CHUONG 5. PHAN TICH TRANG THAI VA DAC TiNH CUA HE THONG

5.1. TRANG THA] CUA MOT HE THONG

Trang théi x(t,) cua mot he thong dong tai thdi gian t, 13 tap hop céc
bi€n, cing dau vao u(t) véi 12t, dinh doat hoat dong cha hé thong d&i véi
moi tat ca =ty

Co 50 cia dinh nghia ndy la ghi nhan trang thdi vé cau hinh hién thai
cua mot hé thong. Vi thé bd nhd cua hé théng dong hoc duge danh riéng luu
gilt cic bién trang thai tai thoi diém hién thoi t, (goi 1a diéu kién ban dau).
Cic phuong cich hoat dong trong tuwong lai cua hé thong duge quyét dinh
bdi diéu kién ban ddu x(t,) va ddu vao u(t) d6i vdi t2t,. Trang thai hé théng
c6 thé viét 1a mot tap hop:

x{f}

x(t) = 'tz:(r)
x, (1)

Trong dé » la 6 luong cdc trang that. Mot tap hop bién bit ki, thod mén
dinh nghia trén 12 mot trang théi hop 18, cho di trang thédi ¢6 thé khong 13
duy nhat,

Nhitng d¢ cap trong phan nay 14 cdc vAn dé trang thdi clia cdc he thong
dong lyc. Cac hé thong dong luc 1a cac h¢ thong ma cic bién s6 ctia hé
thong lién quan Ian nhau, khéng nhitng theo phuong dién dai s6 ma ca sy
can thigp cac tic dong tich 1u§ va t6c do thay déi ching. Céc mo hinh hé
théng dong luc co thé duoe xay dung trong mién thdi gian lién tuc, gidn
doan hodc trong mién thoi gian lién tuc- gidn doan (nhitng hé thdng lai, hé
thong 1ay méu). Sau day ta xem xét cdc trudng hop niy.

5.1.1. Bién trang thai

Mgt trong nhitng phén loai thuong duge sir dung nhit cho mo hinh la
theo cdc hé phuong trinh da duge xdc dinh vé tip hop cic ndi bi€n (inner
variable) clia hé thong. Cic ndi bién duge goi la cic bién trang thii (state
variable). Khi gid tri bién hé thong ¢6 tai mot thai diém tie thdi x4c dinh,
hinh thanh trang thdi hé théng (system state). Nhiéu nghién cifu coi bién
trang thdi va trang thai hé thong [a dong nghia.
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Tdp hop cac bién trang thdi ciia mot hé thdng cho trude la tdp hop noi
hién, nhi vay moi bién hé théng 6 thé duge tinh todn (computed) nhir la
mot ham cua trang thdi hién tai va la cde dan vao hé théng hién tai va tuong
lai. Dinh nghia nay ham ¥ néu biét trang thdi & mot thot gian f ta ¢d thé tinh
duoc nang lugng tich trong hé thong tai thoi diém 4y, Ning hyong tich phu
thudc vao mot $0 bién hé thong (toc do, dién dp, vi tri, nhiét d6, dp suit,
v...v) v theo dinh nghia c6 the tinh duoc tir trang thai hé thong.

Theo dinh nghia ndy, tong quét hon ¢ thé hiéu trang thdi, cdc bién
trang thdi ¢6 thé chon nhu [a ham cta cdc thay déi bén trong hé théng. Diéu
ndy tao khodng cdch gilta trang théi va thé hién vat If ciia né vi ciing tao nén
mot dac diém tha vi, rang khd niing chon lya cdc bién trang thai khong 12
duy nhat,

Mot nhan xét quan trong nita 1i, su phdt trién clta trang thai véi  (hoi
gian ¢6 thé tinh tir gid tri hién tai cia trang thdi va cdc ddu vao hién tai va
tuong lai. Vi vay cdc mo hinh lién quan la cdc phuong trinh vi phan bic 1
cho thoi gian lién tuc hodc dé quy nhay mot nhip cho thdi gian gidn doan
(one-step recursive).

5.1.2. Cac md hinh khéng gian trang thadi co ban

Néu bigu thi x [a vecto tuong tng sy lya chon cdc bién trang thdi dac
thiy, dang téng quit cha moé hinh bién trang thii li;

D6i v&i cde hé thong thai gian lién tue (continuous-time systems):

D Batryuinnn (5.1)
ds
¥(1) = Gla(e),ult),1) (5.2)

Trong d6 u(t) 1a vecto ddu vao va y(t) 13 vecto diu ra hé thong.
Do v&i cdc hé thong thai gian gidan doan (discrete-time systems):
e+ 1]=F, (<) ule]n (5.3)
=6, Gl (5.4)
Trong d6 u[t]1a vecto  ddu vao (input vectd) va y[r]1a vecto ddu ra (output
vectd) hé théng

— it}

K ' Vidy 5.1; Mot ngoai luc
~ R — M ——= /% ) tic dung vio mot hé thong
Maskt hat khoi luong—1o xo. Vi tri dft)

Hink 5.1:M6 hink hé théng co khi
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dugc do tuong ing vai vi tri khol lugng khi 10 xo duge nha va khong chiu
ngoai lyc. Chuyén dong cha khoi lugng cham dan do huc ma sat nhon, ma
sat nay ti 1& thuan véi tdc do v(r) cva khai luong.

Tir nguyén Ii hé thong thdi gian lién tuc ta ¢ thé tinh vi tri khoi lugng
vi toc do caa khoi lugng néu biét t6¢ do ban ddu cta khéi lugng va luong
gidn dai 16 xo ban dau. Nhir vy vécto trang thdi phdi ¢6 hai thinh phan,
x(t)=[x () (], chon trang thai tu nhién la:

Y {)=d{) (5.5
X (y=v()=x(1) (5.6)
V&i su lua chon nay, ta ¢6 thé 4p dung dinh luat Neuton dé c6:
fy= mﬂ}g + Kd (1) + Dv(t) = mi, (1) + Kx, (£} + Dx, (1) (5.7)
dt

Trong d6 m la khéi luong, D 14 hing 6, ti 1€ thuan v6i ma sat nhér,
Phuong trinh trang thai ¢6 thé viét lai [a:
Xty =x.{0) {5.8)

. K D
xg(r)=——_\‘|{t)~—x3(r]+—l“f(!) (5.9)
i m

tH

Nhan xét, nang luong w(¢) tich trong hé théng dugc cho boi:

w(f) = % Kd O+ % mv ey = x(0)7 Ax(n) (5.10)
e~ 3 N 5 . K m
vGi Alama tran chéo: A= d“"*‘{?‘f}

Tinh khong déc nhdt clia vecto trang thdi: danh gia tinh khong doc nhat
cua vecty trang thdi duge thuc hién, thay vi sy lua chon duge thuc hién &
(5.8), ta cé thé chon mot trang thdi méi (1) lién quan v&i x(t) bdi mot ma
iran khong suy bién Te 7, tic:

X)) = Tx(r) {(5.10)

(xem ti€p & phin bién doi dong dang trang thai).

Tin hiéu va moé ta khong gian trang thai

Khong gian trang thdi cling cé thé duoc st dung dé mo ta cdc trang thii

da dang cua tin hiéu khi st dung moé hinh, dang:
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edx(r)

= Ax{1) v vy =Cx{r) chocac tin higu thai gian- lién tuc (5.12)
de+t]=A,t],  vlr]=C, xlr}eho cac tin hieu thei gian- rei rac (5.13)
Vi du 5.2: Dé minh hoa, xé1 mét tin hiéu thdi gian- lién tuc cho boi:
F(r) =2+ 4cos(51) - sin(5r) (5.14)
Tin hiéu nay duge hidu 1a nghiém phuong trinh vi phan dong nhat:

CLO s
dr’ di

cé f(0)=6, FO)y==5 vd f(0)=-100 (5.15)

Néu chon cidc bién trang thii x, (1) = £}, x, (1) = f(r} VA x (1) = f(1), thi
mo hinh trang thai cho tin hiéu nay la:

0O L 0
“":}: 00 o =0t 0 ok 5.16)
‘ 0 -25 0

Trong viéc sir dung mo hinh khong gian trang thai nay, cdc bién trang
thdi khong c6 nghia vat [i dic biét. Tuy nhién viéc md ta nay dac biét hitu
ich trong Ii thuyét xay dyng lai tin hiéu vi gidi quyét nhiéu trong viéc tong
hop hé théng diéu khién.

5.2. MO TA KHONG GIAN TRANG THA] CHO HE THONG THOI GIAN-

LIEN TUC

Nhimg phén tich sau tip trung vao loai cic h¢ thong bit bién thoi gian
va tuyén tinh. D€ thuc hién diéu ndy ta xem xét viéc xay dung mot mo hinh
tuyén tinh tir cic phuong trinh khong tuyén tinh (5.1) va 5.(2).

Mot han ché nita trong phin nay 13 hé thdng nghién ctu ¢ tré thoi gian
khong thudn khiét. Dic diém niy tao nén mot vectd trang thdi ¢6 thif nguyén
khong xédc dinh. Hé thong nhu vay s& duge ban dén ¢ 5.1.4.

5.2.1. Tuyén tinh hod

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

ﬁ= Fix(D,u(t)) (5.17)
di :

V(1) = G(x().2e(1)) | (5.18)
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Gia thiét, mo hinh (5.17) va (5.18) c¢6 it nhat mét diém can bdng
(equilibrium point) cho bai {x(k,.ug._v{, } 3 toa do chiéu theo 3 vecta bat bién

thoa man:
O0=Flx,y)

Mo =G(xg.u)

(5.19)
(5.20)

Ghi chii: diém can bang duge xdc dinh bdi dao ham trang that bang 0.

Néu xét ving quanh diém cédn bang, ta ¢é thé xdp xi mo hinh (5.17),

(5.18) boi day Talor rit gon, ¢6 dang:

ar . aF N .
Nty = F(x )+ — ({1}~ xp) + — ()= 1,y) (5.21)
e dy “: o 8T du ‘-‘:-’u : v
H=tigy =ity
) Jei aly
vy =Glx, )+ — (x(f) = x,, )+ — {1ty —tiyy) (5.22)
’ -ty rh“-‘:‘v e du l"“-‘.! v
a=igy . W=y
Khi dé, phuong trinh (5.21) va (3.22) ¢6 thé viét lai la:
- "
gedely) = AAx(1)+ BAu(n) (5.23)
di
Av(r) = CAx(1)+ DAu(1) (5.24)
Trong do:
Av(r) = x(r) = x, Ault)=n(t) —w, Av(r)= y(t) =y, (5.2%)
va
2 J )G JG .
L g =2E el {5=28 (5.26)
Ox |14y i [ dx ¥ e =Y
||'—J|I..| W=y, H=ri,_. lt;lrt_.
- Cic y tuong vé tuyén tinh
hoa s& duoc minh hoa bai ciac vi
- du sau:
ity

will

1]
Vome

Hinh 5.2 Hé théng néng lir tinh

Vi du 5.3 Xét hé thoéng
nang ¢6 tu tinh duge thé hién
trong hinh 5.2, trong dé qua cau
kim loai chiu hai luc: trong luc
mg v lyc hit sinh ra béi nam
cham dién f(1). Nam cham dién
duoc diéu khién qua nguén dién
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dp e(?) > 0Vr. Luc hiit trén qua cdu f(t) phu thudc vao khoadng cédch h(t) va
dong i(t). Mai quan hé nay cé thé miéu ta xap xi boi:
K, )
)= ———— 5.27

f@) s i(1) (5.27)

voi K, va K, 1a cdc hang s6 duong.
St dung cac nguyén li thif nhat, ta cé thé viét:
di()

e(t)= Ri(N+ L— (5.28)
dt
v(r) = — 400 (5.29)
dt
f)y= ;LE(I) =mg+m ) {5.30}
?

"+K, di
Chon cdc bién trang thdi [a: dong i(t), vi tri qua ciu h(t) va toc do cla
qué cdu v(1), ta ¢6:
X =) 0 o0l =it we vl (5.31)
Tl (5.28+5.30) ta ¢6 thé dit su dién ta hé théng theo (5.1) nhu sau:

di(t)  dx, (1} R I

e RS AL — 32
dt dt L n o+ L (0 ¢

dh(t)  dx,(t)

@il 5.3
dt dt () S
K

dv(r) _ dx, (1) _ I X (1) -g (5.34)

dt dt mix.(ty+K,)

Trude khi xay dung mo hinh tuyén tinh hod, phai tinh diém can bang.
Pdu vao truyén dién trong hé théng nay ia dién dp nguén eft), diém can
bang thu duge véi e(t}=E£,. Vi vdy, cé thé tinh trang thdi can bing véi céc
cong thic tir (5.32)+(5.34), khi dat tat ca cdc dao ham béng 0, tdc :

R 1 E,
—ZXIQ +}:EQ=0 :)XlQ :_R" (535)
— X3 =0 x,,=0 (53.36)
K E
K pmomay K kK 5.37)
M(xyg + K5) ‘ = omg mgR )

Sut thiét 1ap trén 1a di d€ dung mot m6 hinh tuyén tinh hod & ddu vao gia
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sO0 (incremental input) Ae(r) vi trang thdl gia s& (incremental state)

Ax(r) = [Av (1) Ae () Av O], két qua la:

dAx, () R 1

T = A (1) 4 Aelr) (5.38)

A oy (5.39)
tft

AR Re oy B8 (5.40)
dt £, g

Néu coi h(t)- vi tri clia quéa ciu 1a diu ra, ta ¢6 thé so sdnh cdc phuong
trinh trén véi (5.23) va (5.24) dé thu duoc:

R 1

By 0] -

L L 0

A=| 0 0 -1y B={o|; c=[t]; D=0 (5.41)
Re _R*ﬁ; {) l 0 []J
EQ KEILQ ]

Trong nhitng phdn ti€p, ta bo ki tr A ra ngodi nhumg xin luu ¥, mo hinh
& wrén 1a tuyén tinh trong cédc thanh phan gia s6 (A )ela trang thai, cdc ddu ra
va diu vao ¢ quanh diém can béng duge chon.
5.2.2. MG hinh khéng gian trang thai tuyén tinh
Trude tién, ta xét mo6 hinh khong gian trang thdi bat bi€én thdi gian tuyén
tinh:
dx{t)

= Ax(f) + Bu(t) 5.42)

y(1) = Cx(1) + Du(t) (5.43)
Nghiém cta phuong trinh (5.42), theo rang budc x(t,)=x,, dugc cho boi:

Ky =M +je"”’”3u{’r)dr vt=1, (5.44)

fu

V&i ma tran chuyén tiép ¢* thod man:
At O ! bk :
i = — 5;
e =1+ ;:' HA t (5.45)

Vai két qua nay, giai phuwong trinh (5.43) cho:
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v(t) = Ce Ut ].r” + C-[ oM Bulrtydr + Du(t) (5.46)
y
Dadng luc hoc hé thong
Trang thdi cua mot hé thoéng ¢6 hai thanh phan, thanh phéin ty nhién
X (D)(tire thanh phan khong cudng bic) va thanh phan cudng bic x,, véi:
x, () =e™"x, (5.47)
3, (0= [ Buzydr (5.48)
Dé thdu hiéu mé hinh khong gian trang thdi va cdch gidi ching, ta xét
truong hop khi t,=0 va u(t)=0 vz 20, tdc trang thdi chi ¢cé thanh phan w
nhién (khong cudng birc), khi dy:
x(r)=eMx, (5.49)
Tiép theo, gia thigt 12 Ac " va d€ don gian, ching cé cac gid tri riéng
AlsAy s A, vOI 0 (doc 1ap tuy€n tinh) vecto riéng v,, v, ,....v, . Khi d6 ludn
ton tai mot tap hop cdc hang s6 a,,a,,....qa, , ma:

T

Xo= D0y, o€ (5.50)
{=1

K&t qua tir dai s6 tuyén tinh cho biét, cdc gid tri riéng cla A'la A},

A5 A V6 cde vecto riéng tuong dng v,. v, ,....v,. Viéc dp dung két qua

nay cho:
i = 1 2
x(f):e'mxnzf-}-za;z— Ai‘."‘;fk =ZCC‘;€ Hl"; (551)
_ k! e _
=1 &=l f} =1
Arvy

Phuong trinh ndy thé hién, thanh phin khong cu@ing bic clia trang théi [a
mot k&t hgp tuyén tinh cdc dao dong ty nhién (natural mode) {e’l“’ }, moi mot
dao dong két hop véi mot gia tri rieng A. Do vay ,ma tran A quyét dinh:

- Cdu triic cta dédp ting khong cudng bic.
- Tinh 6n dinh cha hé théng.

- Téc dé dap ang.,
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5.2.3. Cdu truc cua ddp ung khéng cubng buc (unforced response)

Khi khong c6 ddu vao, trang thai tién trién nhu mot t6 hop cdc dao dong
tr nhién, thude loai di duge dinh nghia vé ham: [ cdc ham ma véi s6 mi 14
6 thue hodc 13 s6 phite. Cic dao dong nay gém ca cédc séng sin khong dai,
song sin him mi s& thyc, song thuin SIN, cdc séng sin diéu bign s6 mil va
mot s& ham diic biét khac nay sinb tir cic gid tri dic trung dugc 1ap lai.

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

Khi trang thai ban dau 1a 0, trang thdi s& thé hién chi mdi thanh phan
cudng bie. Thanh phin cudng buc clia trang thdi s€ gdm ca ¢dc dao dong tu
nhién va mot s6 dao dong cudng bic bo sung hoac dao dong dac thit, phu
thude vao bin chit diau vao u(t) cha heé thong, Thutmg, cdc dao dong cudng
bire trong diu vae s€ cling xuft hién trong trang thdi. Tuy nhién cé mét s6
rruong hop dic bigt phédt sinh khi mdt s6 dao dong cudng biic trong uft)
tring véi mot s dao dong tu nhién cia hé théng.

Tinh on dinh ciia hé thong

On dinh trong cédc he théng bat bién theo thoi gian va tuyén tinh ¢6 thé
phan tich dugc khi s dung ma tran trang thii A.

Tat ¢ cdc bién he thong ¢6 thé biéu dién la cdc ham tuyén tinh cla
trang thdi v ddu vao hé théng. Khi dau viio hé thong n(t) la vectd cla cdc
ham giét han thdi gian (bounded time functions)., khi dé bién cua cdc bién
phu thudc vao trang thai bi gid han.

Pinh Ii 1: Xét mot hé thong duge md 14 trang thdi béi phuong trinh
{5.42) va (5.43), trong d6 A,B.C, vi D ¢6 cdc phan ta bi gidh han. Khi ay
trang thdi hé théng (va vi thé dau ra hé thong) bi ring budc cho tat ca cdc
dauvao gisi han néu va chi néu cdc gid tri riéng ctia A ¢6 cdc phan thuc am.

Vi du 5.4; P& minh hoa dinh 1i 1, ta xét lai vi du & hinh 5.2, Déi véi he
théng nay ma tran A( & moé hinh tuyén tinh hod) duge cho bi:

- -Rﬂ' 0 0
L
A=| 0 0 -1 (5.52)
Rg ng2 0
E, K\E,

Ciéc gid tri riéng clia ma tran nady 1& nghiém clta det(Al — A)=0 , & day:
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' 2 2
det(A7 ~ Ay = A+ XY Ao [Bme” |, [Rme” (5.53)
L K\E, K\Eg

Khi trong cdc gia tri riéng ctiia ma tran cd mot gid tri thue va 16n hon 0,
hé qua 1a hé théng khong 6n dinh (unstable). Diéu ny phil hop véi 1 luan
vat If. Thuc vdy, theo Ii thuyét, it nhat ta ¢6 thé dinh vi qua cdu can bing
(dugc mo ta bai phuong trinh (5.27). Tuy nhién dé 13 mot diém can bang
khong 6n dinh, vi ngay khi ta ¢é tic dong (nhidu) nhe 1&n qua cdu, né s
tang to¢ hodc xudng nén hoidc vé thanh nam cham dién.

Toc do ddp dmg va cong huong

Ngay ca khi hé thong 13 6n dinh thi van con nhiéu cau hoi tién quan dén
nhiig tinh chat co bin khéc.

Trong mot hé thong 6n dinh, phan thuc cha gid tri riéng quyét dinh téc
do hoi tu vé 0 cha cdc dao dong lién quan. Cic dao dong cham nhat 12 cdc
dao dong ¢6 dnh hudng (dominant modes), quyét dinh té¢ do tai d6 dau ra
hé théng xdc 1ap gid tri trang thdi khong thay ddi, tiic quyét dinh t6c do dap
img cta hé thdng. Vi du néu cdc gid tri riéng ¢6 anh hudng quyét dinh cla
hé thong Ja:

Ay =—0 t jw,.0>0 (5.54)

Céc dao dong tu nhién lién quan sinh mot séng sin chim ddn s6 mi:

y(t) = Ae”™™ sin(wy + o) . (5.55)

Ta nhan thay tin hi¢u ¢ (5.55) phéan rd nhanh hon d6i véi mot o 16n hon.

Mot vin dé dic biét quan trong d6i véi cde cdu triic dan hoi 12 sy hién
dién cla cong huéng. Trong cic hé théng vat i, su ton tai cdc gid tri riéng
phitc hop ¢6 quan hé mat thiét dén sy hién dién 2 dang nang lugng. Su cong
hudng mo ta sy dao dong (it can) gida hai loai niang luong nay. Trong mach
dién, cdc nang lugng nay la nang lugng tinh dién trong céc tu va nang lugng
dién tlr trong cdc phan cam dién. Trong hé thong co thi d6 la nang luong
dong dé chuyén dich khéi luong va thé nang trong cdc 10 xo. Cic két cdu
dan héi c6 thé c6 mot s6 dao dong cong hudng. Mot trong nhimg van dé
chinh dé xdy ra cong hudng 12 khi ddu vao chita nang lugng tai mot tan s6,
gan vdi tin s6 cong hui'frig. Vi du néu mot hé théng c6 gia tri riéng:

AL,=-005%; (5.56)

tifc t4n s6 cong hudng 13 1rad/s va mot trong cdc thanh phan dau vao la séng
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sin, tin s6 0,9 rad/s, khi dé diu ra hé théng bigu 1o mot dao dong (cudng
bitc) rdt Idn véi cdc bién do diu tién phdt trién gin nhur tuyén tinh, sau d6 én
dinh & mot gid tri khong ddi. Trong thuc t€, hién tuong niy cé thé phd huy
hé théng.
5.2.5. Su bién doi dong dang trang thdi
Nhu did n6i diém 5.1.1., sy chon lya cdc bién trang thdi khong phai Ja
duy nhat. Gia suta ¢é mot hé thong , dau vao Ya u (1), diu ra y(t) va 2 st fua
chon khdc nhau cua vecto trang thdi: x(t)e " voi 4 dai lugng lién guan
(A,B,C,D) vi Te " vdi cic dai luong lien quan (A,B,C,D) khi do tén tui
mot ma tran khong suy bién (nonsigular) Te ™" nhu:
M) =Tx(r) <> x(0=T"'3() (5.57)
Phurong trinh nay dan dén su tuong duong;
A=TAT"', B=71B, C=Cr" (5.58)
Su lra chon khic nhau céc bién trang thai cé thé hodc ciing ¢ the khong
ddp tng duge cdc ti€p can hién tugng hoc khdc nhau doi vdi phan tich hé
théng. Doi khi d6 chi la van dé vé don gian todn hoc hoiic 12 sy quyét dinh
vé cac phuong tién lién quan dé do céc bién hé thdng. Nhung quan trong 1a
di cdch mo ta trang thdi no duge chon thi nhimg dac tinh co ban cua hé
théng cu thé s& khong thay déi vi thuc 1€, cdc gid tri riéng cta hé (Sng 1a
bit bién d6i vdi cdc bién doi déng dang, do:
det(Al — A) = det(ATT ™ ~TAT ') = det(T)det(A] - A)det(T ') =det{A/ — A)  (5.59)

i) £, () Nhu vay do

A on dinh, ban

chat ctia ddp

ung khong

L R, [ve.(y cudng biac va

i (0 t6c do ddp g

14 khong doi doi

Hinh 5.3: Mach dién vGi cac bién dol

dong dang.
Vidu 5.3: Xét mach dién (hinh 5.3). Chon vecto trang thai:
=l Lol =li,o v vaewm=yv,0.

Slr dung cdc nguyén i thit phit, ta cé:
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0 4 ,
dv(r)
d |1 R+ R\ ’”Lﬁ—] (5.60)
C  RR.C ¢
C6 the lua chon vecto trang thii T =[x %ol =l Lol .
Trudng hop niy ta ¢ trang thdi

1) = — R ) (5.61)
Xif) = Y7 .8
RO 1 {

———
M

5.2.6. Moi quan hé khdng gian trang thdi va cdc ham truyén dat

Khong gian trang thdai hudng dén ham truyén

M@&i quan hé diu ra va dau vao ctia mot hé théng dong trong mién tin so
dugc mo ta boi mot ham truyén dat, thu duge khi sir dung bién déi Laplace
vdi cac diéu kién ban dau 14 0 (nhu d& dé cap 0 myc 3.2.1) Déi v6i mdt ham
bit bi€n thoi gian tuyén tinh véi didu vio w(e " va ddu ra yiy= *, ham
truyén H(s)e ™ dugc xdc dinh bdi phuong trinh:
Yi(s)
U, is)

Tic thanh phin (i,/) trong ma tran H(sj 12 bi€n doi Laplace cha ddp tng
trong diu ra /" khi mot xung lyc don vi dat & ddu vao [, véi cdc diéu kién
ban déau bang () va véi cdc ddu vdo cdn lat bang O cho tit ¢d 120

Miit khdac néu bién d6i Laplace (5.42), (5.43) v6i cdc diéu Kién ban dau
hang 0, ta cé:

Y(s)= H(s)U(s) trong d6 (H ()], = (5.62)

X(sy= (sl — AY TBUH) {5.63)
Y(s)=CX(s)+ DU(s)=(Clsi — A B+ DU (s) (5.64)
N ————
Hiwd

Dé don gidn va c6 thé phan tich sau hon, ta xét cdc hé théng vo hudng
(scalar system), titc hé thang chi ¢é mot ddu vao va modt diu ra. Tue m=p=1,
B tr¢ thanh vecto ¢6t , C vectg hang via D=H( « )( trong cic heé thong thuc,
thudng D=H{ e }=0). D8i vt cdc h¢ thong vo hudng, H(s) 1a thuong cia céc
da thac theo s, tic:

CAdj(sf — A)B + Ddet(sf -~ A)
det(sf — A)

Hs)=

(5.65)

106



3 day, Adjfo) biéu hién ma tran lién hop (o).

Vin dé co ban rang cdce cuc clia ham truyén 13 cdc gid tri riéng cla ma
tran A. Tuy nhién nhin chung diéu d6 khong ding, c6 thé tap hop cic cuc
cla ham truyén trung véi (ap hop cdc gid tri riéng clia ma tran A, nhung
cling ¢6 thé khdc, diéu nay ¢6 thé duge [am ré qua vi du 5.4

Vidu 5.4: Cho:

-2 1
A= .
0 -3

Kht do:

B:{I}; c=[o 1}y D=0

0.5

His=Csl-A)7'B

§+3
S 1[” ! }{ ! } (5.66)
(s +2s+3) 0 s+2]05

05(s+2)y 03
(s+2¥Ms+3) s+

Nhu vay, ham truyén chi ¢6 mot cuc, mac di ma tran A ¢ hai gia tri
riéng. Ta nhan thdy ¢6 mot sir huy cuc zero trong H(s). Hién tugng nay cé
moi quan hé chat ché vdi van dé dic tinh cia hé thong (xem thém phin 5.4).

Xét {ai vi du 5.2, néu ta dinh nghia dong (1) 1a ddu ra hé théng, ta ¢6 thé
nhén xét, tir dau vao efr) dén ddu ra ndy chi ¢6 mot cuc. Diéu nay nguoce vaéi
thuc t€ 14 kich thudc cua trang thdi bing 3. Diéu ndy ¢6 thé gidi thich 1a
trong mé hinh vat 1f gian don cua chﬁng- ta, dong if1) khong ¢6 anh hudng téi
vi tri v t6¢c do cta qua cdu kim loai (chap nhan c6 thé bo qua su thay doi
trong do tu cdm do su thay déi vi tri cla qua cau).

Két luan 1a ham truyén o6 thé cdp khéng cung lugng thong tin nhie mo
hinh khdng gian trang thai cho cang hé thong. Vi mo hinh khong gian trang
thai k&t qua khong boc [0 cic cuc zero huy nén mo td mot khong gian trang
thai tit mot ham truyén cho trudc, con coi 1a thuc hién t6i thiéu (minimal
realization),

Ham truyén huong dén khong gian trang thdi

C6 mot s6 phuong phip dé thu dugc mo hinh khong gian trang thai tir
ham truyén cho trude. Sau day ta xem xét mot trong s6 cdc phuong phdp dé.

Xét mot ham truyén cho boi:

o
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Hy(s)= B,s) + Hy(oo) = bu-1
A

. ! -1
3 (8 s"Ha,_ "+ tas+a,

— -2
! + b”_z.s'” B VORI & b]S + b”

Nhic lai D=1, (=), nhu vy ham truyén: H(s)= H,(s)— H, (=) la mot
ham truyén hop 1é.

Tiép theo, xét bién v;(r)e | bien doi Laplace cha né. V(5) thoa min:

-1

§
Visl=e——Uls) leil2..n (5.68
= {1.2...n} )
(5.68) bao ham :
v
P E L R P S (5.69)
ddt
Y(s)= Db, V,(5) (5.70)
(=1
: A(y) s . s .
Uisy=—2"2U(s)= Ligsy+ (s (5.71)
§ A ) § ﬂ.s‘) 5 Z‘la; | A 5)
\‘I,\,I,\} V,(\}
Chon bien trang thdi:  x, (1) =v,(1)
Céc phuong trinh trén ¢o:
(07
0 i )] 0 0 0
Ae (.} (.J l 0 l.} Bl (5.72)
L ' ' ' (‘ ’ 0
— — bl # ARl £ S -
a4y a 2 a-2 w1 1]
C’Y:[bll ‘bl bl bar-l] D:HT(m)
Vidu 5.5 Ham truyén ca mot hé théng dugc cho boi:
Hiye—ts10 _ 4e-10 (5.73)
(b+2G-1 s +3: -4
Thuc hién t6i thiéu cho h¢ théng niy
[0 I 0 0
A=10 0 1 a={0{ c=[-10 4 0] D=0 (5.74)
‘_4 0 -3 1

Két luan: Mot ham truyén hé thong la bat bi€n ddi véi cac phép bién doi
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ddng dang trang thai.

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

Mo ta khong gian trang thdi cho cdc hé théng 18y miu va thdi gian rdi
rac dua chinh trén két qua thu duge tir trudng hop thoi gian lién tuc. Mé hinh
thdi gian r3i rac ¢6 thé do bdi 2 ngudn khic nhau:

- T mot hé thong thoi gian roi rac thudn, thudong khong tuyén tinh, cdc
bién ctia nd chi ¢ thé xdc dinh duoe tai nhilng thoi diém tic thai t, .
Nhiing hé¢ théng nhu vay ¢6 thé tim thay trong cdc hé théng kinh té, Ii
thuyét qua trinh thong ké ngau nhién (stochastic).

- Tir viéc r&i rac hod mot hé thong thoi gian {ién tuc. Trong trudng hop nay
ta chi quan tam dén gid tri cdc bién hé théng tai cac thii diém tifc thoi
xdc dinh. Cic moé hinh ndy rit hiru ich khi cdc hé thong so (digital
system) nhu cdc vi didéu khién (microcontroller), mdy tinh (computer),
PLCs va nhilng hé thong khac, twong tic vai cic hé thong thoi gian thuc
lién tuc (continous-time real systems) nhu cic co cdu co khi, van, thiing
chita, cac mach tuong ty hoic cdc quad trinh cong nghiép toan bd (qua cic
b6 chuyén déi twong ty-s6 va s6 -tuong tu).

Phan tich cia ching ta cho ca hai trudng hgp trén $& duge chi trong vio
loai mo hinh bdt bién thdi gian va tuyén tinh.

5.3.1. Tuyén tinh hoa cdc hé théng thor gian roi rac

Thoi gian rdn rac twong Ung véi (5.3) (5.4) duge cho bdi cdc phuong
trinh khong tuyén tinh:

[t +1)= Fy(xle] alr] (5.75)
_\‘[f]z Gy (.s'[r].n[r] (5.76)

Tuyén tinh hod cac mé hinh cho hé thong thot gian roi rac theo doc cdc
dudng cling nhu cho thei gian lién tuc. Trude hét xét diém can bing cho bdi

Porttg v I

xo = Fylxgag) (5.7
Yo =Gy (xg.tig) (5.78)

Chi y: diém can béng dugc xdc dinh bdi mot tap hop céc gid tri co dinh
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cua trang thai va cdac gid tri ¢o dinh cta diau vio, thod man (5.75) (5.76).
Nhu vay ta ¢6 ddu ra hé thong khong déi. Khi &y mé hinh rdi rac cé thé
tuyén tinh hod quanh diém can bang nay.

Dinh nghia:
Axlt]= alr]- Xg Auli] = ulr]—u,_, Aylt]= vt]- Yo (3.79)
Ta ¢6 mo hinh khong gian trang thii
Axle+1]= A, Axt]+ B, Aulr] (5.80)
Avt]= C"‘A\'[I|+ D, Ault] (5.81)
Trong do:
o :%L Bn‘ =EJ-L‘ .t.f =ﬂ “ul =ﬂ. fs‘g?':l
gy [a=1y die = da =y i =y
H:ML. =iy H—H,:-, M=ri,_,

5.3.2. Cdc hé théng ldy mau di liéu (Sampled Data System)

Nhur da néi, ¢6 the ¢6 duge mo hinh thdi gian r0i rac bang ldy miu dau
vio va dau ra trong cic hé thong thoi gian lién tue (continous-time systems).
Khi stt dung mot thiét by 56 (digital device) dé ric dong 1én mot hé théng
thoi gian lién tuc , cde tin hiéu diéu khién chi cin duge xdc dinh tai thoi
diém tire thi dy, chit khong phai ¢ tdt ca cic thdi gian. Tuy nhién, dé tic
dong [én hé thong thoi gian lién tue, ta phai ¢6 mot tin hiéu théi gian lien
tuc . Viée nay thudmg duace thue hién boi mach ¢iit bae () (zero order hold),
thanh phan sinh ra mot tin hiéu bac thang (staircase signal). Ngodi ra khi do
sO6 mot bién hé thong. viéc nay s& duoe thue hién 1ai mot s6 thoi diem uic
thoi nao dé. Diéu nay ¢6 nghia ta phai lay mau (sample) cic tin hiéu déu ra.

il P | it

Hé théng tht gian lign tue LAy méu

V= Al )+ Butr) \\“
UU.IQ—’ Gz - -

wird = Cuird+ ity

u(t) y(t) YTI]

Hinh 5.4:Sa dé thé hién hé thing ldy mau dir liéu

Hinh 5.4 minh hoa khii niém nay. Gia thiét ta [dy mdu tuéin hoan, véi
chu ki A, ta chi quan tdm dén cdc tin hiéu trong thoi gian kA, Trong phin
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ti€p theo, ta bd A khodi argumen, st dung w(kA)=ulr] cho dau vio
v(kAY = v[r] cho ddu ra va x(kA) = xjt}cho trang thai hé thong,

¥

Neéu xét mo hinh trang thdi tuyén tinh va bat bién trong thai gian lién tuc,
duge xic dinh b&i cong thic (5.42) v (5.43) véi trang thdi ban dau
x(k,A) = x, , ta 6 thé sit dung phuong trinh (5.44) dé tinh gid tri ti€p theo cia
trang thdi:

KAt A -k A) fodrd

it Ak : A -

.1’(&'0A+A}:e’“ ‘ x(k,A)+ I(%A“"MA DBu(t)dT (5.83)
ko

Tep theo néu s dung mach gitt mitc 0, the: wir)=utkyAy cho
kWAST<k,A+Atach:
A
Xk, A+ A = ey (£ A) +je"”dn8u(k”m (5.84)
8]
Néu biét trang thii vi dau vao tai thoi gian &, A, diu ra s& duoe xiic dinh
boi phuong trinh(5.43): '
¥k, A) = Cxth, )+ Dulk ,A) (8.85)
C6 thé két luan: doi voi mot mé hinh thoi gian lién tuc cho trudce véi cac
ma tran khong gian trang thdi {4.B,C,D} vi dugc {8y miu cd mdi A gidy,
thi hé thong 1y mau dir 1iéu tuong duong s& duge mo 14 bang mo hinh
khong gian trang thdi thdi gian gidn doan:

x(hA + A) = A, (kD) + Bu(kA) (5.86)
y(kA) = C x(kA) + D ju(kA) (3.87)
Trong do6:
A
Ay=e™ B, = J'e"'?rma : C,=C: D,=D (5.88)

[t}

C6 mot s6 phuong phdp khiac nhau dé xdc dinh A, dinh nghia trong
(5.88), nhung cdch don gidan ahat dé tinh ma tran nay 14 sir dung bién déi
Laplace, ta c6:

A =e™ = g for -y }a (5.89)

Vi du 5.6: Xét hé thong co cho ¢ hinh 5.1, md hinh khong gian trang
thdi duge mo ta boi:
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. 0 1 0
(:"_L'(”}-_[K D}F(”}{ l}j'(r} (5.90)
xj(t) ] X, (1) -
I i - m

Trong d6 f(t) 12 ngoai lue va ta ¢6 thé chon hodc vi tri khoi lugng, x,(1)
hodc tde dé khoi luong, x,(t) 1a dau ra hé théng.

Dé minh hoa s6, ta dat m=1kg, D=12Nsim va K=0,32 Nim.
Ma trin A, thu duge t (5.89) khi 4p dung bién d6i nguoc Laplace:

s 171! ‘ [ 2emtaa L8 g g0 08N |
Ar=L71032 s+12 J X T 08 o Oy, 038 g, 082 J (5.91)
‘-

B, tghu dugc tlr (5.88):

3 -t -0 ‘ o
B __J- e AN _ 0 2.5(¢ 0.4n —e m;) m 0
ad = . . ) o
08¢ udy _ n.m) P I P l

LB

—6,25¢7% +3,125¢ 7% 43,125
=8, = “04A  —0EA
25e -

Chd y: ca A, vi B, 1a ham cla A. Nhu vay, chu ki [dy mau A thé hién
dnh hudng trong hoat dong dong luc clia hé théng 1dy méu, nhu nhan xét &
nhitg phin tiép theo.

5.3.3. M6 hinh khéng gian trang thdi tuyén tinh

M6 hinh khong gian trang thai bt bién thoi gian tuyén tinh duge cho
bai:

Al t]= A alrl+ B ] (5.93)
yle}= € xfr 1+ D ule] (3.94)

D6 ¢6 theé 13 mot moé hinh thoi gian 101 rac duge tuyén tinh hod nhu
(5.80) va (5.81) hodc madt hé thong lay miu di 1iéu nhu (5.86),(5.86), trong
dé A duge bo ra khoi agumen thoi gian.

Giai phuong trinh (5.93) va (5.94), ¢6 xr,]=x,, cho:

(et 0=l

rl= A, xy + ZA(‘,"""'HB(,:;[:‘+:”] T V=, (5.95)

i=ly
Trong d6 A la ma tran qud d¢ (transition matrix). Phuong trinh (5.95)
thoa mén (5.93). V&i két qua trén, khi gidi (5.94) ta ¢é:
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tr=1,0=1

vir)=C, A, " v, v C, z AR ulive, 1+ Dyul] (5.96)

i=tr
Dong hoc hé thong
Trang thai cha hé thong cé hai thanh phin: khong cudng bic v, [f]va
cudng bic x, [r], trong do -

x fe]= A 'y, (5.97)
(1=, I )
Xy (1) = ZA:rI_I”}_r-]Bf;”[f +IHJ (5.98)
1=ty

D¢ thau hiéu mo hinh khéng gian trang thdi va cdch giai ching, ta xét
trutrng hop khi  £,=0 vl w(t)=0 Vi 20, tic trang thdi chi ¢é thianh phan
khong ciedng biic, khi dy:

)= ALx, (5.99)

Tiép theo, gia thiét 1a Ae "™, ¢6 n gid (i riéng 4, riéng biét véi n
vecto rieng v doc lap tuyén tinh, Khi dy (uon 1én tai mot tap hop 2 hang s6
&, . nhu vay:

Xo = >y = (5.100)
=1

Mot két qua quen thude tir dai s6 tuyén tinh cho ta biét rang cdc gid tr
rieng cita A} LA nf khi ke  vdi cdc vecto riéng tuong tng v,. Ung dung

k&t qua nay cho:

drl=Alx, =AY oy, =) a, AV, (5.101)
i F; [ ; HI_';;:_J"
Ael=> any, (5.102)
f=1

Phuong trinh nay thé hién thanh phin khong cudng bifc cla trang thai, 1a
mot 16 hgp cila cdc dao dong tu nhién (natural modes){]f}vii mbi mot dao
dong duoc két hgp v6i mot gia tri riéng A, loai duge biét nhu la cdc tan s6
trr nhién (natural frequencies) cia mo hinh, Nhu vay, ma tran A, quyét dinh:

- C4u tric cia ddp img khong bi cudng bic
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- Tinh 6n dinh cia hé théng

- Tée dé phan img.

Cdu triic cua ddp itng khong cudng bire (unforced response)

Khi khong ¢ ddu vao, trang thdi khai trién 13 mot 16 hap cdc dao dong
tu nhién, loat phy thuge vao I68p dinh nghia ciic ham: [uy thira cia cae gia
tri rieng cia mo hinh 1a s6 thuc hodc s6 phic. Cic dao dong nay 14 ¢dc ham
01 rac fién quan dén song SIN  bat bién, hiim SIN s6 ma  thuc , cdc séng
thuan SIN, cdc séng sin diéu bién 6 mii vi mot s6 ham dic biét khdc niy
sinb tir su tap lai cla cac gia tri riéng .

Vidy 5.7. Dé minh hoa , xem xét dién giai vat li clla cdu wic ddp dng
khong cudng birc, ta xét hé thong ldy miu trong vi du 5.6. Néu A=1, cic
ma tran khong gian trang thai |

08913  0.5525 0,3397
-01768 0,2283 0,5525

Vi thé cde gid tri riéng cha hé thong 12 nghiém cta phuong trinh:

T; —-0.8913  —0.5525

ietinf — 4, ) = det L —06703n~ 0449 =0 {5.104
el =4, (CL 0.1768 nau.zzs_%h (=07 1=0 (.103)

Cé nghita n, =0,6703 ,11, = (,4493 | va dip ung khong cudng bac 1a:
xlt]= € (0.6702) + C,(0,4493)' (5.105)

Trong d6 C, vd C, chi phu thude vito cde diéu kién ban ddu. C6 thé nhin
xét, khi 7 tién dén vo cuc, x, ] phan ri vé 0, do [n,_2J<l . Nhur vay cic gid tri
riéng nay 1a s6 thuc duong, khong ¢é dao dong trong cdc phwong thire 1u
nhién.

Cdu triic ctia ddp itng cuong bitc (forced response):

Xét phuong trinh (5.95). Khi trang thdi ban ddu 12 0, trang thdi s& thé
hién chi méi thanh phan cudng bidce. Tuy nhién, thinh phan cudng bikc cha
trang thai s& vin gém ca dao dong tu nhién vi mot s6 dao dong cudng biic
(forced modes ) b6 sung hoac dao dong déc thit (particular modes) tuy vao
ban chat ddu vao u(t) cia hé thong., Thudng, cdc dao dong cudng biic trong
dau vio sé cling xuat hién trong trang thii. Tuy nhién s& phat sinh mot s6
truong hop dac biét khi mot s6 dao dong cudng bitc trong u(t) tring véi mot
$6 dao dong tu nhién cua hé théng.
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Tinh on dinh hé thing

C6 thé phin tich tinh 6n dinh trong cdc hé théng bat bién thai gian tuyén
tinh khi st dyng ma trin trang thai A,. Nhu di néi, tat ci cdc bién hé théng
¢6 thé bidu dién nhu 1a cdc ham tuyén tinh cta trang thdi vi diu vdo hé
théng. Khi dau vio hé théng uit} 1 vecto cla cdc him gidi han thoi gian, khi
dé bién cua cdc bién hé théng phu thudc vao trang thdi bi gidi han, Ta cé két
qua sau:

Pinh i 2: Xét mot hé thongduge mo ta  bdi phuong trinh (5.93) va
(5.94), trong d6 B, ,C,. va D, ¢6 cdc phan trr bi gidgi han. Khi ay trang thdi h¢
thong bi giGi han cho tat ca cdc dau vao gidi han néu vi chi néu cdc gia tri
riéng clia A, nam bén trong dia don vi, tic [n, [< 1.1 .

Téc do dap teng va cong huong

Dao dong tu nhién cia cac hé thong thoi gian roi rac 14 luy thira cia céc

2id tri riéng. Do cic gid tri riéng ndy luon duge mo ta dudi dang dai lugng
phitc, ta ¢é thé viét dao dong ty nhién nhu;

n) = qrh\e'm’ ) :‘Uf "e!™ trong d6 6, =<7, (5.106)
Nhu vay ta cé:
» O<|p|<ee quyét dinh toc do dao dong phan i vé 0 cho cée hé theng dn
dinh (|,[<1), hodic phdt trién i vo cuc cho cic hé thong khong on dinh
(ni=>1.
o — 1 <0, <7 quyét dinh tdn 6" dao dong tu nhién, do theo radian.
Mic di cdc dao dong tu nhién cla cdc hé thong 6n dinh phan ra vé 0,
ban chat coa ching quyét dinh tinh ddp dng qua do cua hé thong.
Dé minh hoa cdc van dé trén, ngudi ta thudng st dung cde ddp ung bac,
véi cde diéu kién ban ddu bang 0.
Vi diy 5.8: Xét mot hé thong thoi gian rdi rac duge miéu ta boi mo hinh
khong gian trang thai:

e +1]= {1'2—:% - 0’801 8?3].1:[:] + [(ﬂu [¢] (5.107)
sll=lo o0s391]  Af] (5.108)

Gid tri riéng cua hé théng thu dugce tir A
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1M, . =0,6398+ j0,6398 = 0,9048¢ /" (5.109)

Va cdc dao dong tu nhién két hop , hién dién trong dédp tng qua do la:
N, =09248¢ ¢ = 0.9048’[(:0.\'[ %f }i jsin( %: ]] (5.110)

Céc dao dong tu nhién bi can nhe vi |y, ,| gdn bang 1 va ching thé hién

la dao dong vai tan s6 7/4.

5 L T T T

=yt " "
+ u[H . » ‘ .
" . : ] - ] L]
L
+ 1 L] " +++ +f+ +++ +++
OpeimiE = * P " x* ¥ ® *+ ®o e ¥ "+ 1
o A o +++ + Lt R
= -
L] = 1 3 . % . 2
L}
L) =
_5 A S i L ' L i
0 5 10 15 20 25 30 a5 40
Thai glan rdi rac
3)
3 T T T T T T
» ¥ .
2F |+ ulg . 4 i 1
'+ R SR PR SR | 44+
a x
OfFm = ™ " x X "E ~
L] L ™ . "
.1[—+++++++l++¥* FEEFFEF S+ ~
= L = n ]
3 n = - . x
A i & o i L L | i
0 5 10 15 20 25 0 kL 40
b) Thi gian rdi rac

Hinh 5.5: Tac doéng cong hudng trong déu ra hé thong
Céc do thi ¢ hinh 5.5 thé hién mot ddu ra cong hudng manh, Hinh55 a,
twong tmg vai mot ddu vao u[r]:sin[%r} tire tan s6 ddu vao tring vdéi tin

s6 cna cdc dao dong tu nhién. G hinh 5.5b ddu vao I mot séng vubdng, tin
hiéu tn s6 7/12. Trong trudng hop nay, ham diéu hoa thir ba cua dau vao
¢4 tin s0 bang tan 6 clia dao dong tu nhién.
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Tdc dong cua cdc khodng thoi gian ldy mau

Ta nhan thdy, trong phuong trinh (5.87) A, v B, phu thudc vao su chon
khoang than gian 18y miu A . Sy lga chon nay cling quyét dinh vi tri cha céc
gid tri riéng cua he thong. Xem lai phuong trinh (5.88), gia thiét A da dugc
chéo hoa. Ta cd;

A, = giesthy s s _ glia,g{e}"a,...,(}’l"ﬁ} (5.111)

Trong d6 {4;,4,,...,A, } 1a gid tri riéeng clia cdc hé théng thoi gian lién
e co s, Khi d6 cdc gia tri riéng nay duge sap dat thinh cdce gid tri riéng
clia hé thong 1ay mau bdi phuong trinh:

0 = Mo (5.112)
Théfi gian ¥y mdu & = 0,5
T T T r T T LA — —T —T 7
‘_;7' 95 I I
. IJTTTITL?LQ!
i} 2 4 & B 10 12 14 16 14 20
Théti gian 18y miu 4 = 1
1 e T B T T T T . . .
o 05} L )
o I L T f | SR, ) S R Y N W S S
Q 2 4 [ 8 10 12 14 1 18 20
Théi gian ¥y mius =2
f - T T =T T T T — T
"-
:-r:v,sL -
o l T B e, Uil WD S D VPSP DS WD M WA
o 2 4 6 8 10 12 14 16 18 20
Thel gian gidn dogn £

Hinh 5.6:Tac dong idy méu trong cac dao déng tur nhién

Trong hinh 5.6 ta c6 thé nhén xét cdc ddp ing cta hé thong 1y mau theo
vi du 5.6 trong hinh 5.6, chon x,[r] 13 ddu ra hé théng, khi diéu kién ban diu

1a x, =[1 0} d&i v6i cic gid tri khac nhau ctia A. Ta nhan thdy, truc ngang
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twong tng vi £, nhu vay cac khoang khac thai gian thue (real instants times)
la A .

Mot vdn dé quan trong lién quan dén 14y miu cdc tin hiéu thdi gian lién
tuc 1 chu ki 18y méu phai duge chon di nho dé niam bit duge ban chat cot
yéu cita tin hiéu duce 1&y miu. Vi du vé mot chon lua A 81, gia thiét tin
hiéu f(1)= Asin(w, ) duge ldy mdu trong timg A gidy, v6i A=2ir/w,.l¢e
Khi dy tin hiéu thoi gian roi rac két qua la f(£)=0.Vr €
5.3.4. Subién doi déng dang trang théi

Y tedng chuyén déi trang théi thong qua bién d6i dong dang gin twong
tr nhu 4p dung déi vaéi heé thong thdt gian lién tuc. Su bién d61 nay khong
gay nén su thay déi tinh chét cia hé théng,

Khong gian trang thdi va cdc ham fruyén

M@6i quan hé giita khéng gian trang thdi va cic mo hinh ham truyén cho
cdc hé théng thoi gian rdi rac vé co ban gidng truong hgp thai gian lién tyc.
(xem muc 5.2). C6 thé ndi, mo ti khong gian trang thdi cia cdc hé théng bat
bién thdi gian tuyén tinh va ham truyén 13 cdc cdch mo ta hé théng, mic du
trong mot sO truong hop, khong gian trang thdi cung ¢dp thong tin trong hé
théng nhi¢u hon.

Padi vai mot ham bat bién thai gian tuyén tinh véi dau vao u(r)e ™ va
ddura y(= P hamtruyén Hiz)e ™" duge xdce dinh boi phuong trinh:

Y (z2)
U,z2)

Y(z)= H(z)U(z) trong d6 [H()], = {5.113)
e thanh phén (i,j) trong ma tran H(z) 1a bién di Zeta cna dép dng ddu ra
thi i (i) khi mot DPen ta Kroneckerdon vi (unit Kronecker's delta) dat & dau
vao thit J (j), véi cde diéu kién ban ddu bang 0 va vdi cdc dau vao con lai
bing O cho tatca 1> 0.

Mait khdc néu dp dung bién déi Zeta vao mo hinh khéng gian trang théi
thdi gian rdn rac (5.93) va (5.94) véi cdc diéu kién ban ddu bing 0, ta cé:

X(zy={(zd - A,)"'B,U(2) (5.114)
Y(2)=C,X(2)+ D,U(z) (5.115)
Dandén: C,(zi-A;)'B,+D,=H|z] (5.116)
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Trong phan tich sau, ta trong tdm vao cic hé théng vo hudng, tic
m=p=1, B,,C} Vi cic vects cOt vi D, =H( ). C6 thé thay, H(z} la thuong
cua cdc da thie theo -, ife:

CyAdj(cl ~A)By + Dy det(zl — A1)
det(zf - A))

Hi{:)=

(5.117)

& day Adj(o) biéu hién ma tran lién hop ctia (o).

Nhu vay, tuong ty trudng hop thdi gian lién tuc, cdc cyc ham truyén la
cdc gid tri riéng cua ma tran A, Tuy nhién, diéu dé nhin chung khong dling
trong trudng hop tap hgp cde diém cue cia ham truyén triing va6i tap hop céc
gia tri riéng clia ma tran. Can biét ring cdc mo hinh ham truyén c6 thé ddu
sy huy gifia cdc cuc va cdce zero, v8i cdc hé gqua duge mo ta trong phan “Tinh
diéu khién dugc, tinh dat duoc va tinh 6n dinh duoc » va “Tinh quan sdi
dugce, va tdi lap duoc™,

Mot két luan guan trong cho hé thang thdi gian rdi rac 1a nhu cho cic hé
thong thoi gian Yién tuc. Ham tuyén cé the cung cdap khong cung hirong
thong tin nfie mo inl khong gian trarg thai cho cting hé thong.

Pé thu duge mo hinh khong gian trang thdi ta ¢6 thé si dung phuong
phiap da duge dé nghi & trong phan 5.2 “khong gian trang thai v cdc ham
truyén’ dp dung bign déi Zeta thay vi bién doi Laplace va sir dung sy kién 1i:

F(z)=74flM e = 7{rl 1] (5.118)

Vidu 5.9 Ham truyén ctia mot hé thong duoc cho boi

20— 2+
bl % o 31.3\,+}.04 .\ (5.119)
(z—-08):-06) 7 -14:+048

Thuc hién tai thiéu cho hé¢ théng nay la:

0 1 0] . . B :
A{,{_MS —1,4]’ f;,,z[l J C,=[04 18], D, =2 (5.120)

Trong mo hinh thii gian roi rac cling s& xay ra: ham truyén hé théng la
hdt bién doi voi cde bidn doi dong dang trang thii,

5.4, MO HINH KHONG GIAN TRANG THAI CHO CAC HE THONG €O NOI
KET.

Pé xay dung cdc mo hinh khong gian trang thdi cho nhitng hé théng
phitc, doi khi can mo ta ching nhu cdc két ndi cda cic hé thdng don gian
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hon. Két ndi nay thuong 1a mot 16 hop cia 3 cau tric két ndi co sé: lién tc,
song song va phan hai. Sau day ta xét mo hinh khong gian trang thii cho cic
hé thong két hop nay.

Trong cdc phan tich sau, ta str dung hai hé thong, dugce dinh nghia boi

Hé théng 1: dhx (1) = Aux, (1) + By (1) (5.121)
yi{t)y=Cix () + Dy (1) (3.122)
Hé théng 2: dxéfr) = A, x, (1) + Byu, (2) (5.123)
Yo (1) = Cyxy () + Datty (1) (5.124)

Két noi lién tiép

K&t n6i he theng duoc thé hien nhu & hinh 5.7a duoc bigt dén nhu 13 he
thong néi lién tiép hodc ndi ghép ting. Dé xay dung mo hinh khong gian
trang thdi yéu ciu, nhan xét dau tién 1a y.(t)=u,(t), nhu vy ddu vao cua hé

el
{
SO B ey | T LY L ornas
uy(t) ) -
) g S X Y
a)
uit) Us{t) ‘,"2(‘) y1(t) yit

—_— L) —e] X(0
u,{t]
) i |

Hinh 8.7 MO hinh khong gian trang thai cho cac hé théng két ndi
a) lién tuc bjsong song c)c6 phan héi.

thong ghép lai 1a uft)=u.(1) va ddu ra coa hé thong ghép la v(t)=y,(t}, nhu
vay ta thu dugc:

[‘.i'(’)]z["“ 31(33["(”]4-[8'03]“0) (5.125)
X5 (1) 0 A, x (1) B,
¥y =|c, D.C{""l((?)}[olozh(r} (5.126)
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Két nii song song

K&t ngi hé thong duge thé hién nhu & hinh 5.7b goi 1a mot hé thdng song
song. D€ xay dung mo hinh khong gian trang thdi yéu ciu, nhan xét dau vio
cua hé thong 1a w(t)=u,(t)= wuftr) vd ddu ra ciia hé thoéng toan bo
Y=y (t)+y,(t), ta co:

X 0.
l:‘?ci{f)}zli/‘l ]‘:r!(r}:‘-l—[Bt}u(f) (5]2?)
Xy (t) 0 A, | x,(1) B,
1% 41)
)](f) = [(_'] C:[ (I)}.‘%I‘DI +D3 }f(.’) (5.128)
.x'!

Két néi cé phan hoi

Két néi hé thong duge thé hién nhu & hinh 5.7¢ duge goi ta hé théng ¢
phan héi (v6i phan hl am), tuong img véi cau tric co s& cha mot vong difu
khién, trong d6 S, la thiét bi va S, 1a bo diéu khién. Dé xay dung mo hinh
khéng gian trang thdi ghép ndi, ta nhan xét dau vao ciua hé thong todn bd
thod man u(tj=u.{t)+y,(t) vd dau ra cha hé théng toan bo y(t)=y,(1}). Tiép
theo gia thiét ring hé thong S, (thiét bi ) 12 phi hgp tuyét déi, nic D,=0, khi
dé ta thu durge:

HO]_[A-BDC BCTxn] [BD; ) (5.129)

X, (1) ~ B,C, A, | x(® B, o

vy =|C, 0{“% (5.130)
x,{f)

Nhimg két qua tuong tr duge ap dung véi nhitng sira d6i thich dang vé
chi ti€t cho cac hé thong két ndi thdi gian roi rac. Chi tiét hon ¢d thé tim doc
a9,

5.5. TINH CHAT CUA HE THONG

5.5.1. Tinh diéu khién dugc {controllability),tinh dat duoc (reachability)
va tinh 6n dinh duoc (stabilizability)

Mot cau hoi rat quan trong cdn quan tam vé cac hé thong diéu khién sir
dung mo hinh trang thdi 1 liéu ¢6 thé thay ddi trang théi thong qua dau vao,
diéu khién tdi nhimg vi tri nao dé trong khong gian trang thdi. Biét ring cdc
trang thdi coa modt hé thong thudng 12 cac nd1 bién nhu nhiét do, dp luc, muc
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chit long,v...v. Boi khi d6 1a nhimg gid tr] té¢i han ma ta mudn gilr trong
khoang cdc gia tri dinh trude.

Tinh diéu khién duoc (controllability)

Tinh diéu khién duge lién quan dén viéc, lieu mot trang thii ban dau x,,
cho trude ¢6 the duge ddn vé gde (orgin) trong mot thai gian nhat dinh khi
sirdung dau vao u(t).

Vi die 5.70: Neéu ta phan tich ma hinh, dinh nghia & (5.131), ¢ d6 diu
vao khong ¢ dnh hudng 1én trang thii x,(t):

T'F'(!)}{U IT'\"({)Jﬁ»(I}:;(r) (5.131)
L\':(f} 0 OJL.\'J(IJ L0

Cho trang thai ban dédu [y (0, (0], dau vio uft) ¢6 thé duge chon dé
dan x,{1) vé O trong khi x,(1) vin git khong thay doi.

Chinh thite, ta ¢6 dinh nghia sau:

Dinh nghia I: Mot trang thdi x, néi la ¢ thé didu khién duge, néu 16n
tai moOr khoang thai gian ¢é han [O,T] va mot dau vio u(r).re [ﬂ,ﬂ, nhir
vay xT) = 0. Néu tit ¢i cdc trang thai 1 ¢6 thé didu khién . thi hé thong niy
duoe noi [ o the diéu khién hodn toan.

Tinh dat duoc (Reachability)

Khai miém lién quan dén tinh dar dicoe, doi khi duge s dung trong cic
hé thang thai gian giiin doan. duoe phét bidu nhu sau:

Sandy nghic 20 MOt trang thdi T2 0 duge goi 1a “dat duge ™ (reachable).
Audt phdt (W gde, néu cho x(M=0, ton tai mdt khoang thén gian hitu han
0.7 Jvi mot dau vio {utn).re [0.7TT. nhu vay thi «(7) =7 . Néu tit ca cic
trang thai [ “dat duge ™, hé thong duge xem {a “dat duoc™ toan toan.

béi véi cic hé théng tuyén tinh, bt bién va lién tuc v8i thdi gian, khong
¢6 su khic nhau gifta tinh diéu khién duge hoan todn va tinh dat duge hoan
toan. Tuy nhién trong truomg hop thoi gian roi rac ¢ing ¢ mot chit sy khic
nhau t€ nhi. Sau day {a vi du minh hoa .

Vidu 5.71: Xét hé thong ¢é dav ra:

0.5 1 - 0.5 17
.\-[mj{_m “OS]_,;(:)=>X|,_|=LU_H _OJ 0] (5.132)
A,
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C6 thé nhan thily hé thong ndy c6 tin diéu khién dugc hoan toan vi
Ar]=0.vr22va voi viole 7. Diéu nay ham ¥ ring moi trang thdi ban dau [a
¢6 thé kiém sodt dugc. Tuy nhién khong thé dat duce trang thai khong vé 0
(nonzero state).

Trong hé thong thoi gian roi rac, khong ¢6 sy khde biét 16n gilta tinh
diéu khién dugc va tinh dat duge nén ngudi ta thudng ding tir tinh diéu
khién duge cho cd hai nghia. Con trong mot hé théng bit bién thai gian
tuyén tinh, tinh diéu khién duoc va dat duogc thuomg duoc sir dung 14n.

Phdn Iy chudn va tinh én dinh dwoc (canonical decomposition and
stabilizability)

Né&u ta ¢4 mot hé théng khong ¢6 tinh diéu khién dugc toan bg, hé thong
nay ¢6 thé phan thinh mot hé théng con ¢é tinh diéu khién duge toan bo va
mot hé théng con khong diéu khién duge, theo cich sau:

B dé . Xét mot hé thong c6 bac {I.[a.Bll=k <n, khi 4y t6n tai mot

bién doi twong e T, nhu vay X=T "x,

A=T7AT B=T7"R (5.133)
vi A,B c¢6 dang
1o A Ao g:[Br] 15.134)
0 A 0

Trong d6 A, c6 kich thudc k va ( A..B. )13 c6 khd nang diéu khién toan
bo.

K&t qua trén cho biét, két qua nio cd thé va két qua nao Khong ¢6 thé (4
duoc vé 0. Dé danh gid diéu ndy, ta c6 thé bicu dién trang thal va cdc
phuong trinh dau ra & dang:

[..r‘. }[AL_ ﬁg}[f }{ ‘{}” (5.135)

X 0 A,,;- e 0

v= [c C][f ]+ Du (5.136)
X

Phdn khéng gian ¢6 thé diéu khién duwgc(controllable substate) cia mot
mo hinh hé théng bao gém tit cd cdc trang thdi duce sinh ra qua timg ket
hop tuyén tinh kha di clia cdc trang thdi trong x.. DO én dinh (stability) cla

=]
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phén khong gian nady dugc quyét dinh bdi vi trf clia cdc gid tri riéng clia A .

Mic khac, phdn khong gian khong thé diéu khién duge (uncontrollable
substate) gbém tit ca cac trang thdi duge sinh ra qua timg két hgp tuyén tinh
kha di cla cdce trang thdi trong T. DO 6n dinh cla phan khong gian nay
dugc quyét dinh boi vi tri cla cdc gid tri rieng A, .

Vi 1i do nay, dau viio s& khong <6 anh huéng dér phan khong gian
khong diéu khién duge. Nhu vay ta chi ¢6 thé hy vong i phan nay ciing 6n
dinh, r6i trang thdi trong phidn khong gian nay s& dén dieém géc. Trong
trudmg hop ndy mo hinh khong gian trang thii duge néi la ¢ kha nang on
dimnh (siabilizable).

Dic di¢m chd y&u clia mo ta (5.135) va (5.136) ndy sinh tir su vi¢e ham
truyen duoc cho bai:

His)=C (s =AY ' B +D (5.137)

Phurong trinh (5.137) phdt biéu rdng cdc gid tri riéng clia phin khong
gian khong thé diéu khién khong thude vio tap hop cdc cue ctia ham truyén |
Didu ndy ¢6 nghia ¢& sy huy tdt ca cic cye tuong (mg véi nghiém coa
(s - Im_ IR

Dang thitc hop chudn diéu khién dioc

Bo dé 2. Xét mot mo hinh khong gian trang thdi ¢6 kha nang dat dén
(reachable) toan bo cho mot hé thong SISO. Khi dé ton tai mot phép bién doi
tuong ty chuyén déi mo hinh khong gian trang thdi thanh dang thic hop
chuan diéu khién duoc (controllability canonical form) sau:

00 - 0 - 1
L0 0 -q 0

A=lo 1 0 -—ayl; B =0 (5.138)
00 - | -a 0

o day v, A" @A+ a, = deA - A 1A da thiie ddc tinh cha A

BG aé 3: Xét mot mo hinh khong gian trang thai ¢6 khi nang diéu khién
(controllable) toan bo cho mot he théng SISO. Khi d6 ton tai mot phép bien
déi tuong tu, chuyén déi mé hinh khong gian trang thdi thanh dang thitc hop
chuin diéu khién duge (controller canonical form) sau:
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l 0 0 0 0
A=| 0 ! 00 B =0 (5.139)
G 0 | 0 0

Trong d6 X" +«, A" ' + ...+ ok +a, = dewAf — Ay |4 da thite dac tinh cha A

5.5.2. Tinh quan sat duoc & tdi ldp dugc

(Observability& Reconstructibility)

Néu xét mot mo hinh khong gian trang thii cia mot hé thong, khi ¢
thé dit dodn theo sy quan st ddu ra hé thong qua mot khoang thai gian ma
biét duge mot s thong tin vé trang thdi thi 1a noi hé théng dé ¢6 kha nang
quan sat duge (hoac tdi lap duoc).

Tinh quan sat duoc (observability)

Kha nang quan sit duge lién quan dén nhitng van dé ¢6 thé ndi vé trang
thai néu ta do ddu ra cha thiét bi.

Vidu 5.11: Néu nhin viio hé thong duge dinh nghia bdi mo hinh khéng
gian trang thdi:

["?‘m}:[q 0][""“)]; W=l o{x‘“)] (5.140)
X, () I =) x5 (1)

Ta c6 thé nhan thay ddu ra y(t) dugc quyét dinh chi bai x,(t), bién trang
thdi khdc x,(t) khong ¢6 anh hudng én diau ra. Hé thong nhu vay khong c¢é
tinh quan sdt duge hoan toan .

Dinh nghia 3: Trang thai x, 20 dugc néi [a khong thé quan sdt duoc
néu x(M=ux, va u() =0 d6i v6i ¢ 20 thi ¥(1)=0d46i v6i 1 20, tic ta khong
thé thdy bat ki anh hudmg ndo cia x,, tén ddu ra hé thong.

Hé thong duge goi 1 c6 thé quan sdt duge hoan toan néu & dé khong
ton tai trang khong vé 0 (nonzero) ban dédu (trang thai nay la khong quan
st duge).

Tinh tdi ldp duoc (reconstructibility)

Mot khdi niém lien quan mat thiét véi kha nang quan sat goi 1a kha
nang tai l1ap. Kha nang tdi lap 1ién quan véi nhimg gi ¢6 thé néi vé x(T), khi
c6 cdc gid tri qud khir cha dau ra y d6i véi o<r<7. DGi v6i cdc hé thong
tuyén tinh bat bign thdi gian lién tuc, khong cin thiét ¢6 su phan biét gitta
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tinh quan sat duge va tdi 1ap duge. Tuy nhién déi vé he thong that gian ro
rac thi ¢ sir khic nhau gitta ching. Sau day 1a vi du minh hoa.

Vidu5.712: Xét

X[t +1]=0 Ao)=x, v[r]=0 (5.141)

Hé théng nay rd rang 13 ¢o tinh tai lap duge cho 1t ¢id 721, vi chic chin
rang x|7|=0 v6i 7 =1. Tuy nhién né khong thé quan sdt todn bo duoe do
v[t]=0, wkbat luan x, thé ndo.

Sy khdc nhau gilra 2 khdi niém wén khong nhiéu vi vay ngudi ta thuong
ding khéi niém tinlr quan sdt duge cho ca hai khdi niém,
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CHUUNG 6. PHAN TiCH HE THONG- WAY CONG CU CNC

6.1. BIEN DANG TINH VA BIEN DANG PONG TRONG GIA CONG
6.1.1. Gioi thiéu

Mdy cong cu 13 mdy dé ché tao cdc may khic. D€ cé dwoc dung sai theo
yéu cdu, miy cong cu phai c¢é do chinh xic cao hon dung sai cia chi tict
duge gia cong trén nd. PO chinh xdc ctia mdy cong cu , tac dong vao do
chinh xdc dinh vi dung cu cit tong quan v&i phoi gia cong  vd bién dang
cdu tric twong doi giirta ching. Sau day ta xem xét phan tich k¥ thuat va mo
hinh bi€n dang tinh va bién dang dong dung cu cat va phoi.

Ké&t ciau ctia may cong cu

Mot mdy cong cu diéu khién 56 132 mot he théng bao gdin 3 nhém chinh:
cdc két cdu co, cdc thianh phin truyén dong va diéu khién, nhur the hién O
hinh 6.1.

K¢t cau co khiz bao gbm cdc than tinh v dong. Cdc than tinh gom bé
{beds), cot (columm), dam mdy (bridge). hop giam t6¢,bé dd cdc bo phan
dich chuyén. Cic bo phan dich chuyén gdm: ban, than trwgt, truc chinh | céc
binh rang, vdng bi va cac chi tiét di dong khace. .. Thiét k& két cdu cic chi Liét
mady cong cu yéu cdu tinh cimg vilmg cao, on dinh nhiét va giam rung dong.
Nhin chung, kich thuGe cia may cong cu duge danh gid cao trong v. . han
ché bién dang dong va tinh trong gia cong dén mirc 181 thiéu.

Thanh phdn truyén déng: co ciu chuyén dong trong miy cong cu duoc
phan ra: truyén dong truc chinh vi truyén dong truc dn dao. Truyén dong
truc chinh cap téc do quay, momen va cong sudt d€ quay truc chinh. Nhiing
truc c6 tdc dg thdp hodc trung binh ¢6 thé dugc két néi véi dong ca dién
thong qua dai V, hop giam t6c | cdp va li hop. o truc chinh véi to¢ do cao
(n>15000vong/phit) dong cg dién co thé duge gan tryc tiép vio truc chinh
dé giam quin tinh v ma sat (tao nén bdi khdp néi dong co- truc chinh).
Trong mot trung tam gia cong, thudng trong thdi gian ngan truc chinh phai
c6 thé thay doi tir 16¢ do thap [én t6c do cao va ngugc fai, do vay cin ¢d két
ciu phit hop v6i dac tinh cong tdc nay. Hé truyén dong chay dao mang ban
mdy hoac ban chay dao. Thudng dai ¢ duge 1dp vao ban mdy, truc vit me thi
két ndi true ti€p voi dong co, hoidc thong qua hé thong banh rang tuy thudc
vao td¢ dd an dao, quén tinh va yéu cau giam moémen, Trong mdy cong cu
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truyén thang, d6 la ¢éc hop giam tée theo bac dé dat duge t6¢ do tién dao
mong mudn. Trong mdy cong cu CNC, méi truc vit me chay dao két noi vai
rieng mot dong co. V& may cong cy ¢6 16¢ do rit cao, dong ¢o truc dn dao
6 thé 1a cic dong co wyén tinh, chay dao true tiép (khong qua truc vit me-
dai 6c) dé tranh quan tinh thita va cdc thanh phén ti€p xtc ma sat.

Piéu khién: Cic thanh phan diéu khién gém: dong co. cic bo khuéch
dai, cong tac va cdic mdy tinh- cic thanh phan duge sir dung dé tiép nang
luong cho cic chi tiél dién theo tudn tu diéu khién va thon gian. Trong may
cong cu truyén thong d6 thuomg la cic rale, cong tac hanh trinh, cic chiet ap
diéu khién ban mdy va cdc chuyén mach diéu khién hudng. 0 cic May CNC.
do 14 bd khuéch dai cong suat servo, cac thiét bi déng/ma cich quang (opto -
isolated ON/OFF), cic cong tac hanh trinh v mot hé may tinh duoc trang bi
vai diéu khién khan va cdc hé giao dién ngudi van hanh. Tae do chay dao vi
do chinh xdc dinh vi ctia truyén dong chay dao phu thude vao cong sudt va
momen cip cua dong co servo vir thudt toan diéu khién servo truyén dong
chay dao, dudc thuc hién & bo diéu khién s6 (CNC) |

B& thay dao tu dong

Bong ca chay M-
‘ dao >

B1ng ¢ lich hap chay truc
chinh va chay dao
®

Bing chuuyén
@
phai

-
Truyén dong ] Byt *
chay dao Ban may

Hinh6.1: Trung tam gia cong CNC
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6.1.2. Nguyén Ii co so trong gia céng

Trong gia cong. vt licu ¢ thé duge boe tdch bai dung cu truyén théng
(dio phay, bao . tién. ...) hodc cde chim niing lugng tai vi tri giao dién cua
dung cu va phoi. Vi dung cuy truyén thong. giao dién nay dé xde dinh, con
doi v cdc tia nding luong thi Kho xde dinh hon nhiéu do viée phéan chia ning
fugng khong dong dung- trong khong gian 3 chiéu.

Maiy ¢ong cu <O the coi Ih mot robot (co cdu vin hinh) v&i mot so - bic
tur do khidce nhau, mang trén than ci dung cu v vir gia cong. Trén quan dic¢m
* diéu khién chinh xdc’

dong hoc. chie nang " va * kha nang 1ap lai diem tiép
xtie “gitta dung cu ¢it vt phoi duge goi la giao dién gia cong (machining
interface) viv duoe quan 1am, Giao dién nay xdce dinh dé hon doi véi dung cu
truyén théng. nhiing ciing khong don giin do ¢6 su thay doi cia cic tham so
trong qua rinh gia cong, Nhimg chie nang khde va két edu ctia mdy cong cu
déu phuc vu cho muce dich duy tri gizo dién ndy.

Chudi Két civ mdy gom : ludi ¢it cha dao, dau git dao. cdc dudng va he
trugn dé dich chuyén dung cu/phoi, cde true giit dung cu hode phot, chiw cép.
cdc d6 gid va cie rung dong hén trong, léch tam v nhitng tic dong dong e
hoc khac. Thuong, nhimg thay doi khong thé kicm sodt hoac khong biét
trong chudi Kt ciu 1 nhimg nguon chinh giy 161 dong hoc trong gia cong.
Cic tic dong bén ngodi chudi két cau gay dnh hudng va tao 180 gla cong ¢d
thé 1 cdac dao dong. sy thay doi nhiét, v...v.

Co nhidu ngudn gdy sai so trong gia cong. Sai o duge coi T todn bo cdce
anh huong tGi viee gia cong chi tict "hoan hio”. Mot chi 1iét hoian hao la chi
tict ¢4 kich thude chinh xide . bé mit gia cong nhiam t6t, hinh dang hinh hoc
va val ligu thod mian moi dicu Kién theo yéu ciu thiét k&, Thue 1€ khong ¢
st chinh xde tuyet doi. Ta had long vér chi tiét "chap nhan duoc”. Toi ¢6
dung sai khong vuot khoi gior han cho phép . dd nhdam cing nhu hinh dung
hinh hoc khong vuot gigi han sir dung va vit liéu véi cic tinh chat da duge
du dodn cho nhitng pham vi tng dung. Sai s6 gia cong tao nén tat ci cic
thudc tinh khong 1§ tudng chia mol chi tiét.

6.1.3. Sai s6 hinh dang kich thudc trong gia céng

Cdc nguyén nhan giy bign dang tuong doi gitta dung cu c¢it v phoi gia
cong tai diém tiép xic ¢6 thé do nhiét, khéi lugng va cdc luc cat. Mdy cong
cu ¢6 cdc thanh phan chuyén dong v quay, ching bi lam néng do ma sit.
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Nhiét d¢ khong déu gilra cdc chi tiét mdy do cdc hé s6 vi nguon nhiét khong
nhu nhau. Dau truc chinh (ndm trén cong hoic cot khung ding) thay déi vi
tri ctng toa ¢ cua dicm ¢t trén phoi. Khoi lugng di chuyén s& lam thay doi
d¢ cung hode do dich chuyén twong déi gitta dung cu vi phoi tai diém cét,
Bién dang do nhiéi/khdi luong ¢é thé do duoc tai cac vi tri khidc nhau cla
ban mdy hoac dau truc chinh, luu vio bing ghi bl cua CNC. Khi dung cu
chay, sai s0 duge doc tr bang ghi va bé sung viio chuyén dong, theo Iénh clia
CNC dé b cdc sai léch bien dang trong khi gia cong.

Sai ¢ kich thudce boi luc ¢it

Sau day ta bin dén sai s6 gy nén bai tiee cat. Khi dung cu dich chuyén
theo doc dudng chay dao, ¢6 thé ¢é sy thay doi vé dai tuong va hadng ca
¢iic lue ¢it cling nhu do ciing twong déi gitta dung cu cit vir phoi. Chuyén vi
trong doi gy nén do sai 1éch so véi kich thude yéu ciu cua chi tict, tao sai
sO kich thede va sai so hind dang hinh loc,

Vidu: Sui téch hinh dang trong phay mdt dan

Thanh cua cice chi tét duge gia cong bai phan tru cla dao phay ngon ¢é
bé mit gia cong vuong gdce vii hudng tién cia dung cu . NEu hudng tién viy
hudng true giao dit vao hé toa do Décac x.y tuong tng, bat cir sw 1¢&ch theo
hudng y nio déu ¢ thé 1ao sai 5o tinh v6 hinh dang (static form error). Cic
dao phay ngén ¢é thé xem nhu 1a mét thanh tru dan héi duge ngam vao truc
chinh thong qua éng kep. Ching I phan nhay cam nhat trong hé thong mdy
cong cu do ti 1& dwdng Kinh dung cy-chiéu dii ngdm kha nho,

Sai s6 hinh dang tao nén bui phay mat ddu xodn 6c kha phttc tap. Cic
luc cat khong c6 dinh ma thay doi véi sy quay cta dao. Hon nita géc xoan
cta dudng rinh tao thém nhitng thay d6i vé phan bd luc cit doc theo dutmg
truc 7 cla ludi cit.

Dé don gian trong viéc gidi thich co ché tao bé mit gia cong, rude hét,
ta xét trudng hop dao phay ngdén véi dudng riinh thang (e gée xoin (), o)
day, do vong vuong gdée véi bé mat gia cong (theo hudng y) 1a quan trong.
bé vang tinh, gay nén bdi luc vuong goe F, tai phia dau ty do cua dao phay
8 =F 7k wong d6 k =QEN/T va I=(mi*)/64, d- dudng kinh tic

dung caa ludi cit, 18y bang 0.8 + 0,85 duong kinh ngodi (tuy theo dang rinh
mang) vi /- khodng cdch tir diém ciit dén diém kep. Luc cit i 1¢ thuin vai



chiéu diyy phoi 1 vi bang:

F_‘_ () = K,cch{o)yx [cus(tp) +K sin(é)] (6.1)

Vai ¢ la gde chim do G true v dén diém ciit. chiéu diy cda phoi 1
higy = csing) , vai ¢ 1a lugng tién dao wén rang. Rang tao bé mat khi ticp xde
véi 16 hode khi ¢ nam trén truc y phap tuyén. Khi dao ndm trén true vy, chidu
day phoi luon biing 0. Truong hop nay xay ra tai vi trf viio phoi kKhi phay
nghich (¢ =0) hodc vi wi ra & phay thudn (¢ =), hinh 6.2 Nhu vay néu ¢hi
e Mot rang trong vimg ¢at, véi moi do din hdi cha dao phay ngdn vie do
I6n coa fue cat, sai s¢ hinh dang bé mat s& 1a 0 (dao phay ngon rinh thang).
Trudmy hop ndy duge sit dung cat tinh, khi dao ¢é géc chim hudng kinh nho
hon nhido so véi goc bude [udi cat. Tuy nhién néu ¢d han 1 ring tham gia
cat cung Nic. lue ¢t ¢ khong

Y cdn bang 0 khi mot rang nam

thing hudng truc v, vi tai cic
ranh khic

rrong

dd ¢ phoi cit
ving nhing. Trong
truomg hop ndy dung cy hoac
vong xudng bé mit khi phay
nghich. giy sai s hinh dang
ciit qud, hoiic 16§ 1&n so véi bé

mat trong phay thuan, giy sai
56 hinh dang cét nong.

Tao hinth bé mit rd nén
phire tap khi dung dao phay
ngon rinh xodn (hefical), Ké
ca trudmg hop dao chi vé mot
rinh ¢t cling luon d€ lai sai
s hinh dang bé mat.  Xét
mot canh ranh tai phin dudéi

A - . T - " — - -
THe da tén cung cua ludi cit duge sap
thang hang véi truc y. vi vay
b) cd g6c chim 0 (uc

Hinh 6,2 Anh hudng cia chiéu rong cit va
phurong thire cét 16n sai 6 hinh dang bé mat
a) Phay thuan b} Phay nghich

#(z=0=0 . Khi dao phay
ngén quay, dinh cua rinh di



chuyén dén gée chim ¢, trong lic mot diém phia trén rinh | ¢o toa do z do
tr dinh, s&¢ & phia bén phai truc y, tir d6 tao bé mat gia cong. Vi luc phip
tuyén khic O tai thai diém dy, do dich chuyén dan héi cua dao phay ngén sé
tao nén mot sai 6 hinh dang trén bé mit. Khi ludi cat quay, diém tao bé mat
gia cong s chuyén dong hudng 1én doc mang rinh nho gée xoan. Phu thude
vao s0 ranh vir chiéu rong 19p it ¢6 thé ¢é nhidu hon mot diem cat duge sap
thing theo truc y hodc tiép xuc véi bé mat gia cong. Cic diém ticp xiic ¢
thé tinh duge khi can bing goc chim tite thai (¢, () =¢ +(j~ 1o, —k,= VG

k= (21an 3)/d ) ti€n d€n O khi phay nghich, 7 khi phay thuan:

_e+i-le,

L (Phay nghich) (6.2)
Ky
=9+ (j-ho, ;
z= . : (Phay thuin) (6.3)
i

Trong do f la goc  xodn,

{‘15{ i=1.2,...,N-1 l& chi s6 ranh vi
TﬁzzaT 9, =2m)/ N 1a gbe budic mai cat.

:
d . PO ey :
- Nhu viy ta ¢6 the Kp ra thudt
; 2| 5 Y toin du doan sai 56 hinh dang
F “"r‘l . - -~ k- - al .
gia cong. Ludi ciat ¢o theé chia

! cat a (xem hinh 6.3), n6 ¢6 the

RS
=Y e dhn ! Fy thinh M thanh phan hinh dia
K R Yl R 1 [ i3 . : ;
5 7 theo chicu sau doc truc cua lop
7 T
i quay mot goce gia sO Ag (vi du
Hinh 6.3: MO hinh bién dang tinh dao phay ngon = 0.Ap.2A¢....., ). Mdi Mot
phédn 1r vi phan ¢6 chi¢u sau cat
doc truc Az =a/M vitkhi chon cdc phin wr nho, anh huong cua goc xoan ¢6
thé bo qua. Luc ¢t vi phan (xem hinh 6.3) sinh boi thanh phan m li:
N
AF_ (@)= K,r'A:ZI&iﬂq‘h(:J -K, cnstpf{:}l‘un ¢, (6.4)
Il
Trong d6 K, , K, 1a céc hing s6 cat va ¢ 1a lugng an dao trén ring.
Goc chim cho thanh phan m 1a ¢ (m) =@+ (j = Do, =4 mAz . Cic lue cit

thitnh phan ¢6 thé chong nhau ti cic bién wén clia cdac dia. Vong theo hudng



vt diem tiép xdv 2z, do lye dit vao thanh phin m gay nén, tinh cho thanh
cong xon 1a:

(3v, ~u,) U<y, <u,
(6.5)

— B, —0,) b, =
Yy, C

o) day £ la mo dun dan hoi. 7 1 momen qudn tinh tiét dién ¢ha dung cu
vit 3, =/ — 2, vOi 71 chicu dad tie diém ¢t dén mat mat ong kep. / duog tinh
theo ban kinh twong duong R =088 (0.8 i hé 0 t1 1€ gan ding do ¢d su hién
dién cua cic rinhy, Do vong tinh 1ong tai diém tiép xie doc true 2, duge tinh
khi chong cice do vong sinh boi M luc thimh phan lén dao phay ngdn:

Af

5\(:1}3235...(:.\.!”] (6.6)

h
6.1.4. Rung co hoc trong gia cong
Trong mdy cong cu, rung dong vai tro 10n cin (10 nang sult gia cong,
tang nhanh dé mon dung cu. gép phin L kém chal lugng bé mat v gay
hat go1 do true chinh. Sau day ta xem xét va phim tich mo hinh hé thong may
cOng cu trén co s¢ kY thudt phian tich dua vie thue nghiem. mot kg thuie
duge su dung rong it trong cde phuong tién gia cong hién dai. Trén co 8o
niy ¢ the B sdng 1o van dé rung v ngan nglia nd trong ing dung thug (¢,
6.1.4.1. Co so caa rung tu do va rung cuong buce
Nhu the hien & phin 2.2.2, ¢de k€t ciu co don gidn v&i mot bac tr do ¢
th¢ duge mo hinh hod bdi cde thanh phin khoi luong (m). 10 xo (k) vi giam
chin (o) nhu hinh 6.4 . Khi 6 mot lige ngoli F dat vho két cau. chuyeén dong
cua he duae midu ti bat phuong trinh bice vi phan 1a:
my+ox+hv=4FH (6.7)

Néu hé théng nhan mot cd dap trong mat khodng thai gian cye ngin. nod
s¢ thue hién cic dao dong te do (free vibration). Bién do cua dao dong sé
gidm din theo thai gian, i ham cua hing s6 gidm chan (damping constant)
cia ¢ thong, Tan s¢ dao déng bi dnh huomg chinh boi do cling va khoi
hegng vii mot phin bat hang s6 giim chan (tinh nhdr), hing 6 nay thudng {4



rat nho trong k&t cdu co khi. Khi hiing gidam chan biang 0 (c=(0) hé théng giao
dong véi tin sO tu nhién:

W, = N (6.8)
Gadsid Hé so giam chan
| ; s o~ N
k L.k _ (hoiic hé sd can) li
I Kx [
) S ) & =¢/2vkm , luon nho
m . . i.m | UT‘ . .
; X(t) ' (1) hon | trong két ciu ¢co
Fit) Fit) khi. O da s6 két cdu
a) mi = =ci=hy+ 1} kim loal, £ <005 hoac
xt) . . :
3 tham chi nho hon. Tan
sO tu nhién giam chin
Xy v 3 o . -
R . cua két ciu duge xac
Sl

dinh b

W, =w,1-E  (6.9)

Gid st khéi lugng
khong ¢o ngoai luc va
dich chuyén mot lugng

by X,. chuyén dong rung

Hinh6.4: M6 hinh hé thing khdi firgng 16 xo- ty do duge mitu ta bo:

. daf ddng giam dan cua hé théng njér I{éc ig do (1) = x, E . ot

a) Hé théng SDOF b)Rung tw do cua hé thong SDOF. (6.10)

Chu ki gitta m6i s6ng dao dong 1a 1, = 27/m,, day 1A cich don gian dé
ude doin tan s& tu nhién ¢d can caa hé thong tir cic phép do duo dong gud
do hodc ntie do (free or transient vibrations measurement). Hing s6 giam
chin cé thé xdp xi fir ti 1& cta bién do phan rii Ién nhat (max.) cla séng dau
tién va séng tha n ¢ia diy song lién tue véi phuong trinh:

¢ =1 it Yon (6.11)
N X

M
Khi ¢ mot ngoai tye F(t), he thong chiu mot mot deo déng cudng bide
(forced vibrations) . Néu luc F(O=F, khong d6i dit vdo kél ciu, hé thong
chiu mot dao dong qud do hodc dao dong tir do ngin, sau dé 6n dinh tai do



vong (o trang thdi tinh) x =F/k. Néu ngoai lue 1 mot lue diéu hod (dang
ham sin hoic cosin). ta ¢d the viét:
mX+ox+ kv = £ (sinat) (6.12)
Nbuw the, hé thong nay chiu duo déng cudng bic ¢d cling tin s6 o v
ngoai e, nhung vai thai gian/pha tré hon. Gid sir, cdc giao dong qua do
duge tao bgi cde tii ban diu y€u din, hé théng hoat dong & trang thdi on
dinh, khi ay:

)= X sinfexr + ) (6,13

Trong dao dong cudng buic, stt dung ham diéu hoa phic s€ thudn {gi hon.,
Luc diéu hod ¢é thé thé hién boi Fr) = Fe/e™™ | v6i o ld pha din so vdi
thai gian tham chi¢u hodc vi tri g6¢ trén mat mat phing phic. Ddp tmg dicu

hod wong ‘ng 1h x(D=Xc"™® | néu thay vie phuang trinh chuyén dong
(6.12) 1o

(k= m+ jweyXee™ = Fliy= Fpe/e™

Pha v bién do tong cha

1" T T T T T T - - i s
He 56 85 Ion cdc dao dong dieu hoa li
¢ i |(b(m}! =|—
Fy
E 115 - 7 I
E _I 700 .1 {6'I4)
5 (= r=y +(250
hasl 1 F ,
= — 'Jg,-
k=] _I —
ey = tun — T €
¥ oest 1 ¢ 1 —r-
A trong do, r 11 1 88 tan so
i} e v PR | a o - - . N -
002 0, i 14 2 (gidta tan $0 kich hoat v tan
O T T T T T T T P .
| \ o s¢ twr nhién) r=w/w,
_mr a - ; _
a0l li ] Phuong trinh {6.14) goi §a
g e I | ham truyén (transfer
e : 1 ] tunction} hodge ham ddap ting
B e et -Ir ---------------- —— B s
2 ; ] tan xé (tfrecquency response
-120 1 function) cia mdt két c¢du
l - .
-140} ,‘ : SDOF (hé thong mot bac tu
160k L 1 do), dé thi ctia né  duge thé
i b N
-180¢ o e S . v a " - S N ) &
P os : " 2 hién & hinh 6.5. Ham truyén
Tislansd - F

Hinh 6.5 Ham truyén dat cia mot hé thdng SDOF



e N . . N S
®(w) ¢6 the chia ra thiinh phan thue Glo)va do Hlw) coa ~—¢ "™ nhu saw
"0

L

p—— e —

. . .
15 L Phan thie Glw) kl(l—r:f +(2§”:J
1 IP _ —;?
‘ 0:5 . Hi{w)= kl{_]—.":}“‘+(2§r]1](6'lm
. _[:5 va o) = Gy + fH (o)
. Chi ¥ 1w digm  cong
v st hudng:  w=m,. r=1
e e o on TR PIR Y e Gl y=0. Him )= -1/23
° L ' Phan thue va o ¢ua hiam
o [ Prnac | truyén  duoe minh hoa rén

= o hinh 6.6 va bai do thi cue trén
hinh 6.7. Trén do thi niy, tai
diém cat tin s¢ 0. phin thyc
bing d6 din hoi  tinh (1/k).
Khi tdn s6 kich thich tién dén
tan Oty nhién (tie r=1), he

v D2z 04 05 08 1 12 14 16 18 2 thong cdng huong, bién do
TisGtansd-r

ctia dao dong trd thanh max.,
Hinh6.6 Ham truyén dat cha mot hé thdng SDOF  uéc pha tien gan -90". Thoi
glun tré gitra Kich thich va dip
g dwge xiac dinh bai
t, =¢/m 1 tan s kich thich
diéu hod w. Néu tan s6 kich
thich ti€p tuc tang, géc pha

tién dén -180", hodc tré xiy ra
O MmOt nura thai gian kich hoat.
Bien do cua ciac dao dong
giam do két cau vat i khong
thé ddp tng d6i véi cie nhiéu
s tain & cao. HE s6 can, do

5 -1 05 0
Phinthue G[1079x N/im)

Hinh 6.7 : Ham truyén dat cia mot hé théng SDOF
trong hé thdng tfoa d6 cuc

cifng va tin so i nhién ¢6 the
dugc ddnh gid tir hiim vuyen
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duge do vai mdy phan tich Fourier. Tai tdn 86 Kich hoat 0 (@ = 0) do idn ciia
D) va phin thye ciia ham truyén  Ge) bing véi do dan hdi tinh (1/k).
Khi doc céie gid tri nay tai cic tan 8¢ thap. can chi y s kém nhay cam cua
ciie phép do duge thue hién boi cie cam bién toc do va gia t6c. Phép ngoa
suy ham truyén tr e tin 6 cao hon, 6 dd cdc mibc cong hudng it ¢ thé
dugc coi 1 phuong phdp thay the dé dinh gid do cing. Thudme. cdc cim
bieén do chuyén vi cho cic phép do do din héi tinh chinh xic hon, PO 1dn

—

max. cia Gen) XAy ra i o = o 1 =27 . Gio) cd hai cye tri tai:
— 1
() =g, ,fl - -G, e
| T E - ) (6.16)
- ]

- =m”,ﬁ+ 28 -G

min

HEN+E)

Trong thyc t¢ ché tao mdy. cde kich hoat bén ngodi thudng 14 tan hoan
ahung khong digu hoa. Moi lue twéin hoin déu ¢d the the hién hoi cidc thanh
phan séng hii cua nd, Khi mot ngoai tue F(O (vi du nhu Tye phay) tudn hoan
v6i chu ki =27/ (tic chu ki cta rang dao phay). Trién khai theo chudi
Founer, ta c6:

4

Fin= (';—” + Za” cos et + an sInnt (617
= n-l aol

V@i n [ ham didu ho tin s6 cu ban w. K& qua chinh xdc coa cic he
s& Fourier ¢6 thé thu duoe bing 13y tich phan fién tuc, ¢ic tich phan yéu cau
thé hién todn hoc ham cuing bie tudn hodn F(o). Do thue 1€, kich hoat ngodi
nhu lue phay ¢6 chu ki dang séng khong déu nén ta cd the sir dung ki thuat
$6 10 rac dé tinh cdc hé so Fourier, Gia thiét, kich hoat tudn hoan duge o

hda déu tai ¢dc khoing T(s), N 1an trén khoang 7 (tde 7= NT), ta ¢

2
iy, _-_le!.i
.
: 2 & nlm. »
a, :—Elgcus ! vidii n=1,23.... (6.18)
L T
o
1 nim .
b, :—Ef’rsin——ﬂ—' volL n=123..
i-1 r

Trong phan tich thi nghi¢m. F ttong tag vai [@y mau thit i coa e boi
mdy phan tich Fourier. Ta con ¢ the the hién diy fourier roi ruc ctia him
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tuin hodn theo:

N
[('f) = E{.”(,'J"i..{) frienr (6 I ()J
ITH
N . e . b
Trong do: ¢, =\, +b; @, =tan " -

(f

,,.

Pé thi coa ¢, tdn s6 doi (versus frequency) o, duge goi Sa pho Fourier
(Fourier specerin), Dot vai mot kich hoat tuan hodn nhung khong diéu hoa.
ddp tmg & trang thdi on dinh cia mot he thing SDOF (heé thang 1 bac ne do)
¢é thé tinh duge bing phuang phip chéng dao dong duge tao boi cic thinh
phitn song hai coa kich hoat tudn hoan;

by .

NOED S E—— (6.20)

i kJ(l —nr) (28

Trong thuc ¢, kich hoat tudn hoan tiv bén ngoli  duge Xap xi bai chy 4
dén 5 thimh phin diu tién cua song hai (n). Nhitng song  hai bic cao hon
khong ¢0 nang leong dé gay anh huong tén dao dong. Cic luc phay chu ki
theo ring cé the bicu dién hdi thinh phin chudi Fourier. Néu séng hii clia
lye phay gan vai dao dong wr nhién cla két ciu, ¢d thé chon t6e do tryc
chinh luan phién dio chiéu dé tranh dao dong cudng biic.

6.1.4.2, Ham truyen  dinh hudng

S Cic bién dang tinh vi dong
' gifta dung cu va bé mat cit xdc
dinh dé chinh xdc va do tin cay
coa ¢dc thanh phan duge gia
cong. Mot mdy cong cu dic
trung 6 theé duge midu ti boi
mot ddy cdc khoi luong ndi voi
nhau bai 10 xo theo cic hudng
khdc nhau. Lwc cit tdng truyén

d€n mady thong qua cde 10 xo va
khat luong, Su 1ong hop cic
chuyén vi tao nén bai 14t ¢a
cic 10 xo theo hudng true giao
vdi bé mit cit gia cong quyét

Hinh6.8: Ham truyén dat chéo
cba chuyén vi dinh huong (y) va lue {F)



dinh d6 chinh xic kich thude codi vit khoi luong phoi boc tich khoi phoi gia
cong,

Xét mot khoi Juong chung () noi véi nén cimg bdi cidc 10 xo nhu thé
hién & hinh 6.8. MoOi mot 10 xo (i) viy khoi lugng m xde dinh mot hé théng
SDOF thee mdi hudng khice nhau thong qua dinh hudng géce (0)), xudt phit
tlr huéng bé mét ciw v, Luc ¢it tong F ¢ goc B so véi hudng bé mat cat v.
Yéu ciu xdc dinh chuyén vi ¢ hudng y. tao nén bdi tat ca cic 10 xo chiu dnh
huong luc F.

Luc truyén dén 10 xo 7 1a;

F = Feos9, - ) (6.21)

Néu hiam truyén & mdi hudng 10 xo la & (w)=x,/F . thi chuyén vi
tuwong dng cua 1o xo 7 la:

X, = F®(w) = Feosit), - )b (w) (6.22)

Dich chuyén theo hudng v cua 1d xo 1

v, = x, cosf, = Feosd, costd), — Bid(w) 6.23)

Gop cic thanh phin dao dong x; 0 hudng v ta s€ ¢é dao dong 10ng hop.
Ham truyén giita luc cat I va dao dong 0ng hop v duoc goi i hdm tuvén
dinht lurong (oriented transfer function) hodc fign truyén chéo (cross t-ansfer
function), la:

. -
D F(w)= ’i = ;;;‘ﬁm,uu) (6.24)

Trong d6 w,, = cos, costf, = B) 1 hé s6 dinh hudng (directional factor) o
hudng 7. Khi bo qua khoi lugng, ta cd thé sir dung cong thite (6.24) dé tinh
bién dang tinh téng hop & hudng v.
6.1.4.3. Cac hé thong toa do do va thiet ke

Trong phin tich két ¢cau miy cong cu, ta thutng st dung hé thong 3 toa
do, trong dé két cidu mdy cong cu duge md hinh hod boi mot lugng o xo,
gidm chan v khoi lugng. Cic hé théng nhy ¢6 thé [ hé thong roa dé do
(con goi 1 cue b)), thiét ké ' hodc hé thong toa do ricng (design, local and
modal svstems). Cic khoi lugng, 1B xo vi giam chan ¢6 thé xdc dinh duge
trong mot trong 3 he thong toa do niy, phu thude vio sy thuan lgi dé tinh
bang mdy tinh hodc thé hign vat H, Cic hé thong toa do riéng khong mang v
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nghia vat i, duge s dung d¢ phan tich do bén va sy hoat dong ¢ha toln ho
ket citu ti mot tan so wr nhien riéng bict (8 duge dé cap dén & phin sau).

LLLLT Ly

E

A A
o S
!
.

|

“;i k'.,

‘l,

-

A

S- ¥
a) )

Hinh 6.9 Chuyén vi va luc xéc cinh trong toa dé do va thiét ké
¢)Toa db do

a} Cac o xo ndi nhau  b) Toa di thist ké

Ly
N

]

B

i
- t-j

[

¢)

Cic toa do
thiot ké'va cue bo
duge  eiii thich
thong  qua kel
ciu  don  gian
duoe the hign bot
210 x0 nop ticp
nhau va lue F,vd
F. dit vio chiing
(hinhh 6.9}, cic
chuyén vi duoe
do i cac vt
an dinh (nhu i
didm ban diu |
vit 2. noi khong
bi  hién

Cac chuyén vi 1

dang).
X, X. . cde didm

tham  chica cho

phép dota i dinh, Cle choyéen vi ta x L X, dude xde dinh trong o do cne

ey i toe do doyo Tuy nlucin, Khi do gl tuong doi (eifm hat dau muat)

Cle o 1o duoe do, chiuyen vi trong dng dude xie dinh trong o do thici

e faesion coordinates).

Noi cich khidc, chuyén vi cuce bo (thé hign su thay

dét it dot trong loa do el mot didi trén KU caw. com chuyén vi thiel k¢

the hieén do gidn dat hode nén cha ricng mot 1o N,

Ciot ede lye 1S, vit S viv cde chuyén vi 12y, vy, trong toa do thigt ke,

thi:
S =k, So=k, v,
Hodac o dang ma tran:
S ‘A 0;
ls. 10
K,

Trong do
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vil k,, 13 gid tri do cimg thiét k€ cho ¢ic 10 xo . B¢ don gian



ta ¢& the st dung ki hiéu ma tran sau:
{s}=x, kst (6.27)
Vi {Stva {v}1a vecto luc va chuyén vi . {K_\_Jlii ma tran do cing trong
toa do thiét k€, Mai quan hé gitia chuyén vi do vit thiét k& duoce thé hién;
Xy =y N =y, (6.28)

I T e O S VR (6.29)

{:i } =\_1] (1]]‘{1 } = {=[T K (6.30)

O day [7la ma tran chuyén déi giita chuyén vi thiél k¢ vi cuc bo.

Tuong tu ¢ thé vigt biéu thiic cho luc 13:

S,=F, >, =85, (6.31)
S, =F+F, —>F=§ -5, (6.32)
Hoic  {#}=Ir{{s} (6.33)

Cic thanh phin do cing, khoi luong vi giam chan ¢6 (hé duoe chuyén tir
mot hé thong toa do sang hé thong khdce khi sir dung ma tran chuyén déi 7],
thay phuong trinh (6.27} vii (6.30) vio (6.33);

(Pi=rT is}=0T (& Kd=Irt & i) (6.34)
Vi {F}=[x, Kx}, ta c6 thé thu duge ma trian do cimg cuc b tir toa do
thiét k& nhur:
[k =[] | )7 (6.35)
Tuong tr ¢6 thé dp dung cho ma trin khéi lugng va gidm chan nhu:

[c 1=l e Jr) v =) I ) (6.36)

Cha ¥, phu thuge viwo chuyén vi vit lye, don vi do ¢6 thé khic nhau trong
cic 1oa do thiél k¢ v cuc bo. Vi du. chuyén vi ¢é thé xdc dinh theo mm
trong toa do cuc bo cho vi tri ndo dé cha ket cau, trong khi chuyén vi ¢ thé
g don vi do gdc néu do cice tdi xoan va 106 xo trong toa do thiét ké gay nén.
Mic du tat ¢ phép do thi nghiém duge thuc hién trong toa do cuc bé .
nhung doi voi ngudi thiét ké thi moi quan tam 13 nhitng phan o 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 ¢d nhicu bac tu do theo cic hudng khde nhau, Dao dong
gitta dung cu va bé mat chi tiét gia cong la mai quan tam chinh, do ching
anh hudng dén do chinh xic cta bé mit san pham, chidu day phoi v Juc ciit
tie dang vao may. Sau day nhimg nguyén 11 co s¢ cua phan tich dao dong.
duge xem xét surdang cho e thong ha bice turdo (2-DOF ). hinh 6,10,

k<)<‘ {I‘I

F.

k[x1x r‘nl-.i_w]
-i’wf\|_\|)

F. i\ XXy
Xt

i}

TRRRNS
Tinh by Mode #1 Mode #2
Hinh6.10: Ham truyén dat cla mét hé théng SDOF

Tir dinh luat 2 Newton, phuong trinh chuyén dong clia khéi lugng m, v
m, trong toa d¢ do hoiic cuc bd (x|, X,) ¢6 thé viét 1a:
mX, = F =X —o (8 — ) —kxy =k (g —x) {6.37}
MmNy =y = a {8y =) =k, — ) =k, N (6.38)
Sip x€p lai ¢cdc phugng trinh & dang ma ran:

(M Kid+lo Kb+ ik, Ked=[F] (6.39)

142



Trong dé, ma tran khoi luwong. do cdng va giam chin weang Gog L

IM_\ |- |:":)I 0 —! k= {a’x‘:lk: -k }: ) I:{t‘; toea e W (6.40)

ns | ka+ £, -y oyt

Vecto chuyén vi {v}va lue {F} duoe dinh nghia la:

AL o _ Ry
{-\}—L_:mf {Fi= ] (6.41)

Gidi h¢ phuong tvinh vi phin trude hét cho trudng hop dao dong v do
khong giam chin (6c ¢, = ¢, =¢, =0 vd {F}={0h

M Rt [x Hok=[0] (6.42)
Hé thong khong bi cin ¢d nghiém chung L
Ivivh={X dsintor + ) (6.43)

Trong dé {X} vii ¥ la khong doi. @ 13 tan s6 e nhicn v he thong.
Thay vects chuyén vi {x(n} vt dao ham bdc hai. vecto gia téc
{¥}=—w™ {X Jsin(er + W), phuong trinh (6.42) tr¢ thinh:

(& J-a7 v, Mat={o} (6.44)

Hode -

o N : I '
KiAks —wm -k, . [Xll.:..](]l i6.45)
-k Ayt ky—rm, 1){1[ l”l
Pé giai, dinh thic cla cde phuong 1rinh dal s& déng thai phai biang 0.
Néu dit sy =" , ta cor
k ks —sm ks
e ; =0 (6.46)
=k kvt hy—smi,
Hodic ;
s"ras" L ta, =0 {6.47)

Vdi n a6 bac tw do cha hé thong. Vi dy, doi véi mot hé thong hai bic
tw do (2-DOF):

v (ke karky ) Rkt kok thk
_\.__[‘M”‘_Jr 2 Ay L_Jr‘[\a s Tkt Rk,

"y L J LR

={ {6.48)

~

O da thite ndy s ¢6 hai gid tri thye: s, =w), VA 5, =@}, V01l o, va @,

ul

13 cdc tan 56 tu nhién ctia hé thdng. Téng hop phin gép cla timg gidi phip
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hode mode. tacd:
Jaer | X
[0 ], [X20

1

X
R TR | sinfen 1 4 W) (6.49%)
1 IX {IJ| il 2

sl

posInte
o

-~ ! ~ - .. . .
G day {r}.= {x, X, }u [ ciac veetor ridng  hodc dang dao dong
tetgenvectos/ mode shapes) duoe 1ién két tan so e nhién coban () vivtan

so ty nhién phu o duong Gne. X

L1 chuyén vicua nde i v W, 1 pha o
boi dao dong i nhién k. K&t quia eia phuwong trinh (6,44 ¢hi dua ra 11 86
cac bicn do i mai nidt (mode). Thay o, vii @, trong phuong trinh (6,44)

Vit sitp xep lal. ta ¢os

ST S A S iR (6.50)
Y ky ko =y my As

SRRy b o herhionm (6.51)
LXS by + ks —onam k-

Thay A . =(X. /X,y dat X, =@ . X.. =0 vio phuong trinh {6.33)

v¢ cidc rung dong quid do (transient vibration), ta ¢é:

\.! Y 47 ) Ay 2 _ Q. \i‘n[m.,_,l; 9 (6.52)
AT L T R R LITURE N B
Hode dang vector
L ) | =
fob=lrk ek E L= phgn) (653

- “J]

Trong do 4r) =12 1 vi g o dane dao dong diu tien vt chuyén vi
ricng tao boi né. Sy the hién vt 11 cua mot dang dao dong ¢6 the giai thich &
Binh 6,10 b, So luong dao dong o nhién gay chuyen vi don vi tai khoi luong
mova 2, tai khai ueng . [P] 1 ma tran rieng day do, ¢6 kich thude [nxn|
cho he thong n bac te do. Tuy nhién, ma tran riéng khong nhat thiét 14 ma
tran veong. SO hing bing vd 5§ c¢ic diém toa do tén miy vi moi ot the
hién mot dao dong .

Vi cic dao dong 14 trye givo vai nhau, chdng c6 tinh chit:

Pl st ek =0 (6.54)
Trong Khi:
Py i Hr) =m, (6.55)
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O day m,, la khai lueng rieng két hop véi dao dong daw tien. Khi dp

dung nguyen Ii trge glao trong wr cho cie dang dao dong con it ma ran
khai leong v ma tran do cting cue bo dude chuyén vawo 1oa do riéng:

v, J=10] (v 1P

& 1=1r11& 7]

Cde ma tan rieng khot luong tong [ Cviimairan rieng do cing tong

(6.506)

‘!\_'q “Il ma trdn duding chéo, mai thinh phan trén dudmg ¢héo the hién kho
lwong hode do cting ket hop vél mot dao dong . Cha . khi he thong ¢o piam
chan can doi (uie 40, Y=o, [ |+ e JK | vai o viv g 1 cde hiang s@ theo

thuwe nghiém). ma tran rieng do cin 1(‘HJ cing 1o ma trdn dudng chéo:

e, = {ryie 1r (6.57)

Ung dung cic chuyén doi rieng vio phuong trinh (6.39), ta thu dwe
phuong tinh chuyén dong & toa dé rieng .

~ —

'w,, Iq.m] ’ k 0

"m,f, 0 q,(f |
I K L f- !
O, q (H[ P |ff (1 L0 kg

,(;1(!}] ()]
lgn; oy

(6.58)

rr

Haodae o dang vée to:
LYIN A (G AR P PR} (6.59)

Ciic phuong trinh chuyén dong trong toa do riéng khong lién gquan nhau,
¢o thé gidi tuong e vai cach cho cde hé thong 1 bac tr do. Néu xét cde dao
dong tu do cta dao dong dau tien Lam vi du. ta ¢é:

f”f,|‘:j| +“r,|‘ll’| t krl.-'.fh = (6.60

Phurong (rinh nidy ¢o nghiém:

G, {0 = Qe "™ sin(w — &+ W,)

il

0 day, hé so c¢in (4 & =c M2k, v Q) tim duge tir cde didu kign

ban dau. Sau khi gidi, tim chuyén vi trong he thong toa do riéng | cdc duo
dong trong hé th(}'nu cuc b ¢6 thé thu duge bing chuyén ddi hé thong riéng
(6.53) (e {xnt=1rfg}. Khi dp dung chayén déi, vi du cho hé théng 2-
DOF, cidc chuyén vi cuc bo trd thanh:



_xi[r” B A Al [ql}
{-r:(n[{l 1}1% (6.61)

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 réng la:

{RY=1PI{r} (6.62)
Biéu thic dao dong cudng bic trong toa do riéng trd thanh:

it e, Kabe e, Rad =R} (6.63)
Ap dung cdc chuyén déi nay vio hé théng 2-DOF, ta ¢6:

mqlr}l +('q|c}, +'('q:fh =K, (6.64)

Mty gy R gs = R, (6.65)

D6 [ cde phuong trinh vi phan khong két ndi, ¢o the gidi tyong t nhu &
hé phuong trinh maét bic tr do (nhu da dé cip & trén). Cac hiim truyén  trong
toa do ricng duge thé hién twong tw cho cdc hé théng SDOF {phuonyg trinh
6.14) doi vai tiing dao dong k:

]<1>q“_{u,r)|={("—“}:L ! . (6.66)

R, I“qa \/(I—r&‘)l—k(?ékrﬂ)’

0 = tan™! T2k (6.67)
V=r

Trong d6 6 56 tin s6 r, =w/w,, . D6 v&i vi du hé théng 2-DOF chuyén
vi riéng ¢ thé duge biéu dién boi:

Jq'“)l_ (bql } Rll
Pt Bl IO

St dung dang ma trin tong qudt, ta cé:
fo}=lo, fr} (6.69)

Vi @ la ma trin dudmg chéo ham truyén @ hé toa do riéng. Thay

(6.68)

{R}=1Pf {r} va {x}=|Ply} vio phuong trinh (6.69) ta thu duge cic dao dong
trong toa do cuc bo:
txi=[P1{®] |P]" (F| (6.70)
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Hodc:

]

H:[ S o, ]{F} 670

k-1
Trong dé {P}, 12 vecto rigng cho dao dong & viv i 1 56 bac t do. Nhu
vy cdc dao dong cudng bitc didu hod d6i véi tirmg toa do ¢6 thé tinh duoc
khi st dung dang dao dong {r:”}1 . ¢dc ham truyén  riéng @, vil Ciie vecty
ngoai lue {F}. Néu ngoai lue {F = {F sintwr) 0}, dao dong do duge d toa do
cuc b, x| vit x, ¢ L

X (en) -
S P+ D ,
£ () o .
(6.72)
vl
= + A0,
Fliw)
6.1.4.5. Ham truyen tuwong déi giita dung cu va phoi
X, Dao dong tuong daoi gilta dung
cu ¢t va bé milt gia cong  guyét
x, Daocy : R Efl }—“ 9 ).
dinh do chinh xic cua chi tiét gia
‘. cong va tii dong cua cic két ciu co
PRS- khi tien quan. C6 thé di dodn luc
X, cit cho mot s6 hinh dang hinh hoc

cta dung cu va diéu kién cat nhu
mot so tai liéu vé cong nghé ché

tao may da trinh bay [5]. Cac lyge
Hinhé.11 . Ham truyén dat gitta dung cu

o cat dit 1én dao cu va phoi ¢d bién
va phéi trén may céng cu

do biang nhing hudng nguge nhau
vit chuyen vi tuong ddi gita hai két céu 1 ¢ thé xdc dinh duge, Xét mot
¢du tric chung may cong cu, the hién & hinh 6.11, Chuyén vi trong déi gita
dung cu vi phoi li: (x,-x,). x,- chuyén vi cta dung cu, , x,- chuyén vi clia
phoi. Luc cat tac dung lén dung cu 1i (F) va 1én phai [a (F,) ¢o cung dé 6n
F, nhung hudng nguoe nhau (F=- F.), Vecto Tuc v vecto chuyén vi cho hé
thong n-DOF the hién & toa do cuc bo la:

(6.73)

Phuong trinh chuyén dong cua he thong 1a:
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(v B+ 1o Red+ [k Kl = {F) (6.74)
Vi (M ]- ma ran khai luong cuc bo, [C_\ |- ma tran giam chin cuc bo va
[!\" J-ma trando clng cue bo 1 cic ma tran vuong, kich thude fnxn] . vecta
Iee {F} ¢6 kich thude [nx1]. Gidi cic gia tri rieng (eigenvalues) dan (G ma

trin dao dong [7] v6i kich thude [nxnl:

TR T £ TYPU L SR COM L S
Py Pandn, Padh,
VR Y AR LA R L (6.75)
P P, PP
Pmt Posely Pl

Hodc:
[r' E Hf },.{I' }:..,...,.{P}I,.{I’}N_....._‘{P}”] {(6.76)
(J day, mdi ¢ot thé hién dang dao dong {P} ctia hé théng cau tric n-DOF,
Tu phuong trinh chuyén déi toa do rigng (x) = [PRg}. cidc chuyén vi cta dung
cu v phot ¢6 the tinh khi sir dung k&t hop cdc hing 7. w clia ma tran riéng
frén:
fol=tee a0 Bl 2 g e a) (0T

{.\',‘.}Z{f’“_, LA T ."’“”Hm Uy o G, gy qm}" {6.78)
Thay luc {R}=[PF {F} viio vecto chuyen vi rieng dyf=|o fr} luuy 13

tat ca thanh phan cua vecto Tue 13 0 trir hai thinh phan tuong tng toa do x, va
X,, laco:

(6.77)

PIE - Pu'l q)‘.f[(P” B PWI}
'p.h? - Pn: _ (D:IZ(I)IE _P“':—') y

o}=lo,]

[V (1
P = Pon [ (Dq.-r (P =Py )'
Thay cdc chuyén vi riéng ndy vio phuong trinh (6.77, 6.78) ta ¢6 chuyén
vi cuc bd treong tng cila dung cu va phoi la:

N =E YO PP P (6.78)
[
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"
Vo = !';i (I:qi P..-:{-Pu - Puxj [6?()]
.'-l
Khi ¢au tric mdy cong cu bi tdc dong boi mot lue thay doi diéu hoa tai
diem cit, ham truyén twong doi gitta dung cy v phoi thanh:

"

X () —x () B :
[} I - E ‘_b {R . P }- (63[”
Fylw) n

i=1

Néu thé hién mot hé thong 2DOF la cau tric cua phoi v dung cu (e,
X=X, X.=X,), veclo lue tr thinh {#}={l —1}F,. Him truyén twong doi
gitta dung cu va phoi trong vi du nay la:
A% @ (A= 1) 9,44 - 1) (6.81)

p 2\

0
6.1.5. Phan tich thi nghiém dao dong cho hé théng nhiéu bac tu'do

Ham truyén cua cic hé thong nhiéu
bic w do (MDOF) dang ton tar duge
nhin biét nho kiém thir dong hoc két
cau may, May vat i duoe mo hinh hoa
boi cic miang khoi luong roi rac, ket

iy 1 Wl ot . ~ ¥ " )
R LB B v cdc 1o xo thang hodc xodn.
: Cac thiét by ding lam nguon kich
7 7 hi¢u qua nhat cdac sang lac thuy dién

foneuin D0AC dién 1t vi ching ¢6 thé cdp luc
vai dai tan rong, chira cace dao dong e
nhién chi phoi  (dominant  nawral
modes) cua co ciu duoe kigm, Hodc ¢6
thé sir dung bda ¢6 gin cim bién luc
piezo-electric (xem hinh 6.12), mac du
phuong phip nidy c6 thé tao ra luc véi
bién do vi tin s6 ngdu nhiéu, Luc va
dap ¢ip bdi bia ¢6 than gian ngan. ¢
thé coi la nhimg xung hep hoac nhur cic
xung lue ¢6 phé Fourier nong. wic pho
thn s6 rong bao goém cdc dao dong
nhién bi kich bai xung luc dang ¢an duge tim ra. Khoi lugng cia bia va vat

Diu viw
thte

Daura
{dac dong}

Thict hi phin
tich Fourier

Hinh 6.12: Do ham truyén dat su dung bia
vai cam bién I va gia téc
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lieu dinh btia (trén d6 din cim bicn  lue) phii lya chon pht hop véi khoi
lugng, dé cdng va vat lieu cta két ciu chiu Kich hoat.

Cdc dao dong tong hop dugce do véi cim bign chuyén vi, 8¢ do v gia
tdc . Cac cam bién do chuyén vy kiéu dién cam hoidc dién dung nham thu
duge cdc tin hiéu dao dong tin s thip hoic tinh dé do tinh dan hoi tinh. Do
[d cdc cam bién khong tép xic, ¢é thé kho tim dugc vi tri thich hyp dé treo
cdc cam bign  trén mdy duge kiém. Hién nay di ¢é cam bign do chuyén vi
bing tia faze, khi thuan tién trong 1ap dit thye €. Gia toc k& (accelerometer)
cing duge sur dung nhiéu trong do dao dong. Trudng hop d6. khoi lugng vi
pham vi tdn s6 ctia gia toc k& phai duge lua chon phit hop, do ching ¢6 thé
b6 sung khoi luong 1am thay doi cde tan 6t nhién do duge . Cic vit liéu
gino dién vi lién két gidta kel ¢iu v gia toc k€ phii duge chon can than dé
dam bao cic phép do chinh xic. _

Sau day 14 co sd phan tich dao dong thue nghiém duge gidi thidu 1Om
tat . Kién thic nay cdn thiét cho cde ky su ché o mdy do fuon gap van deé
vé dong tuc hoc trong nghién cdu va ché 1ao.

Khdi niém vé thang du (residue)-r:

Ham truyén cha mot hé thong SDOF (biéu dién bdi phuong trinh 6.7)
thé hién & mién Laplace:

X{(s) Y
RN B 2
Fisy s 428w,y +w;

his) = (6.82)

Trong d6 s~ +2&w s+, 1 phuong tinh dic tinh cia  hé thdng, ¢o

nghiém kép phiic:
5 = =Ew, + jo, s ==&, ~ jw, (6.83)

Ham truyén (6.82) ¢6 thé biéu dién bdi khai trién phan s6:

+ fs
+ ! — = a+fs < (6.84)
s=85 s—s s+ 205+

his)y=

Théng dir (residue) L

F=0+ jv ro=o -y (6.85)
Céc than s6 tuong img 1a;
o = 2w, -w,) B=20 (6.86)

Thang du ¢6 thé ¢6 phin thuc va 4o, phu thudc va stic cin va s6 lugng
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dao dong trong hé thong. Tuy nhién, doi véi mot hé thong SDOF, thang du
¢6 cdc gid tri riéng biét, la:

F=lim(s - ,) L/ m - ];’m. _ l{m (6.87)
-y (s—s -5 8 -5 2jw,
v o=limis — & — ”f"” = ::Um =— “‘J”’ (6.8%)
oy (5= Wy—35) 55—y 2jw,

Do d6, doi v cic hé thong SDOF phan thye cua thing du phai 1a 0
(=0 va B=0).Chid ¥, do1 vai mdt khai lugng don vi, thing dw ¢6 gid tri
r=1A42 1w,

Ham truyén cua mot hé thong MDOF :

Phuong trinh chuyén dong cua mot hé théng MDOF thé hién trong
mién s khi 18y bién dai Laplace phuong trinh (4.12):

(M h" +[Cls+ & Mx o} ={F} (6.89)

Hoac:

[BeoEx ()= {Fis} {6.90)

Khi d6, ma trin hivm truyén cua hé thong MDOF L

{x(n)}  adilps]
FIGIE N
iFremp sl

Trong (6.9, Uh’(_\-)l i phuong trinh dac tinh, vi nghiém cua

(6.91)

”{:’(.\)]:(Jcho cic gid tri riéng caa hé thong MDOF. Chi ¥, ma trgn ham
truyén  [H (s lcd kich thige [nxn] cho hé théng n-DOF v tat ¢i cdc thanh
phan cta né déu 6 mau sé chung 14[B)].

Vidu 6.1 Hum truyén cho mot hé thong 2-DOF 1a:

o, (s) L (s)
H{s))l= : 6.92
(s3] Lw) hnm] 6.9

Vi
r ,'!i. "o r:!.
Iy (s) = —tL + Ly hodc (6.93)
S—8 s —y, $= 5, S8,
e | = = dmewf 2
g+ By a2t Byas
hl.m{: e T e el (6.94)
T2, sy | T 2800, 5+ @, |
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Cdc thanh phan h; trong ma tran ham truyén  thu duge tiy cic phép do
thi nghiém. Khi mot két ciu 2-DOF bi tdc dong bdi luc {F}={F, F,}va dao
dong duge do tai diém 1, ta co:
=

X .
by, ==—>F=0 . h,=
F, - - F,

—F =0 (6.95)

Vidu 6.2: Mot gia tée k€ duge ddn vao diém 1 v biia dap vie diém niy.
do véi thiét bi phan tich Fourier ta ¢ h,,, dap vio diém 2 va do, ta ¢é h,..
Din t6c k€ (accelerometer) vio diém 2 va thuc hién va dap, ta ¢é cic thanh
phan cta ham truyén tuong mg h,, va h,,. Cdc thanh phan nay ¢6 mau s6
nhu nhau nhung thing du (hoic tir s0) Ja khic nhau. Ma tran ham truyén 14
doi ximg d6i v&i mot hé tuyén tinh (tke h,=h,,). Cic ham truyén do, duge
thiét bi phan tich luu vio vung tan s8, dudi dang thanh phan thuc va do i
titng tan s&. DT liéu ham truyén  mién tin s6 do duge (h,) dugc chuyén 16i
mot mdy tinh (duge trang bi cdc phin mém phan tich dao dong). D6i véi
mdt s& dao dong tu nhién cho trude, heé thong phan tich dao dong quét dir
liéu ham truyén cho viing cic bién do ¢ong huong max. vi tin 56 tirong
tng, noi thanh phan thue cta ham truyén bang 0. Cic tan $6 nay la cdc tan
$6 tir nhién cua hé thang. Khi dé hé thong hop dudng dac tuyén theo di li¢u
vdi miu s0 12 mot da thie bic (2xn). Néu xu 1i $6 tigp tuc, dutmg dic wyén
ham truyén s& khdp vai cac phuong trinh vi phian bac hai, nhu thé hién &
phuong trinh (6.95). Nhu viy cdc gid tri s6 coa tan s6 ty nhién, gidm chin va
thang du cho timg dao dong duge du doan tir dudng dic tuyén nay. o dang
téng qudt, thanh phin & hang 7 va ¢0t / coa ma tran ham truyén [H{.s-}] dugc
do fa:

“ a,, +8, .5 .
hy =Y (6.96)
T+ 250, sy,

Trong d6,w, , 1a tan s6 1y nhién dao dong cé giam chin, @, , - tan sO tu
nhién khong giam chan va &, -ti s6 giam chin cho dao dong k ctia hé thong.
Ddp img tdn s6 cla két ciu cd thé thu duge khi thay s = jo , & day tan s6
kich hoat @ c6 thé duge guét trong pham vi bao phi toan bd cdc tan sd tw
nhién. Ham truyén diy du ¢d thé biéu dién ¢ dang ma tran sau:

Hwl=3 " (6.97)

n
s +28,0,, 5t Wy,




Trong dé, mbi thanh phan trong ma tran kich thude [nxn].[R, |=la + Bs]
phan dnh thang du clia dao dong k tai hiing / va ¢cot L

6.2. THIET KE VA PHAN TiCH CAC HE THONG CNC

So dé mot trung tim gia cong CNC dac trung duge thé hién & hinh 6.1,
Trung tam gia cong bao gdm cic thanh phin co, dién tr cong sudt vi cic bo
phan CNC. Hé co gém :bé, cot, t6 hop truc chinh va cdc co cau chay dao.
Dong co truc chinh va truc chay dao va cdc bo khuéch dai servo, hé cap
ngudn cao 4p va cic cong tac hanh trinh thude nhém dién tir cong sudt. Phan
diéu khién CNC bao gém hé mdy tinh vi cic cam bién t6c do va vi tri cho
moi co ciiu truyén dong. Ngudi van hinh nhip chrong trinh NC vio bo CNC.,
CNC xur 1 dit liéu va eap cic diéu khién 6 (numerical) gidn doun vé dinh vi,
diéu khién bo truyén dong chay dao va toc do cho truc chinh. CNC chuyén
doi cde ténh s6 thanh cdc tin hiéu dién dp (£5V hodc + 10V), truyén dén cic
bo khuéch dai servo, & do ching duoc xir 1i v khuéeh dai thinh ¢dc miic
dién ap 19n theo yéu cau cia dong co. Khi bo truyén dong hoat dong, cic
cam bién s do 16¢ do v vi tri cta ching . Bo CNC thye hién guy fudt dicu
khién con $6 (digital) theo chu ki,gilt t0¢ do chay dao vd dudmg chay dao
theo tdc do duge [ap trinh bing viée st dung cdc cam bién do phan héi.

Nguyén i co bin thigt ke mot he théng CNC thé hién trong noi dung sau:
¢ Tinh todin va chon hé truyén dong.
e Cociu vatli vi mo hinh cia hé thong didu khién dong cd servo.
¢ Mo hinh todn hoc va phan tich hé thdng truyén dong.
6.2.1. Hé truyén ddéng mdy céng cu

Cac hé truyén dong trong miy cong cu duge phin foai theo co ciu
truyén dong truc chinh hodc cd ciu truyén dong truc chay dao. Truc chinh
quay va thudong cé pham vi tdc do rong (dén 35.000 vong/phat), trong khi
cic bo truyén dong chay dao thudng chuyén déi 16c do géc cha dong co
thinh cdc chuyén dong di chuyén thing, pham vi t6c do c¢6 thé & dén
30.000mm/ phit. Trong phan ndy chi dé cap dén diéu khién chay dao servo
vi phan tich va thiét k&€ didu khién servo chay dao v truc chinh (& tuong .

Dadi véi may phay CNC 3 truc & hinh 6.13, hé truyén dong chay dao cé
cdc thanh phin co khi sau: ban, truc vit me dai 6c-bi, b bdnh rang giam tdc
vh dong co servo (xem hinh 6.14) Vi uu diém c6é thé cip momen quay hiéu



gua tal nhimg toc do khace nhau nén hiauw hét dong co servo duge st dung
trong bo chay dao I dong ca dong mot chiéu (DC), Tuy nhién dong co servo
dong xoay chiéu (AC) ngay nay ciing di duge sir dung Khi pho thong nhe
dac tinh diéu khién da duge cai thien. Cac thanh phiin dién cta he thong
dong coserva bao gom: bo khuéch dai dong co servo, hé cam bién phin héi
vi tri vid toe do. miy tinh so (digital computer) va bo chuvén doi s6- wong .

Sensor(Z)

U
MotarZ) | ; !

|
Céng tae gidl han I
+ hanhtrinh p
|
Mator : —t+—Bé may |
trug chinh ! CNC
FPhaon 1w
Bian X1 Y .- el Hﬂnﬂ
. B |
Ban (1) i | Sensar(X)
Moton(X) b L oL 3 %
Motor(Y) —— I
<] oy |
: Viime hi !
S-Emﬂf" /{T' ] - :
1 Nyuontruyéndong |
|

Tin hiédu phan hdi
Hinh 6.13: So d6 khdi co ban cua may phay 3 truc truc CNC
6.2.1.1. Thanh phan co khi va cac yéu can vé momen gquay
Pong co chay dao phii thang duge i tinh v tai dong trong mady cong
cu. Nguon cua tai tinh 1a cde ton thit do ma sdt gdy nén trong cic dutmg dan.
g0 dd vie cie lue cit tae dung theo hudng cit cia biin may. Dong co phai
cdp mot momen dong da 1dn dé tang to¢ ban- chi tét gia cong va h¢ thong
truc vitme bi trong mot thoi gian ngan cho dén khi hé truyén dong dat duge
t6¢ do trang thdi 6n dinh mong muén. Momen dong luc [4 momen dinh
(hodc dong dinh) ¢6 the kéo dai trong 2-3 giay vi duge cap boi nha sin xua
dong co servo, Cic dong ca trang bi cho miy CNC phii ¢o pham vi cap
mémen lién tye di cao vi momen dinh cting nhu thoi gian ting toc di dé
vt qua duoe tdi finh vl dong wong tmg. Xice dinh tdi inh va i dong cua
dong co duge gidi thicu (6m it nhur sau:
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Tai tinh (static loads), do 3 nguén : ma sat dudmg trugt, ton hao do ma
sl trong cde g6i 6 dd cua hé truyén dong va cdc lyce cat.

Ma sit dudng truon phu thuoce vao dang tiép xic gitta ban truot v dudmg
dan. Hé s6 ma sat coa dudmg truot 16n khi cic dudng dan boi tron don gidn,
¢O be mat tiép xdce li kim loai -kim loai, viung ti€p xdc I6n. Hé s6 ma sit
giam néu ving bé mat tuép xdc Kim loai giam, dudng trugt duge boi tron
thuy tinh va thuy dong . Hé s6 ma sit nho nhir trong thiét ké dudmg dan 1o
stt dung cic bi lan trong rinh lap rip ban- duimg din (hinh 6.14). Momen
the hién lén dong co do ma sit (T trong cic dudng truot, duge wde luong
L

i, .
T, = 7_;'1! J [(mJ +m g+ F, l (6.98)

2;

Vai i, 1a he s6 ma sat rén dudmg truot | m, -khoi luong ban may, m, -
khoi lueong phoi gia cong, F, - lyc cit vuong goc véi ban may. hy, la- chiéu
dai bude cha truc vit viv ¢ - gia 16¢ trong trudng (9.8 1m/s%). Hé s ma st doi
véi duomg trugt phang thuomg 1ay tir 0,05+1 |, Juc ¢it F, ¢6 thé 1dy biang 10%
luc ciit tong 16n nhat & mdy phay dimg dién hinh [5].

:! L{ C L cat

| . Trang luvang
] W [ T;Dr';g ';mn chi Let + ban
1+ban
Bichan PV =L 1
}r” | « i ’ D .
I i h 2 1
|
- — N —] @ —_— - j - L_
P l ; 3 4 —
/ i
L .
P h! Thaph rang A — |
. : o — / — S
Vitme bi_, Dai \\ Thanh rang 8
; \ “Motar

BDaioc

Hinh 6.14: Co cau truyén dong chay dao ding vit me bi

O chan duge sir dung tai hai ddu mit true vit dé hap thy cdc lue an dao.

o
n



déng thoi dam bio do chinh xdc hudng tam cho truc vit. Cdc 6 chin duge gia
tai cdng trudc dé bl khe hé sinh ra bai giin no nhiét cla truc vit. do ma sat
cua hé dan dong chay dao. Khi cit, cic 6 chan truc con phai chiu tdi do
luc dn dao. Cdc lue an dao duge xdce dinh bai cdce thong so cit vil vat liéu cit
trong cdc tai iéu ” ciat kim toai” ™ so tay cong nghe™ [13.14]. Mt mat
momen trong ciac goi d¢ va tai dit trude duoe tinh:

I
T, = ‘7’ 1 (F, +Fy) (6.99)

V6 g, 12 he s6 ma sat goi d& (thuong khoang 0,003) | d,, 14 duting kinh
truc vit | F i lue chay dao 16n nhit dit 1én ban va F, 1a lue dan trede,
Momen tic dong 1én true vit do luc ¢it theo hudng an dao ta

I
T, :?FF (6.100}

Momen tinh tong téc dong [én truc vit (T)) bing tong clla cdc momen
(6.98), (6.99), (6.100):

T=T,+ T, +T, (6.101)

Trong trudmge hop tii tinh T, qud 1dn. ta ¢6 the sir dung truyén dong binh
rang gifta truc dong co va truc vit dé giam truyén tai, Ti 6 truyén. 1, duge
xdc dinh boi:
pomlt et (6.102)

Zuf

% n
Véi Z,, - s6 rang coa binh rang truc dong co, Z, - s6 rang clia banh ring
rén true vit | n,-tée do goe dong co (vong/phiit) va n, - td¢ dd gde cia truc
vit chay dao (vong/phiit).
D¢ gidm toc tai dong co ta can ¢d Z>Z, (ke r,>1), khi dé tai téc dong
f¢n true dong cor la:

T =2 (6.103)

Naudi thiét k& may CNC phai chon mét dong co DC ¢6 kha nang cung
cap momen lién tuc cao hon tdi tinh tic dong 1én truc dong co.

Tai dong:

May cong cu yéu ciu momen gia t6¢c cao khi ¢6 su thay déi e do .
Quin tinh tdc dong lén truc dong co bao gdm quin tinh cua ban, phoi gia
cong, truc vit, cdc banh ring va truc dong co. Monent gquan tinh cta ban va
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phot tic dony [eén true vit B

Cn
Jo=(m +m )L 7 } (6.104)
2
Momen qudn tinh cua truc vit voi duong Kinh trae d 1
I (d, Y
/, :—m,[(—fJ (6.105)
2 2n

V& m, - trong luong cha true vit, Qudn tinh téng phin dnb lén truc cua
dong co L

J o+
J o=l (6.106)

v
. Hcquin tinh cla trye dong co, v, 2 1t 56 truyén toc do gitta dong co va
true vit,
Con ¢6 mot momen ma sit 4 1é vdi toc doé trong hé thang truyén dong
[ momen ma sdt nhét. Momen dong cin thigt d¢ gia 1ae cho quin tink J_ vi
thing na siat nhdt v cic i tinh
dew

T,=J, —-+Bw+T, (6.107)
dt '

J day, © 1a van 16¢ goe cla dong co va B 13 he 6 ma sdt nhat. Chi v,
néu cit vai bude tén nho, thi klong can xét tic dong cha cac Tye < (1)
vao 1l Gah (T,) trong phuong tiinh (6.106). Gid tri momen dinh do dong co
¢ap phat 16n hon momen dong tinh duge tir (6.106). Néu ¢ gigm truyén
dong gitia trige dong co va true vit, moémen dong Lic dong lén trye dong co sé
duge giam theo cong thite {1.105) va {(6.106).

Viduy 6.3 : mot may phay ding duoe trang bi v 3 dong co serwo DC
tuong tu nhau. Do tai trong 1on nhat tic dong 1én truc ngang nén cdc dong
co duge lya chon phit hgp theo momen yéu ciu cua truc ndy. Nhimg tham so
sau 1a dinh cho true treyén dong chay dao:

m,=180kg —khai luong ban

m, =200kg - khoi luong phol 16n nhat

m, =8,15kg - khoi luong true vit

h, =0,00508m/ving- budc cua tryc vit
d,=0.0445m - dudmyg kinh truc vit



J,=2.373 x 10°kGmr- qudn tinh true dong co

r,=1 - 10 80 86 truyén

W, =0.1- hé 50 ma sat trén cic dudng truot

= 0.005- he s¢ ma sdt cua o dF

B=0.0 Nm/{rad/s)- hé so giiim chiin do nhdét

F,=2000N 1luc cit 1dn nhdt theo chiéu Z tvuong goc véi mit him)
FF=RO0O0N — lye an dao 1én nhat

F =5000N  luc gz tai trong g6i chan

f= 0.170m/s- tde do dich chuyén 16n nhit

1,=0,1s-thii gian ting (6¢ servo

Tinh rodn:

‘Tai tinh: Tditinh o boi cidc ma sdt trong dudng dan. theo (6,98) L
T, =0l -9‘-[-’_1‘:& [(180 + 2000981+ 2000] = 0,463 | Nni

Mit mit momen trong cdc goi do ma sit theo (6.99) la:

0.0445
7, =0.005 — = (5000 + 8000) = 14463 Nm

Maonten yéu ciu dé vieot qua lue dn dao theo(6.100) 1a:

L0035
7, = M08 00 = 6.4080Mm
T om

Momen 10ng hop lien tuc, yéu cau cho dong ca (cong thige 6.103) 1

3 AO3 4+ 6.
T = 04631 +1 -1;-1;? 34+ 64680 83N T N

Tai dong: momen quén tinh clta bin va phoi tic dong 1én truc vit
theo(6.104) [a:

C0.00508
=180+ z(m)[

] = 2,484 10 kGt
e

Quin tinh coa true vit theo (6.105) L

0,0:445

7, :%3.15(

) =20074x107 Gm”

Do dong ca noi trie tiép vio true vit (tde r,=1), momen qudn tinh 10ng
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tdc dong 1én truc donyg co (6,100) la:
J, = 2483310 T4 2007410 T+ 237310 7 = 464X 107 kG

Gia toc chay thing cha ban truot duoe tinh bing cdch chia tde do chay
dao nhanh véin thai gian tang toc cua dong co:

|3 .
o, = ( (lj:() =1.70m/ 5"

Gia toc goe caa true dong co i

~ 0.17 .
do__ % L om = 2403rad 1 5°
di (h, /2m) 000508

Momen dong yéu cau theo (6.107) la:
I, = 4.64x10 kGm™ X 2103rad 157 + (83874~ 6,468)Nn = 1 1.6773Nm

Nhu viy, dong co servo duge chon, phial ¢é thé gir momen dong
11,6773 Nm it nhat trong khouang thon gian 0,1s.
6.2.1.2. Cac dung cu phan hoi

C6 hai dung cu phan héi co ban trong hé thong diéu khién truyén dong
chay dao: ¢dc cdm bién phan hoi toe A6 va vi tei. Thuong mdy do tde do géc
(tachometer) duoe sie dung 1am cim bién tae do va o encoder duge s dung
lam cam bién phan hoi v tef .

Mady do toc do goc (Tachometer)

Tachometer 13 mot dong co nam cham vinh ciu DC nho, duge 1dp e
tiép & phia sau tree dong co servo. Tachometer tao mot dién dp ti 1¢ thudn
vi t3¢ do thue cha true dong co, N6 ¢6 mot hing s6 16¢ do duge ¢at bdi nhi
sin xudlt v mot hé sé khudeh dai cho phép diéu chinh vong phan héi tée do.
Ham truyén gila tdc d thye caa dong co v dau ra mach tachometer duge
cho bai:

V(s)
——=TH, (6.108)
wis) '

Trong dé V(s) 14 dién dap dau ra coa mach tachometer, w(s) i toc dé
gdc thue cha true dong co. /1, 1 hing s6 tachometer. T, 12 hé s6 phong dai
6 thé diéu chinh va s 13 todn tr Laplace.

Encoder

Encoder duge st dung Iim ¢am bién do vi tri s6 trong truyén dong servo.
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Encoder duga trén nguyvén 1N phit dnh sing cua diot quang (photodiode),
Encoder ¢6 thé ¢ dang dia hode ihirde thane, chita cidc bang toi v trong sudt.
Anh sing duoe phat tir diot quang tir mét phia sang duge phia bén kia chi &
bang trong suct. Cam hien  guang nhan va phidt mot tin hicu fogic (mi nhi
pladn, tuy thude vao so lueng cic biang 101 v trong <ot duaee phat hidn o cie
Vit gia so cta encodery. Ciac encoder thang duoe sir dung dé do vi i thue
cua ban mady con encoder dang dia thudng duge s dung d¢ do vi i goe e
truc dong cd. Trong gia cong chinh xic encoder thang 1hudng duoce dang
do kha ning do chinh xdc hon vi i thye cua ban miy. Tuy nhicn. néu ¢6
khe ha trong he thong truvén dong chay dao, ban -1ap véi encoder thing ¢6
the tao chu tinh 2id? han thinde cvele) trong servo didu khicn vi i, Vi cice
encoder dia Lap true G&p 1en true dong coL nd khong cim nhan ro do vy
Khong sinh ra chu trinh gidt han khong wyén tinh nay . Cace nhi san xudt
dong co servo thuone cung cdp tachometer vi cic encoder lap ¢ phia sau
triie dong corngay tr noi san xuit. Encoder duoe cung cip vii nide do didng
vacht ifime deasity) v Kico coa bo elal nELVE du mot encoder véi mat do
1000 vach vd mach giai mid cau phuong s¢ sinh 1000 xung qua mot vong
quay cwa true. Trong phin tich mach phdn hoi didu khien vi i, encoder
duce the hign qua he so K, tnhip/frad hoie nhip/mm),

Vidie 6.4 Mot encoder 1000 line vdi bo giai mi ¢du phuong su dung
lim cam bién phan hdi vi i trong mot hé thong dicu khicn truyén dong
chay dao. Pong co dude noi true Gep vl rue vit, ¢d bude 5.08mm. HE so
encoder duge timh nhu sau:

31000
K = ——U-—{mun.f fretedy . hoace
: 3 !
K, = OB =0.001 27 0000051 e oneini
4000

Nau vay mot tim hico dém (count) do encoder gl tuong Gng v
0,00127mm chuyén dong thang cua bin. Comnr duge st dung twang 1ing vai
don vi chidu dii co sd cua hé thong servo diéu khién vi tri,
6.2.1.3. Thiét bi truyén dong dién

Truyén dong chay dao ¢d thé duge cap nang luong bdi mét trong cic
loai dong co dién (bude. BC hodc AC) hode dong co thuy lue. Vige su dung
ddng cu phu thudce vio kha nang ¢ap monent v cdac yéu ciu dip dng  thoi
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gian cua hé truyén dong clia mdy cong cu hodc ciia robot,

bong co thuy lue duge stt dung khi hé théng truyén dong yéu ciu dai
moémen rong va dip ung  nhanh. Pong co thuy luc quay tron (rotary
hydraulic motor) thutng duge st dung trong cdc mdy phay, tién va robot
cong nghiép hang nang. Cdc dong co thiy lyc chuyén dong thing (linear
hydraulic motor) véi cic hé théng chuyén dich piston duge sir dung cho may
mai, mdy bao va mdy ép do c6 yéu cdu chuyén dong qua lai. Nhuoce diém
cua dong co thuy lyc 1a hiéu suat thap, ¢6 kha ndng 16 ddu, nhay cdm déi
v ddu bin va gid bio dudng cao.

Dong co bude khong dugce sit dung trong hé truyén dong in dao ¢é tuc
cit cao. Ching thudng duoce st dung khong c¢é thiét bi phan héi. Dong co
bude duge didu khién véi cdc chuyén dong bude géc, cac bude nay duge gl
theo dang xung diéu khién tir mot mdy tinh. & thoi diém khdi dong vi hdm,
khi momen dong yéu cdu Ién, dong co bude ¢6 thé bd qua mot s¢ xung dicu
khién vi tri. Vi khong c6 thiét bi phdn hdi nén loai dong cd nay cé thé
khong dam bao duge do chinh xdc gia cong. Thudng dong co bude chi duge
str dung cho cdc may CNC hang nhe dung dé hoc tap hoic cdc thiét bi van
chuyén vit liéu.

Dong ca xoay chiéu AC thuong duge st dung trong may CNC. Téc do
clia dong co AC duge diéu khién khi thay ddi tdn sé dién dp nguon cap. Vin
dé co ban 12 thiét k& cdc bo bién déi dién (inverter) gid thap dé thay dai tan
s0 ngudn cdp. Ngay nay cong nghé vi X li di tao kha ning tinh todn cdc tan
$6 duge sir dung trong inverter.

bong co thudng dung nhat trong may CNC la dong co DC vi chiing cho
phép t6¢ do hoat dong trong pham vi rong v&i momen du 16n theo yéu cdu
cua may cong cu va cac robot.

Su phan tich va qua trinh mo hinh hod dong co AC va DC 1a teong tu
nhau. Sau day 1a nhitmg phan tich vé dong co DC dé€ cung cép kién thic vé
diéu khién dong co.

6.2.1.4, Pong co DC nam cham vinh ciru, diéu khién phan img

So dé dién cha dong co DC nam cham vinh ciru duoc thé hién & hinh
6.15. Téc d6 cia dong co dugc diéu khién bai dién dp cdp U, cho phin ting
{roto) clia dong co, dén lugt phan img tao ra mot trudng tir gitta roto va stato
(chid ¥ , dong & phan ing khong thé vuot kha nang c4p dong max. cha hé
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khuéch dai cong suat).
la Re Gidi han dong dugc xem

ﬁ - .~ r
3§ mhiil 12 khong tuyén tinh
e trong hé diéu khién
Biér ap -+ Mémen nhicu g : o .
m’“u . dong co DC vi ldc tang
] - - N ~
- $ t6¢ hodc ham dong co sé
La c6 dong dinh, xuat hién
Bién cam @ B trong mot thdi gian cuce

Masat nhdtva ngin, Ddng dinh va thoi
gudn tinh tucng dng . . 5 .
; e gian kéo dai no duoc
Hinh6.15: S0 d6 dién cia dong co DC cho bdi cdc nhi san xuat.
Trong mot dong co DC diéu khién phan Gng, thong lugng tir 1a bit bién
trong khi dién 4p phan img thay déi. Trudng tir sinh ra mot moément, dugc sit
dung dé quay rotor ndi véi truc clia déng co. Trong dong co DC sinh ra
trong mach roto mot suat dién dong nguge ( back e.m.v.), U, ty 1& véi toc do
cua roto,
Nhitng phwong trinh dong hoc co ban sau chi phdi chuyén dong cuia
dong co de. .
Dien dp dat vao phan tng U, dp dung luat Kirchoff vio mach dong co,
ta co:

U,()=RI(+L, d{d(’) + K, 0(0) (6.109)

Trong d6: w(rad/s) la toc do géc; 1,(A)1a dong phdn ing ; R(€Q) latrg
phan tng; L, (H)1a cam phan dng, K(V/(rad/s) la hing dién 4p cla dong co
va #(s) 1a thoi gian.

Truong tir sinh ra mt mémen dong co hitu ich T, ti 1& thuan véi dong
phén ing, /.

T, (1)=Kd (1) (6.110)

Momen hitu ich dugce tao bo dong co, ding dé tang téc quan tinh truc,
thdng ma sét trong cdc g6t d& va cdc dudng truot, d6i khéng vai céc luc cét
va cdc ta1 ma sat tac dong nhu moémen 14t 1€n truc dong co, nhu vay:

T, 0=J d‘:,f” + B+ T.(1) 6.111)

Trong d6 J, mémen qudn tinh truc déng co, B la ma sit twong duong
{ma st nhét) va 7' 1a momen [at tinh trén truc dong co .
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Liru §. momen lat buo gom thanh phin ma sdt va ciat. Momen ma sit
khé (ma siat Coulomb) doi khdng véi toe do (). Hudng cta toe do duoce xét
trong biéu dé khoi (hinh 6.16) sir dung him sign 13 sgn. Trong phuong trinh
{6.111}, ma sidt nhét duge cho 1a te e véi toe do. Tiac dong cha momen ma
sdt nhdt phu thuge vdo kiéu dudng tregr cha mdy cong cu, ti 1é tuyén tinh
vai tde do v hitng so ti lé B.

Str dung bién déi Laplace cong thite (6.109). (6.110) v (6,111} cho:

V. (51— K, is)

lrf("‘) =
Ls+R
T, (5y=K1,(5) ) {6.112)
(f}(.\') — ]m('” B ]S' (\]
I+ B

Céc cong thiée niy cd cic dién giai vat li. Ham truyén  cua dong (ng
nhan dién dp sai leéch Tam diu vio, Dién dp sai léch Ta chénh lech gida dién
dp chuin cap cho phan (g U, v sudt dién dong nguge (buck em.v)  téc
dung nhir mét tin hi¢u phan héi). Dong dién tong hop tao nén momen hiru
ich T,(s}. Mot phin clia momen nay duge sir dung dé thing momen 14t 7 (s,
phin con lai dé tang 16¢ quén tinh vii vugl qua momen masat nhon,  Hai
tham s& thigt ké guan trong Ja:

LH

T!, = R_
a (6.113}

J,

rm =T

B

O day, 7, ta hiing 6 thdi gian co hoe v 7, 13 hing 6 thasi gian dicn
hoe cta dong co. Ci hai hé s nay duge nhi san xudl cap tén co s6 chi xem
x€t quin tinh cua truc dong co vt ma sit trong g6 true dong co. He so thoi
gian co cOa dong co DC s& tang ding ké khi xét dén ca qudn tinh ctta ban va
hé lip rdp truc vit-bi.

Mach khuéch dai cong suat dong co DC va vong dié¢u khién toc do

bién dp phin tmg dwuge cip boi mot mach khuéeh dat cong suat, Mach
khuéch dai cong sudt nhian mot dién dp DC [dn, 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 suiit trong do thi khoi cta vong phin hoi toc dd duoc
thé hién ¢ hinh 6.16 1a mot mach diéu bign chiéu rong xung (PWM)- mach
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khuéch dai dicu khién dong. Mach khuéch dai cong sudt nhan tin hiéu diéu
khién toc o U, tir dau ra bo chuyén déi s6-tuong 1o coa bo diéa khién s6,
Trude hét U duge luu i mach tién khuéch dai vi sai, véi hé 6 khuéch dai
khi diéu chinh, S, Pdu ra S, duge so vai tin hiéu tdc do thuc, do bdr hé
phan hoi do vin 16¢ vong (tachometer). Tinh hiéu sai léch tée do tong (theo
von) duge mach Khuéch dai dong (¢6 hé so khuéch dai K) chuyén thanh
dong yéu ciiu. Pa s6 cic mach khuéch dai dong st dung tin hi¢u phin hoi
dong dng dé cai thién su dip ing  dong lue cua dong co. Tin higéu dong dién
phan hoi duge kéo tir ho noi cam nhan (sense coupler) nhin duge so voi
dong yéu ciu . Mach diéu bién do rong xung (PWM) sinh ra mot dién dp DC
thay doi theo dang rang cua tai tin s& nhit dinh. Tén s0 clia PWM thutmg
khodang 10Khz Tin hi¢u sai téch dong duge diéu bién bai mach PWM, vai
hé s6 didu bién K,. Két qui. dién dp két quda DC tr¢ thanh dang ON-OF,
séng vuong. Mic dién dp trung binh cia dang séng (gid tri DC) duge s
dung 1am dién ap phan g U, trong tinh toin, So do khéi toan bd ciia mach
kiwuéch dai , dong co vahé phin hai tachometer duge the hién & hinh 5,164,
S d6 khoi dugce the hién voi cde bién trang thdi nhdt thoi dé minh hoa
st bt nguon ham truyén vong phin héi toc do. Cic moi quan hé sau ¢6 thé
bicu dién 1y so d6 khai stt dung cdc trang thii nhit thoi U, U, va U .
Usy=S U (s)-T, H_u(u{.\‘) (6.114)
U(s)=K, U {s)-K_ I {x)

oot {6‘ l ]5)
=K,S V)= K, T H w(s)~K I (5)

il

U (sy=K.U,(5)~K,0(y) (0.116)
=K, K SU (s} = (K KT H +K)ols)-K. K, 71,(5)

Ham truyén gitra dong vi trang thii U, T
1 sy =22 (6.117)
Ls+R,
Thay gid tri U, vao biéu thitc dong, ta ¢o:

KKiSe o KoK T H 4K,
Ls+R +K. K, ' Ls+R +K,.K,
Hiam truyén cd hoc et dong co theo (6.112) La:

T As)=T(s)

wiyy=-2— -+ 7 (6.119)
J s+ B

1.(s)= () (6.118)
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Hoac:

K 1
w(s) = L—F (5)—-
© Js+B (0 Js+B

Thay biéu thifc cta dong dién (6.118) vio (6.120). ham truyén giita téc
do dau ra- m, dién dp diu vio - U, vi mémen lat -T, 1:

To(s) (6.120)

K | s .
wisy=—— gy LI R ARKI L 6120
sTHK,v+ K, st K+ K, '
Trong do:
K,S K, K,
LJ
R .
i J! Lu
B(R +K, K )+ KA(K,+H T K.K
K_,‘: [ o i rr) r( b ptg M .F) (6.]24)

J L

Bo diéu khién to¢ do servo truyén dong an dao duoc thict k€ dé ¢6 thoi
gian ting t6c nhanh véi lugng qud diéu chinh (0 (zero overshoot) tai cde
thay doi t6¢ do theo duang bac. Phan tich vong phin héi t6c do nhu 12 hiim
cua dién dp diu vao diéu khién t6c do -U,., ham truyén, phuong trinh (6.121)
¢6 thé dugc biéu dién nhur:

w(s) K,
U.(s) IS +26w, s+ o]

(6.125)
0 day tin s6 tu nhién @, va heé so giam chén & cua vong t8¢ do duge

dinh nghia la:
W, =+ K [rad/s) (6.126)

K,
E=—"p
2Jk,

Trong do K, K, >0. Pdp tng bic thang mién thdi gian cda servo toc do
giam chan yéd (underdamped verlocity servo) dugc thé hién la:

K e
0(r) =U, ~L 1-—~_sin(w,! +9) (6.128)
Kx[ JI=E&° ]

o, day, tin s6 te nhién gidm chan @, va chuyén dich pha ¢ duge xdc dinh:

<1 (6.127)
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w, =w,J1-&° (6.129)

J1-&°

p=tan'w | *—— (6.130)

Irf L pwining vacvng Cic he SO b_ié'n l}‘lié!} cui
o] '“:p —/'\Q mach khuéch d;gl (Fuc S_u,J T,
\»aa‘h 2o bic thang K, K, duoc didu chinh dé ¢é

ddn v 1 hé s0 khuéch dai vong 10¢ do

0,63 | — yéu cau va cdc dac tinh ddp
| | 1 dmg bac thang nhur hinh 6.17.

' ! Khi ddu viio mach khuéch dai

i | la bac don vi (tue U, .=/), dap

o L'rrfg max. cha vong to¢ do

o ; e — xz\iy ra tz_n“thm glaan i . lie dao

r Thot gian 61 haim  téec 46 bang 0

Hinh6.17:Dap img buoe nhay ctia hé théng (dw,(1)/dr=0). Tai tan vugt
khong gidm chan bac hai (t-hdng théi gian, t, - thoi muc diu tién b the thu duge
gran dinh, t~thoi gian tang t6c, M-fuong qua diéu chinh) bi¢u thuc sau tir dao ham thdi

gian cla phuong trinh (6.128):

fp=— (0.131)

Cic gid tri thiét k& dac trung cho dong co servo chay dao 1a ti s6 giam
chan £=0,707 va thai gian dinh t,=10ms. TAn s4 ty nhién m, ¢6 thé xic dinh
tr cong thiee (6.131) nhu sau:

0 = 2 =554 rad/s=88Hz (6.132)

Ciéc tham s6 servo tuong ting duge xdc dinh khi thay gid tri £ va o, vio
cong thic (6.126, 6.127).
6.2.1.5. Vong diéu khién vi tri (position control loop)

Vong diéu khién vi tri bao gdm mot mach dém hai chiéu (up- down
counter), mét encoder, mot phin loc bii 86 (digital compensation filter) va
mot mach chuyén doi s6- twong tu (digital to analog converter).
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Mach dém hai chiéu (up- down counter)

Thanh ghi d¢m faf chicn ahin s6 dém (counts) diéu khicn vit vi tri do
duge . Diéu khién dinh vi gia tang trong khi encoder phin hai cic s6 dém,
eiim dan luong trong mach dém hai chic¢u. Noi dung tde thoi cda bo dém thé
hien sai lech vi tef tich luy trong Khodng thii gian T di¢u khién servo so.
Bicu dién s do khoi cua mach dém hai chi¢u 1

X”(.s') K.

L e (6.133)
(s} 5

Much loc bir so (digital compensation filter)

NOi dung ¢t mach dém hai chiéo vasai 18ch vi tri duge 1y mau ¢ sau
T gidy. Sai léch vi tri riéng hict E(k} 1 chénh [ech gitia vi tri chuan vit vi tei
hi¢n that coa ban: E(&)=Xk)-X (&), trong dé: Xk) - vi trf tham chiéu riéng
higt, X (k) - vi tri hién thdi v =- todn w dich chuyén thudn thei gian  gidn
doan.

Sui léch tir bo Toe 6, ¢6 ham truyén  dic trung dang:

D(zy=K, 4 (6.134)
I+h

Vi K, T he so khucch dai coa mach toc didu khién vi tri, « 12 0 coa
mach loc, b 1a cue cua mach loc.

Mach loc 6 [ kha trinh vi nam trong may tinh diéu khién chuyén dong
servo, Cic tham so loc duiege diéu chinh dé cap mot diip iing qui do theo yéu
ciu ctia he thong diéu Khién vi .

Bo chuyén doi so - twong tu (Digital to Analog (D/A) converter)

Maiy tinh dicu khién dich chuyén, gl tinh hiéu diau ra mach loc s& dén
much chuyén déi D/A cia may tinh. Ba chuyén doi D/A duge mo hinh hod
nhu 14 mot mach gitt bac 0 (ZOH) vi mach heé s8¢ khuéeh dai K. 11¢ 0
khuéch dai cua D/A duge xac dinh:

K= Viing dién apzcnixa Chip D/A (6.135)

Trong d6, nb 1 s& bit chip duge D/A ding trong chuyén déi mot s§ nhi
phin sang dién dap twong tr. Vi du, mot chip chuyén déi D/A 12 bit véi viing
dién ap £10V ¢ he 86 K bing:
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201
K, = S 000488V / counn)

6.2.2. Ham truyén cua vong (loop) vi tri
S d6 khdi cha 1oan he thong didu khién vi trf ¢6 thé sap x&p nhu hinh
6.16. Hé thong ¢é cdc thanh phan lién we va giin doan. Phan lien we cua
ham truyén hé thong duge thé hién trong mién Laplace 1a:
K, K

G (s)= 47— (6.136)
sTHK+H K s

Tin hiéu diéu khién (8¢ do U, cua bo diéu khién chuyén dong s¢ (digital
motion contro} unit) duge dat vao mach khuéch dai cong sudt tai ciac khoang
thin gian 7 theo dudng qua bd chuyén doi D/A véi heé s6 khuech da K,
Buong Tugng duy tr1 bac zero - G (s) cho thdi gian 1ay miau mot miligiay L

G (=K, (1-- '}‘z{"f“)} (6.137)

N
Cong thite nay sau khi chuyén déi 7 ¢ thanh:

K, K K. D27 +bz+b,

G(2)= a . (H.138)
Ky (=Dl +a¢2+ay)
Vi z=¢". Bigu thitc xic dinh cdc tham so6 cha G(z), la:
[ et K. it SO, .
by =T ——¢ " sin(w, 7 )——,“Jl—e o 5—’5111((0{,? )+ costm, }—l‘ {6.139)
W, K, W, j‘

K_’ L:-:mn

e sinter T - K I, T “Ea .
b =2e e T eostangT) [+ —2 (1= ey 2 2¢75% ingen, T)—
o i K 3y

{6.14h

T l T . K,[ e EP E“} s am e !
b” =T 23 g -— St Sln((f.}“u’ }+_’~__]f. 2l + ¢ Sind '—”'-“illl({b‘“,f ]-“L‘US{{U‘;! ) |:

W, K. o, I
(06.141)

a, =—2¢ Zon, costm, 1) (6.142)

a, = —¢ S
i
+ {(T + X Sar do khoi don
.ot _— . X, . )
jeourts] - K, 1 = Gu7) lmums'} aian hod  tuong

duong  he thong

Hinh 6.18 vong didu khién vi tri thoi gian gidn doan 160



diéu khién vi tri gidn doan dudgc thé hién & hinh 6.18 Ham truyén cla vong
13p kin ctia hé thong diéu khién truyén dong chay dao 13:

I3 DG
Gz = L(_} = _M.__(. ._‘.'_..f\.._)_.. (6.143)
X2y 1+ D(0GA(2)
Hoic:

DB+ BB

G =K,— ; s - (6.144)
VR 7 ST S¢S N S o ¢
Cidc tham so cua ham truyen vong lip dong. G (7) s€ li:
{ .
o= (6.145)
by
fy +al
p =2t (6.146)
{1
aly .
Bo=—" (6.147)
b,
KK K K,
(*, =1'—’Mb1+.-‘)+u|—} (6.148)
K\K KK,
.= ——— b +ab )+ Dl - Dt ay —a, (6,149
1
KKK K,
i = _‘_t____e;( A Uy + aby b+ Ble, — e ) — ety (6.150)
3
KK K K,
oy = ———T" gy by, (6.151)
1
K 4= i_ﬁﬂpr’h ((‘] I 52]
L) hy‘

Ham truyén (cong thie 6.144) ¢ the duge bigu dién khi sir dung todn
dich chuyén thdi gian nguoe ' bang nhan ca tg viv miu vai 27, nhu vay:
I TR iy _ -3 _ 4
R 5 SR & PR ¢ T

- -i -
(!r'l'(‘_‘" )= !\ﬂf 1 - 3 -
I 0 SRS S S ¥ M 2 15

(5.153)

Vai 7' 1 todn tr dich chuyén nguoc thfi gian, tdc dong 1én cde tin higu
giin doan theo:
kT = ik - 7 (6.154)
Trong d6: T 14 khodang thei gian 1y mau gidn doan, Af&T) [a cdc gid n
gidn doan cta v tai thai gian 14y miu &,
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Véi moi tin hidéu dau vao thai gian roi rac X (kT) cho trude, dap ing  vi
tri X,(kT) tim duge khi sdp xép lai ham truyén G (z') 1
X, (k) =~z v vagz g X, 27
+ K (27 By T+ BT + By X, 2T
Lutu ¥, vong diéu khién vi tri ¢6 thé dugc phan tich trong mién thdi gian
(s) lién tuc nhu 1 mot gidi phdp cho mién thdi gian (z) gidn doan. Tuy
nhién giai phdp ndy yéu cdu thuc hién xap xi ham mach loc s§ (digital filter)
D(z) trong mién s. Mot trong nhimg phép xdp xi thuémg dung la
2=(1+sT/2M(1-sT12), dugc goi 12 phép bién déi  song tuyén Tustin
(Tustin’s bilinear transformation). Ham mach loc s& D(s) twong dng khi d6
la:

(6.155)

X

D(s) =K (6.156)
s+
V6 K, =K, % g o2itay MR (6.157)
1=’ Tl-a Ti\-b
Hoac: Kk,=K, 1t ,-Te=2, , T2 (6.158)
l-a Ta +2 Th +2

Trong truong hop nay, ham truyén mach déng cla vong vi tri trong
mién Laplace tr& thanh:
DK ,G (s
Gr’f(s)= (‘) 3 l(ls)
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 cfu cho servo chay dao:
C6 duge dap (ng qui do, min dé tranh dao dong dudng chay dao khi thay
déi toc do.
- Ta&i thidu sai léch vi tri & trang thdi 6n dinh, goi 1A sai s6-tiép theo
(following- error), dé dat dugc do chinh xdc cit bién dang da truc.
Khi gia cong bién dang & trang thai 6n dinh véi t6c do an dao £, vi tri
chuin duoc biéu dién 13 mot ddu vie doc (ramp):
X (KT )=f.kT (6.160)

Vi k Ja nhip 14y miu (sampling counter). Trong mién z, tin hi¢u diéu
khién do d6c duge thé hién a:
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Tz

X (k)y=f (6.161)
/ (z-1)°
Sai s6-ti€p theo e, tuong tng khi dé 1a:
ess = 1.I% (6.162)

= llim
e (2 -1)D(2)G (2)
Thay phitong trinh (6.134), (6.137), va (6.160) vao (6.162), ta ¢é biéu
thirc tham s6 cho sai $6- tiép theo trong bo truyén dong chay dao la:
LK, (4D)
¥ KKK K, (+a)

4

(6.163)

Nhu viy, néu hé s6 khuéch dai ham truyén vong mda (open loop)
D(z)G (z) 16n hon | thi sail s6-1iép 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 béi quan tinh cua hé truyén
dong co khi va cdc gidi han momen ciia dong co va mach khuéch dai . K§ su
diéu khién phdi diéu chinh cac tham s& diéu khién s& dé dat dugc mot ddp
ing servo truyén dong chay dao t6i uvu ma khong gdy nén bét cit dao dong
hodc lugng qud diéu chinh nao.

Sai s6-tiép theo & trang thdi on dinh dugc xdc dinh khi sir dung ham
truyén trong mién thoi gian lién tuc [a:

€ =limy— /.
P DK LG (9]
V6i G (s) va D(s} cho trong cong thitc (6.136) va (6.156).

(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 mé hinh nhén duge khi sir dung dit liéu ddp ing mién
thdi gian do dugc. Dé mo hinh hod 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 thai: dong tmg [, tbc dd gbéc @ va vi tri hién thoi X - duge
tim nhu sau. '

Tir hinh 6.16, dién dp phan {ing duge biéu dién la:
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U, =K,k U, -TH ()-K,1,] (6.165)

oo

Thay phuomg trinh (6.109) vao (6.165), ta ¢6:

i K. K +R K,+K,KT.H  KK,S,
..{_”_—__ 1 Ku+ W )rﬂ__ ! T R W+ Loty U‘_ (6[66)
dr L“ L(I’ Lﬂ
Khir mémen dong co T, bang thay (6.110) vio (6.111), cho:
o _K&, B, tr (6.167)
drJ. J g,

Bién ddi Laplace nguge cho hdm truyén ciia mach dém hai chiéu va
encoder (phuong trinh 6.133) cho:
dX (1)
dt
Phuong trinh trang thdi (6.166 +6.168) ¢6 thé t6 chitc theo dang khong
gian trang thal chuan:

=K, w(t) (6.168)

X, ()= Ax.(1)+ B () (6.169)
Trong d6, vecro trang thdi (x (1)) va vecto dau vao (u(t)) duge xac dinh
fa:
! ()
i 1/;. r
von=low | won=|2Y (6.170)
‘ Tl
X, (1) ’
Vi A, va B, 12 cdc ma tran bat bién:
K K, +R, _K,,+K,_,.K;TRHH o
L, L,
A = K, _ B 0 (6.171}
J 7,
0 K, 0
[ K. K -'Sx 0 1
‘(‘u
2
B <] o -4 (6.172)
J,
{ 0

Phuong trinh trang thdi (6.169) thé hién phan lién tuc cha hé thong servo
truyén dong chay dao. Phuong trinh nay ¢6 nghiém tuong img r&i rac d6i vdi
khoang thai gian quan sat T nhu sau:
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x (k+D)=0(T)x, (k) + H(T)u, (k) (6.173)

Trong do, cdc vecto trang thdi v vecto dau vao tai khodng 1ay mau k
duoe xdce dinh 1a:

I (&)
U (k) _
x, (k) =| w{k) H(_(k)={ } (6.174)
T, (k)
X (k) '
¢'II ¢|2 ¢13
D(Ty=e™" = Py, P Py {6.175)
‘Ib]] (D,‘:E ‘;DB
, Iy, I,
H(T) :J‘e"-"'d:.B‘, =thy,  h, (6.176)
i, h,u

Ma tran O(T) duge tinh todn tir cdc gid tri riéng ciia ma train A. hoic
day Talor md rong cho duong lugng thoi gian gidn doan clia hé thong thoi
gian hién tuc. Do khoang lay méu (T) nho. 3 s6 hang dau tién cua xap xi day
Taylor duge cho 1a dit cho nhiéu tng dung:

Oy =™ = [1]+[Alr +]a ]_+ (6.177)

Céc thanh phan thai gian gidn doan cua vong diéu khién vi tri gdm mach
loc digital -D(z) va hé s6 khuéch dai - K, clia bo chuyén déi D/A. Tin hiéu
diéu khién t6c do biéu dién trong mién z [i:

U (k)= K!,-{:—TK‘,.[X,(,(-)-X”U\-)] (6.178)
2 3
Phuong trinh ndy ¢6 thé sip x€ép lai:
U, by =K K, [X (k- X, (]+U, (k) (6.179)
Trong do:
U, k)= - X (k)] (6.180)

Cic bién méi /, vd U, c6 thé xem la trang thai thir i tuong dng. Sau
khi sip xép lai phuong trinh (6.180) va (6.178) , lay bién déi ngugc = cla
chidng, ta c6é duge cac phuong trinh trang thai thoi gian-gidn doan (discrete-
time state) nhu sau:
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U, (k+1) = =bU (kY + K K (a~D)X (k)= X, (k)] (6.181)
U (ky=K K X, U= X, (k) +U (k)] (6.182)
Phuong trinh trang thai thai gian roi rac (6.180), (6.181) ¢d thé két hop
v3i phuong trinh trang thii (6.174), thé hién sy tuong duong thdi gian v rac
cua phan lién tuc cua dong co servo chay dao, Sip xé€p dai s6 ta ¢é phuong
trinh trang thai hoin chinh cho dong co servo chay dao:
A+ 1)=GIT )k )+ T (k)
yhl=C_ xtk)+D ufk) (6.183)
Trong dé vecto trang thdi, ddu vao vi diau ra duge dinh nghia tuong dng

la:
V, (k)] K0
I (k) TX (&) I (k) .
k)= ° : by=|"" Coyky=l 6.184
= “ [T\(k)} M= o ( )
Xu(k) Xu(k)

Ma tran trang thdi G(T), ma tran dau vio [7T), ma tran diu ra C (T}, va
ma tran chuyén déi D (T} duoe xdc dinh theo thi tr sau:

—b 0 0 KK/ a-b)] K, K, a—by 0
h, ¢, & ¢,-n,K K, h,K K, I,
G(T) = I n 12 .13 TR ’x T = uh by 12 ;
Iy @ay O QI K K, hy K, K, fis
Iy Gy b Oy KK I K, K, fs |
F 0 0 - KPK”] K, K, 0
g 1 0 0 0 0 :
C =y ; D = (6.185)
0 0! 0 0 0
0 00 1 0 0

Vecta dau ra y(A) cho duong truy xuldt- nhap 3 tham s6 dong luc hitu
jch trong servo chay dung cu, d6 1a dong iing, tdc do gdc va vi tri cta ban
dol véi mot didu khién vi tri cho trudge va momen cit tic dung. Nhitmg trang
thdi khac trong hé théng diéu khién ¢6 thé tim duge bing cdch nhan ching
vGi cac hé s6 khuéch dai thich hap, theo so d6 khéi thé hién & hinh 6.16.
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PHU LUC
BIEN DOl LAPLACE
1. Bién ddi Laplace cd ban
Vi dy 1: Dé xem xét bign déi mét dai lugng tr mién thai gian vao trong mién -s, xét mot

ham, ¢b gia tri héing s6 ,1 cho thai gian 1n hon 0, tlc f(t)=1 vai 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}
1] A

Vi t=oo gid tri clla @ bing 0 va vai t=0 — e®=-1, khi dd:
F(s)= 2]
R

Vi du 2: Xac dinh bign ddi Laplace ham e v&i a 1a hang s6. Bién déi Laplace cla
fit)=e”la:

oo

F(S) = I()rli()—.\':dr = J.e—(.\—m: dt =— 1 [e—(.\'—ﬂ}f t
F-d
V] 1]

Khi t= t=oo , Je=" | =5 0 va khi t=0, n6 =1, nén:

|

§—da

Fi{s)=

2. Ham tin hiéu vao dang bac don vj va xung iuc

Céc tin hiéu vao hé thdng thudng & dang bac thang don vi va xung luyc.

Ham bdc don vi

Hinh Ph.1 thé hién dé thi clia mét ham béac 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 ta dai lugng thay ddi tir 0 dén mot gia tri tua nhur dién ap, dat vao mot
mach dién khi bat thinh linh dong dign.

Nhur vy, ham béac don vi khong thé miéu ta béng
ham f(t)=1, vi ham nay thé hién |a m6t ham c6 gia tri
1 tai tAt ¢ cac gia tri cha t, { ¢ duong 1an am) . Ham
bac dan vi chuyén tir 0 dén +1 tai t=0, thudng dugc
miéu ta b uft) 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 ddi khi nqudi ta goi do 'a ham Heaviside).
Bién d4i Laplace cho ham bac don vi 14

F(.\')zi

B

Bién ddi Laplace cho mat ham bac ¢b chiéu cac a la:

Fisy =<
|
Nam xung e fty.
Xt mot xung chir nhat co kich thude 17k xdy ra tai thoi 1]
diém t=0, chiéu rdng xung bang k,, tUc dién tich xung fa 1.
Hinh Ph.2 thé hién xung nay, co thé miéu ta 1a: i
1 =% Véi 0< 1<k Hinh Ph.2 : Ham xung vudng

a(t
£y =0 véit>k

N&u gir dién tich xung bang 1, nhing gidm chiéu rong clia
xung (gidm k), chiéu cao sé ting, nhu vay khi k —0 xung nay tign  ©
tai mot dudng thang dimg tai t=0 véi chidu cao clia d6 thi tién d&n  Hinh Ph.3 : Ham xung
vd cue. (hinh Ph.3) . Mot biéu d6 nhu vay dugc sl dung d8 thé
hién mét xung lyc {xung nhon).

Goi la mdt xung lyc don vi ndu dién tich bao bdi xung blng 1. Ham nay duge thé hign
1a &{t), ham xung fire don v (unit impulse function} hodc ham Oirac —delta.

Bién d&i Laplace cho xung chit nhat don vi trong hinh Ph.3 duac cho béi:

. I o "
Fisy= ff(r)(f Ml = J‘%(‘_'"df + j()e_"dr =[—‘Lke_”} = ——L(e" S
] 0 3

5 o sk

Dé thu dugc bién 6 Laplace cho xung Iyc don vi ta can im ra gia tri cha k&t qua trén
khi k—0. Diéu nay cé thé thyc hién dugc khi md rong thanh phan ¢d s6 ma thanh déy sd:

B3 oyt
Y A )

+..
21 3
C6 thé viét lai thanh:
Fly=1 K G0
2
Gidti han cla day trén (bién ddi Laplace) tién dén 1khi k—0 .
C{a(t}=1

177



Dien tich cita xung don vi la 1 nén ¢6 thé dinh nghia kich thudc clia xung nay ja 1. Néu
mét xung e cé kich thude a, thi ham sé duge thé hign bdi ad{t) va bién ddi Laplace sé la:

Cladit)}=a

3. Cac bién déi Laplace chuin
Xac dinh bién d6i Laplace cho cac ham khang nhit thigt phai danh gia cac tich phan vi
da co bang 1ap san cac bién d6i Laplace cho cac ham thuang gap. Nhang ham nay két hap
vai kién thire vé dac tinh bién doi (xem phan tiép theo) tao kh& nang giai quyét nhing vén
dé thudng xdy ra thic 6. Bang Ph.1 fiét ké mot s8 ham thdi gian thuong gap va bién dgi
Laplace cia ching:
Bang Ph.1 bién d8i Laplace:

T Ham thoi gian f(t) Bign déi Laplace F(s)
Xung don vi, (1) 1
2 | Xung don vi bi tré, S(t-T) g™

3 | Bacdonvi ul)

4 | Bac don vitré, u{t-T) A
X
1
5 Doc don vi, t =
n!
6 | Décbacn,t’ o
o - |
7 Phan ré theo luat s8 mg, e®
s+a
o
= e 5 . ot -at
8 Tang trudng theo ludt sé md, 1-e v i)
g te™ : : 5
(s+a)
s
N -al
10 |Te 52(5+a)
l — ()' 13 &
i - a .fz(.8'+(£)
b-a
-at .-bt
12 €e (s+a¥s+5H)
¥
13 | (1-at)e®

(5;‘+:'I]2
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Ti&p bang Ph.1

[_14 b —ut a ab
_ , ¢ _ A
(h—a) b—u s(s +a¥s+ 5y
15 & ol N o hiy . ()..” {
(b—a¥c—a) {c—uaXa—F) (u—c)b-¢) (s+aYs+b)s+c)
w
16 | Song sin, sinwt =
¥ +wT
5
17 1 song cosin, coswi —%
R o {7
w
. . £ - ala:
18 | Song sin tat dan, e™sinwt a0l
N+
H . 3 =z -al ————
19 | Song cosin tat dan, e™coswt PRI
"
20 | 1-cosmt o
a” +ew )
50 —w*
21 | tcosu — 5
(5™ +em )
20
22 | tsinwt (v )
Weosd + 5sind
23 | sin{ut+0) — 3
§T 407
scosf —mwsind
24 | cos{mt+6) — T
554
ot {5 +adsing +wcosd
25 |e sin{uwt+8) (v+ .r;)2 + 6
5 a N {5+ u)cosd —wsind
6 | e cos{wi+0) e
w —sr =2 (U2
2 = ° smm\/l—-, ! . .
! Wi—-g- $°+ 2505y + )
o8 | 1= 1 e sin(wy] —¢ 21+ 63, c0sh=C "
y1-¢° (57 +25wgs + 7))
w
29 1 sinhot T3
57—
R
30 | coshmt

T 2
5T~




Tiép bang Ph.1.

w
3 e sinhot Tz 1
(y+a) —w

at x+d
32 | e¥ coshmt —
{(x+ea) —m

73]
(SE + [;.12 )(1 _e_—mhu}

33 | Séng sin chinh luu mét nia, chu ki T=2n/w

{t)(l + ()—m-fm}

(“,2 +ﬂ)2 X1 _e—m.-’m)
|

s(i4+e 77y

34 | Song sin chinh Juu toan b4, chu ki T=2x/w

35 | Xung chir nhat chu ki T, bién do tit +1 dén 0

Ghi chi: f{t)=0 cho &t c& cac gia tri t &m. Trong hau hét cac ham thai gian, thanh
phan u(t) dugc thira nhan 1a ¢6 thé bd qua .

Tinh chét cia céc bién doi Laplace

Sau day la cac tinh chai co sa clia bién d6i Laplace , nhitng tinh chét nay tao kha niing
lap bang bién d8i Laplace chudn 68 dudc sl dung & pham vi réng han,

Tinh tuyén tinh

N&u ¢6 hai ham thai gian riéng biét, f(t) va g(t}, thi bién d6i Laptace cho ham tdng thdii
gian, bang téng bién ddi Laplace clia hai ham.
Claf{ty+bg(t)}= aCf(ty+ bCq(t)
avablahidng
Vi du 3: Bién d6i Laplace clia 1+2t+4t dugc cho bdi tong bign di clia timg hang muc
trong biéu thae, Nhu vy néu sir dung cac thanh phan 1,5 va 6 trong bang Ph.1, ta co:
F(s) = l+3;+£‘
¥ 5 5
Tinh chét dich chuyén frong mién- s

Tinh chat nay duge st dung dé xac dinh bién ddi Laplace ham ¢4 hé sé ma, doi khi
duge goi Ya dc tinh dich chinh thar nhat (first shifting property).

N&u F(s)= C{ftj}thi:
Cle* f{t)}=F(s-a)

Vi du 4. Xac dinh bién d8i Laplace clia ¢*+" : do bién d6i Laplace clia ¢” 13 nt/S ™"
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theo muc 6 @ bang Ph.1, ta ¢o:
)
Cle*t)s —
{ } (S_a)irfi

Tinh chét dich chuyén trong mién thoi gian

N&u mot tin higu tré mot thai gian T, thi bién déi Laplace cda tin hiéu duge nhan véi e,
Goi F{s) 1a bién déi Laplace cla f{t) thi :

C{f-Tw-T)=¢"TF(s)

Sy tré tin hieu mot thai gian T duge quy vé dinh i dich chinh 1an hai (second shift
thearem).Tinh chét dich chinh trong mién théi gian co thé ap dung cho tat ¢a cac bién dai
Laplace. Nhu vy, d8i vai mét xung luc S(t) tré mot thai gian T, ham tré S(-T) ¢6 bién ddi
[a1e" (bign d6i Laplace cda 8(t) chinh 1a 1)

Cac ham tudn hoan (periodic functions)

Ham f(t) goi [a ham tudn hoan trong thai gian T néu bign ddi Laplace cho ham nay 1a:

ChYy=—— Fils) {1 1
Vi F(s) 1a bién ddi Laplace cGia ham cho chu ki dau
tién ol TR T :
Vi dy 5. Xét bién ddi Laplace cho cac xung Hinh Ph.4 : Ham bac don v

tudn hoan trong thdi gian T, nhu thé hién trong hinh
Ph. 4. Bién ddi Laplace ctia mdt xung don dugc cho bdi (1/s)(1-e*"%), S& dung phuong trinh
(1), bién ddi Laplace khi &y s& Ia:

P 1
l_?-xl(l__e.\h’..):
fj—e™* 8 s{l+e

-xT 12 )

Dinh li gia tr; ddu tién va gia tr cudi cung
Dinh i gia tri dau tién co thé dugc phat biéu nhu sau; nu mot ham thai gian f(t) co bién
ddi Laplace F(s) thi gia tri ctia ham theo gidh han khi thdi gian tién dén 0, duoc cho bd;
Lip t=lmsFt)

Binh Ii gia tri cudi cing c6 thé phat bidu 1a néu mét ham théi gian f() o bién ddi
Laplace F(s) thi gia tri cha ham dugc cho bdi gidi han clia n6 khi théi gian tién dén vé cang,
la:

L rlmgFe
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Dao ham

Bién d6i Laplace cua dao ham mot ham dugc cho bai:
Z l‘ff—f{r)}z sF(s) - f(0)
| ddt
Vi {(0) 1a gia tri cGa ham khi t=0. D6i vdi mot dac ham bac hai, ta ¢d:

Z Jf—f(n}_» F{sy—af 1) ———f @)

et

Vo df{0)dt la gia tri cla dao ham bac mét tai t=0. Céc vi du vé bién ddi Laplace cho
dao ham dugc cho & chuong 3 phén 3.2.2,

Tich phan
Bién d&i Laplace cla tich phan ham f(t), ham co bién ddi Laplace la F(s) duac cho bdi:

C Uf(r yalt

0

= LFs)
5

Vi dy 6. Bign d6i Laplace cho tich phan clia ham e gitta cac gidi han 0 va t, dugc cho
han
[ !
C JlJ‘e' dr

it

1
_C J;]‘:
¢ S+ 1)

4. Bién dai ngugc
in ddi Laplace nguac 14 s chuyén d6i mét bién d6i Laplace F(s) thanh ham that gian
fi:. [+&u nay c6 thé thue hién bdi:
C{F(s)= Y

Chuyén d6i ngugc c6 thé thyc hién dude vai sy trg gidp clia bang Ph.1. Tinh tuyén tinh
clia bién d&i Laplace Ia néu mat bién ddi la tdng cda hai thanh phan va yéu cau ¢b chuyén
d8i nguge thi ta c6 thé thue hién bién ddi nguge cla timg thanh phan riéng 1é va 1dy tdng
clia ching:

C{aF(s)*bG{s)}=aC 'F(s)+bT 'g(s)
Nhu vay véi su sAp xép lai, ta b thé dé cac s§ hang theo ding dang chudn nhu thé
hién trong bang Ph.1. Vi du, bién déi ngugc 3/{2s+1) thu duge, khi s3p dat lai | ta cb:

3(1/2) )
s+{1/2)




Bang Ph.1(TT.7) chira chuyén di 1/(s+a) cO chuyén d8i nguoc 1a e™ Nhu vay,
chuyén d8i nguoc cla (2) ¢o dang: ham nay nhan véi hiing s6 (3/2) vai a=(1/2), tie (312)e™?
Vi du 7. Xét bién d6i Laplace nguoc ham (2s+2)(s*1). Biéu thic nay cb thé sdp xép lai

2{ ﬁ.\' N w]| }
ER S B e o

Thanh phan tha nhét frong méc vuéng cd chuyén ddi ngugc 14 cost (trong bang Ph.1,
TT. 17}, 6 hang thi hai 1 sint { trong bang Ph.1, TT16}. Nhu vay bidu thirc cla chuyén d6i
nguoe a:

la:

2 cost +2sint

Phin s6 tung phén

Thudng F(s) a ti 6 cla hai da thie, khé xac dinh duoc vdi bién déi chuan {trong bang
Ph.1. N6 ¢an duge chuyén 46i thanh cac s6 hang phan s6 don gidn trude kil ¢o thé st dung
cac chuyén ddi chudn. Qué trinh chuyén déi mét bidu thirc thanh cac s hang phan s& dan
gidn goi la phan ly thanh phan s& timg phan {partial fractions). Ky thuat nay s dung dé
tao ra bac cla tr sé,n nho hon mau s8, m(n<m). Bac cla da thirc a sd mi cao nhit cla s
trong biu thitc. Khi bac clia tr s6 bang hodic cao hon bac cla mau 6, thi phai chia tly cho
mau cho dén khi két qua |a téng clia ¢ac s6 hang vai cac 6 hang phan s6 ¢on lai c6 bac
clia mau ion hon 1 s6.

Ta ¢0 thé xem xét 3 ki€u ca ban cla phan sd ting phan sau:

1. MAu s6 chira hé s6 co dang (s+a), (s+b), (s+c).dugc thé hién & dang:

fis)
(s+aXs+h)s+c)
NG cd cac phan s6 ting phan la:
A B C
+

+
(s+u) (s+b) (s+0}

2. Mau sG cb hé s6 (s+a) Iap lai, tirc mau s chira mot luy thira clia hé s nay, ¢6 dang:

fis)
(s+a)"
Cac phan s6 ting phan la:
A B C N
+ —+ 4o
G+a)  (s+a)y (v+a) (v+a)”
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3. Mau s6 chira cac hé bac hai ma bac hai nay khong thé dit thira s6 néu khang ¢b s6
hang &o. B6i v mot biéu thie dang:
f(s)

(({.\'2 +hs+eXs+d)

Cac phan s6 timg phan la:
As+ B C
+

-
as"+hs+e s+d

Gia tri cac hang AB.C, v...v co thé tim duoc khi sir dung tuong duong gilta biéu thire
va cac phan sé ting phan phai 1a sd thuc cho tat ¢a cac gia tri cla s hodc cac he s s
trong bigu thirc phai bang s” trong phan mé rong phan s timg phén.

Vi du 7: Ham ting phén cla:

s+ 4 . A b5
14 +
(s+Dis+2)  s+1 s5+2
Dé cho 2 biéu thirc can bang, ta phai co:
Iy +4 - Als+ 23+ B(s+ D
(s+Ds+2) v+ D{s+2)

K&t qua:
35+4=A(s+2}+B(s+1)

Biéu thirc nay phai 1 thuc cho tat ca cac gia tri clia s. Khi y, thii tuc tuyén chon céc
gia tri cho s s& tao nén mét s§ s6 hang chira hdng trd thanh 0, nhu vay tao kha nang xac
dinh cac hang khac. Néu dé s=-2 ta sé co:

3{-20+4=A(-2+2)+B(-2+1)
Nhu vy B=2. Néu G€ s=-1thi :
3(-1)+4=A{-142)+B{-1+1) —A=1
Nén:
3s+4 _ | N 2
{s+1s+2) (s+1) s5+2

Két luan: bién d6i Laplace duge sir dung dé don gidn hoa viéc phén tich va thigt ké cac
hé thong bat bién tuyén thai gian, trong thdi gian lién tue hodc réi rac.
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