdp khong cung hegng thong tin nhie mo
hinh khdng gian trang thai cho cang hé thong. Vi mé hinh khong gian trang
thai k€t qua khong boc [ cdc cyc zero huy nén mo td mot khong gian trang
thdi tit mot ham truyén cho trudc, con coi 1a thuc hién t6i thiéu (minimal
realization).

Ham truyén huong dén khong gian trang thdi

C6é mot s6 phuong phédp dé thu duge mo hinh khong gian trang thai tir
ham truyén cho trude. Sau day ta xem xét mot trong s6 cdc phuong phip dé.

Xét mot ham truyén cho boi:

N
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) : =l =2 )
H, (s) = B,){.s‘) b Hyp (o) = b, 13 +b”_2.sl T ths+b, FHp ) (5.67)

1 N-
3 (8 s"ra, 5"+ tasta,

Nhic lai D=#, (=), nhu vay ham truyén: H(s)= H,(s)— H, (o) la mot
ham truyén hop lé.

Ti€p theo, xét bién v, (r)e  bien doj Laplace cta né, V (5} thoa man:

-1

V,(s) :—“-(—” Uts) lefl2..n) (5.68)
(5.68) bao ha“u:"l :
v ()= A ) le {2,...n} (5.69)
clt
Yis)=¥b, V(s) (5.70)
=
Us)= f;%{f(.s-) = A::” Us)+ gf;; I%T;U(H) (5.71)

[N

\II;I.\} H(\}
Chon bién trang thdi:  x, (1) = v, (1)

Céc phuong trinh trén co:

0
0 i 0 0 0
¢ ( 1 1] G 0
A={ : . . ) B=|: (5.72)
[ ' ' ' ‘ ' 0
“‘a[] —(-’] “ﬂg e _({“_2 _ﬂ'”_] ]
C:[bu bl b: bn-i] D:HT(C’C’)
Vidy 5.5 Ham truyén clia mot hé théng duoc cho bai:
Hip=—H10_ 4s-10 (5.73)
(s +2)7(s—-1) 5" +3s" -3
Thuc hién t6i thi€u cho h¢ théng nay [a:
(0 b0 0
A=i0 0 | B=i0i C=[-10 4 0] D=0 (5.74)
‘_4 0 -3 1

Ket [uan: Mot ham truyén hé thong i bat bign déi véi cac phép bién doi
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déng dang trang thél.

53 KHONG GIAN TRANG THA1 CAC HE THONG LAY MAU VA THO!
GIAN RO1 RAC (DISCRETE-TIME AND SAMPLED DATA SYSTEM)

Mo th khong gian trang thai cho cdc hé thong ldy miu va thdi gian roi
rac dua chinh trén két gua thu duge tir trudng hop thoi gian lién tuc. Mo hinh
thdi gian 1di rac ¢6 thé do boi 2 ngudn khic nhau:

-Tit mot hé thong thoi gian roi rac thudn, thuong khong tuyén tinh, cic
bién clia né chi cé thé xdc dinh duge tai nhimg thoi diém tic thai t, .
Nhiing hé¢ thong nhu vay ¢6 thé tim thdy trong cdc hé thong kinh té, i
thuyét qud trinh thong ké ngau nhién (stochastic).

- Tir viéc rdi rac hod mét hé thong thdi gian lién tuc. Trong trudng hop nay
ta chi quan tam dén gid tsi cdc bi€n hé thdng tai cdc thoi diém tifc thoi
xdc dinh. Cic mo hinh ndy rit hiru ich khi cdc hé thong so (digital
system) nhu cdc vi didu khién (microcontroller), mdy tinh (computer),
PLCs vi nhitng hé thdng khéc, tuong tic vdi cic hé thong thoi gian thite
lién tuc (continous-time real systems) nhu cic ¢o ciu co khi, van, thung
chita, cac mach tuong ty hodc cdc qud trinh cong nghiép toan bd (qua cic
b6 chuyén déi twong ty-s8 va s6 -tuong tw).

Phan tich ctia ching ta cho ca hai trudng hop trén & duge chi trong vao
loai mo hinh bt bién thoi gian v tuyén tinh.

5.3.1. Tuyén tinh hod cdc hé thong thoi gian roi rac

Thii gian rdi rac fwong ung véi (5.3) (5.4) duge cho bdi cdc phuong
trinh khong tuyén tinh:

e +1)= Fy (xledul] (5.75)
_\‘[I]: Gy (.x'[r].n[r] (5.76)

Tuyén tinh hod cic mo hinh cho he thong thoi gian rdi rac theo doc céc
dudng ciing nhu cho théi gian lién tyc. Trude hét xét diém can bang cho boi

begattg vo b

xg = Fylagaug) (5.7ThH
vo = Gylag.g) (5.78)

Chii §: diém can bing duge xdc dinh béi mot tap hop céc gid tri ¢0 dinh
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ctia trang thdi va cdc gid tri ¢6 dinh cta ddu vao, thoda man (5.75) (5.76).
Nhu vay ta ¢6 ddu ra hé thong khong déi. Khi dy mo hinh rdi rac ¢6 thé
tuyén tinh hod quanh diém can bang nay.

Dinh nghia:
Axlr] = x[r]- X Ault]= u[.f]—n‘Q Aylr)= v[t]- Yo (5.79)
Ta ¢6 mo6 hinh khong gian trang thdi
Ax[r +1]= A, Ax[t]+ B, Ault] (5.80)
Aylt]= C, Ax[t]+ D, Ault] (5.81)
Trong do:
dJF, dF, G, JG,
giflde L Zud Al (eI bl D,=—= 5.82
“’ a"l‘ .\':.\U “J a!{ A=X ¢ “l a"‘ .\':.\'U d’ afl‘ X =.\'Q ( )
Jl:lfL} H=H‘-‘] ”:“0 H':H(,

5.3.2. Cdc hé théng ldy mau dir liéu (Sampled Data System)

Nhu da néi, ¢6 thé c6 dugc mo hinh thoi gian rdi rac bang 1dy méu dau
vao va diu ra trong cdc hé thong thoi gian lién tuc (continous-time systems).
Khi str dung mot thiét bi so (digital device) dé tic dong 1én mot hé thong
thoi gian lién tuc , cdc tin hiéu diéu khién chi can dugc xdc dinh tai thoi
diém tic thi &y, chi khong phai & tat cd cdc thoi gian. Tuy nhién, dé tic
dong 1én hé thong thoi gian lién tuc, ta phai ¢c6 mot tin hi¢u thai gian lién
tuc . Viéc nay thudong duoc thuc hién boi mach giit bac 0 (zero order hold),
thanh phin sinh ra mot tin hiéu bae thang (staircase signal). Ngodi ra khi do
s6 mot bién hé thong, viéc niy s& duge thyc hién tai mot s6 thoi diém tic
thoi ndo dé. Diéu nay c6 nghia ta phai /dy mdu (sample) cdc tin hiéu déu ra.

MMML [(/\/ L/\’\V/ Ml il

Hé thdng thai gian lien tuc i Lay méau

Xy = Ax(n) + Bu(r)
ut, | ci - ) :o\

U(l) vit) = Cx(ty+ Dutr) y(t)

\J

—
P
sl

Hinh 5.4:S0 d6 thé hién hé théng Iay mau d liéu

Hinh 5.4 minh hoa khii niém nay. Gia thiét ta 1dy mdu tuan hoan, véi
chu ki A, ta chi quan tam dén cdc tin hiéu trong thoi gian kA. Trong phan
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tiép theo, ta bd A khoi argumen, st dung wkay=nlt] cho dau vao |
v(kA) = \-[.'] cho diu ra vd x(kA)= r[ ]cho trang thai hé thong.

N&u xét mo hinh trang thii tuyén tinh va bat bién trong thoi gian lién tuc,
duoe xdc dinh bdi cong thic (5.42) va (5.43) v6i trang thdi ban dau
sk, A)=x,, taco thé sit dung phuong trinh (5. 44y @é tinh gid tri ti€p theo cua
trang thai:

koA

w(k, A+ A)y=e¢ )Mluma o) x(k,A)+ ’[emk"ma_”Bu{T]dT (5.83)

kyd

Tigp theo néu sir dung mach giit mic 0, wdc: w(r)=ulkyd) cho
kAST <k A+AtaCH:

&

Xk A+ Ay = e Xk, A) + J.em’dn}?u(k”m (5.84)

1]
Néu biét trang thii v ddu vao tai thot gian £,A, dau ra sé duge xdic dinh
bdi phuong trinh(5.43): '
vik,A) = Cxik, A)+ Dulk A (8.85)
C6 thé két luan: dSi véi mot mo hinh thoi gian lién tuc cho trude véi cdc
ma tran khong gian trang thai {A.B.C,D} vi dugc iy méu cd mdi A gidy,

thi hé théng ldy mau dif ligu tuong duong s& duoc mo ta bing mu hinh
khong gian trang thdi thoi gian gian doan:

x(kA + A) = A, x(kA) + Bu(kd) (5.86)
y(kA) = C x(kA) + D ukd) (5.87)
Trong do:
A
Ay =™ B, = Je"”dnﬂ : C,=C:  Dg=D (5.88)

0

C6 mot s6 phuong phdp khdc nhau dé xdc dinh A, dinh nghia trong
(5.88), nhung cdch don gian nhdt dé tinh ma tran nay 1a sit dung bién déi
Laplace, ta c6:

Ad :("‘m = _(f'!{‘s! —A)_]};:a (589)

Vi du 5.6: Xét hé thong co cho & hinh 5.1, mo hinh khong gian trang
thdi duge mo ta boi:
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. 0 1 0

{f"(”}:{f( D}F U)}{ l:‘j‘(r) (5.90)

i) — =l |[-—
I n - Lr

Trong d6 f(t) 1a ngoai lye va ta ¢6 thé chon hoac vi tri khoi lugng, x,(1)
hoiic tc do khéi luong, x,(t) 1 ddu ra he théng.

Bé minh hoa s6, ta dat m=1/kg, D=12Ns/m va K=0.32 Nin.
Ma tran A, thu duge tir (5.89) khi 4p dung bien ddi nguoc Laplace:

s 7! ‘ [ 2t L pesa g g0as _ coma, |
A= L 032 c+12 J \ 08¢ 7048 L7088y 0as o 0sa J {(591)
"

B, tghu dugc tir (5.88):

B —T 2(’_"'4” _ ()—t]..‘in ?..5(-‘.‘ (.41 —e u,h‘:;) ”? 0
LA —0.. R - -0
4 0.3((‘ .dn —p [l.bn) e .4y T3¢ (.8n i

LB

(5.92)
—6,25¢7 43,1257 4 3,125
=B, = -148  —08a
25 =)

Chd y:ca A, vit By 1a ham cia A. Nhu vy, chu ki [4y mauA thé hién
anh huéng trong hoat dong dong luc clia hé théng I8y méu, nhu nhan xét &
nhimg phin tiép theo.

5.3.3. M6 hinh khéng gian trang thdi tuyén tinh

Mo hinh khong gian trang thdi bt bién thoi gian tuyén tinh duge cho
bai:

Alr+t]= Ayael+ B ulr] {5.93)
yle}= C x{r]+ D ult] (5.94)

D6 ¢6 thé 1a mot mo hinh thdi gian rdi rac duoc tuyén tinh hod nhu
(5.80) va (5.81) hodc mot he thong 18y miu di liéu nhu (5.86).(5.86), trong
d6 A duge bo ra khoi agumen thoi gian.

Gidi phuong trinh (5.93) va (5.94), ¢6 x{r,]=x,. cho :

(et 0=l

)= A, 7k, + Y Al g ulive,] vz, (5.95)

i=l)
Trong d6 A7 l1a ma tran qud do (transition matrix). Phuong trinh (5.95)
thoa min (5.93). V&i ket qua trén, khi giai (5.94) ta c6:
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(r=11-1

vit]=C A, " xy + C, z AR ulive, 1+ Daulr] (5.96)

i=tr
Pong hoc hé théng

Trang thai cha hé thong cé hai thanh phin: khong cudng bic ., []va
cudng bidc x, [r], trong d6 -

xr]=AY "'y, (5.97)
(1=, I )
x.f. (f) = E A:_I“ }_f-]Ba’”[!b + I;}J (5-98)
1=ty

Pé thiu hiéu mo hinh khong gian trang thdi va cdch giai ching, ta xét
trutmg hop khi 1,=0 v «(1)=0 ¥t 20, tic trang thdi chi cé thanh phan
khong credng biie, khi Qy:

Ar]= Ay, (5.99)

Tiép theo, gia thiét 1a Ae ™, ¢d n gid tri riéng 4, riéng bigt v6i n
vecto riéng v, doc ap tuyén tinh, Khi 4y luon (6n tai mot tap hop 2 hang so
¢, . nhu vay:

Xy = 2{1,\-, a, € (5.100)
=

Mot két qua quen thuoc tir dai s6 tuyén tinh cho ta biét rang cde gid tri
riéng ciia Aj 1A nt khi ke vdi céc vecto riéng tuong dng v;. Ung dung
két qua niy chos

rl=Alx, =AY ov, = ) o ALY, (5.101)
! f; [ ; Fl_hl';_-l:

e
A= anfy, (5.102)
=1

Phuong trinh nay thé hién thanh phin khong cudng birc cua trang thai, 1a
mot 10 hop cla cdc dao dong ty nhién (natural modes){)}}vix moi mdt dao
dong dugc két hgp vai mot gid tri rieng A, loai dugce bi€t nhur la céc tan s6
tr nhién (natural frequencies) ciia mo hinh, Nhu vay, ma trin A  quyét dinh:

- Ciu tric cua ddp tng khong bi cudng biic
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- Tinh 6n dinh ciia he thong

- Tée do phan img.

Cau triic cua dap tng khong cuing bire ( unforced response)

Khi khéng ¢6 ddu vio, trang thdi khai trién 13 mot 16 hop cdc dao dong
tw nhién, loai phu thuoe vao I6p dinh nghia cdc ham: luy thira ciia cde gig
tri riéng cia moé hinh 13 sg thuc hodce s6 phic. Cic dao dong nay 1a cde ham
101 rac lien quan den song SIN  bat bién, ham SIN s mi thuc , cdc song
thuan SIN, cdc s6ng sin diéu bién s6 mi vi mot s6 ham dic biet khic nay
sinth tir su tap lai clia cac g1d tri riéng

Vidi 5.7 DE minh hoa , xem xét dién giai vatli ciia cdu wiie dip ting
khong cubng bic, ta xét h¢ thong 1ay mau trong vi du 5.6. Néu A=1, cic
ma tran khong gian trang théi 1a:

0.8913  0.5525 0,3397
-01768 0,2283 0,5525

Vi the cdc gid tri rieng cia hé théng 1a nghiém cia phuong trinh:
-(L8913  —05525

Z
detinf — A, ) = del
o= A, M 01768 1 -0.2283

L =M —-0,6703)(n ~0.4493) = ¢ (5.104)

C6 nghia n, =0,6703, 72 =0,4493 , va ddp ing khéng cudng buc 13:
x,lt]=€00.6702) + €, (0,4493y (5.105)

Trong d6 C, va C, chi phy thuée vio cée diéu kién ban dau. Co the nhan
xét, khi 1 tién dén vo cuc, %, (] phan rd vé 0, do bnal<1. Nhu vy cic gid tri
riéng nay 1 s6 thuc duong, khéng c6 dao dong trong cic phuong thie tu
nhién,

Cdu tric cia dap ing cudng birc (forced response):

Xét phuong trinh (5.95), Khi trang thdi ban ddu 12 0, trang thdi s& thé
hi¢n chi mdi thanh phan cuong bic. Tuy nhién, thanh phin cudng birc cia
trang thdi s& vin gém ca dao dong ty nhien vi mot s6 dao dong cudng birc
(forced modes ) b§ sung hoac dao dong deic thiy (particular modes) tuy vao
ban chat ddu vao u(t) cua hé théng. Thudng, cdc dao déng cudng biic trong
dau vio sé cling xuat hién trong trang thai. Tuy nhién s@& phat sinh mat s¢
truong hop dac biét khj moét s6 dao dong cudng bitc trong u(r) tritng véi mot
$0 dao dong tu nhién cia he thong.
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Tinh on dinh hé thong

C6 thé phan tich tinh 6n dinh trong cdc hé théng bat bién thoi gian tuyén
tinh khi sir dung ma trin trang thai A, Nhu di néi, tat ca cdc bién hé thdng
c6 thé biéu dién nhu 1a cic ham tuyén tinh cia wang thal va diu vio hé
thong. Khi dau vio hé théng u(t) Ji vecto cha cidc ham gidi han thot gian, khi
dé bién cha cdc bién hé thong phu thugc vao trang thdi bi gidi han, Ta c6 két
qua sau:

Pinh li 2: Xét mot hé thongduge mo ta  bdi phuong trinh (5.93) va
(5.94), trong dé B, ,C,, vit D, ¢é cdc phan (ur bi gigi han. Khi dy trang thdi h¢
thong bi gidi han cho tit ca cfic dau vao giéi han néu va chi néu cic gia tr
riéng cta A, niam bén trong dia don vi, tice [n, [<1,v7 .

Téc do ddp teng va cong huong

Dao dong tu nhién chia cic h¢ théng thoi gian roi rac Ta luy thira cua cac
gid tri riégng. Do cdc gid tri riéng nay luon duge mo ta duéi dang dai lugng
phitc, ta ¢é thé viét dao dong ty nhién nhue

f ¢ o

M) = qm‘e,w, y :‘Th
Nhu vay ta c6:

trong d6 6, =<n, (5.106)

e O<|p]<es quyét dinh t6c do dao dong phan rd vé 0 cho cdc hé thong on
dinh (] <1), hodic phdt trién t6i vo cuc cho cic h¢ thong khong on dinh
(ni=>1.
o — 1 <0, <m quyét dinh tGn s¢° dao dong tu nhién, do theo radian.
Mic dit cdc dao dong tu nhién cla cdc hé thong 6n dinh phan ra vé 0,
ban chat cia chiing quyét dinh tinh ddp ing qud do coa hé thong.
Pé minh hoa cdc van dé trén, ngudi ta thudng st dung cdc ddp ung bac,
v6i cde diéu kién ban ddu bang 0.

Vidu 5.8: Xét mot hé thong thdi gian rdi rac duge miéu ta bdi mo hinh
khong gian trang thai:

A +1]= {l‘zf% - 0’80' 8?3]_4;] + mu ] (5.107)
yill=lo 05301 xl] (5.108)

Gid tri riéng ciia hé théng thu duge tir A
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N, =0,6398+ j0,6398 = 0,9048¢ jmid (5.109)

Vi cdc dao dong tu nhién két hop , hién dién trong dédp umg qua do la:
N, =09248'e’4" = 0,9043’[co{%r ]i jsin(%rﬂ (5.110)

Cic dao dong tu nhién bi can nhe vi |, ,| gdn bang 1 va chiing thé hién

1a dao dong véi tan s6 m/4.

5 T T T ™ T T T
= yt) A x x
+EEL | ™ x = o
-
Wil b R
o
e +* s + + v+ + T+
OF® x =+ «?t + x+ * 4 x + ., -+ S 1
+, + + 4+ £ F L +,t
= L]
- » L] W - o b
L}
x =
s i L L L 1 1 I
0 5 10 15 20 25 30 as 40
Thdi gian rdi rac
a)
3 T T T T T T T
2 ‘y['] " x
+u“l " ] | 3 E
1k PR . + + +
» x
OfFw = F X x * . ~
Y = x x u i
.1|-+++=+++¥++¥* b+t .
= m n
- N L3
_2~ = LI n
23 L i L i 1 =y 1
0 5 10 15 20 25 k) a5 40
b) Thai gian rdi rac

Hinh 5.5: Téc dong cong hudng trong déu ra hé thong
Cic d6 thi ¢ hinh 5.5 thé hi¢gn mot dau ra cong hudng manh, Hinh55 a,

tuong img véi mot dau vao u[t]=sm[zr], tic tin s6 ddu vao trung véi tin

sG cna cac dao dong tu nhién. 3 hinh 5.5b diu vao 1a mot séng vuong, tin
hiéu tdn s6 /12 . Trong trudng hgp nay, ham diéu hoa thif ba cta dau vao
¢6 tdn s6 bang tan s6 cta dao dong ty nhien.
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Tdc dong ciia cdc khodng thoi gian ldy mau

Ta nhéan thdy, trong phuong triinh (5.87) A, va B, phu thudc vao sur chon
khodng thori gian 18y miu A . Sy lya chon nay cling quyét dinh vi tri cha cac
gid tri riéng cta he thong. Xem lai phuong trinh (5.88), gia thiét A da dugc
chéo hod. Ta co;

A, = eisthids A dfaglp}'la,...,(’l"A} (5.111)

Trong d6 {A,.A>.....4,} 12 gid tri riéng clia’céc heé thdng thoi gian lién
tue co s&. Khi dé cdc gid tri rieng nay dugc sap dat thanh cdc gid tri riéng
clia hé thong 1ay méau boi phuong trinh:

P (5.112)

??‘; =

Théi gian My mau & = 0,5

1‘; 1 T T H T I T T ¥ ]
: O’SI I I |
0 _ I [ T T T T 1 1 20 0 0
o 2 4 6 : 10 12 14 18 18 20
Thési gian ldy mBu a = 1
Wk * T T T T T T T T T -l
T o5tk ] I 1
0 T T T T * ? & s s s -
Q 2 4 & 8 10 12 14 16 18 20
Thai gian 18y miua =2
WF e T : T T =T T T T T T
% o5t 1
o x T 2a 4 e e—t——r—
o} 2 4 6 8 10 12 14 16 18 20
Thof gian gidn dogn £

Hinh 5.6:Tac dong idy mau trong cac dao dong tu nhién

Trong hinh 5.6 ta c6 thé nhan xét cdc ddp vmg cta hé théng 1dy mau theo
vi du 5.6 trong hinh 5.6, chon x, [t] 13 ddu ra hé thong, khi diéu kién ban déu

la x,=[1 0] d6i vdi cic gid tri khdc nhau céia A. Ta nhan thdy, truc ngang
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wrong tng v&i £, nhur vay céce khoang khic thai gian thue (real instants times)
la A .

Mot van dé quan trong lién quan dén 18y miu céc tin hiéu thdi gian lién
tuc 14 chu ki 18y mau phai duge chon di nhé dé nam bt duge ban chat cot
yéu cita tin hiéu duge 18y miu. Vi dy vé mot chon lua A téi, gid thiét tin
hiéu f(1)= Asin(w, 1) duge ldy miu trong timg A gidy, véi A=2ir/w,.l€c
Khi dy tin hi¢u thoi gian rid rac két qua la f(1) =01 e
5.3.4. Subién doi déng dang trang théi

Y twong chuyén déi trang thdi thong qua bi€n doi déng dang gan twong
tr nhu 4p dung d6éi véi hé thdng thoi gian lién tuc. Su bién d61 nay khong
gy nén sy thay doéi tinh chét cha hé théng.

Khong gian trang thdi va cdc ham truyén

M@i quan hé gifta khéng gian trang thdi va cdc m6 hinh ham truyén cho
cac hé théng thoi gian roi rac vé co ban gidng trudng hop thoi gian lién tuc.
(xem muc 5.2). C6 thé néi, mo ta khong gian trang thai cia cdc hé théng bat
bién thoi gian tuyén tinh va bam truyén 14 cdc cich mo ta hé théng, mic du
trong mot sO truong hop, khong gian trang thdi cung cdp thong tin trong hé
théng nhi¢u hon.

Doi véi mot ham bat bién thai gian tuyén tinh véi dau vio u(r)e ™ va
daura y()= " ham truyén Hiz)e ™" duge xdc dinh boi phuong trinh:
Y(z)
U,z2)

Y(z)= H(z)(z) trong do [H()], = {5.113)
tc thanh phén (7 ,/) trong ma tran H(z) 1a bién d6i Zeta cua dép dng ddu ra
th i (i) khi mot Den ta Kroneckerdon vi (unit Kronecker's delta) dat & dau
vao tha J (j™), v6i cdc diéu kién ban ddu bing 0 v véi cdc ddu vio con lai
bing 0 cho tatca 1= 0.

Mat khdc néu dp dung bién ddi Zeta vao mo hinh khéng gian trang théi
thoi gian rén rac (5.93) va (5.94) vai cdc diéu kién ban ddu bing 0, ta ¢6:

X(z)=(zf - A" B,U(2) (5.114)
Y(z)=C,X(2)+ D,U(2) (5.115)
Dindén: C,(zi-A;)"'B,+D,=H|z] (5.116)
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Trong phan tich sau, ta trong tam vao cic hé théng vo hudng, tic
m=p=1. B,.C/ \a cic vecto cOt vil D,=H(e= ). C6 thé thay, H(z) la thuong
ctia cde da thie theo -, nic:

CCyAdj(d —ABy + D, det(zl — Ay

H(D)= — 5117
det(zf — Ay) ( )

& day Adj(0) biéu hién ma tran lién hgp ctia (o).

Nhu vay, tuong Wy truong hop thoi gian jién tuc, cdc cyc ham truyén la
cdc gia tri riéng cta ma tran A, Tuy nhién. diéu dé nhin chung khong duing
trong trudmg hop tap hop cic diém cuc clia ham truyén tring véi tap hop cic
gia tri rieng cta ma tran. Can bi¢t ring cic mo hinh ham truyén c6 thé ddu
sy huy giffa cic cyc va cdc zero, v6i cic hé qud duge mo ta trong phan “Tinh
diéu khién duoc, tinh dat duge va tinh 6n dinh duge 7 va “Tinh quan sdt
dugc, va tai lap duoc™.

Mot két lugn quan trong cho he théng thai gian roi rac (A nhu cho cac h¢
thong thin gian lién tuc. Ham truyén cé thé cung cdp khong cing lirong
thong tin nfue mé hinkh khong gian trang thdi cho cling hé thong.

Pé thu duoc mo hinh khong gian trang thdi ta ¢6 thé sit dung phuong
phip dd duge d¢ nghi d trong phin 5.2 "khong gian trang thdi vi cdc ham
truyén” dp dung bién ddi Zeta thay vi bién déi Laplace va sur dung su kién la:

Foy=2{lil e Fll=24r ] (5.118)

Vi dy 5.9: Ham truyén ctia mot hé thng duge cho bai

2.7 - -
Hlc)e —X cHl 11.3\,+(}.04 .3 (5.119)
(-—08)(z-006) - -134:+048
Thuc hién tai thiéu cho hé thong nay fa:
0 | 1 01 _
A, = o, = 1 C,=004 18], D;=2 5.120
of {_ (},48 _1‘4 o {IJ of [ ] of ( )

Trong moé hinh thai gian rdi rac cting s¢ xdy ra: ham truyén hé thong la
bt bién doi voi ede bién doi dong dang trang thdi.

5 4 MO HINH KHONG GIAN TRANG THA] CHO CAC HE THONG CO NOI
KET .

Dé xay dung cic mo hinh khong gian trang thdi cho nhimg hé thong
phitc, doi khi cdn mo ta ching nhu cdc két ndi clia cdc hé thong don gian
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hon. Két néi nay thuong la mot td hop cia 3 cdu tric két ndi co s&: lien tuc,
song song va phan héi. Sau day ta xét moé hinh khong gian trang thai cho cic
hé thong két hop nay.

Trong céc phan tich sau, ta sir dung hai hé thong, dugc dinh nghia boi

He thong 1: E9 _ 4« )+ Buy) (5.121)
(0= Cx () + Dy (1) (5.122)
He thong 2: 220~ 4 ¢ () + Byuy ) (5.123)
Y2 (1) = Cox, (1) + Dy (1) (5.124)

Két nai lién tiép

K&t n6i h¢ théng duoc thé hién nhu & hinh 5.7a duoc biét dén nhu 12 he
thdng ndi lién tiép hodc ndi ghép ting. D& xay dung mo hinh khang gian
trang thai yéu cau, nhan xét dau tién 12 y.(z)=u,(t), nhu vay déu vao cha heé

u‘(t_l ey yitl)
{
g U B ey B LT LU L s o R
u?(t) z{t) x(t)
) L0 L %l
a)
u(t) u,{t) ¥.(l) ¥i(0 ¥

2() 1(1 x()
C)

Hinh 5.7 Mé hinh khéng gian trang thai cho cac hé thng két ndi
aj tién tuc bjsong song ¢)cé phan héi.

thong ghép lai 14 u(r)=u.(1) vd ddu ra cla hé théng ghép la v(r)=y,(1}), nhu
vay ta thu duoc:

['.%'(’)]{A‘ Blcﬂ[""(”]4-[8'03};0) (5.125)

X5 (1) 0 A, x (1) B,

vy =[c, D|C2{xliiﬂ+[0103}1(r} (5.126)
An
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Két noi song song

K&t néi hé théng duge thé hién nhu & hinh 5.7b goi 14 mot hé thong song
song. Dé xay dung mé hinh khong gian trang thii yéu cdu, nhan xét dau vao
cia hé thong 1a w(t)=u,(t)= u(1) vd ddu ra clia hé¢ théng toan bo
y(t)=y (t)+y,(¢), ta co:

Y 0.
l:%i{r)}zli/‘l }‘:r!(r}:‘-l—[Bt}i(f) (5]2?)
X, (t) 0 A, || X0 B,
1 %)
yn =[c, Czl[ (r):l+[D,+D3}u(r) (5.128)
X

Két néi co phan hoi

K&t ndi he théng duge thé hién nhu & hinh 5.7¢ duoge goi ta hé thong ¢
phan héi (v6i phian héi am), tuong tng véi cdu triic co 5§ clia mot vong dicu
khién, trong d6 S, 1 thiét bi va S, 1 ba diéu khién. Dé xay dung mo hinh
khong gian trang thdi ghép ndi, ta nhan xét dau vao cua hé thong toan bo
thod man u(t)=i{t)+y,(t) va ddu ra cha hé théng toan bo y(t)=y,(1). Tiép
theo gid thiét ring he théng S, (thi€t bi ) 1a phd hop tuyét ddi, uic D=0, khi
dé ta thu durge:

50 _[A=BD,C BCTx] [BD: ) (5.129)

(1) - B,C, Ay {x(0]) | B -

s =[c, o{"(”] (5.130)
x,{f)

Nhiing két qua tuong tu duge dp dung v6i nhitng sira déi thich dang vé
chi tiét cho céc hé théng két nsi thdi gian roi rac. Chi tiét hon ¢6 thé tim doc
o (9.

5.5. TINH CHAT CUA HE THONG

5.5.1. Tinh diéu khién dugc {controllability),tinh dat dugc (reachability)
va tinh 6n dinh duoc (stabilizability)

Mot cau hoi rat quan trong cdn quan tam vé cdc hé thong diéu khién sir
dung mé hinh trang thdi 12 liéu ¢ thé thay ddi trang thdi thong qua dau vao,
diéu khién t¢i nhimg vi tri nao dé trong khong gian trang thii. Biét rang cdc
trang thdi chia mot hé théng thudng 12 cdc ndi bién nhu nhiet dg, dp luc, muc
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chat long,v...v. Doi khi dé 12 nhitng gid tri t6i han ma ta muén giit trong
khoang cdc gid tr1 dinh trdc.

Tinh diéu khién duoc (controllability)

Tinh di¢u khién duge lien quan dén viéc, ligu mot trang thai ban dau x,,
cho trude ¢6 the duge dan vé gée (orgin) trong mot thai gian nhat dinh khi
s dung dau vao u(.

Vi dy 5.7 Neu ta phin tich ma hinh, dinh nghia & (3.131), ¢ dé diu
vao khong ¢o dnh hudng 1én trang thai x,(t):

T'F'(I)}{U H‘r""mkﬂum (5.131)
L\':(f} 0 OJL,\':(IJ L0

Cho trang thai ban ddu [y, , diu viio u(t) ¢ thé duge chon dé
dan x,(t) vé 0 trong khi x,(1) vin giir khong thay doi.

Chinh thite, ta ¢6 dinh nghia sau:

Dinh nghia 1: MOt trang thdi x, néi [a cé thé diéu khién duge, néu 1én
tal mdt khoang thoi gian ¢é han [O,T] va mot dau vao u(r)re [O,T], nhu
vay «T) = 0. Néu tit ca cidc trang thii 13 c6 the didu khién | thi hé théng niy
duoe noi 1 co thé didu khién hoan toan,

T'inh dat duoc (Reachability)

Khai miém lién quan dén tinh dar dige, doi khi duge st dung trong céc
hé thong thoi gian gidn doan. duge phidt biéu nhy sau:

Sindvnghia 20 MOt trang thdi ¥ 20 duge goi 1a “dat duge ™ (reachable),
Aadt phdt Wr gée, néu cho x(()=0, n twi mot khodng thii gian hite han
07 lvh mot diu vao {H{r),re [().T]}. nhue viy thl «(T)=Xx. Néu tit ca cic
trang thii [a “dat duge 7, hé thong duge xem {a “dat duoe™ toin toan.,

b6t vai cic hé théng tuyén tinh, bt bién va lién tuc vai thdt gian, khong
¢6 su khic nhau gifta tinh diéu khién duge hoan todn va tinh dat duge hoan
toan. Tuy nhién trong trudng hop thot gian réi rac ¢ling ¢ mot chit su khide
nhau t& nhi. Sau day fa vi du minh hoa .

Vidu 5.11: Xét hé thong ¢é dau ra:

0,5 1 ' 0.5 1T
.\-[.f+]]=L0les ~05]’rm=>xll'|=[~(]7‘i —05} x[0] (5.132)
2 | S 2 .
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Cé thé nhan thiy hé théng nay ¢6 tin diéu khién dugc hoan toan vi
r]=0.vr 2 2va v6i vafole . Diéu nay ham y ring moi trang thdi ban déu la
6 thé kiém sodt dugc, Tuy nhién khong thé dat duge trang théi khong vé 0
(nonzero state).

Trong hé théng thai gian roi rac, khong ¢6 su khdc biét 16n gidta tinh
diéu khién ducgc va tinh dat duge nén nguoi ta thuong dang tir tnh diéu
khién duge cho ca hai nghia. Con trong mot he théng bit bién thoi gian
tuyén tinh, tinh diéu khién duoc va dat dwge thuomg duge st dung 1an.

Phan ly chudn va tinh én dinh duoc (canonical decomposition and
stabilizability)

Néu ta ¢ mot hé thong khong ¢é tinh diéu khién duge toan bo, hé thong
nay ¢6 thé phan thinh mot he thong con ¢d tinh diéu khién duge toan bo va
mot hé théng con khong diéu khién duoce, theo cich sau:

Bé dé 1: Xét mot he thong c6 bac {1 [4Blt=4 <n, khi Ay tOn tai mot

bién d6i twong tu T, nhur vay X =T 'x,

A=TAT B=T"'B (5.133)
vt A,B c6 dang
A=A Ae '3{3"] (5.134)
0 A 0.

Trong d6 4. c6 kich thude k va (A..B. ) 1aco kha nang diéu khién toan
bo.

K&t qua trén cho biét, ket qua nao ¢6 thé va ket qui nao khong c¢6 thé L4
duge vé 0. Dé ddnh gid diéu ndy, ta 6 thé bidu dién trang thai va céc
phuong trinh diu ra & dang:

S ST

xm- 0 Am' xm' 0

¥ =[C_‘. C_,r‘-][fr ]+ Du (5.136)
X

Phdn khong gian 6 thé diéu khién duwgc(controllable substate} cua mot
m6 hinh hé thong bao gom tit cd cdc trang thai duoce sinh ra qua timg ket
hop tuyén tinh kha di clia cdc trang thai trong x.. Po 6n dinh (stability) clha
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phan khong gian ndy duac quyét dinh boi vi trf ctia cde gid tri rieng cla A .

Mac khic, phdn khong gian khong thé diéu khién duwge (uncontrollable
substate) gom tat ca cac trang thdi duoc sinh ra qua ting k&t hgp tuyén tinh
kha di cta cdc trang thdi trong T, . Do én dinh cta phan khéng gian nay
duge quyet dinh boi vi i cla cic gid tri rieng A, .

Vi li do nay, ddu vio s& khong 6 anh huéng der phan khong gian
khong dieu khién duge. Nhu vay ta chi ¢6 thé hy vong ii phan nay cling 6n
dinh, roi trang thdi trong phin khong gian nay s& dén diém gac. Trong
truomg hop ndy mo hinh khong gian trang thai dugc ndi la c¢6 kha nang on
dmbh (stabilizable),

Dic dicm chil yéu ciia mo ta (5.135) va (5.136) ndy sinh tir su viéc ham
truyen duoe cho bai:

H($)=C sl —AY' "B +D (5.137)

Phuwong trinh (5.137) phét biéu ring cde gia tri riéng cua phin khong
gian khong the dieu khién khong thuge vao tap hop cdc cue ciia ham truyén ,
Dicu ndy co nghia ¢6 sy huy tit ca cic cuc tuong (mg véi nghiém coa
(sl - A, )-

Dang thitc hop chudn diéu khién duwoc

Bo dé 2: Xét mot mo hinh khong gian trang thdi ¢6 khad nang dat dén
(reachable) toan ho cho mot hé thdng SISO. Khi d6 tén tai mot phép bién doi
tuong ty chuyén doi mo hinh khong gian trang thdi thanh dang thic hop
chuan diéu khién duge (controllability canonical form) sau:

00 -« 0 -y 1
Lo 0 -q 0
A=l0 1 o 0 -yl B =0 (5.138)
00 - | -q, 0
o) day A +o, A"+ L ra A+, =det(A - A) 1A du thie ddc tinhi cua A.

B& dé 3: Xét mot mo hinh khong gian trang théi c6 kha nang diéu khién
{controllable) toan bo cho mot he théng SISO. Khi d6 ton tai mot phép bién
ddi tuong ty, chuyén déi mé hinh khong gian trang thdi thanh dang thitc hop
chuin diéu khién dugce (controller canonical form) sau:
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l 0 0 0 0
A= 0 ! 00 B =0 (5.139)
¢ 0 1 0 0

Trong 46 A" +a, A" ' +...+ oA+, = det(Al - A) 12 da thike dac tinh ctia A

5.5.2. Tinh quan sat duoc & tdi Idp dupc

(Observability& Reconstructibility)

Néu xét mot mo hinh khong gian trang thdi cha mot hé thong, khi cd
thé du dodn theo s quan sat dau ra hé thong qua mot khoang thai gian ma
bigt duge mot s6 thong tin vé trang thdi thi ta noi hé théng dé ¢d kha nang
quan sat duge (hodc tdi lap dugc).

Tinh quan sdat duoc (observability)

Kha ning quan st duge lién quan dén nhiing vén dé ¢ thé néi vé trang
thdi néu ta do dau ra cla thiét bi.

Vidu 5.11: N&u nhin vao hé thong duge dinh nghia bdi mo hinh khong
gian trang thai:

F‘“)}[_] 0 ][x.(r)]; v =i o{x'(’)] (5.140)
X, (1) 1 =] x() X, {f)

Ta c6 thé nhan thay ddu ra y(t) duge quyét dinh chi boi x,{t), bién trang
thai khdc x,(t) khong ¢6 anh hudng 1én ddu ra. Hé thdng nhu vy khong cé
tinh quan sdt duge hoan toan .

Dinh nghia 3: Trang thai x, #0 duge néi la khong thé guan sit duoc
néu v(()=x, va u(r)=0 doi v6i ¢ 20 thi y()=0d61 véi 120, tic ta khong
thé thdy bat ki anh hudng ndo ctia x, ién ddu ra he thong,

Hé thong duoc goi 1a c6 thé quan sdt duge hoan toan néu & d6 khong
ton tai trang khong vé 0 (nonzero) ban ddu (trang thai nay 14 khong quan
st duge).

Tinh tdi lip duoc (reconstructibility)

Mot khdi niém lién quan mat thi€t véi kha nang quan sat goi 12 kha
ndng tdi 14p. Kha nang tdi 12p lién quan vdi nhimg gl ¢6 thé néi vé x(T), khi
6 cdc gid tri qud khit cha ddu ra y d6i véi 0<s<T. Pai véi cdc hé thong
tuyén tinh bat bién thai gian lién tuc, khong cin thiét cd su phan biét gita
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tinh quan sdt duge va tdi 1ap duoc. Tuy nhién d6i véi hé thoéng thdi gian roi
rac thi ¢ sy khdc nhau gilta ching. Sau day 13 vi du minh hoa.

Vidu5.12: Xét

xlr+1]=0 Mol=x, vli]=0 (5.141)

Heé théng nay rd rang 12 ¢6 tinh tdi lap duge cho (at ci 721, vi chie chin
rang A|7|=0 v6i 7 >1. Tuy nhién né khong thé quan sdt toan bo duge do
vr]=0, wi bat luan x, thé nao.

Sy khéc nhau giira 2 khdi ni¢m trén khong nhidu vi vay ngudi ta thudng
dung khdi niém tinf quan sdt duge cho ca hai khdi niém.
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CHUDNG 6. PHAN TiCH HE THONG- MAY CONG CU CNC

6.1. BIEN DANG TINH VA BIEN DANG DONG TRONG GlA CONG
6.1.1. Gidi thiéu

My cong cu ta mdy dé ché tao cic mdy khic. D€ c6 dugc dung sai theo
yéu cdu, miy cong Cu phai c6 d¢ chinh xac cao hon dung sai cua chi tiét
dwoc gia cong trén no. PO chinh xdc ctia médy cong cu , tc dong vio do
chinh xdc dinh vi dung cu cit tuong quan voi phoi gia cong va bién dang
ciu triic trong d6i gilta ching. Sau day ta xem xét phan tich k¥ thuat vi md
hinh bién dang tinh va bién dang dong dung cu cét va phoi.

K&t can cia may cong cu

Mot may cong cu diéu khién s& 13 mot hé théng bao gdm 3 nhém chinh:
cde két ciu co, cdc thanh phin truyén dong va didu khién, nhu the hién O
hinh 6.1.

Két cdu co khi: bao gom cic than finh va dong. Cac than (inh gom bé
(beds), cot (columm), dam mdy (bridge). hop giam toc.bé 4o cdc bo phan
dich chuyén. Cic bg phan dich chuyén gom: ban, than trwgl, truc chinh , cdc
b4nh rang, vong bi va cdc chi tiét di dong khac... Thiet ké ket cdu cac chi Lt
mdy cong cu yéu cu tinh cimg vimg cao, én dinh nhiét va giam rung dong.
Nhin chung, kich thudc cia may cong cu duge ddnh gid cao trong V..« han
ché bign dang dong va (inh trong gia cong dén mic t3i thiéu.

Thanh phdn truyén dong: co ciu chuyén dong trong may cong cy dugc
phan ra: truyén dong tryuc chinh va truyén dong truc an dao. Truyén dong
truc chinh cép 16¢ do quay, mémen v cong sudt dé quay truc chinh. Nhimng
truc c6 tdc do thdp hodc trung binh ¢6 thé duge két ndi véi dong co dién
thong qua dai V, hop giam t6c | cip va li hop. 3 truc chinh véi toc do cao
(n>15000vong/phit) dong co dién c6 thé duge gén tryc ti€p vao truc chinh
dé giam qudn tinh vd ma sat (tao nén boi khap n6i dong co- truc chinh).
Trong mot trung tam gia cong, thudng trong thdi gian ngan truc chinh phai
cé thé thay doi tit toc do thdp lén t6c do cao va ngudc lai, do vay cdn cd ket
ciu phit hop véi dac tinh cong tdc nay. He truyén dong chay dao mang ban
mdy hodc ban chay dao. Thudng dai 6¢ duge }ip vao ban mdy, truc vit me thi
k&t noi trye tidp vai dong co, hodc thong qua hé thong banh rang tuy thudc

vao tdc do an dao, qudn tinh va yéu ciu giam momen, Trong mdy cong cu
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truyén thong, d6 la ¢dc hop giam téc theo bac dé dat duge t6c do tién dao
mong muén. Trong mdy cong cu CNC, mbi truc vit me chay dao két ndi véi
riéng mot dong co. V6i mdy cong cu ¢6 toc do rat cao, dong co truc an dao
c6 thé la cdc dong co tuyén tinh, chay dao truc ti€p (khong qua true vit me-
dai 6c) dé tranh qudn tinh thira va cdc thanh phan ti€p xic ma sat.

Diéu khién: Cic thanh phin diéu khién gém: dong co, cdc bo khuéch
dai, cong tic va cdc mdy tinh- cdc thanh phin duogc sir dung dé tiép nang
lugng cho cdc chi tiét dién theo tuan ty dicu khién va thoi gian. Trong mdy
cong cu truyén thong do thuong Ia cdc role, cong tac hanh trinh, cic chiét dp
diéu khién ban mdy va cdc chuyén mach diéu khién huéng. O cic May CNC,
d6 1a bo khuéch dai cong sudt servo, cdc thiét bi déng/ma cach quang (opto -
isolated ON/OFF), cdc cong tic hanh trinh va mot hé mdy tinh duoc trang bi
véi diéu khién khén va cdc hé giao dién ngudi van hanh. Téc do chay dao va
do chinh xdc dinh vi cta truyén dong chay dao phu thudc vao cong sudt va
momen cap cta dong co servo va thuat toan diéu khién servo truyén dong
chay dao, dugc thuc hién & bo diéu khién s6 (CNC) .

Bo thay dao_ tu dong

‘

» Béng ca chay CNC
dao hd

Bong ca tich hgp chay truc
chinh va chay dao
s s . £

Bang chuuyén
L ] p
phoi

-’
Truyén  dong L]
chay dao Ban may Pa lét

Hinh6.1: Trung tdm gia cong CNC
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6.1.2. Nguyén li co sO trong gia cong

Trong gia cong. vat licu ¢6 thé duge boc tich boi dung cu truyén thong
(dao phay, bao . tién. ...) hoac cdc chim nang lugng tai vi trf gizo dién cun
dung cu vi phoi. V&i dung cy truyén thong. giao dién niy dé xde dinh, con
d6i v cde tia ning luong thi kho xie dinh hon nhicu do viée phiin chia nang
lwong kKhong dong dang- trong khong gian 3 chiéu.

Maiy cong cu ¢d the coi I mot robot (e cdu vin hinh) v&i mot so bac
tur do khdc nhau, mang wén than ci dung cu va vat gia cong. Trén quan dicin
dong hoc, chic nang = diéu khién chinh xde™ va * kha nang 1ap lai diém tiép
xtic “gitta dung cy cit viu phoi duge goi la givo dién gia cong (machining
interface) vi duoe quan tam, Giao dién nay xde dinh dé hon déi vt dung cu
truyén thong, nhitng cting khong don gidin do ¢4 su thay doi cua ciac tham so
trong qua tinh gia cong. Nhitng chie nang khdc v két cdu cua mdy cong cu
déu phuc vu cho muc dich duy tri gino dign ndy.

Chudi két ciiu mdy gom : ludi cit coa dao, dau gilt dao, cic dudng va hé
trirot dé dich chuyén dung cu/phoi, cde trye it dung cu hode phot, chiu cip.
cde dd gd va cde rung dong hen trong, léch tim vi nhitng tic dong dong lue
hoc khde. Thudng, nhimg thay doi khong the kicm sodt hodc khong hict
rong chudi ket ciu 1 nhitg ngudn chinh gay 161 dong hoc trong gia cong.
Cdc tde dong bén ngodi chudi ket cau gay dnh huong va o 161 gia cong ¢d
thé 1 cde dao dong. su thay doi nhict, v...v.

Cé nhidu ngudn gdy sai s0 trong gia cong. Sat so duge coi T todn b cdc
anh hudng tGi vice gia cong chi tiet "holn hio”. Mot chi tiet hoan hao la chi
66t ¢d kich thude chinh xde . bé mit gia cong nhidm tot, hinh dang hinh hoc
vl vad lien thoa man moi dicu Kign theo yéu ciu thiét ke, Thue 1€ khong ¢6
sir chinh xde tuyét doi. Ta hid long vai chi it “"chip nhan dugce™. Toal ¢6
dung sai khong vugt khoi gidi han cho phép . do nhdm cting nhu hinh dang
hinh hoc khong vuot gidi han st dyng va vit ligw véi cde tinh chat da duge
du dodn cho nhitng pham vi tng dung. Sai s0 gia cong tao nén (at ci cac
thuoc tinh khong 1§ tudng cta mot chi tét.

6.1.3. Sai s6 hinh dang kich thuodc trong gia céng

Céc nguyén nhan giy bién dang tuong d6i gita dung cu cit va phoi gia
cong tai diém tiép xic ¢é thé do nhiét, khéi luong va cdc lyc cat. Mdy cong
cu ¢6 cdce thanh phan chuyén dong va quay, ching bi tam néng do ma sat.
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Nhiét do khong déu gitra cdce chi tiét mdy do cdc hé s6 vi ngudn nhiét khong,
nhir nhau. Dau true chinb (nam trén cong hoic cot khung didng) thay déi vi
tri cling toa dd cua diém ¢at trén phoi. Khai lugng di chuyén s& lam thay déi
do cung hode do dich chuyén twong déi gitta dung cu vi phoi tai diém cét.
Bién dang do nhié/khdi lugng ¢6 thé do duve tai cac vi tri khidc nhau cla
ban miay hoeac dau true chinh, luu vio bing ghi bl cua CNC. Khi dung cu
chay, sai 56 dugic doc tir bang ghi va bo sung viio chuyén dong, theo 1énh ciia
CNC d¢€ b cdc sai léch bien dang trong khi gia cong.

Sai 0 kich thudce boi luc cat

Sau day ta bin dén sai 6 gay nén bai hye cat. Khi dung cu dich chuyén
theo doc dudng chay dao, ¢6 thé ¢é sy thay doi vé dai fuong v hadng cia
cie lye ¢t eling nhy do cing twong d6i gitta dung cu cit vi phoi. Chuyén vi
twong déi gdy nén do sai 1éch so véi Kich thude yéu cdu cia chi tiét, tao sai
SO Kich thide va sal s¢ hink dang hinh hoc.

Vidu: Sai léch hinh dang trong phav mdt daun

Thanh cua cic chi tiét duge gia cong bai phin tru ¢cha dao phay ngon ¢6
bé mit gia ¢cong vuong gde vdi hudng tién clia dung cu . Néu hudng tién vi
huong true giao dit vao hé tea dd Décac x.y tuong dng, bit cit suw 1éch theo
hudng y ndo déu ¢é thé 1ao sai so tinh vé hinh dung (static form error). Cic
dao phay ngén ¢ thé xem nhu 13 mét thanh tru din héi duge ngim vao irye
chinh thong qua 6ng kep. Ching la phan nhay cam nhit trong hé théng may
cong cu do ti 1 drdng Kinh dung cu-chiéu dii ngiim khd nho,

Sai s6 hinh dang tao nén boi phay mat diu xodn 6c kha phtte tap. Cic
lue cat khong ¢ dinh ma thay doi véi sy quay cta dao. Hon nita géc xoan
cua dutmg rinh tao thém nhitng thay doi vé phan bé lye cit doc theo duting
truc 7z cOa ludi cit.

Dé don gian trong viéc gidi thich co ché tao bé mit gia cong, trude hét,
ta xét truong hop dao phay ngdén vdi dudmg riinh thang (e gée xoian 0). o)
day. do vong vuong gde véi beé mit gia cong (theo hudng y) la quan trong.
D& vong (inh, gy nén bai fue vudng gée F, tai phia dau tu do cua dao phay
I, =F /k: wong d6 k =Q@EN/T va I =(md’)/64, d- duong kinh tic

dung caa ludi cit, 18y bang 0.8 + 0,85 duong kinh ngoai (tuy theo dang rinh
ming) va /- khodng cdch tir didm cit dén diém kep. Luc ciit ti 1é thuan véi



chiéu dity phoi /r v bang:
FL () = K uh(0)x [cos@) + K, sin(¢) ] (6.1)
Vai ¢ 11 eoc chim do r true y dén diém ciit. chiéu diy cua phoi la
i) = esing) , vdi ¢ L ugng tien dao trén rang. Rang tao bé mat khi tiep xuc
véi n6 hoac khi ¢ ndm trén tryc y phap tuyén. Khi diao nam trén truc y. chicu
day phoi luon bing 0. Truong hop nay xdy ra tai viiri vao phoi khi phay
nghich (¢ =0) hoac vi i ra  phay thuan (¢ =7 ), hinh 6.2 Nhu vay néu chi
¢6 mot rang trong vimg ¢at, vii moi do dan hodi ciia dao phay ngon va do
I6n cua fuc cat, sai so hinh dang bé mat s& 1 0 (dao phay ngon rinh thing).
Trudmg hop niy duge su dung ¢t tinh. khi dao ¢é géc chim hudng kinh nho
hom nhigu so véi goc bude ludt ¢cit. Tuy nhién néu ¢6 han | rang tham gia
¢it cling lde. lue cit s€ khong
Y ¢on bang 0 khi mot rang nam
thiing hudng tryc y, Vi tai ¢ic
ranh khic  da cé phoi cit
: rong ving nhing. Trong
e trucmg hop nay dung cy hodc
vong xuong bé mit khi phay

nghich. gay sai s0 hinh dang

T on -] T8¢ 85 vdn ¢t qué, hode 161 [én so véi b

mit trong phay thudn, giy sal

a)

56 hinh dang ciit nong.

Tao hinh bé mit trd nén
phic tap khi ding dao phay
ngén ranh xoin (hefical). Keé
ca truomg hop dao chi vii mot
rinh cit ciing luon dé lai sai
¢ Winh dang bé mat.  Xét
mot canh rdnh tai phén dudi
cting clia Wb cit duge sap

thang hang véi tryc y. vi vy

b) c6 géc chim O (uic

Hinh 6.2: Anh hurdng cla chiéu rong cat va ¢lz=0=0 -_rKhl Pdao pha){

phirang thirc cit fén sai s hinh dang bé mat ngén quay, dinh cta ranh di
a) Phay thuan b) Phay nghich



chuyén dén géc chim ¢, trong lic mot diém phia trén ranh | ¢6 toa do z do
tir dinh, s& & phia bén phai truc y, tr d6 tao bé mat gia cong. Vi luc phép
tuyén khdc O tai thoi diém dy, do dich chuyén dan héi ctia dao phay ngén s&
tao nén mot sai sé hinh dang trén bé mat. Khi ludi cit quay, diém tao bé mat
gia cong s& chuyén dong hudng lén doc mang ranh nho goc xoin. Phu thudc
viio s6 ranh va chiéu rong 16p cit ¢ thé c6 nhiéu hon mot diém cit duoc sap
thing theo truc y hoac tiép xtc véi bé mat gia cong. Cic diém ti€p xiic ¢6

thé tinh dugc khi can bang goc chim tic thoi (¢,(2) =0+ (j-1)¢, —k,2 VOi
ky = (2tan B)/d ) tién dén O khi phay nghich, 7 khi phay thuan:
+(/ -9, 4
4 =¢4k——~’~ (Phay nghich) (6.2)
B
T-¢0+(j-Do,
.y A % (Phay thuan) 6.3)
i

Trong d6 B la goc xoan,
~ =12,...N-1 [a chi s6 ranh va

e 1 B2 gec ¢,=Q2m)/IN 1a géc bude miii cat.
Nhu vay ta ¢ thé lap ra thuat
x| ol T todn du dodn sai so hinh dang

| pa S B 4 .
RASRE K gia cong. Ludi cat co thé chia
bkt 47, il :Fty.m |/ Fy thanh M thanh phan hinh dia

J — z [ Iy ) - . y =
) l';: AT theo chiéu sau doc truc cta 16p
4 odi= cit a (xem hinh 6.3), n6 ¢6 thé

quay mot goc gia sO A¢ (vi du
Hinh 6.3 : M6 hinh bién dang tinh dao phay ngén ¢ = 0,A9,2A¢.....¢, ). M mot

phan tir vi phan ¢6 chiéu sau cit
doc truc Az =a/M va khi chon cdc phan ti nho, anh hudng ctia goe xoin ¢6
thé bo qua. Luc cit vi phan (xem hinh 6.3) sinh boi thanh phan m la:

N-I
AF, . (¢)= K,('A:Zlﬂin(ﬁj(ﬂ -} cn.a‘(ﬁr.{:}};in 9, (6.4)

J=0
Trong dé K, , K, 1a cdc hing so cit va ¢ la luong an dao trén rang.
Géc chim cho thanh phan m 1a ¢, (m) = ¢ +(j— D¢, —k,.mAz . Cic lyc cit

thanh phan ¢6 thé chéng nhau tai cdc bién trén cla cdc dia. Vong theo hudng
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y i diém tiép i 7, do lue dat vio thanh phitn m gay nén, tinh cho thanh
cong xon i

| B

AF
‘ : {3“1:. b, ) (]<“i <u,
O (o, .my=| QM . (6.5)
AF b
— =3, -u,) o, <v
6Fd b P

3 diy £ la mo dun dan hoi. / {a mémen qudn tinh 1ét dicn ¢Oa dung cu
vit 9, =1 =g w6 1 chicu did tir digim cat dén mat mat éng kep. / duoe tinh
theo ban kinh rirong duong R =088 (L8 2 h¢ <0 1 1€ gin ddng do ¢d suhien
dién cua cdc ranhy. Do vong tinh tong i dicm tiép xic doe true =, duoe tinh
khi chong cdce do vong sinh bot M luce thimh phin lén dao phay ngdn:

Af

‘S\(C;}=Zt5].(:.\.m] 6.6)

L.

6.1.4. Rung co hoc trong gia cong

Frong may cong cu, rang dong vai tro 10n ¢in (rg nang suit gia cong,

ay
hat goi dd rue chinh. San day ta xem xét va phim tich mo hinh h¢ thang may

tang nhanh do mon dung cu. gop phin lim kém chdl lugng bé mit v g

cong cu trén ¢ s¢ k¥ thudt phan tich dua vio thue nghiem. mot k¥ thuit
duge su dung réng rat trong cdc phuong tién gia cong hica dai. Trén co so
nay ¢4 the Tam sdng 1o van dé rung viv ngan ngiia né trong dng dung thue (¢,
6.1.4.1. Co so cua rung tir do va rung cuong hire
Nhu the hien & phin 2.2.2, cic két cin co don gidn véi mot bic tr do ¢d
thé duge mo hinh hod béi cde thimh phin khéi luong (m). 16 xo (k) vi giam
chan {¢) nhu hink 6.4 . Khi ¢6 mot tige ngodi F dat viio két ciu, chuyeén done
cua hé duge midu th bai phuong triinh bie vi phan 1a:
my+cx+ kv =) (6.7}

N¢u hig thong nhan mot cd dip trong mot khoang thoi gian cue ngiin, no
s€ thue hién cic dao dong t do (free vibration). Bign do cla dao dong «é
gidm din theo thoi gian, i ham cta hiing s6 gigm chan (damping constant)
cua h¢ thong, Tin s& dao dong bi dnh huong chinh boi do cing vi khoi
fegng v mot phin boi hang s gidm chan (tinh nhat), hing s6 nay thuomg ta



rat nho trong két cau co khi. Khi hiing gidm chin bang 0 (c=0) hé théng giao
dong véi tin $6 tu nhién:

w, = Jkim (6.%)
Gl Hé so giam chan
k Lik (hoiic hé s can) li

mlJ e IKIX - iT‘I g g:(-f’gm . luon nho
+ T T hon | trong két ciu ¢g
F) F() khi. O da s6 két ciu
a) mi=-cx-kv+ F(1) kim loal, § <005 hoac
Y tham chi nho hon. Tan
. r 56 tu nhién giam chin
‘~-\~‘_\/\."4“*:‘ " ciua két ciu duge xic
AT sy dinh b
. e L%, W, =1 -E  (6.9)
""" S Gii st khdi lugng
- o khéng ¢6 ngoai luc va
=y S dich chuyén mot lugng
by X,. chuyén dong rung
Hinh6.4 - M6 hinh hé théng ki fugng 16 Xo- tur do dugc miéu 63 boi:
dao dong gidm dan cta hé théng mét bac ty do T Y S
3) Hé rno'ng'sggF b)Rung tu‘dogcﬁa; hé théing SDOF. H) = e C‘::T‘g)

Chu ki gifta moi séng dao dong 4 1, =27 /m,, day 1d cich don gian dé
ude dodn tin sa tu nhién ¢ can cta hé thong tir cic phép do dao dong qud
do hodc nr do (free or transient vibrations measurement). Hing 56 gidm
chin cd thé xdp xi fir ti 1& cia bien do phan rd lon nhat (max.) cia séng dau
tien vi séng thi n cia diy séng 1ién tuc vai phuong trinh:

[ PRI P (6.11)
N X

H
Khi ¢6 mot ngoai hye Fit), hé théng chiu mat mot duo déng adng buc
(forced vibrations) . Néu lyc F(O=F, khong d6i dit vdo két ciiu, hé thong
chiu mot dao dong qud d9 hodc dao dong tr do ngan, sau dé on dinh tai do



vong (0 trang thidi tinh) x =F/k. Néu ngoai lue 14 mot lye diéu hod (dang
ham sin hodc cosind. ta ¢d thé viét:

mX + X+ kv = F(sinot) (6.12)

Nhu th¢, hé thong nay chiu dao ddng cudng bitc ¢6 cling tin s6 o véi

ngoal luc, nhumg vai thai gian/pha tré hon. Gid sir, cde gino dong qua do

duge tao boi cdce il ban dau y&u din, hé thong hoat dong & trang thdi on
dinh. khi ay:

Xy = X sinfer + ¢) (6.13)

Trong dao dong cudng bic, st dung ham diéu hoa phitc s€ thuan toi hon,

Luc diéu hod ¢d thé thé hién bdi Fr)= Fe™ ™, véi o 1 pha din so véi

thai gian tham chi¢u hodc vi tri géc trén mot mat phing phie. Ddp tng diéu

hod twong Ung 14 x(O=Xc"" . néu  thay vio phirang trinh chu én dong
= = - fan VT
(6.12) ta ¢o:

(k= i+ jwcyXee!™ = Firy= Fel e

Pha vi bién do 16ng cha

A T T T T T T - . a - .
He 56 80 Ion cic dao dong diéu hol i
3 . X
¢ |(l)(m)! =|—
Iy
e ' ' 6.14
E = — £
= k T (6.13)
= (== + (28
sk 1 F R
£ o = 2er
5 ¢=tun g‘ +
45 F ] 11—
AN trong d6, r 1d 1 s6 tAn sd
0 _— . La mcane oy . R ., . e
002 08 ' 14 2 {gitfa tan s6 kich hoat v tan
O T T T T T T T T - .
| 860 twr nhién) r=w/w
Pha g ]
-2‘0[— ' 9 . -\
! ! Phuong trinh {(6.14) g1 1A
_40:1.. i - & N
g 0w | i ham truyén (transter
< i 1 ) tunction} hadc ham ddap ting
G0 mm e oo e oma oo fo e — ; .
i ] tan s (frecquency response
1201 1 function) cuoa mot kér ciu
I ' A - - -
-140} .‘ 1 SDOF (hé thong mot bac tu
-160k L 1 do), dé thi ctia né duge thé
i . o * \ ~ &
180 e ot hién & hinh 6.5, Ham truyén
¢ g2 36 i 1.4 kA :
TisGtdnsd - F

Hinh 6.5: Ham truyén dat cua mot hé thong SDOF



e N . . R G
D(w) ¢6 the chia ra thiinh phan thue Glo)va do H(w) cua ~—¢ "™ nhu sau:
"o

L

— e ——— —

. ' I—r
LS E Phan thue Glw)= k[(l—rzjf +(2§”:]
1 IP _—;?
L . A= T s e 1619
. _[:5 v i) = Gy + jfH ()
E ok Chii ¥ il digm  cong
? Ry hudng:  w=m,. r=1
-2 e e e e T e e 2 Gl y=0. Him )= -1/23
° U Phin thue va 4o ¢cua him
o ! Phanac truyén  duge minh hoa rén
._-:.' B [ hinh 6.6 va bai d6 thi cue trén
e ] hinh 6.7. Trén dO thi niy, tai
il 1 diém cat tin so 0. phin thye
w5 } ] biing do dan hoi tinh (1/k).
o Khi tin s6 Kich thich tién dén
38 k | tan s0 tu nhién (tae r=1), he
" , .

Bz a4 8 08 1 N2 1s 65 13 2 théng cOong hudng, bien do

Tistansd-r ctia dao dong trd thanh max.,
Hinh6.6: Ham truyén dat cia mét hé théng SDOF  uéc pha tién gan -90". Tho
glun tré gitta Kich thich va dip
g duge xdc dinh boi
¢, =¢/m 1 tan so kich thich
diéu hod w. Néu tin s0 kich
thich ti€p tuc tang, goc pha

tién dén -180", hodc tré xiy ra
O mot nura thai gian kich hoat.
Bien do cua cic dao dong
giam do k€t cau vt 1i khong

thé ddp tng d6i véi cice nhiéu

- ' h L. . - . . . .
45 -1 5 0 . tan s& cao. Hé so can, do
Phinthue G [ 1079% N/m ]

Hinh 6.7 : Ham truyén dat ciia mgt hé théng SDOF
trong hé thong toa do cuc

ciing vi tan so i nhién ¢o the
ducce dinh gid tir ham vuyén



duge do vdi mdy phan tich Fourier. Tai gdn 56 Kich hoat O (@ =0) do idn cua
®() vi phin thye ciia him truyén Gy bing v6i do dan hoi tinh (1/k).
Khi doc cac gid tri nly tai ¢ic tan 8¢ thap. can chd y sirkém nhay cam cuil
cie phép do duge thye hign boi cie cam bién toc do va gia toe. Phép neoal
suy ham truyén (i cic tin s6 cao hon, 0 do cde mtc cong hudme it ¢6 thé
duoc coi 1 phuong phip thay the dé dinh gid do cting. Thudme. cdc ciam
bien do chuyén vi cho cic phép do do din o1 tinh chinh xiic hon. P9 16n

' o . h i - . - .
max. cla Dim) Xay ra bl @ =o,41 =28 . G co hat cye tri g

— |
m, =, \ﬂ -2 G, e
' "t KER -8 6.16)
—— |
_UJ + E = e
”\/7 - I'I'IH 4;\;{]4_5‘}

Trong thuc t& ché tao may. cde kich hoat bén ngoai thuong fa tuan hoan
nhung khong digu hoa. Moi luc tudn hoan déu ¢d theé the hién boi cde thanh
phan séng hii coa no. Khi mét ngoai tue F(O (vi du nhu Iue phay) tuin hoan
v&i chu Ki T =27/w (tie ¢chu Ki ctia rang dao phay). Trién khai theo chudi
Fourner, ta ¢a:

Fly= U +Za wwmr+2b Sin nenf 6

n-l awo L
Vi n (3 ham didu hod tin $6 cu bin @ . K& qua chinh xdc coa cde he
& Fourier ¢6 thé thu duoe biang 14y tich phan fién tue, cde tich phan yéu cdu
thé hién todn hoc him cuding bide tuan hoan F(t). Do thue 1€, kich hoat ngodi
nhu lue phay ¢6 chu ki dang song khong déu nén ta ¢é the sir dung ki thuit
6 101 rac dé tinh cdc hé s Fourier, Gia thiét, kich hoat tuin hoan duge so
héa déu tai cde khodng T(s), N 1an trén Khoing 7 (thc 7= NT), ta ¢6:

: 2 - nlm. ..
a, =—2ﬁ cos : vol n=123... (6.1K8)
N = T
19 nim )
h ==% Fun-—— vl n=123....

Trong phan tich thi nghi¢m. ¥, tuong tag vai lay mdu thit i cua jue bai
may phan tich Fourier. Ta ¢con cé the theé hién day fourier ron riuc cna ham
P : :
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twan hodn theo:

N

Fin=Y ce e (6.19)
ne
N . IEREY ) h
Trong do; ¢, =yu, +h) @, =tan 'L

4

i
D6 thi cha ¢,. tdn s6 doi {versus frequency) o, dugc poi $a pho Fouricr
(Fourier spectrunt), Dot vai mot kich hoat tuan hoan nhung khong diéu hoa,
ddp tng & trang thii on dinh cia mot he thong SDOF (h¢ thong 1 bae nt do)
¢6 thé tinh duge bing phuong phip chong dao dong duge tao boi cic thianh
phiin song hai cha kich hoat tuan hoin:
N

B R (6.20)
SJa =+ 8n?

Trong thyc €. kich hogt tudn hoan tir ben ngodi duge Xap xi bai chy 4
dén 5 thanh phan ddu tien cta song hai (n). Nhitng séng hai bic cao hon
khong di nang legng dé giy anh hudng ién dao dong. Cic luc phay chu ki
theo rang ¢é thé biéu dién hoi thimh phan chudi Fourier. Neéu séng hiv e
luc phay gan véi dao dong tr nhién cla két ciu, ¢o thé chon t0¢ do truc
chinh luan phien dio chiéu dé trdnh dao dong cudng bic.

6.1.4.2. Ham truyen  dinh huong

S Cic bién dang tinh vi dong
: gifta dung cu v bé mat cit xidc
dinh d6 chinh xdc va do un cdy
coa cac thanh phin duge gia
cong. Mot mdy cong cu dic
trung ¢é thé duge miéu tia boi
mot diy cdc khoi luong noi vai
nhau bai 10 xo theo cdc hudng

khdc nhau. Luc cit tong truyén
4¢n may thong qua cde 10 xo va
khoi luong, Su tong hop aile
chuyén vi tso nén baéi 1at ca
ciac 10 xo theo hudng truc gino
véi bé mit cit gia cong quyét

Hinh6.8: Ham truyén dat chéo
ctia chuyén vi dinh hudng (y) va luc (F)



dinh do chinh xdc kich thude cudi vi khoi lugng phot bée tach Kho phoi gia
cong.

Xét mot khoi hugng chung (m) noi voi nén cing bai cic 16 xo nhu thé
hien & hinh 6.8, Moi mot 10 xo (i) v khoi luong m xdc dinh mot hé thong
SDOF theo mai hudng khdc nhau thong qua dinh hudng goc (), xufit phat
tir hudng bé mat cit v. Lyc cit tong F ¢d goc B so vGi hudng bé mat cat v.
Yéu cdu xdc dinh chuyén vi & huéng y. tao nén bai tat ca cic 10 xo chiu anh
huong luc I

Luc truyén dén 10 xo 7 la:

F = Foost, - ) (6.21)

Néu him truyén ¢ mdi hudng 10 xo la & (w)=x,/F . thi chuyén vi
tuong tng cua 1o xo 7 la

x, = @) = Feoso), -~ Hyd (w) (6.22)

Dich chuyén theo hudng v cta 10 xo 1§

v, = x, conf, = Feosd, costl, - fid(w) 6.23)

Gop cdc thinh phan dao dong x; 0 hudng v ta s& ¢é dao dong 1ong hap.
Ham truyén gifta luc cat I va dao dong tong hop y duge got 1a fuwm tr Hyen
dinh lieong (oriented transfer function) hodc hdni truyén chéo (cross ansier
function), la:

J

y
O Flm)=-—= P {w 6.24
N f ) I3 Z”:Fr ,{( ) ( )

i-l

Trong d6 wr,, = cos0, costd, - )1 hé s6 dinh hudng (directional factor) @
hudng 7. Khi bo qua khoi lwong, ta ¢6 the st dung cong thie (6.24) dé tinh
hién dang tinh tong hgp & hudng v.
6.1.4.3. Cac hé thong toa d do va thiét ké

Trong phan tich két ciu médy cong cy, ta thuting str dung hé thong 3 toa
do, trong dé két cdu mdy cong cu duge mo hinh hod boi mot lugng 1o xo,
giam chan va khoi lugng. Cic hé thong ndy ¢o thé 1a hé thong rpa d¢ do
(con goi 1 ciie ho), thiét ké hoac hé thong toa do ricng (design, focal and
modal svstems). Cic khot lugng, [0 xo vit giam chin ¢o thé xdc dinh duge

trong mot trong 3 h¢ thong tow dd niy, phu thuge viio sur thuan lgi dé tinh
bang mdy tinh hoac thé hién vat ti. Cic hé théng toa do riéng khong mang y
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nghia vac li, duge sir dung dé phan tich do bén v sy hoat dong cda toin ho
két cau tui mot tan so tr nhien rieng bi¢t (88 duce dé ¢ cap dén ¢ phin sau).

LLelipris Liilgiisy diresiiis Cic toa do
‘ J; ; thidt ké'va cuce b
i j:;ika %‘ duwoe  piii lhfrl"c
éma«o 4 & Ih’(mg quil ,k.m
l _— j[ui$ citu ch}m galan
= T i ; _F[ duoc the hign bot
i 5. W e 210 xo ndi tiép
& s Ll Ly " :) nhau i lue F v

M‘[: ,r F. dit vie chiing

e —'L——o—r (hinh 6.9}, cic

- - chuyen vi duoe

“l’“ ) d'o i cae v lr‘f

L an dinh (nhu tai

S. Yu dicm ban dan |

a) b %) va 2. noi khone

. - . , . o bi  bién  dang).
Hinh 6.9 Chuyen vi va luc xéc ainh trong toa dé co va thiét ké : n

_ , o7 Cac chuyén vi 1a
ajCaclo xo nbinhau b} Toa dd thiét ké c)Toa dd do

X, Xo .o cde diem
tham  chicu cho
phép dafiv dn dinh, Ciac chuvén vi 1 Xy duoe xde dinhovong o deo e
Do it do doy. Tuy nhicn, khi do gilin teong doi (wita hai diau may
vl os 0 o duge do, chuyen viong ing duoc xie dinh trong Joa do thict
AT Tdesion coordinares). NOF cdach Khac, chuyén vi cue ho the hign suthay
dést tay &t do trony o do cva mot dicim uen k6T cau, con chuyén vi thiet k¢
the h.cn do gian dar hoace nén ciig ricng mot {0 xo.

Crot cde Qe [0S, v S, va cide chuyén vi la v, v v, trong toa do thiét ke,

thi:
Sp=k, vy Sy =kyv, (6.25)
Hodc & dang ma tran:
oo e S
Pl Oyl (6.26)
]_.S':j ;’() A;,i| v, [

Trong d6 k, vk, 13 gid tr do cine thiét ké cho cic 16 xo . B¢ don eian
o i I = 3 i fr Fimd
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ta ¢6 the st dung ki hiéu ma tran sau;
{s}=x, kvt (6.27)
Vai {St va {v}1a vecto luc va chuyén vi . {K_\_JIE& ma tran do cing trong
toa do thiet k€. M&i quan hé gitta chuyén vi do vi thiét k& duge thé hién:
Xy =¥ N =, (6.28)
N = b Y. V. = kA (0.29)

Hodc

{:i H—ll (1]]‘{1 } —{vj=lrid (6.30)

O day [7'Jla ma tran chuyén doi gitia chuyén vi thiét ke vd cuc bo.

Tuong tu ¢6 thé viét biéu thuc cho lue 1a:

S,=F, = =5, (6.31)
S$,=F+F, —=F =5 -5, (6.32)
Hoac  {ri=[r{s} (6.33)

Cic thanh phin do cing, khai lugng vi giam chin ¢6 thé duge chuyén tir
mot hé thong toa do sang hé thong khdc khi stc dung ma tran chuyén doi |7},
thay phuong teinh (6.27) va (6.30) vio (6.33)

(=l {sy=0T [x o=l & i) (6.34)

Vi {F}=[k [x}, ta 6 thé thu duge ma tran do cling cyc bo tir toa do
thiét k& nhur:

& )=V &, Jr] (6.35)
Tuong tr ¢6 thé dp dung cho ma tran khoi lugng va gidm chin nhu:
e J=lr) fe Jr . v )= tr ) [ Jr (6.36)

Cha ¥, phu thude vio chuyén vi v lue, don vi do ¢6 thé khice nhau trong
cde toa do thiét k& vi cuc bo. Vi du. chuyén vi ¢é thé xdc dinh theo mm
trong toa do cuc b cho vi tri nao do cia ket ciu, trong khi chuyén vi co thé
& don vi do poc néu do cie tii xoan va 10 xo trong toa do thi¢t ke gdy nen.
Maic du tat ¢ phép do thi nghiém duge thuc hién trong toa do cuc bg .
nhung d6i véi ngudi thiét k€ tht moi quan tam 13 nhitng phin wr yéu trong
toa do thiét ke.
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6.1.4.4. Phan tich dao dong giai tich cho cic hé thong nhiéu bac tu do
Miy cong cu ¢o nhidu bac ty do theo cic hudng khie nhau. Dao dong
gitra dung cu va bé mat chi tiét gia cong la moi quan tam chinh. do ching
anh hudng dén do chinh xic cta bé mat sin phiam, chicu day phoi vi lue cit
tic dong vio mady. Sau day niimg nguyeén If co s¢ cua phin tich dao dong,
duoe xem xét st dung ¢ho hé thong i bac ur do (2-DOF ). hinh 6.10.

k[xx r‘nl-.i_w]
-i’wf\|_\|)

F i\ :(‘I(X:.,
X+

i}

TREERN

Tinh by Meode #1 Mode #2
Hinh6. 10 Ham truyén dat ctia mét hé thong SDOF

Tir dinh ludt 2 Newton, phuong trinh chuyén dong cta khoi lugng m, va
m, trong toa do do hoiic cuc bd (x|, X;) ¢6 thé viét 12

m¥, = F - & —od —n) -k =k (g —xg) {6.37}

MmNy = Fy = e ¥y =&y = A, (0 — ) — AT -, (6.38)
Sép x€p lai ¢dc phuong trinh & dang ma trin:

M Kbl Rid+ 1k Kb =(F] (6.39)

142



Trong d6, ma tran khoi tugng. do cdng vi giam chin wong tng L

" (} oAb, — k., ¢+ n e
IM_\I{IU' 1 [K\I=[ ‘_:, 2 TR }: [c\lz{ B W (6.40)

my | ka+ - 0t

Vecto chuyén vi {vjva lyc {F} duoe dinh nghia la:

A [uy R
{"}_{r:mf F}= ] (6.41)

Giai h¢ phuong trinh vi phan trude hét cho trudng hop dao dong tu do
khong giam chan (1t ¢, =¢, =¢, =0 v {F}={oh

M Kb+ [k Kok=[o] (6.42)
Hé thong khong bi cin ¢6 nghiém chung 1
{,‘.'{f}}Z {X Isinteor + 1) (6.43)

Trong dé {X} va 1 i khong déi. @ 1a tin so tr nhicn cua he thong.
Thay vecto chuyén vi {x(n)} vit dao ham bic hai. vecto el toc:
{¥}=—w {X Jsin(er + W), phuong trinh (6.42) trd thanh:

& = m Dx =} (6.44)
Hoic :
;\.| 4"!\.:_(9:”“ _.k: ]lxl|:](]l [ﬁ 4:‘)
__A.l J[{:+J('_1_(U:f??:J1X1[ I(][ AR

Dé giii, dinh thic cta cde phuong tinh dai $6 déng thoi phai bing 0,
Néu diat s=c” | ta co:

;\ +he—y "-{'w
R - =) (6.46)
= ks kvt hy—sm,

Hodc :
s"tas" o ta, =0 (6.47)
Va1 n la so bic tr do coa hé thong. Vi dy, d6i véi mot hé théng hai bie
i do (2-DOF):

E _[ Rivky kywhy ) Kike thoky thoky

={ {6.48)

W
"y "y ) B

O da thite ndy s ¢6 hai gid tri thue: s, =w], Vi s, =}, Vi v, va o,

1a cidc tan s6 1w nhién cta hé thong. Tong hgp phdn gép cla timg gidi phdip
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hodc mode. taco:

KXt X u LX)
it I = :| 1o posinte, r+ W+ Ay
[, " [ Xy, [ Xain].

singem, 4 W) (6.49)

- ! ~ - .. - .
G day {r}.={x, Xl}u la cac veeror ridng  hodc dang dao dong

tetgenvectas/ mode shapes) duoe lién ket tan sé te nhién co ban () vitin
SOt nhién phu o, tuong Gne. X, 1 chuyén vi cta ndt i v W, 1a pha wo
boi dao dong e nhién k. Két qui cia phuong trinh (6.44) chi dua ra i s6
cac bien do tai mor mit (node). Thay e, vii @,, trong phuong trinh (6.44)

VUsap XOp Jai. ta o

S T . . kot k, - - - S0y
RN R A kR menm (6.50)
LV ky+hs = m A
AL R S Sl N (6.51)
IR Ky + ks =ty ks

Thay A, =(X. /Xy, dat X., =0, . X =, vio phuong tinh (6.33)

v cie rung dong qud do (transient vibration), ta ¢é:

\.! Y 47 ) Ay A _ Q. \5I”“”.-..|" | (6.57)
L L Qs a7 1 |
Hode dang vector
L) | -
Gkl Pk L= ehgo) (653

m’_w(f)]

Trong do {7} =14 1f v g, Bodang dao dong dau 1ién v chuyén vi
riéng tao boi nd. Sucthe hién vt 17 cua mot dang dao dong ¢6 the giidi thich ¢
Bk 6,10 b, S0 Tuong dao dong tu nhien gay chuyeén vi don vi tai khoi luong
v A tal khéi lugng o, |2] 1 ma tran rieng day du, ¢é kich thudce [nxn]
cho he thong n bac te do. Tuy nhién, ma trin riéng khong nhat thiét 14 ma
trdn veong. SO hang biang vdi 56 cic diém toa do trén mdy vi mdi cot the
hién mot dao donyg .

Vi cic dao dong 14 true giso v6i nhau, ching ¢6 tinh chat:

{Ph s frk =0 (6.54)
Trong Khi:
Py frh =m, (6.55)
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G day m,, la khéi lueng rieng két hop véi dao dong diw tien. Khi dp

dung nguyén 1 trge giao tuong wrcho e dang dao dong con lai, ma rgn
khoi leong v ma tran do ctng cue bo - duge chuyen vao 1ga do riéng:

v =10t [a 1p]
& =[r11x 1]

Ciac ma tran rieng khoi lugng tong IM I_,J\-":l ma tran rieng do cing tong

(6.50)

U\.’q [th ma tran dudmg chéo, mdi thanh phin wrén dutng chéo the hién kho
luong hoac d¢ cting ket hop voi mot dao dong Cha ¥, khi heé thong co giam
chin can doi (tie {0, Y=o far |+ o K| v e vie o, cde hing s theo

thue nghiém). ma tean ricng do cin 1(‘”] ciing L ma tedn duong cheéo:

[f 1: irtle. 17 (6.37)

Ung dung cic chuyén dot rieng vio phuong trinh (0.39), ta thu duge
phuong trinh chuyén dong ¢ toa dd néng .

-

(g0 ] | i—k’“' O Hanty] 0]

0 gt 0 ko llgn o)

c 4

['mr” 0 J 4 f ‘r¢| &

{6.5%)

o mq_‘J"Iéjj(r}[

Hoace o dang veéc tor
Y TN O TSR IR (Y (6.59)
Cic phuong trinh chuyén dong trong toa 4o riéng khong lign quan nhau,
¢6 the gidi tuong tu vai ciach cho cde hé thong 1 bac ty do. Néu xét cie dao
dong tu do cua dao dong didu tién Lun vi du. ta co:
m Gy et R g = 0 (6.6

Phuong trinh ndty ¢6 nghiém:

g, ()= Q¢ M sin(w,, y1 - Elr+))

O day, h¢ so can [a & =c A2k, va Q, fim duge tir cde diéu kign
ban diu. Sau khi gidi, tim chuyén vi trong hé thong toa do rieng . cic duo
dong trong hé thong cuc b ¢ thé thu duge bing chuyén 61 hé thong ri¢ng
(6.53) (tire xnt=1rfqt Khi dp dung chayén déi, vi du cho h¢ thong 2-
DOF, cdc chuyén vi cue bd tra thanh:



x, (1) Ay As
(1 _[4 A [*’h} (6.61)
_\‘3(!}[ L1 1(,-'3
Bang viéc dp dung cic chuyén déi vio toa do riéng nhur the cho ci hai v&

cha phuong trinh dao dong cudng bite (6.39). Vecto luc {F}eé thé chuyén

duge sang cie toa do riéng [a

{RY=1PI{F} (6.62)
Biéu thic dao dong cudng bic trong toa do riéng trd thanh:

v b+ le, Rate L, Rad =R} (6.63)
Ap dung cdc chuyén déi nity vio hé théng 2-DOF, ta ¢6:

mqlr}l +('q|q’r, +'('q:fh =K, (6.64)

Mty €y kg, = Ry (6.65)

D6 [ cie phuong trinh vi phian khong két noi, ¢6 the giai twong tu nhu &
hé phuong trinh mét bic tr do (nhu did dé cap & trén). Cac ham truyén  trong
toa do ricng duge thé hién twong tv cho cic hé théng SDOF (phuong trinh
6.14) doi vai ting dao dong k:

P, () {“—‘}:L ! . (6.66)
R, I“qa \/(I—r&‘)l—k(?ékrﬂ)’
0 = tan! 2ok (6.67)
V=r

Trong d6 6 56 tin s6 r, =w/w,, . PG v&i vi du hé théng 2-DOF chuyén
vi riéng ¢ thé dugc biéu dién boi:

th”)l_ ¢, )] R‘l
Pt Bl R |

St dung dang ma tran téng qudt, ta cé:
fg}=to fr} (6.69)

Vai @ la ma trdn dudmg chéo ham truyén @ hé toa do riéng. Thay

(6.68)

{R}=1Pf {£} va {x}=[PHq} vio phuong trinh (6.69) ta thu duge cic dao dong
trong toa dd cuc bd:
(xi=[P1{® ] P)" (F| (6.70)
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Hodc:

¢ "

"

h—}:[zm Yo, J{r} 6.71)

k-1
Trong dé {P}, 1a vectd rigng cho dao dong & viv i 1 56 bac tu do. Nhu
viy cde dao dong cudng bite didu hod doi véi timg toa do ¢ thé tinh duge
khi st dung dang dao dong {r:”}1 . ¢dc ham truyén  riéng @, vil Ciie vecty
ngoai luc {F}. Néu ngoai lue {F }={F sintwr)  0}. dao dong do duge & toa do
cuc b, x| vit x, € i

X lmy - \n
—ll —=AD  + D,
S ' o -
' (6.72)
A2 I .
= =2b + 4D,
Fiw) -
6.1.4.5. Ham truyen tuwong déi giita dung cu va phoi
X, Dao dong tuong doi gilta dung
cu ¢t v bé miit gia cong  quyét
<, Daocy x R i E 9 )’
dinh d6 chinh xdc cua chi tiét gia
. cong va tii dong cua cdc két ciu co
PRS khi lien quan. Co thé di dodn luc
%, ¢t cho mot s6 hinh dang hinh hoc

clia dung cu vd dic¢u kién cat nhu
mot s6 tai liéu vé cong nghé ché

~

tao mdy da trinh bay [5]. Cic lyge
cat dit 1én dao cu va phoi ¢d bién
do bang nhing hudng nguge nhau
vii chuyen vi tuong dai gitra hai k&t cdu 1 ¢é thé xac dinh duge, Xét mot
cdu trde chung miy c¢ong cu, the hién & hinh 6.11, Chuyén vi trong d6i gitta

Hinh6.11: Ham truyén dat gitra dung cu
va phér trén may cong cu

dung cu v phoi li: (x-x,), X, - chuyén vi cta dung cu, , x- chuyén vi clia
phoi. Luc cat tac dung lén dung cu 1y (F) va 1én phoi [a (F,) ¢6 cling dé 16n
E, nhung hudng nguge nhau (F=- F)), Vecto lue vil vectos chuyén vi cho he
thong n-DOF the hién & toa 4o cuc bo li:

(6.73)

Phuong trinh chuyén dong ciia hé thang 1

147



[ HThele Rid+ [ Ko=) (6.74)
Vi [M - ma trdn khoi lugng cuc be, [C |- ma tran giam chdn cuc bo vi
[!\ |-ma trdndd cing cue bo 1 cde ma tran vuony, kich thuag [n><u| . vecty
Iwe {F} cé kich thudc |l x1]. Gidi cdc gia tr riéng (eigenvalues) dan (Gi ma
tran dao déong 7] véi kich thuée [nxn]:

T ST ORI A O LI

I

Py Pay P

-= = 2 it

L e T T A R (6.75)
P, P SO L
!LPHE "”.ll}"“"'l)u.’ I)J'Jll""‘“!‘:frl f
Hoic:

[r' |= Hf }J.{I' }:..,...,.{P}I,.{P}N_....._‘{P}” ] {6.76)

9] day. moi ot thé hién dang dao dong {P} cta hé théng ciu tric n-DOF.

Tl phuong trinh chuyen déi tou do rieng (v =[P lg). cic chuyén vi clia dung

cu va phoi ¢6 the tinh khi sir dung ket hop cdc hing 7. w ctiia ma tran riéng
trén;

{-\-f}:{le P.rl P;x Pr-.. -‘“.r”}{‘h g 4 g q-’”}w. {(]??)

{ } {! 1wk ‘Dn.f'| Tt "”nr Pu'n' o mr }{ql i -ty I B }; {()?8}

Thay lye {R}={r]'{F} viio vecto chuyén vi rieng dob=lo fr} Tou y 13

tt cd thanh phan cha vectd Iye 13 O trix hai thinh phan tuong tng toa do x, va
X,,laco:

T‘E - Pu'l

{ '|

q)q!(PIi - Pu'l }

r
PR Y (6.77)

{a}= [‘1’ ]

[V il
Pm - Pn.'r [ (D(;.'I'(Pm - Puu)'

Thay cic chuyén vi rieng niy vio phuong trinh (6.77, 6.78) tu ¢6 chuyén
vi cuc b twomg g cita dung cu vi phoi la:

v = ;‘;]z(bw;:,m - P, (6.78)
[
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X, _1,,2% (P, -

) (6.79)

Khi cu tric mdy cong cu bi tic dong bsi mot luc thay déi diéu hoa tai
diém cit, ham truyén tuong doi gita dung cu va phoi thanh:

r{w

x,. ()
) u
{(,U) 2 r’lfJ n

P (6.80)

Néu thé hién mot hé théng 2DOF la cdu tric clia phoi va dung cu (tic,
X,=X,s X;=X.). vecto luc tro thanh {F}={l  -1}F,. Ham truyén tuong doi
gilta dung cu va phoi trong vi du nay la:

X, =X,

q] (A’

0

) +¢,,(A = 1)

(6.81)

6.1.5. Phén tich thi nghiém dao déng cho hé théng nhiéu béac tu do

Accelerometer Buia tao

xung

B nguon

Piu vio

{dao déng} { ll_l'l.‘]

Thiét bi phin
tich Fourier

:
Qo

Hinh 6.12: Do ham truyén dat s dung bua
véi cam bién lurc va gia téc

Ham truyén ctia cdc hé thong nhiéu
bac tu do (MDOF) dang ton tai dugc
nhan biét nhd kiém thir dong hoc két
ciu mdy. Mdy vat li dugec mo hinh hod
bai ciac mang khoi lugng roi rac, két
néi vai cde 10 xo thang hoac xodn.

Cic thiét bi dung lam nguén kich
hiéu qua nhat cdc sang lac thuy dién
hoac dién tir, vi ching c6 thé cip luc
v6i dai tin rong, chira cdc dao dong tu
nhién chi phdi (dominant natural
modes) cua co cdu duge kiém. Hoac ¢6
thé sit dung bda c6 gin cam bién luc
piezo-electric (xem hinh 6.12), mac du
phuong phdp nay c6 thé tao ra lyc véi
bién do va tidn s6 ngiu nhiéu. Luc va
dap cip boi bia c6 thoi gian ngan, c6
thé coi 12 nhitng xung hep hodc nhur cic
xung luc ¢6 phé Fourier nong, tic pho
tan s6 rong bao gom cédc dao dong tu

nhién bi kich bai xung luc dang cin dugc tim ra. Khoi lugng cua bda va vat
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lieu dinh bda (trén dé din cim bién  luc) phadi lira chon phit hop véi khoi
luong, do cing viu vat liéu ctia ket cau chiu kich hoat.

Ciic dao dong téng hop duge do véi cam bién chuyén vi, téc do va gia
t6c . Cac cam bién do chuyén vi kiéu dién cam hoac dién dung nham thu
duoc cdc tin hiéu dao dong tin 56 thap hodc tinh dé do tinh dan hoi tinh. Do
(1 cde cam bien khong tiép xic, ¢6 thé kho tim duge vi tri thich hop dé treo
cde cam bién  trén may duge kiem. Hién nay di ¢o cam bign do chuyeén vi
biing tia laze, khi thuan tién trong 1ap dat thye t€. Gia to¢ k& (accelerometer}
ciing duoc sir dung nhiéu trong do dao dong. Trudng hop dé. khoi lugng va
pham vi tin 6 clia gia toc k€ phai duge lya chion phit hap, do ching ¢ thé
bé sung khoi luong l1am thay doi cdc tin s6 ty nhién do duge . Cic vt liéun
gino dien va lién két gilia kel ciu va gia toc k€ phai duge chon ¢édn than dé
dam bao cdc phép do chinh xdc. _

Sau day 12 co sa phan tich dao dong thuce nghi¢m duge gidi thitu Wm
Gt . Kién thire ndy cén thiét cho cde ky su ché w0 mdy do fuon gip viin dé
vé dong tuc hoc trong nghién ciu vi ché 1g0.

Khdi niém vé thang du (residue)-r:

Ham truyén  cua mot he thong SDOF (biéu dién boi phuong trinh 6.7)
thé hién & mién Laplace:

h(.s-):ﬂl:—;——”jy—r (6.82)
F(sy s +2wys+uw,

Trong dé s~ +2&w,s+o] la phuong uinh dac tinh cua he thang, ¢6

nghiém kép phic:

5 = =Ew, + jo, s ==&, - jo, (6.83)

Ham truyén (6.82) c6 thé biéu dién bdi khai trién phin s0:

roaro o orfs (6.84)

h(,\‘) = R " -
s=8 s—s 820w, sy

Théng dir (residue) i

F=a 4y ro=0 - v (6.85)
Céc tham s0 tuong vng la:
o =2%lw, 0w B=20c (6.80)

Thing du ¢6 thé ¢é phin thyc va 40, phu thudc va stte cin va $0 luong
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dao dong trong hé thong. Tuy nhién, déi véi mot hé thong SDOF, thing du
¢6 cac gia tri rieng biét, la:

L/ m _Mm U/ m

r=limis—y)) - = - = — (6.87)
s= (s—ss—x) 8 -5 2jw,
b lims — 5y e M U (6.88)
vy (s =¥ Wy—3) 55—y 2jw,

Do d6, doi véi cac hé thong SDOF phan thue cua thing du phai 1a 0
(=0 v B=0).Chi ¥, d0i vdi mot khai lugng don vi, thing du ¢o gid tri
r=1H2jw, .

Ham truyén cua mot hé thong MDOF ;

Phuong trinh chuyén dong ciia mot hé théng MDOF thé hién trong
mién s khi 14y bién dai Laplace phuong trinh (4.12):

(M ° +]Chs + & WX o= {F} (6.89)

Hoac:

[BHEx (0}={Fin} {6.90)

Khi d6, ma trin him truyén cua h¢ théng MDOF li:

His) ) X} _ adilBis]
{Fen} ol

Trong  (6.90), UH(.\-)I lh phuong trinh dac tinh, vi nghi¢gm cla

(691

Hb‘(.\)]:{)cho cdce gid tri riéng cua heé thong MDOF. Chi ¥, ma trgn ham
truyén  [H (o lcd kich thue [nx n| cho hé thong n-DOF v tét ¢id cidc thanh
phin cta né déu ¢6 miu s chung 1aBn].

Vidu 6.1 Ham truyén cho mot hé thong 2-DOF la:

I,y BysAs)
Hisyi= - 6.92
[ (s))] L’u“‘) fr;;(s‘)] (6.92)

Vi
’- ,'!i. "o r:!. , .
h”[,\')= bl + l],l“. + ll.-_+ Il,_‘ hOf_lC (693)
h Y Sl &= N — 5, R B PN
mund el = = dmed 2
0y + By st By
h“{.\'):l: e - +| 5 (6.94)
vt _l’:!(U”_ |S + fU” [ YT N 252(0” ES + w”-2 e 2
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Cic thanh phan h, trong ma (ran ham truyén thu dugc tir cic phép do
thi nghiém. Khi mot ket cau 2-DOF bi tdc dong bai lyc {F}={F, F,}vadao
dong duge do tai diém 1, ta o

"‘H:ﬁ}‘_”'w::{) : ht::;‘;l"_}FI:U (6.95)
F, F,

Vidu 6.2: Mot gia téc k€ duge dén vao diém 1 vy biia dap vio diém niy,
do véi thigt bi phan tich Fourier ta cé h,,, dip vao diém 2 va do, ta ¢é h)..
Diin t6c ké (accelerometer) vio diém 2 va thue hién va dap, ta ¢é cic thanh
phan clia ham truyén tuong (mg h,, vd hy,. Céc thanh phan nay ¢é miu s6
nhu nhau nhung thing du (hoac tir s6) Ja khdc nhau. Ma trin ham truyén  la
d6i xing d6i véi mot hé tuyén tinh (tde hy,=h,,). Cic ham truyén do, duge
thi€t bi phan tich luu vao ving tan o, dudi dang thanh phan thic va 2o tai
timg tin s&. D lieu ham truyén  mién tin s6 do duge (hy) dwoc chuyén 16i
mot mdy tinh (duoc trang bi cdc phin mém phan tich dao dong). boi vai
mot s& dao dong tw nhién cho trude, he théng phin tich dao dong quet dif
lieu ham truyén cho viing cdc bién do cong huong max. va tan 8O trong
ting, noi thanh phin thyc cia ham truyén bing 0. Céic tan s6 ndy la cdc tan
56 tur nhién cua hé thong. Khi d6 hé thong hop dudng dac tuyén theo di ligu
véi miu 56 1 mot da thie bac (2xn), Néu xir I s6 ti€p tuc, duomg dac twyén
ham truyén  s& khdp vai cde phuong trinh vi phin bac hat. nhu thé hién &
phuong trinh (6.95). Nhu vay cic gid tri s6 coa tan s6 ty nhién, gidm chan va
thiang du cho timg dao dong duoc dy dodn tir dudng dic tuyén nay. o) dang
tdng qudt, thinh phiin & hang 7 va cot / cua ma tran ham truyén [His)] duge
do la:

"

Oyt By .

) I T —— (6.96)
s+ 25w,y 0,

Trong d6,m,, 1a tan s6 tv nhién dao dong cé giam chin.w,, - tAn sO tu
nhién khong giam chan va &, -ti 86 giam chin cho dao dong k cuia hé thong.
Pdp img tdn sd cia két clu ¢ thé thu duoc khi thay s = jo . & day tan s6
kich hoat @ c6 thé duge yuét trong pham vi bao phi toan bé cdc tan s0 tu
nhién. Him truyén diy di c6 thé bidu dién & dang ma trin sau:

[Ty — (6.97

=
T+ 25,0, 5t W,




Trong d6. mbi thanh phén trong ma tran kich thuée [rxn].[R, 1=la + Bs]
phan dnh thang du cta dao dong k tai hang { va cOt L.

6.2 THIET KE VA PHAN TiCH CAC HE THONG CNC

S d6 mot trung tam gia cong CNC dac timg duoc thé hign ¢ hinh 6.1.
Trung tam gia cong bao gom cdc thanh phin co, dién tir cong sudt vi cdc b
phan CNC. H¢ co gom bé. cot, t hop truc chinh va cac cof ciu chay dao.
Dong cd truc chinh va true chay dao va cic bd khuéch dai servo, hé cdp
ngudn cao dp v cic cong tic hanh trinh thude nhém dien tr cong sudt. Phin
didu khién CNC bao gém hé mdy tinh v cic cam bién toc do va vi tri cho
méi co cau truyén dong. Ngudi van hanh nhap chuong trinh NC vio by CNC,
CNC xir 1i it ligu va cap cic diéu Khicn s0 (numerical) gidn doan vé dinh vi,
diéu khién bo truyén dong chay dao va t5c do cho true chinh. CNC chuyén
déi cic 1enh s6 thanh cic tin higu dign dp (£5V hodc £ 10V), truyén dén cic
bo khuéch dai servo, & do chiing duge xir i va khuéch dai thanh cdc muc
dién dp 1on theo ycu cau cita dong co. Khi bo truyén dong hoat dong. cic
cam bign  sé do 8¢ do vi vi trf cla ching . Bo CNC thye hign guy fudt dicu
khién con s6 (digitaly theo chu ki.giir oc do chay dao vi duong chay dao
theo toc dd dugc 1ap tiinh bing viée sir dung cic cam bién do phan hoi.

Nguyén ii ¢o bin thiét k€ mot hé thong CNC thé hién trong no1 dung saw
e Tinhtodn vd chon he truyén dong.
e Cociu vatli vi mo hinh cua hé thong diéu khién dong co servo.
e Mo hinh toan hoc va phan tich hé thong truyén dong.
6.2.1. Hé truyén dong mdy céng cu

Cac he truyén dong trong mdy cong cu dugc phin loai theo co ciu
truyén dong truc chinh hodc ¢d ciu truyén dong truc chay dao. Truc chinh
quay va thuong cé pham vi toc do rong (dén 35.000 vong/phit), trong khi
cic bo truyén dong chay dao thudng chuyén doi t6c do goc coa dong cd
thanh cdc chuyén dong di chuyén thang. pham vi toc do ¢6 thé t6i dén
30.000mm/ phit. Trong phan nay chi dé cap dén diéu khién chay dao servo
vi phan tich va thi€t k& diéu khién servo chay dao va truc chinh 1 tuong .

DGi v6i may phay CNC 3 tryc ¢ hinh 6.13, he truyén dong chay dao co
céc thanh phin co khi sau: ban, truc vit me dai 6¢-bi, bo banh rang giam toc
vi dong co servo (Xem hinh 6.14) Vi uu diém c6 thé cdp momen quay hiéu



qua tai nhimg téc do khdc nhau nén hau hét dong co servo dugc st dung
trong bo chay dao la dong co dong mot chiéu (DC). Tuy nhién dong co servo
dong xoay chiéu (AC) ngay nay cting dia dugc s dung khd phé thong nho
dic tinh diéu khién da dugc cai thién. Cdc thanh phan dién ctua hé thong
dong co servo bao gom: bo khuéch dai dong co servo, hé cam bién phan hoi
vi tri v t6c do, mdy tinh s6 (digital computer) va bo chuyén doi s6- tuong tu.

Sensor(Z)
s s it i 1 20,
Motar(Z 1L, |
on Y ) |
C& Céng tac gidi han 1
-~ ha nh trinh 1
I
Motor —»-—Bé méy |
truc chinh / ! CNC
Phéi
b 15 : 1ANf

N\
Sensor{X)

Motor(Y) ———

<]
Sensor(Y) /<11’
1

Tin hiéu phan hdi
Hinh 6.13: So do khéi co ban cda may phay 3 truc truc CNC
6.2.1.1. Thanh phan co khi va ciac yéu cau vé momen quay
Dong co chay dao phai thang duge tai tinh va tai dong trong mdy cong
cu. Nguon ctia tai tinh [a ¢dc ton that do ma sdt gay nén trong cic duong din,
261 do va cic luc cat tic dung theo hudng cit ctia ban mdy. Pong co phai
cdp mot momen dong du 16n dé tang toc ban- chi tiét gia cong va hé thong
tryc vitme bi trong mot thoi gian ngin cho dén khi hé truyén d(fmg dat dugc
toc do trang thdi 6n dinh mong muén. Momen dong luc 1a momen dinh
(hodc dong dinh) ¢6 thé kéo dai trong 2-3 gidy va dugc cdp boi nha san xuat
dong co servo. Cic dong co trang bi cho mday CNC phai ¢6 pham vi cap
mémen lién tuc di cao vi momen dinh ciing nhu thdi gian tang toc da dé
vuot qua dugce tai tinh va dong tuong mg. Xac dinh tai finh va tai dong cua
dong co duge gidi thiéu tom tit nhu sau:
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Tdi tinh (static loads), do 3 nguon : ma sit dudng truot, ton hao do ma
st trong cdc goi 6 dd cla hé truyén dong va cdc lye cat.

Ma sit duong trugt phu thudc vao dang tiép xic gitra ban truot va duong
dan. Hé s6 ma sit ctia dudng truot 16n khi cdc duong dan boi tron don gidn,
¢6 bé mat tiép xic 1a kim loai -kim loai, vung ti€p xuc lon. He sO ma st
giam néu ving bé mat ti€p xic kim loai giam, dudng truot dugc boi tron
thuy tinh va thuy dong . H¢ sO ma sat nho nhat trong thiét k& duong dan la
stt dung cédc bi lan trong ranh lap rap ban- duong din (hinh 6.14). Momen
thé hién lén dong co do ma sat (T ) trong cic dudng truot, duge ude luong
la:

g
T, =§yﬂ [(m,+mh.)g+Fx] _ (6.98)

Véi i, 1a hé s6 ma sat trén dudng trugt , m, -khéi luong ban may, m, -
khai luong phoi gia cong, F, - luc cit vuong géc véi ban mdy, hy, la- chiéu
dai budc cta truc vit va g - gia toc trong trudng (9,81m/s?). Hé s6 ma sét doi
vGi dudmg truot phang thuong lay tr 0,05+1 , lyc cat F, ¢6 thé 14y bing 10%
luc cit tdng 16n nhat & mdy phay ding dién hinh [5].

Luc cat

Trong luang

w Trong luang ] chi tiét + ban
| ) * ! Phai+ban
Bi chan IS, RN B
. ! y T
| /J : . +

b

4 y _“! \ s _.:.
' Pai 6c -/ Y ThanhrangA — !
4 Thanhrang 8~ -

Vitme -bi_

‘I.'DaiécB pem Dai6cA

| . ¥, d=il]=b}

/’

Vit me -bi Dai dc

Hinh 6.14: Co cu truyén dong chay dao dung vit me bi

O chan dugc sir dung tai hai dau mat truc vit dé hap thu cdc luc dn dao,



déng thei dam bao do chinh xdc hudng tam cho truc vit. Cac 6 chin duge gia
tai cang trude dé bo khe hd sinh ra boi gian n nhiét cla truc vit. do ma sat
clia hé dan dong chay dao. Khi cit, ¢de 6 chan tryc con phai chiuw tdi do
lye an dao. Céc lue an dao duge xdc dinh bai cde thong s6 cat va vat liéu cat
trong céc tai éu 7 cat kim toai” * sO tay cong nghe” [13,14]. Mit mat
momen trong cidc goi & va tai dan trede duge tinh:

7
T, = ‘7’ w,(F, +F,) (6.99)

Véi i, 12 hé s6 ma sdt goi d (thudmg khoang 0,005) , d, 12 dudng kinh
true vit . F, 12 lue chay dao 16n nhat dit 1én ban va F, 14 lue dat tredc,
Mamen tic dong 1én true vit do lue ¢it theo hudng an dao i

I
T, Z;F; (6.100)

Momen tinh tong tdc dong lén truc vit (T,) bang tong cila cdc momen
(6.98), (6.99), (6.100):

Tl + T, +T, (6.101)

Trong trudne hop tii tinh T, qud Ion. ta ¢6 thé sir dung truyén dong binh
rang gifta truc dong co va truc vit dé giam truyén tai, Ti s& truyén. 1, duge
xdc dinh boi:

ro=sb=—n (6.102)

Véi Z,, - s6 rang cua bdnh rang truc dong co, Z, - s0 rang cua banh rang
trén true vit . n-tde do géc dong co (vong/phiit) va n, - toc o gde cua truc
vit chay dao (vong/phit).

Dé gidm téc tai dong co ta cdn ¢é Z>Z,, (e r>1), khi 46 tai tde dong
ién true dong co la:

T =2 (6.103)

Ngudi thigt k€ may CNC phai chon mot dong co DC ¢6 kha nang cung
cap mémen lién tyc cao hon tdi tinh tic dong 1én truc dong co.

Tai dong:

Mdy cong cu yéu cdu momen gia toc cao khi ¢¢ sy thay déi e do .
Quin tinh tic dong lén truc dong co bao gdm qudn tinh cua ban, pho gia
cong, truc vit, cdc binh rang va truc dong co. Monent qudn tinh cua ban va
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phot tic dong 1&n truc vit ta:

i ,! .
o =, +m ) A ‘ (6.104)
2

Momen qudn tinh cua truc vit véi dudmg kinh true d,lac:

i A
J, :—mr[—‘rJ (6.105)

V&1, - trong lugng caa trye vit, Qudn tinh téng phén dnb lén true cia
dong co i

g =ttt

+ /., (6. 1)

r
F da qudn tinh cua trye dong co | r.2 10 88 truyén (oc do gifta dong co va
truc vit.
Con ¢6 mot momen ma sit i 1é véi toe do trong he théng truyén dong
la momen ma sdt nhét. Momen dong cin thiét d¢ gia 16¢ cho qudn tinh J_ v
thing ma sit nhot vy cie tdi tinh 1

/
T, =J ‘—{?f +Bm+T, (6.107)
o

g day, o 1a van toc gée cia dong e vit B 1 he s6 ma sdt nhét. Cha y,
néu cit véi bude tén nho, thi khong cdn xét tic dong cia cie Tye _at (1))
vao i tah (T,) trong phuong tinh (6.106). Gid tri momen dinh do dong co
cap phai 1én hon momen dong tinh duge tir (6.106). Néu ¢d gidm truyén
dong gitia tre dong co va true vit, momen dong Lic dong Ién truc dong co s&
duge giam theo cong thite (1.105) va {6.106).

Vidi 6.3 @ mot miy phay ding duge trang bi vdi 3 dong ca serwo DC
turong wr nhau. Do tai trong 16n nhat tdc dong 1én truc ngang nén cic dong
¢o duge Tya chon phii hop theo momen yéu ¢iu cta truc ndy. Nhimg tham s
sau la danh cho trye truyén dong chay dao:

m,=180kg —khoi luong ban

m,=200kg - khoi luong phoi 16n nhit

m, =8, 15kg - khoi fuong truc vit

h,, =0,00508m/vdng- budc cua tryc vit
d,=0.0445m - dutmyg Kinh truc vit



J,=2.373 x 10°kGmr- qudn tinh true dong co
r,=1 - ti 86 $0 truyén

W, =0.1- hé 50 ma sdt trén cde dudng truot
= 0.005- hé ¢ ma sdt cta 6 d&

B=0.0 Nm/(rad/s)- hé 6 giim chiin do nhét
F,=2000N  luc cat I6n nhit theo chiéu Z (vudng goc véi mat bim)
I =8000N - lyc an dao 1én nhat

F=5000N  lue gia tai trong g26i chan

f= 0.170m/s- toe do dich chuyén 16n nhat
=0, 1s-thoi gian ting 106¢ servo

Tinh roan;

Tai tinh: Tdi tinh tao bai cde ma sdt trong dudmg dan. theo (6.98) i

(0508
T, =0l -9-[-};)— [(180+20019.8 14 2000]= 0,463 1 Nm
’ T

Mit midt momen trong cic g6i do ma sit theo (6.99) la:

0.0445
7, =0.005 — (5000 + 8000 = 13463 Nm

Maonen yéu ciu dé vieot qua lue an dao theo(6.100) 1a:

1005
7= POO8 00 = 64080 N
' g

Momen tong hop lien tuc. yeu ciu cho done co (cone thie 6,103y 1
£ ac¢ Ly g 24

3 A403+ 6.4
T - 0.4631+1 J;-‘:? 3+ 6.4680 R 3RTINM

Tai dong: momen quén tinh cta ban va phoi tic dong [én truc vit
theo(6.104) [4;

C0.00508
Jo= 80+ zrm)[

] =2.484x10 ' kGni®
e

Quin tinh coa trye vit theo (6.105) 1
00445

7, :lx.lﬁ[
M

] =20.074x107 kG

Do dong ca néi trye tiép viro trye vit (tike r,=1), momen quin tinh 1ong
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tdc dong 1én truc dong co (6,100) La:
J, = 248310 7+ 204 74x10 T+ 2.373x10 7 =464 <107 kG

Gia toc chay thing cha ban truot duge tinh bang céch chia 16¢ do chay
dao nhanh vai thoi gian ting toc coa dong co:

|3 .
o, = ( (lj:() =1,70m/ 5"

Gia téc goe cna true dong co la:

do 017

i
dt (h‘j‘ /2y 0,00308

2003rad [ 5°

Momen dong yéu cau theo (6.107) La:

I, = 4.64x10 kG x2103rad 157 + (83874~ 6,468) Nt = 11.6773Nm

Nhu viy, dong co servo duge chon, phai ¢é thé gir momen dong
11,6773 Nm it nhat trong kKhoang thoi gian 0,15,
6.2.1.2. Cac dung cu phin hoi

C6 hai dung cu phan hdi ¢ bin trong hé thong diéu khién truyén dong
chay dao: ¢dc cam bién phan héi te d6 va vi tei. Thuong mdy do tde do géc
(tachometer) duge s dung 1am cdm bién (6o do v bo encoder duge st dung
lam cam bién phan hdi vi bl .

Mady do toc do goc (Tachometer)

Tachometer 1 mot dong ¢o nam cham vinh ctru DC nho, duge 1dp e
tiép & phia sau true dong co servo. Tachometer tao mot dién dp i 1¢& thudn
vi 3¢ do thue cta true domg ca, N6 ¢6 mot hing s6 16¢ do duge ¢ar bai nha
sin xudlt v mot hé s khuéeh dai cho phép diéu chinh vong phan héi tée do.
Ham truyén gilta (¢ do thue caa dong co va dau ra mach tachometer duge
cho bai:

V(s)

—:T&_Hu (6.108)
wis) :

Trong dé V(s) 1a dién dp diau ra coa mach tachometer, o(s) 1a tée dé
goc thue cta true dong co. /1, 1d hiing s6 tachometer. 7, 12 hé s6 phong dai
6 thé diéu chinh va s 13 todn tr Laplace.

Encoder

Encoder duge str dung Tm cam bign do vi tri $6 trong truyén dong servo.
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Encoder dya trén nguyen i phit dinh sing cia diot quang (photodiode?,
Encoder ¢6 the o dang dia hoae thude thine, chia cic bang to1 va trong sudt.
Anh sdng duoe phit 1 diot quang tir mot phia sang duoc phia bén kia chi &
bang trong suot. Cam bicn - quang nhim vi phiat mot tin hicu togic (md nhi
pliin, tuy thude vio so lugng cie bang 161 v trong <uot duoe phit hién o cic
VU gha SO cla encoders, Cie encoder thang duge st dung d¢ do vi (e thuy
cua han mady con encoder dang dia thuomy duge sir dung dé¢ do vi géc cla
truc dong co. Trong gia cong chinh xic encoder thang thuong duoe dung
do kha ning do chinh xic hon vi arf thue coa ban miy. Tuy nhién. néu ¢
Khe hortrong he thong truvén dong chay dao. bin -lap véi encoder thang ¢6
thé tao chu il gici hun (lint cvele) trong servo diéu khién vi i, Vi i
encoder dia Lap true 68 1en true dong con o Khong cam nhim ro do vay
Khong sinh ra chu trinh gidi han khong wyén tinh nay . Ciae nhd san ~xudt
dong co servo thutme cung cip tachometer v cic encoder lap & phia sau
triie ddng congay tr noi sin suit, Eacoder duoe cung Cap vai wde dev ditonyg
vach fline density) vicKicn caa bo giai mia Vi« mot encoder vér mit do
1000 vach va mach gidi md cau phuong s& sinh 2,000 XURZ qua Mot vony
quay cua true. Trong phin tich mach phin héi didu khicn Vit encoder
duoc the hien qua he so K tnhip/rad hoic nhip/mmy.

Vidie 6.4 MOt encoder 1000 Tine véi bo giai mi cdu phuong sur dung
lam cam bién phan hdi vi tri trong mot he thong dicu khicn truyén dong
chay dao. Dong co duce ndi true HEp véi true vit, ¢6 bude 5.08mm. He sa
encoder duoe tinh nhuw sau:

3 1000
K = ——}n--—{{‘rum.‘ frad ) hoac
n '

508
C 000

-

= 000127 5t 0.00005im) / couni

Nhu vdy mot tin hicu dém (count) do encoder gl nrong ng vdi
000127mm chuyén dong thing et ban. Comnr duge sie dung trang iing v
don vi chicu dai co s& cua he thong servo diéu khién vi tri,
6.2.1.3. Thiét bi truyén dong dién

Truyén dong chay duo ¢d the duoe cap nang lrong boi mot trong cic
logi dong co dien (bude, DC hoje AC) hodce dong co thay lwe. Vige st dung
dong cd phy thude vio kKha nang ¢p monent vi ¢ic yéu ciu dip tung  thoi
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gian cha hé truyén dong ciia mdy cong cu hodc cua robot.

Dong co thuy lue duge sit dung khi hé thong truyén dong yéu céu dai
moémen rong va dip ung  nhanh. Péng co thuy luc quay tron (rotary
hydraulic motor) thudng dugc sit dung trong cic mdy phay, tién va robot
cong nghiép hang nang. Cic dong co thuy luc chuyén dong thing (linear
hydraulic motor) véi cdc hé théng chuyén dich piston dugc sir dung cho may
mai, mdy bao va méy ép do cé yéu cdu chuyén dong qua lai. Nhuge diém
cha dong co thity lue 12 hiéu sudt thip, c6 kha nang 1o dau, nhay cdm d6i
véi ddu bin va gid bao dudng cao.

Dong co bude khong dugce sit dung trong hé truyén dong an dao c6 lye
cit cao. Ching thudng duge sit dung khong ¢6 thiét bi phan héi. Dong co
budc duoc didu khién véi cdc chuyén dong budc géc, céc bude nay duge gl
theo dang xung diéu khién tir mot mdy tinh. 3 thoi diém khoi dong va ham,
khi momen dong yéu ciu 16n, dong co bude ¢6 the bo qua mot s6 xung digu
khién vi tri. Vi khong ¢6 thiét bi phan héi nén loai dong co nay c6 thé
khong dam bao duge do chinh xdc gia cong. Thudng dong co budc chi duge
sir dung cho cdc may CNC hang nhe ding dé hoc tap hodc cdc thi€t bi van
chuyén vit liéu.

Dong co xoay chiéu AC thuong duge sir dung trong mdy CNC. Toc do
ciia dong co AC duoce diéu khién khi thay doi tan sd dien dp nguon cap. Vin
dé co ban 12 thi€t k& cdc bo bién déi dien (inverter) gid thap dé thay doi tan
s6 ngudn cdp. Ngay nay cong nghé vi xir li da tao kha nang tinb toan cdc tan
$6 duge sir dung trong inverter.

Dong co thudng dung nhat trong mdy CNC la dong co DC vi chiing cho
phép 16¢ do hoat dong trong pham vi rong v6i momen du 16n theo yéu céu
clia may cong cu va cac robot.

Su phan tich va qud trinh mo hinh hod dong co AC va DC 1a tuong or
nhau. Sau day 1A nhimg phan tich vé dong co DC d€ cung cdp kién thic vé
diéu khién dong co.

6.2.1.4. Dong co DC nam cham vinh citu, diéu khién phan mg

So dé dién cha dong co DC nam cham vinh ciu duge thé hién & hinh
6.15. Téc do ciia dong co duge diéu khién bai dién 4p cép U, cho phan img
(roto) ciia dong co, dén luot phédn dng tao ra mot trudng tir gitra roto va stato
(chd ¢ , dong & phén ing khong thé vuot kha ning cip dong max. cua hé
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khué&ch dai cong suAt).
la Re Gidi han dong dugc xem
— .
12 khong tuyén tinh
Bikn dp . Women nhifa TOMB hé dlf\:u , khvren
phay ;- ( dong co DC vi ldc tang

Dién tré

T . -
- $ t6c hoac him dong co sé

c6 dong dinh, xudt hién

Dign cam @ B trong mot thdi gian cuc

' Masat nhdtva ngin, Ddng dinh va thoi

gudn tinh tucng dng ) . .- .

. o gian kéo dai no duoc

Hinh6.15:So dé dién cua ding co DC cho bai cdc nhi sin xuat.

Trong mot dong co DC diéu khién phan dng, thong lugng tir 1a bit bién

trong khi dién 4p phéan mg thay déi. Truding tir sinh ra mot moment, duge sir

dung dé quay rotor néi véi truc clta dong co. Trong dong co DC sinh ra

trong mach roto mét suat dién dong nguge ( back e.m.v.), U, ty 1& véi toc do
cua roto,

La

Nhitng phuong trinh dong hoc co ban sau chi ph&i chuyén dong cia
dong co de.

Dien dp dat vao phidn tng U, , 4p dung luat Kirchoff vao mach dong co,
ta co:

U, (=R, ()+L, d{d(’) + K, w(f) (6.109)

Trong d6: w(rad/s) 1a t6c do goc; 1,(A) 1a dong phan ing ; R(£)latrg
phéan tng; L, (H) 1a cam phan ing, K,(V/(rad/s) la hang dién 4p cha dong co
va H{s) 1a thoi gian.

Trudng tit sinh ra mot momen dong co hitu ich 7, ti 1& thuin véi dong
phén ing, f

T ()=K[I(t) (6.110)

Moémen hifu ich dugc tao bt dong co, ding dé tang tdc qudn tinh truc,
thdng ma sét trong cdc goi d va cdc dudng truot, d6i khdng véi céc luc cat
va cdc tai ma sat tdic dong nhr momen 1at 1én truc dong co, nhur vay:

T,0)= d(:?) + Bw()+ T, (1) 6.111)

Trong d6 J, moéimen qudn tinh truc dong co, B la ma sat twong duong
{ma st nh&t) va 7', 1a momen 1at tinh trén truc dong co .
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Liru ¢, momen lat buo gom thinh phin ma sdt v ciit. Momen ma sit
khé (ma sdat Coulomb) doi khing véi toc do (). Hudng coa toc do duoc xét
trong biéu dé khoi (hinh 6.16) sir dung ham sign 13 sgn. Trong phuong trinh
(6.111}, ma sidt nhdt duge cho 1a i 1é véi toe do. Tac dong cha momen ma
sdt nhdt phu thuge vdo kieu dudng trugt chia mdy cong cu, ti 1é tuyén tinh
vai tde do va hing so ti lé B.

Str dung bién déi Laplace cong thire (6.109). (6.110) v (6,111} cho:

V. (51— K, is)

lrf("‘) = I T
Ls+R,
T, (5y=K ! (5) ) {6.112)
(f}(.\') — ]m('” B ]S' (\]
Joa+ B

Céc cong thie nay ¢d cdc dién giai vt li. Haim truyén  cua dong ng
nhan dién dp sai léch lam dau vio. Dién dp sai léch 1a chénh léch gida dién
dp chuin cap cho phan dng U, va sudt dién dong nguge (back eam.v) tic
dung nhir mot tin hiéu phan héi). Dong dién tong hop tao nén momen hiru
ich T,(s}. Mot phin clia momen ndy duge sir dung dé thing mémen 1at 7 (s,
phin con lai dé tang 16¢ quan tinh vii vugt qua momen masat nhon,  Hai
tham s& thiét ké gquan trong Ja;

T, = R—"
a (6.113)

J,

Ty =

B

O day, 7, ta hing 50 thoi gian co hoe v 7, 13 hiing s6 thasi gian dicn
hoc cta dong co. Ci hai hé s0 nay duge nhi san xudl cip trén co s chi xem
x€t quin tinh cua trye déng co viy ma sit trong 26) true dong co. He s6 thoi
gian co cOa dong co DC s& ting ding ké khi xét dén ca qudn tinh ctia ban vi
hé lip rip truc vit-bi.

Mach khuéch dai cong suit dong co DC va vong dié¢u khién toc do

bién dp phin tng duge cip boi mot mach khuéeh dat cong suat, Mach
khuéch dai cong sudt nhan mot dién dp DC [6n, gid tri khong doi 1l mot
mdy bién thé, noi chuyén dién dp dudng AC thanh dién dp DC miic yéu ciu.
Mauch khuéch dai cong suit trong do thi khai cla vong phin hoi 16¢ do duoc
thé hién ¢ hinh 6.16 1a mot mach diéu bien chiéu rong xung (PWM)- mach
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khuéch dai di¢u kKhién dong. Much khuéch dai cong sudit nhan tin hiéu diéu
khién toc do U, tir dau ra bo chuyén doi s6-tuong tu cia bo diéu khién s6.
Trude het I duoe luu lai mach tién khuéch dai vi sai, vdi hé 0 khuéch dai
khi diéu chinh, S,. Piau ra S, duge so vGi tin hiéu toe do thue, do boi he
phan hoi do vin 16¢ vong (1 dt.homc.ler) Tinh hiéu sai léch toc do tong (theo
von) duge mach khuéch dai dong (¢ heé s0 khuéch dai K)) chuyén thianh
dong yéu cdu. Da so cic mach khuéch dai dong st dung tin hi¢u phin hoi
dong ing 8¢ cai thien sy ddp tng - dong lue cua dong co. Tin hiéu dong dién
phan héi duge kéo tir bo noi cam nhan (sense coupler) nhin duge so VOl
dong yéu ciu . Mach didu bién do rong xung (PWM) sinh ra mot dién dp DC
thay déi theo dang rang cua tai tin s6 nhat dinh. Tén so ciia PWM thuomg
khodng 10Khz. Tin hi¢u sai lech dong duge diéu bién bai mach PWM, vdi
he ¢ diéu bien K,. K&t qud. dién dp két qua DC tro thanh dang ON-OF,
song vuong. Mic dién dp trung binh cla dang song (gid tri DC) duge su
dung tam dién dp phin ting U, trong tinh to4an. So dé khéi toan bo cia mach
khuéch dai . dong co va hé phin hoi tachometer duge thé hién & hinh 5,164,

So d6 khoi duge the hién véi cde bien trang thdi nhat thoi d€ minh hoa
sy bit nguon ham truyén vong phan hoi toc do. Cdc moi quan heé sau ¢ thé
bicu didn 1 so do kKhoi sit dung cdc trang thii nhét thoi Uy, Us, vi U,

(5y=S.U( $)=T,H ols) (6.144)
Ul(‘\l):huuiUl(‘\l) K:’.']rr{ ) {6[]5)
=K,S V.(9)—K,T Hw(s)- K15
U, (s)= KH.U:(.\‘}—K () (6.116)
=K, K SU, ()= (K. KTH +K)ols)-K K],

Ham truyén gidta di)ng va trang thil U, la:

U ()
[ (§)=—"— (6.117
)= Ls+R, :
Thay gid tri U, vao bidu thite dong, ta ¢6:
K, K,S, K, KT H +K,
I (s)= £y ()P (s) (6.118)
Ls+R, +K.K, Ls+R +K,K,

Ham truyén co hoc clia dong ¢o theo (6.112) la:
T, 45)=T4(s)
J.s+B

wis) =

“(6.119)
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Hoac:

K 1
w(s) = — (5} T,(s 6.120
© Js+B ) Js+B s ( )

Thay biéu thitc chu dong dién (6.118) vho (6.120), ham truyén gifta téc
do dau ra- o, dién dp dav vao - U, vi moémen lat -7, 1a:

K | s+(R .
o)z Ry (- SN ERAR RN () 6121)
ST+ K5+ K, sTHK s K '
Trong do:
K,S . KK,
K, = B2 Bi ke (6.122)
LJ
k.= B RAKK, (6.123)
i Jf LH
B(R +K,, K )+ K(K,+HTK,K
K=ot Ee B ;}i e (6.124)

Bo diéu khién t6c do servo truyén dong dn dao dugc thiét k& dé 6 thoi
gian ting t6c nhanh véi lugng qud dicu chinh (0 (zero overshoot) tai cic
thay d6i t6c do theo dung bac. Phan tich vong phan hoi toc do nhu 1a ham
clia dién dp diu vao diéu khién t6c do -U,., ham truyén, phuong trinh (6.121)
¢6 thé dudce biéu dién nhu:

ws) K (6.125)
U-(s) s +2w,s5+w,

0 diy tin s0 tu nhién @, va hé s6 giam chdn £ cua vong toc do duac
dinh nghia la:

©, = /K, [rad/s) (6.126)
go K (6.127)
2.k,

Trong d6 K,, K, >0. Pdp dng bic thang mién thii gian cta servo t6¢ do
giam chin yéu (underdamped verlocity servo) dugc thé hién la:

K e
oty =U, L - _sin(a, ! +9) (6.128)
Kx[ JI=E&° :|

o, day, tin s& tr nhién gidm chén @, va chuyén dich pha ¢ duge xdc dinh:
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N

— ] =4
W, =, \j -5

$=tan"' @, ——“l_é:

-

S

|

} _ I ‘ ' " Prdn L]nglb'a_c 1hlang
Lo — N
1

‘ Laa‘.. vho bic thang

ddn v

0,63 |

o
tr P Thal gian fs)_

Hinh6.17 :Déap img bude nhdy clia hé théng
khéng gidm chan bac hai (t-hang thai gian, t, - thoi
gtan dinh, t-thof gian tang tc, M -uong qua diéu chinh)

gian cua phuong trinh (6.128):

(6.129)
(6.130)

Cdc hé sO bién thién cia
mach khuéch dai (uie S, 7.,
K, K.) duoc diéu chinh dé ¢é
hé s6 khuéch dai vong 16¢ do
yéu cau va cdc dac tinh dip
tng béc thang nhur hinh 6.17.
Khi dau viio mach khuéch dai
la bac dom vi (tae U, =1), ddp
tng  max. coa vong toc do
xdly ra tai thoi gian ¢, , lic dao
him  toc 49 bang 0
(dw, () di =0y . Tai tAn vt
muc dau tién «¢d the thu duge
bicu thic sau tir dao him thoi

(0.131)

Cic gid tr1 thi¢t ke dac trung cho dong o servo chay dao 13 1 s6 giam

chan &=0,707 va thoi gian dinh t,=10ms. Tan s6 t nhién 0, ¢6 thé xic dinh

tir cong thite (6.131) nhu sau:
i

! :rf.\/l—ijz

(0 =554 rad/s=88Hz

{6.132)

Céc tham s6 servo tvong ing duge xdce dinh khi thay gid i £ vi @, vio

cong thuce (6.126, 6.127).

6.2.1.5. Vong dieu khién vi tri (position control loop)

Vong diéu khién vi tri bao gdm mot mach dém hai chiéu (up- down
counter), mot encoder, mot phin loc b s (digital compensation filter) va
mot mach chuyén doi s6- tuong tu (digital to analog converter).
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Mach dém hai chiéu (up- down counter)

Thanh ghi d&m fai chién ahin 6 dém (counts) diéu khién vi vi tri do
duge . Diéu khién dinh vi gia tang trong khi encoder phin hai cic s6 dém,
eiim dan lugng trong mach dém hai chicu. Noi dung tie thoi cua b dém thé
hien sai lech vi i tich lug trong khodng thoi gian T diéu khién servo so.
Biéu dién s do khoi cua mach dém hai chicu L

X, (5) K,

A (6.133)
(38} 5

Much loc ba so (digital compensation filter)

Noi dung ctta mach dém hai chiéu vi sai léch vi tri duge Ty mau cu sau
T eidy. Sai léch vi tri riéng hict E(k) 1a chénh léch gitia vi tri chuan v vi tef
hi¢n that cha ban: E(k)=X (k)-X, (k). trong d6: X (k) - vi trf tham chicu riéng
bict, X(k) - vi tri hién thii vd =- todn ¥ dich chuyén thudn thoi gian gidn
doan.

Sai léch tir bo loe 86, ¢6 him truyén - dic trung dang:

D(zy=K, ~4 (6.134)
i+h

Vai K, Ta he so khuceh dai cua mach toc dicu khién vi tri, « 12 0 coa
mach loc, f 1a cue cua mach loc.

Mach loc s& 1 khd trinh va nim trong mdy tinh diéu khién chuyén dong
servo. Cice tham s 1oe duge diéu chinh dé cap mot dip ting qui do theo yéu
cdu ctia he thong didu khién v tei.

Bo chuyén doi so - twong tw (Digital to Analog (D/A) converter)

Mdy tinh diéu khién dich chuyén, gt tinh hiéu dau ra mach loc 6 dén
mach chuyén d6i D/A cia mdy tinh. Bo chuyén doi D/A dwge mo hinh hod
nhu 12 mot mach giit bac 0 (ZOH) viv mach he so6 khuéch dai K. He $O
khuéch dai cha D/A duge xic dinh:

Viing dién 4p cla Chip D/A
K= W9 ge pznt‘a P (6.135)

Trong dé, nb Ta so bit chip duge D/A dung trong chuyén déi mot s¢ nhi
phan sang dién dp twong tr. Vi du, mot chip chuyén doi D/A 12 bit vii vang
dién dp 210V ¢d hé s0 K, bing:
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20V
K, = = O.00488(V / cornt)

6.2.2. Ham truyén cua vong (loop} vi trf
Scr d6 khdi cha toan he thong diéu khién vi tri ¢6 thé sap xép nhu inh
6.16. Hé thong ¢é cde thanh phan lién we va gidn doan. Phin lién e coa
hiun truyén  hé théng dugce thé hién trong mién Laplace la:
K K

G'.(.\') :,,—“—1—'—'— : ((}136)
STHKHK s

Tin hiéu diéu khién (5¢c do U, ctia bo diéu khién chuyén dong s¢ (digital
motion contro! unit) duge dat viio mach khuéch dai cong suit tgi cic khoang
thoi gian T theo dudng qua bd chuyén doi D/A véi he s6 khuech dai K
Puong lugng duy tri bic zero - G (s) cho thdi gian 1y mau mot miligiay L

G =K, (-x '}‘:.{('f“)} (6.137)

N
Cong thire nay sau khi chuyén doi 7 tr¢ thanh:
K, K K. b7 +bz+h,
Ky (- +a1+a,)

G A2) = (6.138)

Vi z=¢". Biéu thite xic dinh céc tham 56 cta G (z), Lz

Ly . K. it SO, ‘
by =T ——¢ * = ine, 7 )——,-Jl—e st | 2% sin(w, T+ cos(m,; ) ‘ {6.139)
w, K, W, j‘

K> =

3 y

{6.14h

I | sinfen T o K> 3 T SEmt .
b, =2e {——‘L—"—Tcus(md!} +7(-'-(I — o 1—2e =t sinfen,; T)
U)h;

a

TR . K1[ s R I - ol
by o= Te W st sien Y+ —-s¢ st e S 2 G T~ costa 1) |
[}] il B d o |

w, Ky o, I
(0.141)

a, =-2¢ Zon, coste, 1) (6,142

oy = —e =
i
+ r><T - X Sar dé khoi don
L S i _— . X, . )
jcounts] = K, S - Gu7) ]wums'] alan hoa wong

duong  hé thong

Hinh 6.18 vong disu khién vt tri thai gian gian doan 160



diéu khién vi tri gidn doan ducc (thé hién ¢ hinh 6,18 Ham truyén cha vong
lip kin ctia he théng diéu khién truyén dong chay dao 13:

k Do (o
G o) = XulK) _ﬂ__._(_:;a(-ﬂ.r..f\:_)ﬁ_ (6.143)
X, (2 1+ DG
Hoic:

DB BB

G (2 =K, — - 8 - (6.144)
R SN SUE 3 SRS S ¥ fhul o ¢
Cic tham so cua ham truyen vong lap dong. G (7) sé la
{ .
po =2l (6.145)
&
/ /
p=" (6.146)
-
(”l)ﬂ - s
[iu:— ((‘LI"—LF]
b,
KK K, K,
o, :%i;lﬂwul—} (6.148)
K\ K K K,
G- = by aba )+ bta = D ay —ay (6.149%)
1
KK K ,K,
= *‘-l--—-‘;‘, ! Uy + aby b+ Ble, — e ) — ey (6.150)
3
KK KK,
€, = —lﬂé by, — by, (6.151)
1
K, = i_!\’_hfh (6.152)

N,
Ham truyén (cong thie 6.144) ¢6 the duge bicu dién khi st dung todn nr
dich chuyén thdi gian nguoc 7' bing nhan ca té v mu vai 27, nhu vay:
I TR ey _ =1 -t
o & SR & PR

- - -
(!r'l'(: )= !\ﬂf 1 7 1 .
I 0 SO 0 S X ¢ Pl R LTt

(5.153)

3
V& 2" 1 todn tir dich chuyén nguoce thdi gian, téc dong [én cdc tin higu
gidn doan theo:
kT e ik - 0T (6.154)
Trong d6: T 13 khoang thoi gian [dy mau gidn doan, A(&T) la cde gid tn
gidn doan ca x tyi thisi ginn 18y mau &,
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Vi moi tin hiéu ddu vao thai gian roi rac X (kT) cho trude, dap ung vi
tri X (kT) tim duoc khi sip xép lai ham truyén G(z") ta:
X, (k) ==z + o vonz ez X 7Y

PR Bz B+ Boz X T

Luu §, vong diéu khién vi trf ¢6 thé dugce phan tich trong mién thdi gian
(s) lién tuc nhir 13 mot gidi phdp cho mién thdi gian (z) gian doan. Tuy
nhién giai phap nay yéu cdu thuc hién xap xi ham mach loc sO (digital filter)
D(z) trong mién s. Mot trong nhimg phép xép xi thuémg dung la
=(+sTi2-sT12) , duoe goi la phép bién dé1  song tuyén Tustin
(Tustin’s bilinear transformation). Ham mach loc s6 D(s) tuong tng khi do
la:

(6.155)

D =K, L (6.156)
s+
Vo K=Kt @ -2 _2ivb (6.157)
1-5 Tl-a Ti-b
Hoac: K, =K, =2; =122, poTb 22 (6.158)

Pid’  Td+2" T Th+2
Trong truomg hop nay, ham truyen mach déng clha vong vi tri trong

mién Laplace tr¢ thanh:

D(s)K ,G.(5)

_ 6.15
Culs) 1+ D(s)K ,G (5) (6.159)

Sai so-tiép theo (following- error)trong hé thong CNC
C6 hai dac tinh dién hinh yéu cdu cho servo chay dao:
C6 duge dap tmg qué do, min dé trdnh dao dong dudng chay dao khi thay
déi t6c do.
- T6i thi€u sai lech vi tri & trang thdi 6n dinh, goi 1a sai so-ti€p theo
(following- error), dé dat duoc do chinh xac cit bién dang da truc.
Khi gia cong bién dang & trang théi n dinh véi t6c do an dao f, vi tri
chudn duoc bidu dién 14 mot ddu vao ddc (ramp):
X (KT)=f.KT (6.160)
Véi k 1 nhip 14y mau (sampling counter). Trong mién z, tfn hi¢u diéu
khién do doc dugce thé hién la:
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Tz

X, (k)=f, (6.161)
/ (z-1)?
Sai s6-ti€p theo e, twong tmg khi dé 1a:
e =i STz (6.162)

m
| (Z —_ I)D(:)G({:)

Thay phitong trinh (6.134), (6.137), vd (6.160) vao (6.162), ta ¢é biéu
thirc tham s6 cho sai $6- ti€p theo trong bo truyén dong chay dao la:
LK+
¥ KKK K, (1+a)

4

(6.163)

Nhu viy, néu hé s6 khuéch dai ham truyén vong mda (open loop)
D(z)G (z) 16n hon , thi sai s0-ti€p theo s€ nho hon, dé 1a sy mong mudn cho
cdc nguyén cong gia cong bién dang véi nhiéu truc. Tuy nhién kha ning
nang cao hé s6 khuéch dai vong md bi gidi han bdi quan tinh cua hé truyén
dong co khi va cdc gidi han momen cua dong co va mach khuéch dai . K¢ su
diéu khién phdi diéu chinh cdc tham s& diéu khién s& dé dat duoc mot ddp
ing servo truyén dong chay dao t6i uvu ma khong giy nén bat cit dao dong
hodc lugng qud diéu chinh nao.

Sai s6-tiép theo & trang thdi 6n dinh duge xdc dinh khi sit dung ham
truyén trong mién thai gian lién tuc la:
lims— /.
=0 52 [D(0)K G, (9)]

V6i G, (s) va D(s} cho trong cong thitc (6.136) va (6.156).

€5 =

(6.164)

6.2.3. M6 hinh khéng gian trang thdi cua hé théng truyén déng chay
dao

Mot mé hinh khong gian trang thdi cho servo truyén dong chay dao
duge sir dung dé thir mo6 hinh nhan duge khi sir dung dit liéu diap img  mién
thdi gian do duge. DE mo hinh hoa trong khong gian trang thdi, servo dugc
chia thanh cdc viing lién tuc va gidn doan.

Phin lién tuc ciia hé théng bao gém vong diéu khién toc do (velocity
control loop), phuong trinh (6.136) vd mach dém hai chiéu phuong trinh
(6.133). Ba trang thdi: dong tmg I, toc dd gbée @ va vi tri hién thoi X - duge
tim nhu sau. '

Tir hinh 6.16, dién 4p phan ing duge biéu dién 1a:
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U =K, \K,(S.U, ~TH @)~K,[1] (6.165)

Thay phuong trinh (6.109) vao (6‘165), ta cé:
di, !(,J,K“JI-RHr K,,+K'UK;TMHR K K S,

“ U, (6.166)
dr L“ L(I’ i
Khir momen dong co T, bang thay (6.110) vao (6.1 11), cho:
do K, B, L1 (6.167)
de T, J, J.

Bien ddi Laplace nguge cho ham truyen cta mach dém hai chiéu va
encoder (phuong trinh 6.133) cho:
dX (1)
Ieli
Phuong trinh trang thdi (6.166 +6.168) ¢6 thé té chitc theo dang khong
gian trang thdi chuan:

= K o) (6.168)

X (1) = A,x, (1) + B () (6.169)
Trong do, vecto trang thdi (x.(1)) va vecto ddu vao (u (1)) duge xé&c dinh
b
! (1}
i V
co=lon | o= (6.170)
Tg(n)
X,

Vi A, vA B, 12 cdc ma trén bét bién:
KoK +R, Kt K.K,T.H,

{}
L, L,
K
A A B . (6.171)
J, 7,
0 K, 0
KeKiSo 1
"‘u
A (6.172)
J,
Q) 0

Phuong trinh trang thai (6.169) thé hién phan lién tuc clia he thong servo
truyén dong chay dao. Phuong trinh nay ¢6 nghiém tuong ng rdi rac doi voi
khoang thdi gian quan sat 7 nhu sau:
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X (kD) =@(T)x, (k)+ H{T)u, (k) (6.173)

Trong do, cdc vecto trang thdi v vecto dau vao tai khodng ldy mau k
duoe xac dinh la:

1,(&)

U, (k) |
x, (k) =] w(k) u(_(k)={ } (6.174)
T, (k)
X, (k)
¢'II ¢I2 ¢!3
B(Ty=e™ =\¢, ¢, ¢y, (6.175)
¢31 ¢32 ‘;DB
, iy, h,
HT)= [ dtB, =\ by s (6.176)
" hy, I

Ma tran ®(T) duge tinh todn tir cdc gid tri riéng cia ma tran A, hodc
diy Talor m& rong cho duong luong théi gian gidn doan cla hé thong thai
gian lién tuc. Do khodng 1ay méu (T) nho. 3 s6 hang ddu tién cia xap xi day
Taylor dugc cho 12 di cho nhiéu iing dung:

dTy=e™" = [I]+[A]T+[A2]I7—}+‘.. (6.177)

C4c thanh phén thai gian gidn doan cla vong diéu khién vi trf gdm mach
loc digital -D(z) va hé s6 khuéch dai - K, clla b chuyén doi D/A. Tin hi¢u
diéu khién téc do biéu dién trong mién z [

U, (k)= K!,E:—;{K‘,.[X,.(k)-x”(k)] (6.178)
o 3
Phuong trinh ndy ¢6 thé sip x€p lai:
U hy=K K, [X (ky-X,0)+U, K& (6.179)
Trong do:
U =K, K, w"'%[’X,(k)- X, (k)] (6.180)
- ¥

Cic bién méi U, va U, c6 thé xem la trang thdi thir tir tuong dng. Sau
khi sdp x&p lai phuong trinh (6.180) vi (6.178) , ldy bién doi nguge z cha
chidng, ta c6 dugc cac phuong trinh trang thai thoi gian-gidn doan (discrete-
time state) nhu sau:
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Utk +1) = —bU (k) + K K a =X, (k)= X, (0)] (6.181)

Utk =K K X, 00X, 0+ U (0] (6.182)

Phuong trinh trang thdi thoi gian rai rac (6.180), (6.181) ¢6 the két hgp

vGi phuong trinh trang thai (6.174), thé hién sy tuong duong thdi gian rd1 rac

cla phan lién tuc cua dong co servo chay dao. Sip x&p dai s6 ta cé phuong
trinh trang thdi hoin chinh cho dong co servo chay dao:

Xk+1)=GT ) x(k)+ T ) k)
y(k)=C xtk) +D, (k) (6.183)
Trong dé vecto trang théi, diu vao vi ddu ra dugc dinh nghia tuong ng

la:
V, (k)] K.
I (&) TX (k) I (k) .
W=l : by = ! : {y=| “ 6.184
W= utk) L‘\(k]] Y=L ( }
X, (k) X, (k)

Ma trin trang thdi G(T), ma tran dau viwo [77), ma tran diaura C (T}, va
ma tran chuyén déi D (T} duge xdc dinh theo thu tur sau:

b 0 0 —K,Kla-b] KK a=by 0
h, ¢, 0o -h, K, K, h,K K, I,
G(T)= I I 12 9?13 [P p o CT(T) = 1 gy 12 .
Ty Qs ¢ @K K, hy K, K, fsn
Iy 0 O Oy — 1y KI,KJ h;leKd hazj
F 0 0 —KPK”] KK, 0
01 0 0 0 0 _
C.=i. : D, = (6.185)
0 0 ! 0 0 0
000 l 0 0

Vecto diu ra y(k) cho dudng truy xudt- nhap 3 tham s0 dong luc  hitu
ich trong servo chay dung cu, d6 1a dong tng, toc do goc va vi tri ctia ban
d6i véi mot diéu khién vi tri cho trude v momen cit tic dung. Nhimg trang
thai khéc trong hé théng diéu khién cé thé tim dugc bing cdch nhan ching
v6i cic hé s6 khuéch dai thich hgp, theo so d6 khéi thé hién & hinh 6.16.
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PHU LUG
BIEN BOI LAPLACE
1. Bién ddi Laplace cd ban

Vi dy 1: Dé xem xét bign ddi mot dai lugng tir mién thési gian vao trong mién -5, xét mot
ham, ¢b gia tri héng s6 ,1 cho thai gian Ian hon 0, tee f(t)=1 voi t >0. Diéu kién nay miéu ta
mot ham bac thang don vi, nhu thé hién & hinh Ph.1. Khi d6 bién d6i Laplace la:

clgpF = e roar =L}
0 A

Vi t=oo gid tri clla ™ bang 0 va véi t=0 — e=-1, khi do:
F(s)= 2]
R

Vi du 2. Xac dinh bién déi Laplace ham & v6i a 1a hdng s6. Bién d6i Laplace cla
fit)=e”la:

F(S) = I()rli()—.\':dr = J.e—(.\—m: dt =— 1 [e—(.\'—ﬂ}f t

F—d
0 Q

Khi t= t=oo , e~ | > 0 va khi t=0, n6 =-1, nén:

Fi{s)=

§—da

2. Ham tin hiéu vao dang bac ddn vj va xung iuc

Cac tin hiéu vao hé thdng thuong & dang bac thang don vi va xung luc.

Ham bdc don vi

Hinh Ph.1 thé hign d6 thi clia mét ham bac don vi, bac xut hién tai t=0, co phuang
trinh:

fti=1 cho tat cA cac giatrit> 0
f(ty=0 cho tit cA cac gia trit < 0

Ham bac miéu t3 dai lugng thay d6i tir 0 d&n mét gia tri tua nhu dién ap, dat vao mot
mach dién khi bét thinh linh dong dign.

Nhr vy, ham béc don vi khong thé miéu ta béng
ham f(t)=1, vi ham nay thé hién |a mot ham cb gia tri
1 tai tAt ¢ cac @i tri cha t, { ¢& duong [an am) . Ham
bac dan vi chuyén tir 0 dén +1 tai t=0, thudng dugc
miéu ta bé u{t} hodc H{t) (H tén ngudi khdi xudng

fig
1

0 t

Hirth Ph.1: Ham bdc dan v
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ham nay O.Heaviside, vi vay 0i khi ngudi ta goi d6 1a ham Heaviside).
Bign ddi Laplace cho ham bac don vila:

Fls)="
¥
Bién a6i Laplace cho mat ham béc cb chiéu cao a &

4

F(s)==
Ham xung hic iy,
X6t mot xung chis nhat c6 kich thude 1/k xdy ra tai thal ik
diém =0, chiéu rong xung bang k,, tc dién tich xung 12 1.
Hinh Ph.2 thé hign xung nay, c thé miéu ta 1a: T K t
. | ' - Ha 5
1= I Vi 0< 1<k Hinh Ph.2 : Ham xung vuong

31
F)y=0 véit>k

Néu gir dién tich xung bing 1. nhimng gidm chiéu rong clia
xung (gidm k), chidu cao s@ ting, nhu vay khik 50 xung nay tign 0
16 mot duong thang ding tai t=0 vl chiéu cao clia d6 thi ién d&n  Hinh Ph.3: Ham xung
vo cyc. (hinh Ph.3) . Mot bidu 46 nhu vy dugc sir dung dé thé
hign mot xung lyc {xung nhon).

Goi la mot xung fyc don vi néu dién tich bao b&i xung bang 1. Ham nay duge thé hién
13 S{t), ham xung fuc don v (unit impulse function} hodc ham Dirac —delta.

Bién ddi Laplace cho xung chi nhat don vi trong hinh Ph.3 dugc cho bdi:

exy

k =3 &
. 1 _ _ | _ |
F .\')=J e "f(."I:J.—e "'fff+]0€ Vhpm ——e | =" 1
( fin / p k " sk( )

§ o
3]
D& thu dugc bién d6i Laplace cho xung luc don vi ta cén tim ra gia tri cGia két qua trén
khi k—>0. Diéu nay c6 thé thyc hién duac khi md rong thanh phan co s6 mi thanh day s0:

g o pad
P ) L K)o

2 3
Co thé viét lai thanh:
Flxy=1 —lsz + Qi—?— +.
Gigi han clia day trén (bién ddi Laplace) tién dén 1khi k—0 .
C{a(n)=1
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Dign tich clta xung don vi la 1 nén c6 thé dinh nghia kich thudc clia xung nay ja 1. Néu
mot xung Ive 6 kich thudc a, thi ham sé dugc thé hien bai ad(t) va bién déi Laplace sé 1a:

C{adit)}=a

3. Cac bién déi Laplace chudn
Xac dinh bién ddi Laplace cho cac ham khong nhét thiét phai danh gia cac tich phan vi
da co béng 1ap san cac bién ddi Laplace cho cac ham thudng gap. Nhimg ham nay két hgp
vGi Ki€n thirc vé dac tinh bién d6i (xem phan tiép theo) tao kha nang giai quyst nhiing vén
dé thuong xay ra thyc t6. Bang Ph.1 fiét ké moat s6 ham thai gian thudng gap va bign ddi
Laplace cia chung:
Béng Ph.1 bién déi Laplace:

T Ham thoi gian #t) Bién déi Laptace F(s)
Xung don vi, 8(t)
2 | Xung don vi bi tré, S(t-T) g™

3 Bac don vi, u{t)

4 Béac don vitré, u(t-T) -

]
5 Ddc don i, t —

6 Décbacn, t°

7 Phan ra theo luat s6 mg, e

§+a
o
- s n - -at
8 | Tang trudng theo ludt s6 md, 1-¢ S5 +a)
g | te® 1 2
(s+a)
n
N -al
10 l'e SZ(,H-(:)
[—e ™ 14
11 r- - (s +a)
b-a
-at_-bt —_—
12 [e®-e (s+aXs+d)
X
13 | (1-at)e®

(s+a)?
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Tigp bang Ph.1

|—1‘4 b ot ab
(b—a) b—u sy +a)s+ 5y
s - ht ST {
15 & - & + £
(b—a¥e—a) (c—aXu—hy (ag—c)ib-¢) (s+a)s+b)s+c)
. . . w
16 | Song sin, sinmt -
§ +iwT
. 5
17 | séng cosin, coswit - =
AT+
B . Coiel e w
18 | Song sin tat dan, e sinwt PRSI
19 | 56 in tat dan, e® t o sre
ong cosin tat dan, e”cosw Cora) +
l’!J2
20 | 1-cosot 3y .
{57 )
.‘I: —(.!):
21 | tcosmt ——5 =
(s~ +e )"
. 20
22 | tsinot Glrw)
. weost + ssinf
23 | sin{ut+8} — = 3
3+
scosft —wsind
24 | cos(mt+B) -z 3
sT 4w
ot (s +adsind+wcosd
25 | e¥sin{nt+e) Gta) +
al (s +a)cosd —wsind
- + o E
26 | e® cos{wt+0) Gral+o
w —Crr s J -2 (02
27 = e T sinyl - oo . .
Wi—-g~ $° + 2y + 7))
2 | - ! e sin(on] —¢ T 1+ 8, CSO=E w"
yl-¢° (57 + 20wgs +w°)
. w
29 7 sinhwt i3
5T -
5
30 | coshodt T3
5T —w
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Tiép bang Ph.1.

t et ____.—w
31 | e¥ sinhowt T 3
(y+a) —@

at N+
32 | e* coshawt T =
(s+a)” —)

w
(s>t - ™"y

33 | Séng sin chinh ltu mét na, chu ki T=2m/w

{t)(l + ()—m-fm}

(“,2 _i_w'l}(]_e—m;’m)
|
s(l+¢

34 | Song sin chinh luu toan b8, chu ki T=2r/w

35 | Xung chir nhat chu ki T, bién do tir +1 dén 0

TEEN

Ghi chi: f(t)=0 cho tt c4 cac gia tri t am. Trong hau hét cac ham thdi gian, thanh
phan u(t) dugc thira nhan 14 cb thé bd qua .

Tinh chét cua cdc bién do; Laplace
Sau day I3 cAc tinh chat co sd clia bién d6i Laplace , nhimg tinh chat nay tao kha nang
lap bang bién d6i Laplace chudn a8 dugc st dung & pham vi rang hon.,
Tinh tuyén tinh
N&u c6 hai ham thdi gian riéng biet, f(t) va g(t), thi bién d6i Laplace cho ham t6ng thaii
gian, bang téng bién ddi Laplace cia hai ham.
Claf{ti+bg(t)}= aCft+ bCa(t)
avablahang
Vi dy 3 Bién d6i Laplace cha 1+2t+4t dugc cho bdi tong bién ddi cha timg hang muc
trong biéu thitc. Nhu vay néu str dung cac thanh phan 1,5 va 6 trong bang Ph.1, ta co:
F(s)= l+~2;+£1
5 85
Tinh chét dich chuyén frong mién- s

Tinh chat nay ditge sit dung dé xéac dinh bién ddi Laplace ham c6 hg sG ma, doi khi
dugc goi fa dac tinh dich chinh thas nhét (first shifting property).

Néu F(s)= CHf(t)ithi:
Cle* f{t)}=F(s-a)

Vi du 4: Xac dinh bién d6i Laplace clia e™" : do bign déi Laplace cla 1" 14 nt/S ™"
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theo muc 6 @ bang Ph.1, ta ¢!

'
Cle®t)= ! 1
(s—)""

Tinh chét dich chuyén trong mién thai gian

N&u mot tin higu tré mot thai gian T, thi bién aéi Laplace cla tin hiéu dugc nhan vdi e,
Goi F{s) 1a bién d6i Laplace cla f(t) thi:

CLfa-Tue-Ti= e TF ()

Si tré tin hiéu mot thai gian T dudc quy vé dinh i dich chinh 13n hai (second shift
thecrem).Tinh chét dich chinh trong mién thai gian co thé ap dung cho tat ¢ cac bién dai
Laplace. Nfw vy, d6i véi mot xung lyc 8(t) tré mot thai gian T, ham tr& S{t-T) ¢o bién ddi
late™ (bién ddi Laplace cha 5(t) chinh 1a 1)

Céc ham tudn hoan (periodic functions)

Ham f{t) goi 13 ham tuén hoan trong thi gian T néu bign déi Laplace cho ham nay [

{
1-¢

V@i F(s) 1a bign ddi Laplace ctia ham cho chu ki dau
tién

Cf{ty=

Fs) (1)

—aF 1

ol T T :
Vi dy 5: Xét bién ddi Laplace cho cac xung Hinh Ph.4 : Ham bdc don vi
tudn hoan trong thai gian T, nhu thé hién trong hinh
Ph. 4. Bién d6i Laplace ciia mot xung don dugc cho bdi (1fs){1-e*"). Sir dung phuong trinh
(1), bién dGi Laplace khi &y & Ia:
1 |

!
-X—(l—-¢ _;g_):___T
5 s{l+e™ )

f—e¢

Din 1i gid try déu tién va gia tr cudi cung
Binh i gia tri Gau tién co thé dugc phat biéu nhu sau; néu mot ham thai gian f(t) co bien
d6i Laplace F(s) thi gia tri cla ham theo gici han khi thdi gian tién dén 0, dugc cho bai:
g lmsF

Dinh i gia tri cudi cung 6 thé phat bidu 1a néu mat ham thoi gian f(f) co bién ddi
Laplace F(s) thi gia tri clia ham dugc cho b gici han clia nd khi thai gian tién dén vo cung,
la:

L el
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Dao ham

Bién d6i Laplace clia dao ham mdt ham dugc cho bai:
Z l‘f’—f{r)}z sFsy— fl
| et
Vi {(0) 1a gia tri cia ham khi t=0. B6i vai mot dao ham béc hai, a cé:

I . , d
C !L_‘f(”}: sTE{Y — s () —— f ()
]a’f‘ ot

Vi df(0)dt 13 gia tri cda dao ham bac mot tai t=0. Cac vi du vé bién ddi Laplace cho
dao ham dugc cho & chuang 3 phan 3.2.2.

Tich phan
Bign d6i Laplace cUa tich phan ham f(t), ham co bién ddi Laplace la F(s) dugc cho bdi:

C “f(!)d.'

0

= lF{.\')
s

Vi du 6. Bién ddi Laptace cho tich phan cla ham e' gitta cac gidi han O va t, dugc cho
héi -

C jl:ja"‘m} =£(C{e’}= ‘

} s(s+ 1)
4. Bién doi ngugc
%70 di Laplace ngugc 14 sy chuyén ddi mot bién dof Laplace F(s) thanh ham thai gian
it [ nay c6 thé thuc hign bai:
C{F(s)i= 1)
Chuyén d6i nguge co thé thyc hign duge vei sif trg gidp clia bang Ph.1. Tinh tuy&n tinh
clia bign ddi Laplace 1a néu mot bign ddi 1a tong cha hai thanh phén va yéu cAu ¢o chuyén

d6i nguoe thi ta ¢ thé thue hién bién d8i ngugc ctia timg thanh phén rieng fé va 18y tdng
clia chung:

C{aF(s)+bG{s)}=al 'F(s)+bC 'g(s)
Nhur vay voi su sap xép lai, ta ¢o thé dé cac s& hang theo ding dang chuén nhu thé
hién trong bang Ph.1. Vi dy, bién ddi ngugc 3/(2s+1) thu duge, khi sap dat lai , ta co

31/72)
2
s+ (1/2) @




Bang Ph.1(TT.7) chita chuyén ddi 1/(s+a) co chuyén d6i ngugc 1a e Nhu vay,
chuyén déi nquoc cla (2) co dang: ham ndy nhan véi hiing s6 (3/2) vai a=(1/2), tuc (3/2)e™.
Vi du 7: Xét bién d6i Laplace nguoc ham (2s+2)(s™1). Bi€u thirc nay cd thé sap xép lai

2{ ﬁ.\' N 1]| }
ST+l wT 4l

Thanh phén thd nhit trong méc vuong co chuyén ddi ngugc la cost (trong bang Ph.1,
TT. 17 ), s6 hang th{r hai la sint { trong béng Ph.1, TT16). Nhu vay bidu thire clia chuyén d6i
nguac la:

la:

2 cost +2sint

Phin sé ting phin

Thuong F(s) 1a ti s cda hai da thire, khé xac dinh dugc vdi bién 461 chuan ftrong bang
Ph.t. N6 ¢dn duge chuyén ddi thanh cac s6 hang phan s6 don gidn trude kil co thé str dung
cac chuyén ddi chuan. Qua trinh chuyén dgi mot biéu thire thanh cac s6 hang phan s6 dan
gidn goi 4 phan ly thanh phan s6 timg phén (partial fractions). Ky thuat nay s dung dé
tao ra bac clia tr sé,n nhd hon mAu s6, m(n<m). Bac clia da thirc 13 s6 mid cao nhét cla s
trong bidu thirc. Khi bac clia & s6 bang hodic cao hon bac cla mau s, thi phai chia tl cho
mau cho dén khi k&t qua 1a tng cla c&c s hang vdi cac s& hang phan s6 con lai ¢ bac
cla mau Ign hon 1 s6. :

Ta o thé xem xét 3 kiu ca ban cda phan s ting phén sau:
1. MAu s6 chira hé G co dang (s+a), (s+b), (s+c).dugc thé hien & dang:

f(s)

(s+aX¥s+h)s+c)

NG ¢ cac phan s6 ting phan la:
A B C
+ +
(s+a) (5+b) (s+c}

2. Mau sd co he s& (s+a) Jap lai, tirc mau sd chira mét luy thita clia hé sd nay, ¢6 dang:

fis)
(s+a)"
Cac phan s6 timg phén Ja:
A B C N
+ —+ +o
(s+a)  (s+a) (s+a) (¥ +a)”
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3. MAu s6 chira cac hé bac hai ma bac hai nay khéng thé dit thira s néu khong cb s6
hang do0. B6i véi mot biéu thire dang:
f(s)

(u.\'2 +hs+eXs+d)

Cac phan s6 timg phan la:
As+ B C
+

-
as" +bs v s+d

Gia tri cac hang AB.C. v...v co thé tim duac khi sl dung tuong duong gilta biéu thirc
va cac phan s§ timg phan phai 1a sd thuc cho tat ca céc gia tri cla s hodc cac hé s¢ s
trong biéu thirc phai bang s"trong phan ma rdng phan s6 timg phan.

Vi dis 7: Ham ting phan cla:

s+ 4 . A B
14 +
(s+D(s+2) 541 s+2
Dé cho 2 biéu thirc can bang, ta phai ¢
35 +4 _Als+ 2D+ Bls+])
(s+ s+ 2) (x+D{s+2)

K&t qua:
3s5+4=A(s+2}+B(s+1)

Biéu thirc nay phai la thuc cho tat ca cac gia tri clia 5. Khi &y, tha tuc tuyén chon cac
gia tri cho s & tao nén mot s6 s6 hang chira hang trd thanh 0, nhu vay tao kha nang xéc
dinh cac hang khac. N&u dé s=-2 ta s& ¢

3(-20+4=A(-242)+B(-2+1)
Nhu vay B=2. Néu dé s=-1thi :
3(-1)+4=A(-142)+B(-1+1) —A=1

Nén:

Is+4 _ 1 N 2
{(s+1(s+2) (s+1) s+2

K&t juan: bién d&i Laplace duge sir dung dé don gidn hoa viéc phan tich va thiét ké cac
hé thdng bat bién tuyén thai gian, trong thdi gian lién tuc hodc rdi rac.
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