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PHAN I
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GUA PIEU CHINH TUPONG

Chuong 1

CAC PHUONG TRINH VI PHAN VA CAC HAM TRUYEN
CUA CAC KHAU VA CAC HE TU PONG

1.1. CAC PHUONG TRINH VI PHAN VA CAC HAM TRUYEN CUA CAC KHAU
1. O dang téng quat ta 1ap phuong trinh vi phan ciia dién tir trudng cé 10 xo va cudn

cam (hinh la), n€u dai luong ddu vao la dién dp u, con diu ra la sy dich chuyén phén ing x
va coi di biét 1a cdc luc 10 xo F tdc dung vao diém A, cla cuén cam Fp, cha dién tir trudng

Fg va luc quén tinh Fp: bd qua dnh hudng luc ma sét kho.

Bai gidi. Ta chon g6c toa do, nhu chi ra trén hinh la. Ta 1ap phuong trinh can bang

luc tdc dung vao diém A:
mX + ¢ X + ¢, X =F (1, %) (H
va phuong trinh can bang dién 4p:

w=iR + L3, 1) 3y L&D
dt dr

& day mX = Fp - luc quén tinh ty 1¢ véi gia t6c X

(2)

va khé8i luong quy déi clia cdc phdn déng m; ¢, X
= Fp - lyc clia cudn cam ty 1& véi t6c d0 x va he
s§ cudn cam c;; cox = Fp - luc 10 xo ty 1¢ véi su
dich chuyén x va hé s& dan héi hay d6 cing cta 1o
X0 Cy; u, i - dién 4p va dong dién; L = L(6, i) - do
cam tmg cla cudn day dién tr trudng & dang t6ng
quat phu thudc vao khe ho 1am viéc & va dong dién
i (khi bdo hoa clta mach tir); R - tr& dién thudn cua
cudn day dién tir truong; Fg - Fe(i, x) - lyc dién tir
trudng 12 ham cta hai bién.
Ta gia thiét ring ludn c6 khe lam viéc 8= 0
va thod mén biéu thic:
Fg (i, x) = csi’x 2 & 82 8y, 3)

Hinh 1. Dién tir truong co
16 xo0 va cudn cam.

& day, cy - hé s6 khong déi. Su tén tai cia khe ho khong khi (8 > ¢) va céc gid tri lam viéc



(bi gi6i han) cua dong dién i loai trlr su bdo hoa cla mach tir. Vi vay d6 cam tng khong
phu thudc vao dong dién ma chi phu thugc vao do dich chuyén L = L(x). Trén co s& gia thiét
cdc do léch nho ta s& cho rang L = L, = const & 1an c4n gi4 tri chon khong déi x = x,,.
Khi dé phuong trinh khéng tuyén tinh trd thanh tuyén tinh:
. di
u=iR + Loa (4)
Trong cac phuong trinh (1), (3) va (4) chi s6 hang ¢ phin bén phai cia phuong trinh
(1) hay biéu thiic cia né (3) 14 khong tuyén tinh. Ta lam tuyén tinh nd, vi vay ta viét & dang:
F(Fg, i, x) = Fg - c;x x2=0 (5)
Khi phuong trinh tuyén tinh & cdc d¢ léch nhd cha cdc gid tri bién tuong d6i xdc lap
tinh (i = 135, X = Xg, Fg = Fgg) €6 dang‘

£ AFE (aF) Ai+ (ap) Ax=0 ©)
GFE 0 ox
Né&u tim cdc dao ham riéng — 9 —aﬁ F tlr (5) va th€ cdc gid tri bi€n dugc xdc lap
OF; i ox
vao ching, ta cé:
AFEg — k|Al + k,Ax = 0 hay AFg = k Al — kK,Ax (7)

o day, k; = 2c3i0x0'2, k, = 2c3i02 x0'3. Dau trir & (7) cho thay rang khi tang Ax luc AFg giam.
Céc hé s6 truyén k, va k, bang dé thi c6 thé tim tir cdc dic tinh tinh Fg = caXg a2 va Fp =
c3ip”.x? bing cach xdc dinh tangen géc léch clia céc ti€p tuyén twong tng duge vach & céc
diém (ig, Fg) va (xg, Fro)-
Néu biéu dién Ai tir (7) va thé€ vao (4), con két qua thu duge cho phép dbi véi AFg - the
vao (1) va bién déi ta c6:
(Tep + 1) (T5°p* + Typ+ 1) X(V) = ku(t)

g day, Tg = —1—20_ - hang s6 thdi gian cia cudn cam dién tir truong.

T = “1 , T = m , k= K , pz—d— - 1a todn tir hay ky hiéu cta
Cy +k2 Cy + k2 R(C2 +k2) dt

vi phén.

2. Hay tim ham truyén cla co c4u thira hanh thuy luc (hinh 2a) dugc st dung cung véi
bo do ly tam téc do géc (BDTL) dé diéu chinh t6c d6 quay cia dong co nhiét. Gid tr1 dau
vao 12 su dich chuyén x clia khép n6i bo do t6c do géc 1y tam (BPTL) 3, con déu ra - 1a sy
dich chuyén y cha van chin hay b di€u chinh (PO) clia dong co nhi¢t (hinh 2b).

Bai gidi. Dong co thuy lyc (ngan kéo 2 véi pittong 1) cing v6i bo quan bang (16 xo 5
véi cudn cam 6) c6 thé & trang thdi tinh chi & mot vi tri xdc dinh clia don bdy 4, khi 15 x0 &
trang thdi khong (ng sudt va ngin kéo 2 - & vi tri trung binh (nhu chi ra trén hinh 2). Khi d6



khép néi 3 bo do téc do géc ly tam (BDTL) & vi tri tuong tng vdi van t6c gée da cho Q. O
do lech Q v6i gid tri dd cho khdp n6i 3 dich chuyén, ngin kéo 2 cling dich chuyén va toan
bo hé chuyén dong, lic nay t6¢c d6 Q vin chua x4c dinh duoc.
1. Phuong trinh ddng co thuy luc céc luc do pittong fuc vugt hon nhiéu cic tré luc va

cdc luc qudn tinh, vi vay c6 thé bd qua anh hudng

cha ching. Khi d6, néu khong tinh téi do nén cia a
chat long va cho rdng dién tich ctia clra do ngéan kéo J
md ty 1é vdi do dich chuyén cha nd z, phuong trinh
dong co thuy luc sé 1a: 2

d
d—};=klz hay py =k, z (1) 5@%‘1

O day k, - hé s6 truyén.
2. Phuong trinh don bdy lién quan véi khép ,@
/ -~

ndi, bo quan bing va ngin kéo. Su dich chuyén ciia

khép néi x gay ra su dich cThuyé’n cla ngin kéo z va Vs NEd —

pitténg luc, né dich chuyén pitténg clia cuén cam { q —~—f—

X,. theo huéng nguge dich chuyén ciia khép néi. Do y v

dé, ta ¢6 phuong trinh: — Wip)
2=k, (X —K3X,.) (2)

& day k, = _a k, = b cdc he s6 truyén: Hinh 2. Co cdu thira hanh thuy luc.
a+b 7 a
a, b - cdc chiéu dai ctia cdnh tay don (xem hinh 2).
3. Phuong trinh mach lién he nguge. Trong mach ngugc ¢6 cudn cam, 10 xo ciia don bay.
4. Ta lap phuong trinh can bang luc:
€ Xoe ¥ C2Xge =C3Y 3
& day ¢, X, = Fp - luc clia cuén cam ty 1¢ t6c¢ do dich chuyén clia pitténg cudn cam X, ;
CoXoe = F,, - luc cia 10 x0; c3§ = F, - luc do pitténg phat dong; ¢, ¢,, ¢; - cdc he s6 khong doi.
Sau khi bién déi phuong trinh (3) ta c6:
(Tocp + D)Xoc = Kapy (4)

oday: T, = 1. hing s6 thdi gian clia mach lién hé nguoc;

B
]

c ; s
ky = — - hé s6 truyén.

C2
Ta tim x, tir (2) va thé z tir phuong trinh (1) vao biéu thirc clia né, ta cé:
k, 1
X = —X~- (5)
= 1L TRk, Py



Né&u thé (5) vao (4) ta tim phuong trinh vi phan clia co ciu thira hanh thuy luc:

(Tp + 1)py(t) = k(T,.p + 1) x(1) (6)
T
o day: T= —2% k=—~k-1-l-5~2——— (7
l+k1k3k4 1+k1k3k4
Suy ra ham truyén cén tim:

KT, .p+1

W(p) — ( Ot,p )

p(Tp+1)

3. Hay tim ham truyén va phuong trinh vi phan mach dién thu dong (hinh 3) d6i vai
cac dién 4p u; va u,.

Badi gidi. Dé tim cd¢ ham truyén cla cdc mach dién twong tu trén hinh 3, sir dung dang
todn tir biéu dién thuan tién cdc dién trd, cam tng - pL, dién dung - 1/pC va trd thudn - R, &
day p = d/dt - ky hi¢u hay todn tu vi phan.

Ta bién d6i mach dién hinh 3 vé mach tuong duong véi né (hinh 4), & day

1
o~ el 2.2
R, (T +Tp+1
7, (p)= 251 —+pL,, = i 1}; lle ) (1)
R, +— Pt
pC,
R,L R, (T2p% +T, p+1
Z,(p) = —22P_, 1 _Ry(T5p 22LP ) 2)
Ry+L,p Cyp (T, + T3 p)
L
T, =yCiL,y ,T1L=—R“L’T1c =R,
1
(3)

L
T, =JyG,L, T = ‘R'g"Tzc =R,C,
2

Thit nguyén cla tét ca cdc hang s6 thoi gian (3) [T] =s.

&

1

i Ly
-

ﬁf
Uy U,

6‘2 b
Hinh 3. So dé cho bai 3. Hinh 4. So dé tuong duong.

Bai vi su sut dién 4p trén cdc dién trd n6i ti€p nhau ty & gid tri cdc dién trd, thi ham
truyén clia cdc mach tuong duong (hinh 4) duge xdc dinh nhu ty s6:



U,(p) Z e
Wipy = V20 Za®) _ 2,(6) “
Ui(p) Zpx(p) Z,(p)+Zy(p)

Néu the (1), (2) vao (4), ta ¢d ham truyén tim dugc cla mach dién:
R,(byp? +b,p? +byp+by)

Wp) = R,(bop® +b,p? +byp+by)+ R, (dgp? +d,p> +d,p? +d;p) ©)
bo=TiTic, by =TF+TyTie, by=Ty +Tic, by =1
dy = TYT3, d =T{Toe +TiTy, dy =Ty T +TF, dy=Tye
Phuong trinh vi phan ciia mach dién ddng nghién citu d6i vai cdc dién dp ¢6 dang:
[Ry(byp® + ... + ba) + Ry(dgp* + ... + dzp)] uy(t) = r(by,” + ..o + by (1) (6)

4. Hay lap phuong trinh vi phan va tim ham truyén ctia mdy bién dp (hinh 5) d6i véi
cic dién 4p u; va u,. Cdc thong s6 dién cta mdy phat duge chi ra trén hinh 5.

Bai gidi. Cic phuong trinh vi phan can bang cua

cdc dién 4p mach clia cdc cudn so cip va thir clp cla L, M iy
may bién 4p cé dang y=e * S
. . . r ,

u; =1, + L,pi; + Mp1, (1) U, ’ 2 R U
0 = fziz + sziz + Mpll + U2 (2) l/ Z-Z :

& day, ry, Ly, i - trd dién, d6 cam ting va dong dién cua 7 w, W, e

cudn so cdp; 15, L,, i, - tuong ng déi véi cudn thir cp;

R - tr& dién cha phu tai; uj, u, - cdc dién dp ddu vao va Hinh 5. So d6 mdy

ddu ra clia mdy bién 4p; M - hé s6 cam tng tuong hd bién dp cho bai 4.

cuia cdc cudbn.
Néu tim biéu thifc d6i vai dong dién i tir phuong trinh (1) va thé vao (2), ta ¢6 phuong
trinh vi ph&n cia may bién 4p:

w2
LILZ M p2 + L2rl +L] (R+r2)p+l Uz([): _ MR pUl([) (3)
n(R+r,) n(R+rn) n(R+r)
hay:
(1,7, = T2)p? + (T, + Ty)p +1] uy (6= —ke,pu, (© @

M
& day: T,=£‘—,T2= Ly ,r,:-“é, Ty = A
I R+, ) n(R+r) R+,

Thit nguyén ctia hé s6 7, va cla tdt ca hing s6 thdi gian [T,] =s (i =1, 2, 3). B&i vi he
s6 lien he M/m trong bién 4p c6 16i thép gln 1 don vi, thi M = \/-IE conL,L, - M2
~ (0 hay T|T; - T;? ~ 0. Khi d6 phuong trinh méy bién dp (4) duoc don gian:

[(T, + Ty)p + uy(t) = -kt pu(t) (5)

P61 v6i ch€ do khong tai (R = 0, T, = 0) ta cé:



(Tlp + l) U2([) = —‘t,pul(t)
Trén co s& phuong trinh vi phan (5) ¢6 thé viét ham truyén ctia mdy bi€n 4p theo dién ap:

W(p) — Ul(p)z_ ktlp
Ul(p) (TI +T2)p+1

ma tir né rd rang rang mdy bi€n 4p 1a khau vi phan phdn qudn tinh. Dau trir trong cdc phuong
trinh vi phan clia bién 4p c6 nghia pha cha dién dp ddu ra thay déi t6i 180" d6i véi dien 4p
ddu vao.

5. Hay lap phuong trinh vi phé4n cia mdy bién 4p (hinh 5), n€u gid tri ddu vao la dong
dién i, con gid tri ddu ra la dién dp u,.

Bai gidi. Ta vi€t phuong trinh vi phan (1) cla bai 4 & dang:

) u
u1=r111(1+T1p)+MpF2 (n

Néu thé u, tir (1) vao phuong trinh (4) cia bai 4 va bién doi, ta co:
(Typ + Duy(t) = -kMpi(t) (2)
& day cac hé s6 T,, k, M tuong tng cdc ky hiéu cua bai 4.
D61 v6i ché d6 khong tai (R =0, T, =0,k = 1) ta co:
u,() = —Mpi1, () (3)
Tir d6 rd rang rang & ch& do khong tai mdy bién 4p la khau vi phan 1y tuong, néu gia
tri ddu vao 1a dong dién, con ddu ra - 1a dién dp.
6. Hiay tim phuong trinh vi phan va ham truyén d6i vdi cdc dién 4p u; va u, cha mach
dién thu dong RC & dang cdu (hinh 6).
Bai gidi. Cac dong dién clia cdc nhanh cdu (xem loi giai bai 3).

. C
= ;1C1P ’ iy = uhapP -
p+1 Typ+1
d
T, =R,C,, T, = RyG,, p= Et_ u,

Khi d6:

| . l"‘Tszpz /e’
uy(1) = —— 1, () = Ry1 (1) = u, ()
2 cﬂfz ih (Typ+1X(Typ+1)

Tir d6 suy ra phuong trinh vi phan cén tim c6 dang:
(Typ + D(Tp + Duy(®) = (1 = {puy () (1)

va ham truyén béng:
1“T3P2 _ 1-T,T,p

= (2)
(Tip+IXTop+ 1) (Tip+1)(Top+1)

W(p) =

aday: =TT,

10



7. Hay tim ham truyén cta cdu dién (hinh 6), néu rd dién cta cdc dién trd R, = R, va
dién dung cta cac tu dién C, = C,.
Bai gidi. O ding thic cdc dién trd va cdc dién d ing clia cdc nhdnh d6i nhau cia céu
(hinh 6) hing s6 thoi gian T; = T, = T va ham truyén (2 va bai 6 ¢6 dang:
_ 1-T?p? _1-Tp F

T+ Tp)?  1+Tp

8. Hay tim ham truyén clia cudn cam thuy luc (hinh 7), néu
bd qua anh hudng cla khéi lugng cic phdn dich chuvén va dai magul ropeules

luong ddu vao 1a luc F, cdn ddu ra 12 su dich chuyén pittong x. :
2. ~ ’ 2.0 k} . » "Z:
Bai gidi. Luc dat F s& doi vé1 luc cudn cam Fp = ¢,X, O l [ f’fD

day ¢, - hé s6 cuon cam ty 1é do nhét cta chat long va dién tich ==
’ (i

pitténg va ty 1é nghich véi dién tich 16 di qua.
X(p) k Hinh 7. Pittong co
Khi déta c¢6 px = kF, & day k = c;‘ , W(p) = i VALY xi lanh (cuén cdm).
F(p) p
9. Hay tim ham truyén theo cdc diéu kién cta bai todn tru6c, n€u tinh khéi luong clia
cdc phdn chuyén dong.
Ddp s6:
_X(py_  k T- W

F(p) p(Tp+D)’
m - khéi luong cac phén dich chuyén.

W(p)

10. Hay tim ham truyén cla mach dién (hinh 8a) theo tin hiéu moédul hinh bao voi tan
s§ mang o, = 2nf,, & day f. - tdn s6 mang dién.
a) A L

\ Bai gidi. Trén co s& cong thic (4) cta bai 3 ham [~ o
truyén ctia mach dién (xem hinh 8a).
To t R Uy
W(p) = |W(jo)|= )

J1-T¢0?)? + T2?

Phan tich su phu thugc (2) chi ra rang d6 thi DTB
clla mach dién hinh 8a c6 dang biéu dién trén hinh 8b,
ngodi ra & tdn s6 cong huong o = o, = 1/T,, DTB ldy gid
tri cuc dai A(wg) =1, con khi 0 < ® < Wy va @) < 0 < o;
A(o) < 1.

Dac tinh tdn s6 bién do trén hinh 8b tuong tng
DTB cua khau khéng chu ky bac nhét c¢é hé s truyén k J
=1 vd ®, = 0. Ta tim diéu kién, m& 6 d6 DTB v61 do
chinh xdc du 16n 1a d6i xting d&i véi tdn s6 cong hudng Hinh 8. So dé va dé thi
g, c6 nghia c6 thé xem nhu DTB cla khau khong chu ky cho bai 10.

W, W, -

11



bac nhit d6i véi tdn s6 cong hudng w,. Vi vay ta tim tdn s6 ©, va o, tir diéu kién dong nhit
triét tiéu cc tdn s6 bién bang khau khoéng chu ky cta bac ddu va bang mach dién (xem hinh 8b):
k 1

—E=$ (3)

Néu thé (2) vao (3), ta ¢6 phuong trinh:
Tw 1

A(o) =

J—Teat)? + T2 V2 @
Néu gidi né, ta tim dugc cdc biéu thitc d6i véi cac tdn s6 bién:
~T++T2+4T2 T+ T2 +4T2
;= 212 ; Wy = 212 ; (5)
Pé DTB duoc biéu dién trén hinh 8b la d6i xitng déi véi tdn s6 cong hudng o, = T;',
cén thiét dé thyc hién diéu kién:
E‘%"’_u L _T_24_ ~ g (6)
Ty 4T,
Diéu kién (6) dugc thuc hién khi:
41;(?—<¥13—, cénghia T <2T,, hay R<2\/% (N

Do dé, mach dién (hinh 8a) cé thé thé & dang kh&u khong chu ky bac ddu theo tin hiéu
diéu bién dudng bao, néu thyc hién diéu kién (7) va né€u tdn s6 mang hay tdn s6 mang dién
W, = .

Dé xac dinh hing s6 tuong duong cla thoi gian khau khéng chu ky bac ddu theo tin
hiéu diéu bi€n dudng bao cdn tim dai di qua cia mach dién dang nghién citu:

T R
A(Dn—(Dz—(DI-——T—OZ’=E (8)
Hing s6 tuong duong cua thoi gian:
2 L
Te = =2 9
E Ao, R (9)

Khi d6 khi thuc hién diéu kién (7) va khi chon cic théng s6 L, C sao cho wg = ., ¢
thé biéu dién d&i v6i ham truyén ctia mach dién trén hinh 8a theo tin hiéu diéu bién dudng
bao & dang:

W(p) =

(1M
TEP+1

11. Hiy tim ham truyén clia mach dién (hinh 8a) theo tin hi¢u diéu bi€n dudng bao ¢
R =1000 Q, C=0,2 uF, L = 0,8 H va tdn s6 mang cla tin hiéu ddu vao f_ = 400 Hz

Bai gidi. Ta st dung cdc cdng thirc clia bai todn trude.

12



Céc hing s6 thdi gian Ty = VLC =40,8.02.10° =1.4.107s, T = RC = 1000 . 0.2.10°6

=0,2.10"s. Diéu kién (7) dugc thuc hién. Tan s6 cong hudmg o, = 1__ L . 25005
To 0,4.107°

Tdn s6 tin hieu ddu vao o, = 2xf, = 6,28.400 = 2512 "', ¢6 ngha diéu kién w, = , thuc té€
duge thuc hién. Di€u kién (7) c6 thé chinh x4c theo cong thic (6):

W, + 1 2 ( -6
oy 1 T4 _ 1 . 1,04.10 25755
2 T2 4T¢ V016107 4(0,16.107°)

W)+

Tir d6 suy ra rang DTB d6i xtng véi tdn s6 cong hudng, boi vi

Hang s6 tuong duong cua thoi gian Tg = 2% = _l%% = 1,6.10%. Ham s6 truyén

=

theo tin hiéu diéu bién dudng bao:
W(p) =

™

!
1,6.107p +1

12. Hay tim ham truyén 10 xo va cuén cam

(hinh 9), néu bé qua anh hudng cua khéi lugng cédc

phén dich chuyén va gid tri ddu vio 1a luc F, con ddu

ra - sy dich chuyén diém A (pitténg) x. T L
Bai gidi. Ta lap phuong trinh can bang luc F =

Fp + F, = ¢; X +¢yx, 6 day: ¢, - hé s6 cudn cam, ¢, -

hé s6 dan héi cia 16 xo. Khi dé ta ¢6 (T;p + 1)x = kF,

i
f)

—.
o

=N
\

1
Irl
|

1

C . N :
oday T, = L k= czl tir d6 suy ra ham truyén:
C2
Kk

Hinh 9. Pitténg cé xi lanh va 1o xo.
Tip+1 &

W(p) =

13. Hay tim ham truyén theo cdc diéu kién ciia bai trudc, néu ké dén khdi luong cdc
phén dich chuyén t6i diém A (xem hinh 9).
Ddp sé: Ham truyén tim dugc:
k m

’ T Sl
Tip? +Typ+1 2 cy

W(p) =

m - khéi lugng cdc phdn dich chuyén.

14. Thay déi hay khéng loai khau dong luc hoc, ma né bao gém cudn cdm cé trong
bai 8 va bai 9, néu cac gid tri ddu vao va ddu ra thay déi chd cho nhau. Hay tim cic ham truyén.

Ddp 56 C6 thay déi. Khong tinh dén khéi luong thi ham truyén:

F(p)
= —:k
W(p) X(p) p

13



& day, k = ¢y. Cé tinh dén khéi luong:

F(p)
W(p) = = —==k(Tp+D)p
X(p)
T=2 Cic hé s6 m va ¢; duoc xdc dinh trong cac bai 8 va 9.

Cy

15.-Hay lap phuong trinh vi phan chuyén dong va

+ p G,
ham truyén cia déng co c6 kich tir doc 1ap (hinh 10a) 2 u

déi véi t6c do géc Q & thai diém tai My = 0.

Ddp so: Phuong trinh vi phan cla chuyén dong
(TaTyp” + Typ + 1) Q1) = kugy(t)
L+ . - oo
Ty = Latlp hdang sé dién trudong thoi gian
RA + RB
cta mach phin tng; L, Ry - d0 cam tng va trd dién
thuan cta phdn ing; Ly, Ry - do cam dng va trd dién
trong ting cudi cia b khuéch dai cap cho dong co.
Q X ot
Ty =1 Ra =J-—2X = - hing s6 thdi gian
CMmCe n

dién co clia dong co; J - moémen quéan tinh ctia cdc phin
quay d6i véi truc cta dong co; M, - thoi diém khéi
dong cla dong co & Q = 0; Qyx - téc do géc chay
khong tai & thoi diém dong co M = 0;

_ U%X oy = Mﬂ g.x( , = U%X Hin}: 10. If/d do; \"(;C(}C ;1(?(
c— ? - » . . - 4 4 L
Q())(x I?\.K.Z R, +Rg tinh co khi cho bai 15.
dQi Qyy

- dong dién ngin mach cia phédn ting dong co 3 Q =0, B = } - hé s6 goc

dM| M

n

] o) e
nghiéng cla cic dac tinh co khi cha déng co, k = Ui)(x 1 hé s6 truyén. Ddi véi cdc dong
BX Ce

co c6 dong dién khong ddi ¢6 kich tir doc 1ap B = const & ugy = var:

k
Walp) =
P ToTyp? + Typ +1

16. Hay tim phuong trinh vi phan cia chuyén dong va ham truyén clia dong co c6 kich
tlr doc 1ap (xem hinh 10a) d6i véi gée quay a.
Dadp so:
(T TAp® + Typ + 1) pa(t) = kugy(1),

k
Wo:(p) = 2
P(TATup® + Typ+1)
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17. Hay tim cdc ham truyén clia déng co c6 dong dién khang déi ¢é kich tir doc lap,
néu bo qua anh hudng cha cdc qui trinh chuyén tiép dién tr trudng trong mach phén ing
(xem cac bai 15 va 16).

Ddp sé-
k
Wa(p) =
Typ+1 2 Uy
ok il
Wulp) = ————
p(Typ+1)

18. Hiay tim cdc ham truyén cua dong co khong
déng bo hai pha (hinh 11a) & thai diém tai M, = 0. Céc
dac tinh co khi ¢é dang hinh 11b cdn c6 thé bd qua cdc

qud trinh chuyén tiép dién tir trudng trong stato va roto.

Bai gidi. Tuong tu bai todn trudc, cdc him truyén
cta dong co khong ddng bo theo t6c do gdc:
k
Wa(p) =
va theo goc:
W (p) = _k
* p(Typ+1) A
Hing s6 dién co cla thdi gian Ty ty 1¢ hé s6 géc
nghiéng cta dac tinh co khi 3 (xem bai 15): Hinh 11. So dé va coc dic

Q?(,x tinh co khi chobai 18.

0
n

Tv=IBo=J

& day, J - momen qudn tinh ctia cdc phin quay tdi truc ctia dong co: Q% x. MY B, - tuong
tng la t6c do géc khong tdi, mémen khoi dong va hé s6 géc nghiéng dudng thang tiém can

chia dic tinh co khi tuong tng cdc gid tri thuong duoc 4y nhit cha dién dp diéu khién
0
XX
0
U,

u, = U(y) O hé tr dong (xem hinh 11b) k = - hé s truyén cta dong co.

19. D€ bl tro dién cdm tng cia cudn day diéu khién dong co khong déng bo hai pha
trong mach ctia né ¢6 tu dién véi dién dung C (hinh 12a). Yéu cdu hdy tim ham truyén cla
dong co ¢6 cdc tinh chét dong luc hoc clia vong bién d6i LCR trong mach cuon diéu khién.

Bai gidi. Cac tinh chét dong luc hoc biéu dién d¢ qudn tinh cdc qud trinh dién co cua
dong co hoan toan xdc dinh bdi cdc ham truyén Wq(p) va W (p) (xem bai 18).

Dé x4c dinh ham truyén mach LCR cia cu¢n day diéu khién ta 1ap so d6 tuong duong
mach ciia 6ng day didu khién hinh 12b, & day L - d6 cam tng. R = P/I} - tr§ dién thudn
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quy d6i cia cuén day diéu khién, I, - dong dién /) e
tiéu chudn, P, - cong suét hiéu dung dinh mic cta ‘ u 7

pro—

cuén day diéu khién, C - dién dung cia tu dién

(f
dugc méc vio mach diéu khién. Ta bd qua anh ~ VN Wy
? 3 hd A k) I’ . U» £l —— .
hudng cla tro dién bén trong chia nguén cép cho ! N /5 A
2

A o2 f;)
cudn day diéu khién. J o

Mach LCR dugc nghién ciu chi ti€t trong /) Q;_.H,_rm_‘ —
{ !
A ,

bai 10. Ham truyén ctia né theo tin hiéu diéu bién

dudng bao c6 tdn s6 mang bang tdn sd cla mang f, “ v ‘a
hay tdn s vong tron clia mang o, = 2nf,. | . i
c
1 L
W = » T = 2"" 1 . , ;
(P) T E R () v, / v, P wQ‘ R
Ep+l mp 1 g

Ham truyén (1) ding khi thuc hién cic diéu

kien R < 2\/2, _lu_zzﬂfc Hinh ’12. Cdc so do dién
C JLC va cdu trite cho bai 19.

Khi thyc hién ca hai diéu kién cdc ham truyén cta dong co khong déng bo hai pha:

Q(p) k
W = - ,
A= G ) (Tep+ DTyp+ D)
Wo(p) = xp)__ k

C Uy p(Tgp+D(Typ+1D)

So d6 c4u tric cia dong co ¢6 dang dugc biéu dién trén hinh 12c.

Sau mot vai bi€n déi c6 thé thu dugc cdc biéu thitc méi dé xac dinh hing s6 thi gian

tuong duong:
2 /1-cos? ¢

®, COSQ

-2 X5
o, R

TE=2 (2)

o |

2
0')(-'

o day, o, ~ ©g = J—Il_:_a, XL = @ L - trd dién cdm cha cudn day diéu khién, cosg - hé s6 cong

suft cha cudn day diéu khién khi hoat déng khong c6 tu dién (& ché do dinh mitc).

20. Do cam ting cudn day diéu khién cla dong co khong déng bo ba pha L = 0,05 H,
con trd dién thuan R = 150 Q. Dién dung cia tu dién dugc méac vao mach cudn diéu khién
cdn bing bao nhiéu, néu tdn s§ clia mang f. = 400 Hz? C6 thé sir dung dugc hay khong ham
truyén (1) tir bai todn trude?

Pdp so: 1) C=3,2 uF; 2) C6thé, baiviR =150 Q < 2‘/% =250 Q.

21. Hay tim ham truyén cia mach dién thu dong LC & dang cdu dugc bi€u dién trén
hinh 13 (xem bai 6 va 7).
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1 _T2p2

1+T2p?

T=vJILC

22. Hay tim phuong trinh vi phan clia chuyén dong pitténg déi vdi vé x, dudi tac dung

Ddp s6: W(p) =

cla lyc F (hinh 14) bo qua khdi lugng ctia cdc phan dich chuyén.

TRUGNG DAL DO BA0

“ ’a;‘%\
Hinh 14. Pitténg c6 xi lanh va 16 xo.
Bai gidi. Ta lap phucmg trlnh can bang cic luc F = Fp + F, = ¢, X3+ cx,. O day,
X1 = X| - X - sudich chuyen clia pitténg d6i véi xi lanh, X, - su dich chuyén cia diém A.
Neu th€ vao phuong trinh luc gia tri clia né vao vi tri x5, ta co:
px(t) = K F(0) + ky(typ - 1) x5(1)

ddayk, = c,‘l Jky=¢y c}" T =c;Cy' (xem bai 8 va 12).

23. Hay tim phuong trinh vi phan chuyén déng theo cic diéu kién bai todn trude, néu
ké dén khoi luong cia cdc phan dich chuyen ,
Ddp s6: (T\p + l)pxl(t) =k F(t) + kz(’tz p +T1p— l)xz(t)
dday T, = L Ty = m, m, - kh6i Iugng pittong v6i cdn, m, - khéi luong quy doi
¢y Cone

ctia 15 xo v6i xi lanh tai diémi-A (xem bai9wva13) -

24. Hay tim phuong trinh vi phan va ham truyén bo do t6c do géc ly tam (BDLT) trén
hinh 15a, néu gid tri ddu ra la do dich chuyén cla bich x, con gid tri ddu vao 1 s6 gia t6c do
géc AQ va coi khéi luong clia tat ca qua cdu m dat t6i diém M, cdc chiéu dai cla cdc nhdnh
1), 15, I3; cdc khop n6i v6i di€m B da biét.

a) luc cta Id xo F,; b) luc ma sdt nhét va cudén cam Fp; ¢) cdc luc quén tinh cta cic
khéi lugng Fp quy ddi; e) cdc luc quy déi tir khoi lugng cla tdt ca cdc phdn dong Fg. BO qua
anh hudng luc ma sdt kho.
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Hinh 15. Bé do toc dé Iy tam va do thi cho bai 24.

Bai gidi. Ta chon hé toa d¢ vuoéng goc z, x. Truc x trung vdi truc quay BDLT, con truc
Z - v6i vi tri diém B & Q = 0, khi do khép n6i dudi tic dung cha 10 xo duge tim & vi tri
x =0, & day gi4 tri ddu ra x 12 toa d6 diém B.
Luc ly tAm cla cdc qua cu 12 chuyén dong:
Fx = mrQ)? (1
& day, r = zy - khoang cdch diém M tir truc x.
T4c dung vdo khdp ndi 12 cdc luc can quy d6i P va luc chuyén dong quy déi F (xem
hinh 15a). O diém B ta xédc dinh luc Fy trén co s& ding thitc cong suft:
Fip = Fyiy ; F=Fyx 24 2)
Xg
& day, Xg, 2 - cc t6c do thanh phdn dich chuyén cia diém B va M theo cdc toa do tuong
ng cla cdc truc. Ta xdc dinh z,:
ZM =VMcosa=VA—l-cosa=XB-~l—’~——l-— (3)
l I, tga+1tgP
& day, [ =1 + l5, Va5, Vy - cdc t6c do tuyén tinh cha cdc diém A va M & chuyén dong quay
cua chiing déi véi tam chung cé cdc toa do (b, a), a, B - 12 cdc géc dugce chi ra trén hinh 15b.
Néu thé (3) vao (2) c6 k€ dén (1), ta cé:
! r

F= m———-—0? =k f, (r,0,p)Q? (4)
I, tga+tgf3
gday k; = m—[—, fl(r,a,B)=——£——
[ tga +tgf
T hinh 15b ta tim dugc:
r=b+ /lsing, x = a - [}.cosa - /3.cosf3 (5)
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& day a =1, + [5; b - bdn kinh khép n6i va bich, ma vdi né ¢6 kep cic thanh giir cdc qua cau.
Tir biéu thiic (5) thdy 16 ring cdc bién r, x, a v B lién hé v6i nhau bang phu thugc ham
khong tuyén tinh. Do d6, ¢6 thé tim:
fy =(r, a, B) = f(x) (6)
Viduy, &ly=1; (a=0;a=2/):

fy = (r, o) = f(x) = (2!, —x)*\ b +—[—— (6a)
2\/41,2 -2/ —x)2 41,
Né&u thé (6) vao (4) ta c6:
F = k,f(x)Q* (7)
Ta tuy€n tinh biéu thic (7) & vong lan cin cdc d6 léch nho clia cdc bién x va Q doi voi
ché do xdc lap dd chon 2 = Q, x = X

0
AF:(%XF_) Ax.,,(%)AQ:k,Q%DAx+2k,QOEAQ (8)
& day:
p= 4 VE=f(x)] _
dX Jyexq =R

3 ché do x4c lap luc can quy déi P = F, + Fg. Khi d6 luc quy déi tir khéi luong cac
phin dong (cht y&u vao khoéi lugng cdc qua cdu) Fy cing phu thuoc vao su dich chuyén
khdp x; phu thudc nay ciing 12 khong tuyén tinh. Ta ldy gin dung Fy = const. Khi d6 o che
do dong luc d6i véi cdc do lech nhd phuong trinh can bing luc cd dang:

AFp + AFp + AF, = AP = AF,
hay: ;
m,A% + ¢ A% + ¢,Ax =k Q3D Ax + 2k | Q EAQ 9)
& day, m, - khoi luong cdc phdn chuyén dong quy d6i tai diém B, X, X - t6c do va gia toc
khép néi, ¢, - hé s6 clia cudn cam, c, - hé s6 dan héi cia 1o xo. Ta bién d6i phuong trinh (9)
vé dang:

(T2p? +T,p + 1)Ax(1) = KAQ(D) (10)

2k, QLE
T, = s T T, = . 1 k= 1 ()7

D6i véi tat ca BDTL theo so d6 hinh 15a ham f(x) c6 dac tinh gidm (hinh 15c¢), con hé
_ df(x)
dx

o day:

s60 D c6 ddu tr, né cdn thiét khi tinh cc thong s6 k, T, T, va & bi€u dién cic

X=X0

phuong trinh (9) va (10).
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Ham truyén BDTL:

W(p) = k

Tp? +Typ+1

1.2. CAC KHAU PONG LUC PIEN HiNH

25. Khau dong luc hoc né ¢6 ham khéi lugng o(t) = 50(e™" -
théng s6 cla khau nay va biéu dién ham truyén.

e 112 Hay tim céce

Bai gidi. Phuong phdp 1. Ham quy d6i cia khéi lugng tir hai s6 mi. Do dé, day ia

khau khong chu k¥ bac hai véi ham khéi lugng cé dang:
TRUONG 8T OO BAGINTHON A KO

Wp) = [t ™dt =
0

(1+0,2p)1+0,1lp)

SuyraTy;=02s,Tg=0,s,k=S5.

5
Olp—-1

26. Hiy tim ham truyén cda khau khong 6n dinh ¢6 ham truyén W(p) =

Ddp 56: h(1) = 5(~1 +e'%).1(1).

27. Hay tim cdc thong s6 ham truyén cla khau khOng dao dong, néu ham chuyén tiép
clia né co dang dugc biéu dién trén hinh 16. !

h(t) = k[l - e““(cos At+ -ism ?Lt)] .l(t)

Sur tat dan cta dao dOn} x y ra theo ham so mu co hang s6 thoi glan T, =1/y=055.
suyray=2s". Chuky cic dao é(’mg Tx 2n/K ) 6285 suy TaA=10s"
Ta 14p hé cdc phuong trinh

£
=5-9
=T

g2
A= 1=¢ =10,
T

(1)

ma néu gidi né, ta tim dugc T = 0,1 s, & = 0,2. Tir d6 thi hinh 16, ta xdc dinh k = 20.
Phuong phdp 2. Néu x4c dinh cdc bién do A, vd A, (xem hinh 16), ¢6 thé tim dugc hé
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s¢ tat ddn cta quéd trinh chuyén Al
ti€p y theo cobng thirc:
S ApAL10 10
T A, m™ 53 .

Néu thé cdc gid tri tdn s6 cdc
dao dong tat ddn A vA hé s6 v vao
hé cdc phuong trinh (1), ta tim
hang s6 thoi gian T va thong s6 tat
ddn &. TRUGN 10

Ham truyén: R

W(p) =

k
T2p2 +2ETp+1
_ 20
© 0,01p2 +0,04p + 1

28. Thiét bi lam PEl -
dien thay d6i. Cic tinh chat dong | __ /¥ N J i
luc hoc cha né theo dudng bao A
duoc xdc dinh bing khau dién hinh 2 A
nao, néu dac tinh chuyén ti€p ¢ Y f Y
dang duoc biéu dién tren hinh 177 ¢
Céc dao dong c6 tdn s6 mang trén
d6 thi dugc thé hién khéng tuan theo
ty l¢ thoi gian. Hiy x4c dinh céc
thong s@ clia ham truyén ciia khau,

e S

Pdp so: Khau dao dong c6
ham truyén:

W(p) = 10 Hinh 17. Ham chuyén tiép ciia khdu
0,0042p ’fSP +1 lam viéc & dong dién thay déi.

29. Biét céc thong sgﬂéﬁé bgé)do t'dc \dély tam nhu sau (xem hinh 15). Khéi lugng cédc
qua clu duogc quy déi vé diém M m = 0,02 kg; / = 6 cm; [, = 3 cm; t6¢ d6 goéc dugc 8n dinh
Qy=150s"; he s6 D = -0,1 1.103; kh6i luong céc phdn chuyén dong quy vé diém B m, =
0,09 kg; he s6 dan héi cha 16 xo ¢, = 0,7 N/m.

Hé s6 cudn cam c, cdn bing bao nhiéu dé bo do t6c do ly tam 14 khau khong chu ky
bac hai?

Ddp 56 c¢; 20,54 N.s/m.

Dé giai bai nay cén sir dung céc s6 liéu bai 24.
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30. Theo ham chuyén ti€p dugc biéu dién trén hinh 18 hiy xdc dinh loai vad ham
truyén clia khau. Ham chuyén ti€p 12 téng cdc s6 hang tuyén tinh va s6 mi.

wd! " (e
' / Vi
Q=== - -
I f
! )
4fp~=----- ¢ ! J7t -
| t :
' ' s ' A
i 1 1 & L d i
YTTE R VA
Hinh 18. Ham truyén Hinh 19. Ham khoi luong

Ddp s6: Day 1a khau tich phan c¢é giam téc.

Ham chuyén tiép ctia né:
1
h(t) =kt —T[l —eT] (1)

Phuong trinh dudng tiém can ham chuyén ti€p h,(t) = k(t — T) cho phép xac dinh céc
thong s6 cia ham truyén:
k= 20748 ¢l Too4s W(p) = 12
1,2-08 p(0.4p + 1)
31. Ham kh6i luong clia khau khong chu ky bac ddu duge biéu dién trén hinh 19. Hay
xdc dinh cdc théng s§ ham truyén.
Ddp s6: He s ham truyén k = 2 va hidng s6 thdi gian T=0,2 5.

32. Cic hang s6 thoi gian, hé s6 truyén, thoi gian va
hinh dang qud trinh chuyén ti€p khong theo chu ky bac
hai hay kh4u dao déng khi bao né bang mé6i lién hé nguogc
am véi he s6 truyén K, (hinh 20)? Ao

Ddp s6: Thoi gian qué trinh chuyén ti€p gidm, bdi Hinh 20. So d6 cdu triic
vi giam ci hai hing s6 thoi gian T, va T}; hinh dang ctia cho bai 20.
qud trinh chuyén ti€p thay déi (vi du, c6 thé thay th€ khong chu ky c6 thé 1a dao dong) boi
vi hing s6 thoi gian T; giam & miac do 16n hon (t6i 1 + k kg 14n), so v6i T, (161 /1 + Kk,
l4n). He s6 truyén gidm tdi 1 + kk, 14n.

2 L Ay Ly
p BN
Lo hptt

33. Hang s& thoi gian T va hé s6 truyén k; ctia khau khong chu ky bac ddu, néu bao
né bang méi lien hé nguoc am déo 1y tudng v6i ham truyén cla mach c¢6 lién hé nguoc
Woo(p) = kop?

Pdp s6: Hing s6 thoi gian tang (T = T, + k;kg), cdon hé s& truyén 1a nhu nhau (k = k)
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1.3. CAC PHUONG TRINH VI PHAN VA CAC HAM TRUYEN CUA CAC HE
TU PONG

34. Trén hinh 21a c6 so d6 nguyén ly cla hé diéu chinh tr dong (6n dinh) cua t6¢ do
dong co nhiét. Cic phan tr nhay M, 02
cam (PN) 1a bd do t6¢c d6 ly tdm Péng co
(BDTL). Co cdu thtra hanh (C.T)
la dong co thuy luc bao gém
ngan kéo 2 lién hé v6i khdp néi a)
(BDTL) 3, va pittong luc 1 lien T
hé vdi van trugt, hay bo diéu
chinh (PO).

Hay lap so d6 cdu tric, tim ’ L
cdc ham truyén cha he ha W(p), N\
hé khép kin cla dai lugng diéu
chinh tuong d6i ®(p), d6i véi sai 4) -4,
s6 @,(p) va theo nhiéu ®«p), b !

Hiéu chinh

i
Yo,

cha cidc khau riéng biét c¢6 dang Tep=+iprd el 0!

néu cdc phuong trinh tuyén tinh 52, 492 by MR ANT 29
i.Q

sau:
1) Pong co (d6i tugng): Hinh 21. S0 do nguyén 1y (a) va so do
(Top + D = Koy — k;Mp cdu tric (b) cho bai 34.
& day, Q - t6c do gbc, y - su dich chuyén caa van truot, Mp - mémen phu tai;
2) Bo do t6¢ do ly tdm (xem bai 24):
(T2p? +Typ+Dx =k,AQ
& day, x - su dich chuyén cha khdp n6i va ngan kéo, Ty, T, - cdc hing s& thoi gian BDTL.
3) Pong co thuy lyc:
py = Kix

kg, Ky, ko va kg - cdc he s6 truyén.

Bai gidi. Hay lap so d6 cdu tao (hinh 21b), o day c6 cdc ky hiéu: Qy¢ - t6¢ do hiéu
chinh géc quy d6i hay tuong duong duoc cho béi nén 10 xo BDTL (xem hinh 2la);
Q)' - thanh phn t8c d6 géc tir dich chuyén va trugt y, cdon Q" - tir mémen phu tai. My, ngoai
raQ)=Q + Q" vasai s6 hay do lech AQ = Qpe - Q. Khi d6 ham truyén cha hé ho theo tdc
dung da cho:

Qp) _ K

= -~ - K = kokoks [s7']
Que(P) p(Typ+ (Tip+Tip+ 1)

W(p) =
va theo nhiéu (theo phu tai):
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Qp) ___k
My (p) Top+1
Ham truyén ctia hé kin d6i véi dai luong diéu chinh:

O(p) = Qp) _ W) _ K
Quelp) 1+ W(p) p(TOp+1)(T22p2+Tlp+l)+K

Wi(p) =

Ham truyén clia hé kin d6i v4i sai s6:
80 1 p(Top+1)(TFp* + Typ+1)
Quc(P) 1+W(p) p(Tep+(T2p2+Tp+1)+K

TRUOGNG B, A HOC B ACH KHOA 1 r\()[

Q(p) Wf(p) 'ki'ﬁ(sz +Tip+1)
MH(p) 1+ W(p) p(T0p+1)(T22p2+T,p+I)+K

va theo nhiéu:

RSN
O(p) =

3s. Hay tim cdc ham truyén cta hé (fm dinh t6¢ d6 gbc (xem bai trude), néu dong co
Horks: da@éubn cam va 19 xo (xem hinh 2).

p( p2 +Typ+1)(Tp+1)}Typ +1)

« -k
K = kykyk:. 1
2 31(0 . f(P) TUPH -
K(Tocp+ 1)

D) =~
- p(T: 2p +T,p+l)(Tp+1)(T(,p+l)+K(Tmp+1)

| “p(T p2+TIp+1)(1§+1)(TOp+1)
T +T,p+l)(;‘wl){’l‘op+1)+K(Tmp+1)

() = ' k,p(T2 pe +T1p #1(Tp +1)
p(T2p? +Typ + J{TpF. nff;,ﬁu 1) +K(T,cp+1)

& day cdc he s6 Ty, T va k'3 = k dugc xdc dinh & bai 2, céc he s6 con lai trong bai 34.

D,(p) =

36. Hay tim cdc phuongairinh vi phan chuyén dong clia hé 6n dinh t6c do géc tu dong
(hinh 21) déi v6i dai lugng 4l chinh (). tdc dung da cha. (Qyc) va ¢ nhiéu (My). Cic
phuong trinh vi phan clia cdc khau riéng biét hinh 21 duge dua ra & bai 34.
Ddp sé:
a) [p(Top + 1)(Typ* + Tip + 1) + K] Q1) = KQu(1)
hay:
(a0p4 + alp3 + an2 + a3p + a4)Q(t) = beQpc(D),
dday:  ap=ToT, 5 a, =T2 + TyT),a =Ty + Ty, a3= 1,3, = by = K;
b) [p(Top + 1(Typ” + Typ + 1) + K1 Q) = - k;p(T,’p? + Typ + DMyy()
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hay:

(agp” + a;p” + a,p” + asp + a) QD) = ~(dyp’ + d;p’ + dyp)Mp(1)

& day:

dy=kT,% dy=kT;; dy=k,

37. Hay tim c4c phuong trinh vi phan chuyén dong clia hé én dinh t6¢c d6 géc (xem
bai 21) do6i véi sai s6 (AQ) theo tdc dung d& cho (Qye) va theo nhiéu (Mp). Céc phuong
trinh vi phan cta cdc khau riéng biét ciia hé hinh 21 duoc xdc dinh & bai 34.

Ddp 56

a) [p(Top + 1)(T;’p’ “’I‘i R Rt s
= p(Top + 1) (T2’p” + Typ + 1)t
b) [p(Top + 1)(T,%p> + Typ + 1) + K] AQ(t) =
= kLP(T22P_2 + Tip + DMy(t);
\-cke-hAn thuyén ciia cAc he theo d5i ho W(p), W,(p)

u,cdg Wu@cua hé dugc mo ta bang cic
' ALk

CLHA NG

38. Hay 1ap so d6 cdu tao va timi
va kin ®(p), D, (p), D PEHED
phuong trinh sau: U
1) Phdn titso sdnh 8 = §; - $,
2) B6 cam bién do thé dién.u = k| 8
3) Bo khuéch dai (T,p + 1)u; = kyu, T, - hing s6thdi gian ciia bo khuéch dai.
4) Bong co (Typ +'.l)poc = kju, - kyMy, Ty - hang 50 thoi gian cha dong co;
5) Bo truyén dong 8, = ksa, k;, ks, kg, ks - cdc hé s6 truyén.

— e eme

DT BAN RO o

Iy
Y0. 41 4uidng Fita khich

y/j
Y R
4, J 4 |4 A 1Y a3 /41_\“” R %
’“’?f)/d / {;ﬂﬁ " (7,0 +7) wyk_j/o; 21 g
2

In
=)

Hinh 22. Cdc so dé nguyén 1y (a) va cdu tao (b) ciia hé theo
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Ddp 56" So d6 cu tao biéu dién trén hinh 22b.

K
W(p) = ,  K=kkkqks [s"
P b(T,p+ D(Typ+ 1) 1Ko K3ks [s77]
k,k
Wop) = ——223.
P p(Typ+1)
K
D(p) =
P p(Typ+)(Typ+1)+K
k,ks(T,p+1
DLp) = ~ aks(Typ+1)
p(Typ+D(Typ+ 1) +K
(Typ+ D(Typ +1
D, (p) = p(Lyp+ D(Tyyp +1)
p(Typ+D(Typ+D+K

39. Hiy l4p so d6 c4u tao va tim cdc ham truyén clia hé theo ddi (xem hinh 22a), néu
néi tryc ti€p véi truc dong co 1a mdy phdt do t6c do, con dién 4p cha né t8i ddu vao bo
khuéch dai & nguoc pha véi dién dp ddu ra cha bo cam bién géc 1éch médy phat do t16¢ do.

a) A My
ok )
J, 2 U J,
% L ST
% vz,
4) Ll ) My
s ks
J, J + LY ] AR A 4 a [ 7,
LT ] lelhen LT
2 Yir
A'a.. Yl

Hinh 23. Cdc so dé cdu tao ciia hé theo doi.

Phuong trinh vi phan cia mdy phdt do t6c do u, = k¢po. Cac phuong trinh cua cac
khau con lai ctia hé theo doi & diéu kién bai todn trudc.

Ddp 56 So d6 cdu tao dugc thé hién trén hinh 23a. D€ c6 két qua cic ham truyén so
d6 clu tao hinh 23a cdn bi€n déi chuyén bo cong 2 t6i ddu vio b cong | (hinh 23b). Khi dé:

K K =k,k,kk
P(T,p + IX(Tyyp+1+kykske)’ SR

W(p) =
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k4k5(Typ+ J)

Wi(p) =
: PU(T,p+ )(Typ + 1)+ Kok kg |
O(p) = K
D, (p) = PI(Typ + D)(Tyyp + 1) + ko k3ke]
* pU(T,p+ 1(Tyyp+ 1) + +kykako ]+ K
kiks(T,p+1
Dy(p) = +XsU,p+ )

p[(Typ+l)(TMp+ D+kykike I+ K

40. Hay tim céc phuong trinh vi phan chuyén dong clia hé theo déi (xem hinh 21) d6i
vai sai s6 (8) theo tdc dung da cho (9)) va theo nhiéu (My). Céc phuong trinh vi phan cua
cac khau riéng biét dugc dua ra trong diéu kién bai 38,

Dadp so:

a) [p(Typ + I)(Tyyp + 1) + K18(t) = p(Typ + 1) (Tyyp + 1) (1)

hay:

(a0p3 + a,p2 +ap+ag) () = (b(,p3 + blp2 + byp) 9,(1)
ap=byo=T,Ty,a; = b, =T, + Ty, a3 = b, = 1,

d
ar = K, = e—
} P dt
b) [p(T,p + 1)(Typ + 1) + K] 8(t) = kyks(T,p + )M(0)
d
d() = k4k5Tyy dl = k4k5, p = zi—[-

41. Trén hinh 24 a ta bi€u dién so dé nguyeén 1y hé theo doi tir xa vdi cdc bi€n 4p quay
sin - cosin (CKBT), ma & né ta ky hieu: 9,, §, - cdc téc do quay cia cdc truc chi huy va thira
hanh, 8 = 8, - 8, - sai s6, PM - co cdu lam viéc (d6i tuong), P - bo truyén chuyén dong, D -
dong co, MDT - mdy phat do t6c d¢. Cic thong s6 cia cdc phdn to nhu sau:
k, [V/rad] - 1a h¢ s6 truyén clia phdn ti cdm ng (CKBT) & phdn tuyén tinh ciia dac tinh, k,
va ky - cdc hé s6 khuéch dai clia cdc bo khuéch dai theo dién dp, k, (rad/(v.s)] - hé s6 truyén
ctia dong co thira hanh, ks = n™! - hé s6 truyén cia bo truyén chuyén dong, n - ty s6 truyén,
k¢ [rad/(v.s)] - h¢ s6 truyén clia mdy phdt do t6c do, k; [rad/(N.cm.s)] - hé s6 do nghiéng
cla déc tinh co khi clia dong co, T| va T, - cdc hing s6 thoi gian khuéch dai va dong co, T =
RC - hang s6 thoi gian cia mach vi phan.

Yeu cdu 1ap so d6 cdu tao va xdc dinh ham truyén cia hé ho, cdc ham truyén cla hé
kin: a) cdc dai luong diéu khién tuong d6i theo tdc dung di cho; b) d6i véi sai s6 theo tac
dung da cho; ¢) d6i vdi sai s8 theo tdc dung nhiéu va hé s8 chdt lugng cla hé theo doi theo
momen phu tai My,

Ddp 56 So d6 cdu tao dugc biéu dién trén hinh 24b.
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J, g CHET-2

PR 4o

——-,-'l" proiind

<,
nN

TRUONG DAL Ho £
A5 cESL/S

BIE: U*’r{fm“s’ﬁ 'ﬁj“h ONG

Ham truyén cla hé hé:
K(1+Tp)
p{(l + Tlp)(l + sz)(l + Tp) + ksk ke Tpl

& day he s6 chit lugng theo toc da (ty 56 hing s6 LCSC ;m thco d01 v&i sai s6 xdc lap):
K = k k2k3k4k5 [S ] B

W(p) =

K(lH*T’P)
[(1%"51))(1 + sz)%l’ii-fﬂp)xfk 3k 4k Tp]+K(1+ Tp)
Ham truyén cla he kfn d01 v61 sai so theo téb‘dﬁng ﬂ’i"_"Fho.
p{(l + T, py+ TopX1# Tp) + k3k ko Tp
Piéwlzp)eltl‘gpxu Tp)+ sk ke Tpl+ K(1 + Tp)
Ham s6 truyén clia h¢ kin d6i vdi sai s§ theo tdc dung nhiéu (mo6men phu tai My):

( NHA XUAT BAN Kl#ﬂ\lﬁgp itﬂ:lp)“ w'*'i'pr)
p[(l + Tlp)(l + sz)(l + Tp) + k3k4k6Tp] + K(]. + Tp)

(P) =

Hé s6 chat lugng theo momen (ty s6 momen phu tdi My trén truc thira hanh cua hé véi
do léch & ché€ do xdc lap):
K _Kn? kk,ksk,n
k.k? k;  kq

KM:

42. D6i véi bai trude xdc dinh cic gid tri s6 cia cdc hé s6 c6 trong ham truyén cua he
& c4c s6 liu ban ddu nhu sau: Do twong hd cia phéin tir cam bién k; = 1 V/do = 57,3 V/rad,

28



cdc hé so6 khuéch dai ctia bo khuéch dai k, = 2,5 va ky = 80, gid tri dinh mutc dién dp cia
dong co Uy = 110 V, t6¢c do khéng tai nyy = 9000 V/ph va mémen khéi dong M, = 55 G.cm
= 0,54 N.cm, momen qudn tinh clia dong co vdi d6i twong J = 0,098 g.cm® = 0,01 G.cm.s?,
ty s6 truyén cta bo din dong n = 1000, hé s6 truyén cia may phat do t6¢ do ks = 0,001
V.ph/V =9.6. 10° V.s/d0, hang s6 thoi gian clia bo khuéch dai T, = 0,01 s, hang s6 th&i gian
cia mach vi phan T = 0,14 s.
Bai gidi. Hé s6 truyén cla dong co:
Qyx  mnxy _ 3,14.9000

kg = = =86rad/V.s
Y Up., 30Uy 3ot
TRUTING DAL s }f L I S
He s6 géc nghiéng chasdac tinh.co- khl.» : ‘
Q .
k= XX o XX _ 3,14.9000 =172 rad/(G.cm.s)
M, 30M, 30.55

Hing s6 thdi gian cta dong co:

Yy
&

6c dO
57,3.2,5.80.2,6 .
K= k1k2k3k4k5 = TN 100 <
Ham s6 truyén cfia hé hd: - |
: lOOﬂ%O,Mp)

W(p) =
P p(1+1,18p +0,027p% +0,00024p*)

Néu phan chia miu sg cua bleu thitc cudi cung ham truyén clia he hd co thé biéu dién
0 dang sau: o ;,;,‘ o :
K1+ Tp;
e ,,9.;,p(1+_7I‘i39_)(1,+2§j‘§p+1“4p )
&day T;= 1,165, T4 =0,01455 va £ = 0,8,
Heé s8 chit lugng theo moémen:

2 it 2 i .
Ky = in = {\1}92'09;~f,,5..8,_;10e?@.-,qm,r\ad ! = 1700 G.cm(gde.ph)
7 ¥

1.4. CAC SO PO CAU TAO VA BIEN DOI CUA CHUNG
43. Hay bién déi khau dong luc duoc mé ta bang phuong trinh vi phén:

(T?p? +Typ + Dx, = kx, (1
thanh néi song song d6i nhau (cé lién hé nguoc) cua cdc khau vi phan 1y tudng va bao toan
goc.

Bai gidi. Ta bién ddi phuong trinh vi phan (1) vé dang:
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k Tip a)
X; = Xy - X (2)
Tip® +1 ! T#p? +1 : e p Ly
Theo phuong trinh (2) ta 1ap so d6 c4u tao Top+t [ 7 J B
(hinh 25a) né bang bién do bo cong hay phdn tit so — —5 ’(. ;
sénh, va bing n6i hai khau néi ti€p tao thanh so d6 vk
tim dugc trén hinh 25b. 4)
44. Hay tim ham truyén ctia hé kin ®(p) cla 1 f-' _ s
QD VN
hé tv dong, ma so dé cdu tao cha né duoc biéu v
dién trén hinh 26a. ! -
Bai gidi. Ta giai phéng tit cic m6i lién hé ;’,0
giao nhau trong so d6é cu tao trén hinh 26a, do dé ‘
ta dich chuyén ndt 1 qua khau W, theo huéng tic Hinh 25. Cac so dé
dung cua tin hiéu (hinh 26b). cdu tao cho bai 43,
Theo so d6 cdu tao thu dugc ta xdc dinh ham truyén cdn tim:
W, W, W
D(p) = e
1+ W, W, + W, W, + W, W, W,
J 7 23
——(%9» Z J #, 7
J 213
B el y

-1
Wi

Hinh 26. Cdc so dé cdu rao cho bai 44.

45. Hay tim phuong trinh vi phan clia hé ty dong ma so dé cfu tao cla né dugc biéu
dién trén hinh 26a d6i vdi gid tri diéu khién y(1).
Theo tdc dung da cho g(t) néu:

k k
Wip) = i«'-l‘_ W, (p)=—%, Wi(p)=kj
ip+l P

Bai gidi. Néu str dung két qua cla bai trudc, ta cé:

Y b
O(p) = 22 T—
G(p) agp~+a,p+a,

& day Y(p), G(p) - biéu dién cdc dai lugng diéu khién va tdc dung di cho:
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p =C+ _]CD - hﬁm tru}Ién phle, b(] = klk’g, a() = lez l, al = kz-l + k‘;T], az = k] + k} +
k,k3. Khi d6 phuong trinh vi phan
(a()P2 +a;p + a3) y(1) = byg(t)

& day p = 1% - kY hiéu vi phan,

46. Hiy tim phuong trinh vi phan cta hé tu dong, ma so dé céu tao cla né duoc biéu
dién trén hinh 27a d6i véi dai lugng diéu khién y(t) theo nhiéu (1), n€u
Ky

Wip) =k;; Wy(p) =1p; Wilp) =k;: Wylp) =
Tip+1

ks
Ws(p) =
P T22p2+T3p+1

Bai gidi. Ban ddu ta thu dugc ham truyén cia hé w dong theo nhiéu @ (p), do dé ta
bi€n déi so dé cau tao hinh 27a. Ta chuyén bo cong 2 qua khau Wy va thay thé W, W, bang
mot khau (hinh 27b).

al i
I A w, 2 W,
TS | v
’ #,
J. :ﬂé
,(‘
L w
4) 5
. 3
7 s RV W, '?’ H Z g
— W,
Hinh 27.

Ta tim ham truyén cta hé hd theo tic dung di cho:

W(p) = X—(B)'z [(W[ + Wz) W4 + W::']WS

G(p)
va theo nhiéu:
Y(p)
Wip) = —==W;(p)
«p) F(p) s(p
Khi dé: OHp) = Y(p) _ Wr(p) _ dop +d,

B F(p) 1+W(p) app? +a,p? +a,p+a,
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& day, Y(p), F(p) - c4c su biéu dién cdc dai luong diéu khién y(t) va nhiéu (1), p = ¢ + o -
bién phic, dy = ksT;, d; =ks, a9 =T T + T) Ty
Ay = T] + T3 + k4k51‘+ k3k5Tl, ay = 1 + k3k5 + k1k4k5,
Tir d6 phuong trinh vi phan c4n tim c6 dang:

d
(agp” + a;p” + a,p + a3)y(t) = (dop + d (), p= o

47. Hay tim cdc ham truyén sau ctia hé diéu khién, ma so dé cdu tao caa né duoc biéu
dién trén hinh 28a; hé hd theo tdc dung da cho W(p) va theo nhi€u W{(p); ham co ban @ (p)

theo nhiéu d(p) va d6i v6i sai,5¢,theq e, ﬂ?{l&’» Q@i?t?ﬂig?&(ﬂ X NOI

NGUVEN COMG 2RUON UG FBOO Tuhs

a)

<t

—™ W3W4
d)
-g—)?x—r W1W2 + (1 + W1W2W3)W4 + W5

Hinh 28. Cdc so dé cdu tao cho bai 47.
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Bai gidi. Ta bién d6i so d6 cdu tao hinh 284 (xen: Linh 289, ¢ va d). Theo so dé ciu
tao hinh 28c ta cé:
W, W, +(1+ W, W, W)W, + W,

d(p) =
L+ WW, +(1+ WW, W)W, + W,
W, W,
(Df(p) = 34
L+ WW, +(1+ W, W, W)W, +W.
l
@,(p) =

1+ W W, +(1+ W, W, W )W, + W
48. Hay tim cdc phuong trinh vi phan clia hé tv dong, ma so dd cdu tao cda né duge
biéu dién trén hinh 28a d6i vdi dai lugng diéu khién y(t) theo tic dung di cho g(t) va theo

nhiéu f(t), cling nhu d6i vdi sai s6 x(t) theo tdc dung di cho g(1) va theo nhiéu f(t), néu

k;
p

_ Ks
p(T,p+1)

k
Wo(p) = —2—, Wy(p) =k4, W,y(p)=
Tip+1

. Ws(p)
Ddp sd:
D(p)y(1) = (bgp” + byp + by) (1)
D(p)y(t) = (dgp® + d;p + d) f(1)
D(p)x(t) = (c:op2 +¢yp +¢y) g(0)
D(PIX(D) = ~(dop” + dp + dy) £(1)
O day da thitc dac trung ciia he
D(p) = aOP3 + alP2 +a,p +a3; 8 =C¢, a;=by+cy,
a8, =b; +¢Cy; a3 =by; by = k|k7k4"T2 +T\T,,
b, =k Kok, + T, + Ty + Kk kokTy + ksk, ' T
by = 1 + K koky + Ksky ™
co=ky T\ Ty ¢, =k (T + Ty o=k,

d
dy=ksT\Ty; dy=ky(T\ + Ty dy=ksi p= "
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Chuong 2

CAC DAC TINH TAN SO CUA CAC KHAU PONG LUC
VA CAC HE PIEU CHINH TU PONG

2.1. CAC PAC TINH CUA CAC KHAU PONG LUC HOC

49. Hay xay dung dac tinh bién d¢ - pha cla khau v6i ham truyén:
k
W(p)=—
P

Bdp s6: Dac tinh bién d6 - pha tring vdi nita truc &m ciia cdc s6 4o (hinh 29a).

50. Hay xay dung dac tinh bién do¢ - pha clia co cfu ¢6 ham truyén:

W(p) =

P
Ddp s6: Dic tinh bién d6 - pha tring vdi nira truc &m clia cc s6 thuc (hinh 29b).
51. Hay xdy dung dac tinh bién d¢ - pha cia mach duoc biéu dién trén hinh 30a.
R =1kQ; C= 10 uF.
Bai gidi. Ham truyén tdn s6 c¢lia mach bang:

: iwT
W(jo) = ()
() 1+ joT
S Ve _ —1n3 105 _ a2
Ute) T=RC=10".10" =10
Jw=co Ta bién d6i bi€u thic (1) sao cho né 1a s6 phite & dang dai s6:

T2 . T
+ ]
1+ @?T? +w?T?

-05 4w =2k W(jo) =U(o) + iV(w) =

1074 w? ' 1072

- (2)
~10%Yw=HK 1 +107% w2 Jl+ 1074 w?
-5 X N
é é W14
) R
_gaﬂ»:-ﬁ,dﬁ 3 3 N g U
1 A i
+ O—-w 30 =20 17 e
N
a) b)

Hinh 29. Cdc ddc tinh bién do6 - pha cua cdc khdu tich phén bdc nhdt (a) va bac hai (b).
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Né&u cho céc gid tri riéng biét theo cong thirc (2) ¢6 <hé tinh chudi cdc cap gid tri U(w)
va V(w) va theo no hay x8y dung dac tinh bién d¢ - pha cia mach.

Tuy nhién phan tich biéu thitc (2) chi ra ring dac tinh nky duoc xdc dinh bang phuong trinh:

U¥w) + Vi) = Ulw)

Va d6i voi cdc tan s6 duong la nilra vong tron duge dat ¢ nira mit phang bén trén ¢
tam & diém (0,5; jO) va béan kinh 0,5 hinh (30b).

Tu biéu thitc (2) ro rang § ® = 0 W(jw) =0 + jO con & © = = W(jo) = | + j0, cdc diém
tuong ng nd cling nhu mot vii tdn sd trung gian duoc chi ra tren hinh 30b, cdc gid tri cua
tin s6 & d6 va ¢ tdt ca cdc hinh vé sau.

JYw)

a50 |

ﬁ——f
q25¢
v/ ar"’g,r -u"ag'ﬁé
L W00
Glw 025 050 07 g Y
a) b)

Hinh 30. Ddc tinh bién do - pha cia khdu vi phdn (1ruong hop 1).

Cic t4n s6 tuong img céc diém trung gian clia dudng cong ¢6 thé dugc tinh nhu sau:

Argument ciia s§ phifc (2) bang:

y = arg W(jo) = arctg—i— = ﬁrclg'gg (3

Vi viy tia vach tir g&c toa do dudi gée y 16i truc hoanh cat dac tinh bién do - pha o
diém ma & no gid tri ® dugc xac dinh qua w theo (3). Mot tia nay dugc chi ra trén hinh vé.

52. Hiy x4y dung dac tinh bién do - pha

cua khau khong chu ky ¢4 ham truyén: i
k 51+0 ;
Wip) = - -L‘) AN iy )
1+Tp Ip J / ;J 4 X3 s

Pdp so: Xem hinh 31 (D.B.F la n{ra vdng -1

tron). w =55
-/ /cu is
53. Hay tim phuong trinh dudng cong la \*/

dac tinh bién do - pha cta khau vi phan dugc
biéu dién trén hinh 32a. Hay xay dung dac tinh
bién do - pha ctia khau d6i véi truong hop
R, =40kQ, R, =10k, C= 2,5 uF.

Hinh 31. Ddc tinh bién do - phu
ciia khdu khong chu ky bdc nhdt.
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JVw)

a6
¢
ﬁj—"ﬂ‘——* ok
—_—1<
R
Y A U‘Ur a2k 20 L
& o
¢ i)
a) 7 A Y

b)

Hinh 32. Ddc tinh bién d¢ - tan s6 cua khdu vi phdn (1ruong hop 2).

Pdp s6 phuong trinh dudng cong ¢6 dang:
U (@) =V (@) =(p+ 1) U(@) - p (1
P= _Ry
Ry +R,
Theo (1) dac tinh bién d6 - pha d6i v6i cdc tdn s duong la nua vong tron duoc nam o
. . r e n s g L e
nira mat phang bén trén véi tdm & di€ém (p—;—ri),JO va bin kthZ— ; dac tinh nay dugc xay

dung d6i v6i cdc s6 liéu chi ra trén hinh 32b ctta khau khong chu ky bac hai c6 ham truyén,

W (p) = K ,nfuK =8; T; =80 ms; T, = 12 ms.
1+Tp)A+T,p)

Pdp s6: Xem hinh 33.

SV
Qlw=00 2 4 & 8 U
10
Hinh 33. Ddc tinh bién dé - pha
cua khdu khéng chu ky bdc hai. '
-~

55, Hay x4y dung dic tinh bién do - pha cla khau dao dong v6i ham truyén:
K
1+2&Tp + T?p?

W(p) =

odayk=1;§=0,15 T =0,02.
Ddp s6: Xem hinh 34.
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Hinh 34. Ddc tinh bién d¢ - pha cia khau dao dong.

56. Hay xay dung dac tinh bién d¢ - pha ciia khau cd ham truyén:

W (p) = X
p(l + Tp)
K=10s"'T=025s.
Ddp s6: Xem hinh 35. Puong dit nét 1a duong
tiem can ma P.B.T tién t6i né khi v — 0.

57. Hay xay dung dac tinh bién do logarit
L(w) = 201gW(jo) va pha y(w) cia khau khong chu ky
c6 ham truyén:
k

W =
(p) 1+Tp

(1)

Ddi véi hai trudng hop: a) & dang thuan loi d6i
v@i cdc k va T bt ky; b) d6i véi k = 100, T = 50 ms.

Bai gidi. Dac tinh bién d6 l6garit tvong ing biéu
thifc (1) bang.

L(w) =201g, W (jo) =
k

J1+(0T)?

= 20lg |W (jo)|=201g 2)

JHw)
- - -1 L
-‘5—1 1‘205,1 t E,‘) Ui
087

;(l) )5 ! -

i Y

| b2

]

| .

] 1°J

t 5’\

R

]

| s

|

|

A7

Hinh 35. Ddc tinh bién
dé - pha cua khdu
khéng chu ky bdc hui.
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Dac tinh bien do logarit tiém 4n tuong ing dugc xay dung trén hinh 36a. theo truc
hoanh ta dat dai lugng & ty 1¢ logarit theo truc tung L (w) theo déxiben D.B.T khong doi
xing theo (2) c6 gy & diém méi © T = 1. Bén trdi tir chd gdy né nim ngang va phan bs &
chiéu cao 20lg k, bén phai phdn gdy né cé do nghiéng -ZOAB/damDiém giao nhau cua dac
tinh v6i truc tdn s6 e, c6 nghia tin s6 w_ bi cit, duge xac dinh tir diéu kien:

L(w,)=201g =Ohaymc.—_£
0, T
A 2
201gk 003;%
Vi ¥ < w/’
@l w,zﬁ\
b) L), G,
i Vi | 7
4 — _
'\\\ |
20 Lt
=
[ 0%0! B
¥ .
7 3 L LT aw a0
BN 20 406080100 200 400 8 WD 20 Pézl?‘\ﬁm, £
b l X -1~ 750
_20 \b |I \| - /&0
.;...'?//((u) . 120
Tl
..&0 & NEET P ; [ it —_— _,100
|
gt | ! - -60
14 v -60
/ ] - =47
a0 /L” l [ ; | I =20
! ; Ll 7

Hinh 36. Cdc ddc tinh l6garit cia cdc khdu én dinh
va khong 6n dinh tiém cdn cho cdc bai 57 va 58.

Do léch 16n nhat cha dac tinh tiém can tir diém c6 vi tri khi oT = 1 va bang nhu c6 thé
tim tlr biéu thitc (2), 3 dB khi oT = 0,5 va oT = 2 d¢ léch dac tinh tiém cén tir diém bang
khoang 1 dB, con sau cdc gi6i han chia doan ©T =1 £ 1 octa d¢ léch nay rdt nho.

Dac tinh pha clia khau dugc x4c dinh theo (1) bing bi€u thic:

y(w) = arg W (jo) = - arctgoT. (3
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o) viing tdn s6 thip w(w) — 0, & ving tan s6 cao W(w) = ~90", khi 0T =1 y (0) = —45"

tir biéu thitc (3), ciing suy ra ring dac tinh pha déi xing 46 v6i diém oT = 1, y = -45".
Pac tinh pha ctia khau khéng chu ky ¢6 ham truyén ¢ 1) duoe xay dung theo (2) & phu luc.

Khi xay dung ta st dung bang sau day:

oT {010,057 0,1 0,2 0,5 1 2 5 10 20 £

w(oT)| 0 |-2°507|-5%40"|-11920" | -2630° | -45 |-633"|-78%0" | -84°20" |-87°10°| -90°

Cdc dac tinh bién d6 16garit va dac tinh pha cla khau cé ham truyén:

100
W(p)= —>— 4
®) I +0,05p )

duge x4y dung trén hinh 36b, dudng dit nét 1a dic tinh bién do ¢ phdn d6 khoéng trung véi
tiéem can dugc xay dung theo cong thic (2). Theo truc hoanh ta dat tdn s6 w & ty 1¢ logarit
theo truc tung — dexibel va do.

58. Hay x4y dung dac tinh bién d¢ logarit va pha cla khau bét 6n dinh khong theo

chu Ky ham truyén:

W(p) 100

"1+ 0,05p

Pdp s6: Dic tinh bien do L(w) ciing nhu d6i vdi khau 6n dinh ¢6 ham truyén (4) &
bai todn trudc (xem muc 36b).

Dac tinh pha y(w) cho trén hinh 36b bang dudng cong dit nét.

59. Ham truyén cta khau dong luc hoc bang:
K

p(1+Tp)

Hay xay dung dic tinh bién do logarit L(w) va dic tinh pha y (w) cua khau &
K = 400 s™' d6i v6i ba trudmg hop: 1) T=25ms; 2) T=5ms; 3) T=2,5 ms.

Chi din: Khi xay dung déc tinh pha ta sit dung thich hop phu luc 3.

Pdp s6: Xem hinh 37. Chi s6 & L(®) va y(o) c¢6 nghia |2 s6 cta trudng hop nay. Doi
véi trudng hop ddu T = 25 ms bing dudng diit nét cho thay dac tinh bién d6 chinh xé4c.

W(p)

60. Hiy xay dung cdc dic tinh bién d¢ va pha logarit ciia h¢ ¢6 ham s6 truyén:
_ 300
(1+Tp)?  (1+0,025p)°

W(p) =

Pdp s6: Xem hinh 38. Tir hinh v& 16 rang rang khi v& cdc dac tinh l6garit khong nhat
thiét xay dung mang tdn s6 16garit, chi di ddnh d4u twong tng trén truc cla tén s6.

Dé dua ra cdc ddu nay thudng sir dung thang do 16garit, ty 1& thuan tién c6 thang lap
phuong thudc do nho logarit.
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Hinh 37. Cdc ddc tinh légarit cho bai 59.

LiewT),
d4
60 +
7 Liw)
4 +
VA/R S
. L l.l1iall X L : B EYT ¢((U/.
g 7 70 e Al B
S 4-750
20 ¢ 1-740
1-220
40+ 1-109
1 -840
gy 160
4 =47
4-20
17

Hinh 38. Cac ddc tinh 1égarit cho bai 60.

61. Hiy xay dung cdc dac tinh bién d6 va pha légarit cia khau dao dong véi ham

truyén:
k
W(p) = 52 (1)
1+25Tp+Tep

Hay xét cac truong hop:
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I. Céc dac tinh L(0T) va y(oT) 6k = 1 va £ = 0.05; 0,10: ... 0,8; 1,0.

2. Cac dac tinh L(w) va w(w) 6k =30; £ =0,2: T = 50 ms.
Bai gidi. (1) Ham truyén tdn s6 tuong Gng (1) 0 k = 1, bing:
1
(1-T?0?)+2:To

W(jw) =

Tir (2) ta tim dugc dac tinh bién do tdn s6 logarit

L (oT) = 20 Ig ‘

\/[1 ~ (T2 | +422 (To)?
Va dac tinh pha logarit:

3
v (oT) = —arctg 250T ~
| —(Tw)*
a) Ltew)
= wl
0 1 § 1 1
ar / 7 i
20+ g
1/ 6’&/0’
_50 - Q,))
Liw)
by 44
40 t
J0 4
a0t
@),
0t a7
0 [ ! v-_x; 1.1 -/50
._/0 - - ""/50
‘uﬁ [ —/40
-0t -720
-40 ¢ -9
=80 ~80
-b’” 9 n '50
1 -40
4 =20
1 0

Hinh 39. Cdc ddc tinh l6garit cua khdu dao déng.

(2)

(3)

Theo cdc cong thitc (3) va (4) ta x4y dung cdc dac tinh bién do va pha néu cho cdc gid

tr1 khac nhau.

Tir OT 0,05 t61 1,0. Cac dac tinh nay duoc thé hién trong phu luc 4.

Pac tinh bién do (3) c6 hai tiém can:
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L'(0T)=201gl =0 & oT <1 } )

L*(wT) = -20lg(wT)? & oT>1

Dac tinh bién d6 tiém cin dugc xdc dinh theo cac biéu thic (5), dugc xay dung trén
hinh 39a.

D6i voi khau dao dong dic tinh bién do tiém céan cé thé rdt khdc biét v6i diém, ma né
suy ra tif so sanh hinh 39a v&i hinh dugc dao dong thuong xay dung dic tinh bién d6 diém
x4y dung nay thuc hién dé dang néu téng cic toa do cua dac tinh tiém can v&i cac toa do
léch cong AL(w) ctia dac tinh tiém c4n véi diém dudng cong nay cho & phu luc 5.

2. Cac dic tinh L(®) va y(w) d6i véi khau ¢6 ham truyén:

30 30

Wip) = 2 = 2
1+2.02.0,050+0,0025p>  1+0,02p+0,0025p

(6)

Duoc xay dung véi sir dung phu luc 4 va 5 dugce dua ra trén hinh 39b.
62. Hay x4y dung cédc dac tinh bién do va pha l6garit cia khau dao dong khong 6n
dinh c6 ham truyén:

Wip) = - 2 2
1-2ETp+T“p

O day k = 30, T = 50 ms, & = 0,2.

Pdp s6: Dac tinh bién do tring véi L(w) cla khau dao dong 6n dinh & bai todn trudc,
c6 ham truyén (6) trén hinh 39b) dic tinh pha khac véi OT y(w) d8i véi khau ¢6 ham truyén
(6) chi bang d4u.

63. Trén hinh 40 ta biéu dién cdc dic tinh bién d6 logarit tiém can cia cdc khau pha
cuc tiéu. Hay tim cdc ham truyén clia cdc khau nay.

Liw)
7
4‘[] - - =4 )
o ZI(QJ) .
R
it
/.I’,I r \\\
~
! ~, w8
R A e S A . S AL
7 2 - E ' fj.ﬂ .-,'i'/ - 4.0 M 70ﬁ P /":/L" /u//‘:bl
- VT G
om P ‘ f
T 4 B/d [ ‘e, <
MY 7‘1A ¥4 [ )
i
30} >

Hinh 40. Cdc ddc tinh bién do cho bai 63.

Pdp so:
Wl(p) = k s k= IOO, Tl = 100 ms, T2 = 8 ms.
1+ T,p)(1+T,p)
W,= —P_ k=0025s, T=015s.
1+Tp
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2.2. CAC CAC PAC TINH BIEN PO - PHA CUA HE PIEU KHIEN TU DONG HO

64. So d6 diéu chinh ty dong c6 so d6 phin ti ciu tao duge chi ra trén hinh 41.
D - dong co, P - b6 truyén dong ham truyén clia hé hd bing:
K
p(d+Tp)(1+T,p)
Hay xay dung déc tinh bién d¢ - pha ctia hé¢ 3K =400 5™, T, =80 ms. T, =12 ms.
&

%E Pran 4’ ||
nhay cam >

W(p) =

L

Hinh 41. So dé cdu tao cho cdc bai 64 va 65.

Ddp s6: Dic tinh bién do - pha ¢6 thé duge modun A (w) va argument y (o) clia ham
truyén tdn s6 W(jo) = A (@) ¢¥ ¢6 trong bang.

o, s 0 2 5 10 20 50 100 300 0
Aw) @ 196 | 74 31 10,3 | 1.66 | 0,319 | 0,015 0
W(®),do | -90 | -100 | -115 | -135 | -162 | -197 | -197 | -252 | -270

65. Hé diéu chinh ty dong c6 so d6 cdu tao chi ra trén hinh 41. Haim truyén ciia hé hé

c6 dang:
K

- p+Typ)(1+Thp)
Hay tim phuong phdp biéu dién dac tinh pha - bién do.

(n

Cho phép bao cdc trudng hop to hop cdc 18 hop cdc thong 46 khdc nhau K, T, T, cla
hé bai giai. Ta biéu dién biéu thic (1) & dang:

KT
W(p) = : (2)
T,p+T,p)(1 +T,ap)
é day o= TI/T2
Ham truyén tdn s6 tuong tng vdi biéu thiic (2) c6 dang:
. KT .
W(jw) = ‘ =KT, W, (jT,0) =

iTio(l+ jTi0)(1+jaT,0)
= KTIU() (T](L)) + JKTlV“ (Tl(l)) (3)
Néu cho céc trinh ty cla cdc gid tri gdn nhau a = T,/T, tira=0tdi a = 1, ¢4 thé x4y
dung hé cdc dudng dac tinh - bién do thuc t& bao gém tdt ci cdc phuong 4n c6 thé cha heé c6
ham truyén (1).
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Trén hinh 42, ta x4y dung ho cac duong dac tinh bién do - pha d6i véia = 0; 0,2: 0,4;
0,6; 0,8. Xay dung dugc thuc hién trén co s& biéu thitc (3) theo moédun va argument clia né
d6i voi cdc gia tri tn s6 khac nhau; theo cac truc toa do ta dat cac gia tri:
Up (@) = (KT))™' U(0) va V(@) = KT)) ™ v(w)
Chuyén t6i dic tinh tuong ing gid tri xdc dinh KT, dugc thyc hién bang cdch nhén cic
sd dugce dat theo cédc truc cla toa do téi gid tri KT,.

J f?% Viw)

J ,?% Viwy

7
-3 -2 -7 0 ’?]7///(1//

e

W =005 ‘f‘ 4+ 1-2

Hinh 42. Cdc ddc tinh bién d¢é - pha cho bai 65.

Ngoai suy cho phép xdc dinh d& dang cdc dic tinh bién d¢ - pha cla hé¢, ma d6i voi
ching cdc dai luong a = T,/T, khdc v6i cac gid tri duoc dua ra trén hinh 42,

66. Hay xay dung cdc dac tinh bién d6 - pha & trang théi gidn doan c6 cdc ham truyén

20
W, (p) = ————
a) ) = o)
200
b) W2 (p) = p(1 + 0,05p) (1 + 0,02p)



Chi dan: C6 thé st dung cdc dudng cong di ¢6 L bAi truge.
Ddp sé: Xem hinh 43.

o ~Je S Vi)

%

Jbw 0 8 -5 4 3R] lw
=00 Jlw=co
-05 -

-4

-10
-5
15 _,
-20 -1
s 12
[0 -

r-dd

b)

Hinh 43. Cdc ddc tinh bién do6 - pha cho bai 66
a- dudng cong cho h¢ ddu; b- cho h¢ thit hai.

67. Hiay x4y dung dac tinh bién d6 - pha clia hé, ma kh6i hé clhia né cho trén hinh 44.
PN - bo truyén dong ham truyén cha he hd cé dang:
K(1+T,p) 500 (1+0,03p)
p(L+Typ)(1+Typ)  pil +0,1p) () +0,006p)

W(p) =

Ddp s6: Xem hinh 45.

oo > HEH >
Eﬂpﬁz

Hinh 44. So do khéi cho bai 67.

68. Hay tim phuong trinh dudng cong la dac tinh bién do - pha cla hé ¢6 ham truyén sau:

K+ Tp)

p2

Hay x4y dung dac tinh bién d¢ - pha cho truong hop K = 100 s?vaT=02s.

W(p) =
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Bai gidi. Ham truyén tdn s6 bang W(jo) =

0 day
®

Tur (1) ta co:

U() = ——=: V(@)= -2

U (o) = ——12—\/2(03)
KT

K+ jTw)

KT

= U(w) = jW(w)

(n
®

(2)

JYw)
~4__ -2 500 Yo

-4 -4
S
4:0 -Zlﬂ 4 tw
g
=24
0%
140
+4-60
. -850
w55
1707

Hinh 45. Ddc tinh bién dé - pha cho bai 67.

Theo (1) va (2) dac tinh bién d6 - pha d6i véi cédc tdn s6 duong la nhdnh parabol nim

& phan tir thit ba clia mat phang thirc.

Diém dac tinh bién do - pha tuong
Ung gid tri nao dé coa tdn s6 w, xdc dinh
dé dang nhu diém giao nhau parabol véi tia
dugc vach ra tir g6c¢ toa do vao tao vdi truc
cdc s6 thuc mot goc:

V(w)

y =arctg——— =-n + oT.
o

Diac tinh bién d6 pha d6i véi cdc g =0 ¢

thong s6 da cho dugce x&y dung trén hinh 46.
69. Ham truyén clia hé hé bang:

W(p) =
p2(1+0,5p)?

K(l +0,15p)

I
]2 11 =10 -8 'Zj =7 6 -5 -4 =3 -2 -]

-+

lﬁ{/(’w}
, Ju-oo

25 H-7
b4 Lz

Hinh 46. D.B.P ¢ dang parabol cho bar 68.

Hay x4y dung dac tinh bién do - pha & K=50sva K = 200 s*
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70. Hiy x4y dung dac tinh bién do - pha cla he ¢4 ham ruyén & trang théi ho.

_ K(1+02p)°
- p3(1 +0,5p)
KhiK=200§ vaK=100s3

Pdp s6: Xem hinh 48.

W(p)

. -2 -/ S |0 Y
W ~th13 271 20§ -8 7 4T T [0
~le 2
- N 24-5
& "9
3 ~44-40
nl

Hinh 47. Ddc tinh bién d¢ - pha cho bai 69,
thang I déi voi K = 50, thang 11 déi véi K = 200,

F Vi)
S J
* A g
; 200+ 190
75

50
SV
g U Al S
Nw:=co 10445
\IU’
g
0254025
\E"J
A3 < -/ SBURZZ,
5 =15 ~10 ~05 T lere
e RS
& I o Y N N
S 2 gsq-045

~

Hinh 48. Cdc ddc tinh bién do - pha cho bai 70,
thang A d6ivéi K = 2005’ | thang B d6i véi K = 100 5
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71. Trén hinh 49 dua ra mach lién hé ngugc t6¢ k& v6i mach hiéu chinh thu dong.

g

Hinh 49. S0 dé cho bai 71.

SYtw)
8

S

Y
74
Z
@55
e T0
Hinh 50. D.B.P ciia mach 2
c6 moi lién hé nguoc ¢

toc ké'cho bai 71. -4}
5k

TT - mdy phdt t6c k& Hay x4y dung dic
tinh bién do - pha cla mach nay, néu ham s6
truyén cla n6 bang:

Kp2
(1 +Tlp)2 (1+T,p)
K=4V.m?do; T,=05s; T,=0,15s.

Pdp sé: Xem hinh 50, & day cic sé dat doc

theo truc cé thit nguyén V/do.

W (p) =

72. Hay xay dung dic tinh pha - bién do cua
mach ¢é ham truyén:
3 100
p(-1+Tp)  p(-1+0,lp)

Pdp sé: Xem hinh 51.

W (p) =

Hinh 51. BT .B. cua hé co
khdu khong on dinh.

48

~
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JHw)
5
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73. Hay xay dung cdc dac tinh bién do - pha cia hé ¢6 cdc ham truyén:

K
(A) W(p) = -
(-1+2Typ+T'p" )1+ Typ)
K(l+T
(B) W(p) = U Lip

(-1+2T,p +T12p2)(l +Typ)
béi véi ruong hop K =5; T, =0,1's; T,=0,05s; T3 =0,03s; Ty=0,006s.
Ddp s6: Xem hinh 52.

TRUGNG DAL HOC a0 o

~Ja~fando)/ M
s e e e Lok
-5 -4 -3 -2 -/ NS 0 Vi

W=

-8

Hinh 52. Cdc ddc tinh bién dé - pha cho bai 73.

74. Kh6i so d6 clia h¢ 6n dinh hdo nuéc md ¢ ddu va b cam bién cé gdoc tién dong cé
thé biéu dién & dang dugc chi ra trén hinh 53 — B.G.D do cam tng géc tién dong, D - dong
cd, P - bo din dong, G - 4m ké. Ham truyén cia hé hd & bo khuéch dai khong quén tinh.

s, e

Ay

‘f.

" " Trucén dinh
P %
E b G
i3
T7 S s AT SN KO 4y 1.
Truc tién ddng

Hinh 53. So d6 khéi hé 6n dinh hdo nuéc cho cdc bai 74 va 75.
Cé thé viét dudi dang:

K
W (p)= 72
p(l+28Tp+T"p")

Hay x4y dung dac tinh bién d6 cia he nay 6 K =20s-1,£=0,15, T, =0,02 s.
Pdp s6: Xem duong cong A trén hinh 54.
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75. He 6n dinh hdo nudc, ma so d6 kh6i clia né cho trén hinh 53 cling xem bai 74 o hé
khuéch dai quén tinh c6 ham truyén sau & trang théi ho.

K
W(p) = 5
p(I+Tip)(1+28T,p+T5p™)

Hay x4y dung d4c tinh bién d6 - pha clia he ndy 3 K = 205", T, =02, T, = 0,02 »,
£=0,15.
Ddp s6: Xem dudng cong trén hinh 54,

SV
-2 ;5 -f g et
‘N @ o

Hinh 54. Cdc ddc tinh bién d¢ - pha cua hé thong hdo nuoc.

2.3. CAC PAC TINH TAN SO THUC CUA CAC HE PIEU CHINH TU
PONG KIN

76. Hay xay dung dic tinh tdn s6 thuc P cla hé diéu chinh tu dong kin. Ham truyén

cla hé ho:
W(p) = —— (1)
p(I+Tp)
K=205 ,T=01s.

Bai gidi. Dic tinh tdn s6 thuc duoc x4y dung theo cdc diém. Cic diém nay c6 thé tim
bang cdc phuong phdp khdc nhau.

a. Dac tinh tdn s6 thuc P(w), c6 thé xay dung theo biéu thic giéi tich cla noé:

P(®) = Re[D(jw)] (2)
3 day ham truyén tdn s6 clia he kin bing.
: W(jo)
d(u) = ———— 3
(o) 1+ W(jw) )
Theo (3) va (1) ta cé:
e
oy = _KE-ToD) . Ko ”

B (K—T(;\)2)2+m2 (K—T(;32)2+c02
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Tir (4) va (2) ta co:

K(K - To? 20(20 - 0,1°
P (o) = —2¢ o) (200w )2 (5)
(K-Tw ) +o (K-To*) +»
Neéu the vao (5) cdc gia tri khdc nhau o ta ¢6 bang 1 cho xay dung P(w).
Bdng 1.
¢ ol 5| 7 (1015|182 |25 |3 ] 4|50/ 60 |
P(®)|1,00| 1,06 | 1,08 | 1,00 |-0,23 | -0,25|-0,50|-0,35-024 |-0,15|-0,18 | -0.06 | 0

Theo s6 liéu bang 1 trén hinh 55a, ta xay dung dac tinh tdn s6 thuc.

b. Néu d6i v6i hang loat cdc gid tri c6 tn s6 ® c6 cédc toa do U(w) va V(w) cac diém
cha dac tinh bién do - pha cia hé ho (bang 2) thi cdc gid tri twong ting P(®), ¢6 thé tim theo
cong thirc:

Uz(co)+ Vz((o)+U(m)

P(w)= 5 ; (6)
[1+U(w)] +V(w)
Bang 2.
s 0 5 7 10 20 40 o
U (@) -0 -1,60 1,34 -1,00 -0,41 -0,13
V () -0 -3,18 -1,93 -1,00 -0,21 -0,02 0

Trong trudng hop khi toa do cdc diém cua cdc dac
modun A(w), c¢é thé dugc xay dung theo cong thic:

tinh bién do - pha cho ¢ dang

P (@) = - 2A2(0))+A(u))cosw(w) 5 o
A% (w)+ 2A(w) cos y(w) + |
Bang 3.
s* 0 5 7 10 20 30 40 50 60 o
A (@) 0 3,56 | 2,34 | 1,41 | 0448 | 0,211 | 0,121 | 0,078 | 0,054 0
y(w)ydd | -90 | -116 | -125 | -135 | -154 | -162 -166 | -169 | -170 | -180

Thu duogc tir cong thiic (6) khi thé:
Uz((o) + Vz(a)) = Az(m) va U(w) = Ao cosy(m).
¢. Néu c6 dac tinh bién d6 - pha cha hé hd thi dé xay dung P(w), sir dung thuan tién

cong thuc:

P(w) =

A% (o) + U(o)
B%(w)

(8)
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Thu dugc tir (6) khi the Az () = UXw) + Vz(co) v B’(m) = '[1 + U()]? + V¥(0). Cic
dai luong A(w) va B(w) d6i v6i mdi tdn s6 da cho w, thu dugc dé dang tir dic tinh bién do -
pha bdi vi A(®) 1a modun vecto:W(jo), ¢6 nghia-khodng cdch tir géc toa do tdi di€m k da
cho ctia dac tinh, cdn B(w) - khodng cach ti diém (=1 , j0) 16i diém k hinh 55.

Cic s6 c6 & cong thitc (8) va cdn thiét cho iay dung dic tinh tdn s6 thyc duoc dua ra
trén hinh 55a, cé thé thu dugce tir dac tmh bién do - pha cda hé ¢ ham truyén (1) duge biéu
dién trén hinh 43a. ' , o

d. D€ xay dung djc tinh tdn s§ thue cta hé theo. dé.c tfnh bién d¢ - pha (hinh 43a) c6
thé st dung dé thi dugc goi 1a d6 thi tudn hoan thuéﬂDG thl nay cho ¢ phu luc 1.

77. Hay xay dung dic tinh tin s6 thuc P(m) cua hé dléu chmh tu dong kin, néu ham
500(1+0,03p)

ruy in cla : ] (p) = p(1+0’1p)(1+0,006p)

Bdng 4.

T ST AL AT BAN KUG s BOU VA KY T AT
s’ 0 10 30 40 | 50 | 100 | 200 | 500 |
U | -» [368 13,0685 | 46 |338]( 1,35 | 0488 |0,095| O
V(®),dd | -90 | -122 | -122 | -130 | -130 |-130 [ -133 | -136 | -165 | -180

Khi xay dung P(w), ta cé thé st dung dac tinh bién d6 - pha cta hé dugc dua ra ¢ hinh
45, hay bang 4, cdc gid tri médun A(w) va argument y(w) clia ham truyén tdn s3 cia he.
Pdp so: Xem hinh 56.
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Hinh 56. Pdc tinh tdn sé thuc cho bai 77.

78. Hay xay dung dac tinh tdn s6 thyc P (@) cia he kin. Dac tinh bién d¢ - pha cia he
h& cho trén hinh 57a. Khi xay dung c6thé sir dung s6 liéu clia bang 5.

bép s6 xem hinh 37y AR
£ 4

’ et S ":"u.{‘fg‘" f
AR R A

7 10 15 20

Al(®)
y(w), do

-00 10,32
-180

-175

0,16
-199

-180

b) 24

Auw)

a0

~06 +
12 [.

Hinh 57. Cdc ddc tinh bién dé - pha va tdn s6 thuc cho bai 78.
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79. Hay x4y dung dac tinh tdn s6 thyc chia hé tinh khép kin. Dic tinh pha - bién do cua
hé hé cho & dang dudng cong trén hinh 52.
Pdp s6: Xem hinh 58.

Prv) /3%) !
1 a8+
12 :
10 aér
06 aar
0 qzf
a‘{l ! 1 1 A daren
0 a0 4 & 60 el
0,3 [/2} :;’- s
0 T W i Hinh 59. Ddc tinh tdn 56 thue cho bai 80.
-ag L
Radl Pren
..0.5 »
-08+ asr
20+
Hinh 58. Bdc tinh tdn sé thuc cho bai 79. /5
80. Hay xay dung dac tinh tdn sd thyc 10
clia he tinh kin. Dac tinh pha - bién d6 clia he '
h& tring véi he duge dua ra trén hinh 33. ast
Pdp s6: Xem hinh 59. 020 0 e £
aq
81. Hay xay dung dac tinh tdn sd thuc
cta he kin c6 tinh v6 hudng bac ba. -45
Pic tinh bién d6 - pha ciia hé hd cho 10k

trén hinh 48 (cdc thang c6 chir cdi A).
Pdp 56: Xem hinh 60. Hinh 60. Ddc tinh tdn s6 thuc cho bai 81 .
2.4. CAC PAC TINH LOGARIT CUA HE PIEU CHINH TU PONG
82. Hay xay dung cdc dac tinh bién d¢ va pha 16garit véi ham s6 truyén:
40

W(p) = 5
1+0,12p +0,002p

(1)

Bai gidi: Dé xay dung cdc dic tinh 16garit cdn phan tich mu s6 (1) thanh hai s6 phan.
Do d6, xac dinh cdc nghiém ctia mu s6, ching biang —10 5! va =50 s™' va biéu dién
(1) dudi dang:
40 ~ 40
(1+T,p)A+T,p)  (1+0,1p)(1+0,02p)

W(p) = (2)
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Tir d6, ta tim duoc déc tinh bién d6 ograrit cla heé;
| 40 B 40

|(1+j0,lo) (1 + j0,020) Dl ) )
\/[1 + (0,lw) Ml +(0,02w) ]

Tix cdc biéu thic (2) hay (3) suy ra duong D.B.T 1iém cén c6 hai chd gy, ¢ cdc diém
@, =1/T, =10s" vaw = 1/T, = 50 s} va bao gém ba doan nim nghiéng & d6 cao 201g40 =
32 dB, doan ¢6 46 nghiéng —20 dB/décamet doan c6 d6 nghiéng —40 dB/décamet. Dac tinh
tiém can nay dugc biéu diép trén hinh 61.

(3)

L(w) = 20lg

B&i vity s6 T,/T, = 5 c6 nghia vugt hai octa, thi tir k&t qua bai 57 suy ra ring d6 léch
dac tinh bién do tiém cén tai diém trong viing. Véi méi mot chd gdy cé dang ciing nhu déi
véi khau khong chu ky va khong vuot qua 3 dB.

Dac tinh pha cé dang:

y(w) = —arclgO,lw - arctg0,02w (4)

Biéu thitc cu6i cling cho phép x4y dung (®) theo cac diém. Tuy nhién, xay dung y(w)
nhu t6ng cdc toa do cla cdc dic tinh pha () va y,(®) cla hai khau khong chu k¥ ¢6 hing
s6 thoi gian Ty = 1s va T, = 0,2 s bdi vi méi mot trong s6 cdc dac tinh ndy xay dung dé dang
nhd cdc d6 thi cia phu luc 3. Dac tinh pha y,(w) cua hé duogc cho trén hinh 61.

Liw,dB @),
40 7 | s
20 S
\\@%«
20 ‘F 3’6
g N
Nz - 160
- /0 <] < - ]50
) /) % - 140
20 \&—
. /) N2l Loz
87/} \% N
-40 3 -
-50 = ‘;,ffﬁ‘ -80
V% AP ~60
L4 ‘ ~-40
A o -20
= | L}~ gy
] Jrj

|
a2 Q406 1 & 4 & 10 20 4060700 200 Mﬂb‘ﬁﬂllﬂﬂq?’
Hinh 61. Cdc ddc tinh légarit cho bai 82.
83. Hiy xay dung cdc dic tinh bién d¢ va pha clia h¢ ¢6 ham truyén:

12,5
p(1 + 0,004p + 0,0004p?)

W(p) =
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Chi ddn: Ham truyén cdn dua vé dang thuin tién dé xdy dung cic dac tinh 16garit c6
nghia xdc dinh c6 tvong dng hay khong da thic bac hai & mu véi hai khau khong chu k¥,
hay n6 tuong tng khau dao déng, va hay xdc dinh cdc thong s6 cdn thiét clia cidc khau nay.

Ddp s¢: Xem hinh 62.

Lrey, Ylw),
4y A {-260
20 PN [ 1-240
~N
20 ¢ 2, ' 1220
0k TRUC HNQQQE Hr()!f BACH DA HA NO Ao
oy GO PN Lo B T
g \\ _,4, il -8
-0 ¢ ™ \& -760
'2” - \ 7] _/40
-30 Bl WAk 1) 170
ot | |2 ;O = 1100
gz G4 a5 1T 0 20 W0 100 200 40060 e L

Hink 62. Céc ddc tinh légarir cho bai 83.

84. He diéu chinh t dong méxso d&khcﬁ cl né mjfgj'c‘" xay dung theo miu biéu dién

trén hinh 44 ¢6 ham truyén & trang thél it L
Wep) = K(1+T;p) _ 7 K(1+0,017p)

p(1+ Typ)1 + Tap)(H4 Tap) p(l +0 05p)(1 +0,0025p)(1 +0.001)

Hiy xay dung cdc dgc tinh pha \L& blén do tiem ¢

s6 khuéch dai K = 500 s v& K =2000s"

(D

) bgarlt clia hé d6i v6i hai gid tri he

LD

K(1+10017m) -
Ul + j0.050)1 + j0,025m)(1 + j0.001w)

Tiur biéu thitc (2) hay tu thitc (1) th&y 15 rdng dac tinh bién do tiém can c6 dang
dudng thing gy c6 cdc doan-¢é/gdt hg*ﬁéﬁg‘ﬂrﬁ‘ZOMOXZ&WUiB@ dB/décamet va gy khiic &
cdc diém o, = 1/T; = 20 s'l, ®, = 1/T4 = 1000 s doan thdng ddu cha dac tinh 1a phdn
dudng thing c6 géc nghiéng —20 dB/décamet cit truc cic tdn s6 & diém o = K. Céc dac tinh
bién d6 tiém can L (w) d6i véi trudng hop K = 500 s va L, (®) d6i véi trudng hop K =
2000 s™! dugc biéu dién trén hinh 63.

Dic tinh pha d6i véi cd hai trudng hop tring theo (1), (2) ¢6 (1) thé (2) tim nhu tdng
céc toa do cha dac tinh pha yyo cla phan tich 1y twdng, céc dac tinh pha y o, hing s6 thoi
gian Ty, T; vA T, v y,(®) - khdu vi phan c6 hing s6 thoi gian T,.

wom: (2)
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Cic dac tinh pha chi ra cia cdc khiu va déc tinh pha két qud () clia toan hé duoc

xay dung hinh 63.

L
- i,
1{-cs0
~260
{-240
-220
1-200
~180
1-160
{140
1-120
-100

40

=100

=724 ’ 60

2 461 20 4060100 Z0ADEH 100 W0 00 v, L

Hinh 63.:Cdc-ddc tinh [dgrarit cho bai 84.

85. Hay xay dung dac tinh bién d6 tieém géﬁ:ibgagitllli,(w) va dac tinh pha logarit y(w)

clia hé c6 ham truyén:

o KA+Tp)
W(p) = —— ot 1P
aq P7(1+ T )1 +Tsp)
§K =755 T) = 200 ms; Tf < 25 mis; Ty = Sitms.ox v o

Ddp sé: Hinh 64.

86. Hay x4y dung dac tinh bién d¢ va pha clia he ¢6 ham truyén:
2 2
W(p) = : K(1+T,p) = K{1+0,25p)
p'(1+T,p)1+Tsp) p(1+0,03p)1+0,008p)

d6i véi ba trudng hop 1) K =250s7;2) K =755, 3)K = 1000 5.

Pdp so: Trén hinh 65 cho cdc dac tinh bién d¢ tiém can L (®), Ly(®) va Li(w), ngoai
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ra, chi s6 tuong \ng s6 cha trudng hgp, d6i véi truong hop 1 bang dudng diit nét ta chi ra
duong dic tinh bién d§. Dac tinh pha yw(w) d61 véi tat ca cdc trudng ciing 1a mot.

Lrw,, ),
d8 \\,.' @
N 1-80

40 %‘% i : » -aod
A 240

20 - \\\ ] L1220
\ 1-200

| k‘ﬁc’ : 4 _
g T g W @% /' 50
Pl N 1-160
;é/@/ \ / NN

=20 —” > \%3; -4
\\fg 1-720

-40 ; = =107
\:%_ 1 -60

C
-8 N -0

gz Q4G5 1 2 4 6 10 20 40607100 200 406w+

Hink 64. Cac ddc tinh pha va bién dé ldgarit ¢é ham truyén.

dF ap
W0 — ~260
v {-z00
I\

" =300
J - 1600
Céj:\ 1=760
=0 ‘,2; ~140
\\\\m\ 1-720
~40 > Cs;r_,;‘ -100
e\ {-60

-60 - e

!
Gz Q485 1 2 4 & W0 20 4060 100 200 4006007000 w. 4

Hinh 65. Cdc ddc tinh logarit cho bai 86.
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87. Hay x4y dung céc ddc tinh pha va bién do logarit cla hé ¢ ham truyén:

_ 20
p(1 +0,104p + 0,0008p? +0,0004p*)

Wi(p)

Chi ddn: MAu cfia ham truyén cdn phan tich thanh cdc nhan tir, dé dua W(p) vé dang

thuan tién dé xay dung dac tinh logarit.

Pap so: Cac dic tinh bién d6 L(w) va pha y(®) dugc x4y dung trén hinh 66.

Ltw). ),
&9 =340
f T _3120
5[7 -(300
1-260
0 -200
N2y, 1-240

TR
150 /b J/(Oj —220
\‘NP‘ N —200
N2 1-760

/ g \l
=20 < SN =40
// % \
9 o e \\ {720
-40 —— ]\ =100
2 iy
S
-60 F -60
13

Q2 Q4G5 1 2 4 6 10 20 4060 100 200 4006001000, 3

Hinh 66. Cdc ddc tinh légarit cho bai 87.

88. Hiy x4y dung cdc dic tinh bién do va pha cla h¢ ¢é ham truyén:
kP
(1+Typ)(1 +28T;p + T7p’

W(p) =

4K =0,0645s; T, =30ms; T, =7 ms; & =0,2.
Pdp s¢: Xem hinh 67.
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‘ R A , A ~ 4l
~120 B NE B L 60
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gz Q4GE 1 2 4610 20 4060710 200 400600100, -

Hinh 67 Cac ddc tmh IOgam cho baz 88.

89. Hay x4y dung céc dic tmh blén do - pha\c, he cé ham truyén:
K(1+T2p) _ . K@1+0017p)
p(1+ Tlp)(l + T3p7(1 +Tqp) p(l + OSQSP)(I +0,0025p)(1 + 0,001p)

iﬂ@s K= AEV:OOS

W(p) =

déi vai hai truong hop: l)K K,

IW(JOJ)I "ﬂ\v(ﬁﬁ”)] T
So b6 ta xay dung cé,c «dég tinh pha va:bitn. dQ IOgam cua hé. Néu slr dung cdc dac
tinh nay L,(®) va y(jo) duac biéu dién trén hinh 63 (xem bai 84) theo c4c diém ta x4y dung
déc tinh bién d¢ pha logarit goryéi truomg hop K =K, = 500 s'. Diac tinh nay dugce thé hién
trén hinh 68 (dudong cong l) «’f‘béﬁ'cfa\rl FU82 Wanh ddu' e dudng cong chi ra cac gid

tri twong ting cha cdc tdn s6 theo s,

Phén cao tdn clia dudng cong ma déi v6i né y(jw) < —180° dugc thay thé bang phan
Xa guong cua né g truc toa d¢. DSi véi phdn nay cta dudng cong duogc chi ra trén hinh bang
dudng dift nét trén truc hoanh ta thdy thang clia g6c bé sung tir ~180 t6i —280°. Trén hinh vé
‘cling ¢6 thang du trit theo pha bing n(w) = y(w) + 180°.

Déi vai truong hop K = Ky = 2000 s dudng cong twong tr ¢6 thé duge x4y dung bang
dich chuyén tdt ca cdc diém cla dudng cong 1 t6i 12 dB trén (20lg K,/K; = 12 dB), xem:
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hinh 68 dudng cong 2.

90. Hay xay dung cic dic tinh pha - bién d¢ 16garit cla hé ¢é ham truyén:
W(p) = : K1+ T,p) - — K(1+0,2p)
p 1+ Tp)1+T3p)  p-(1+0,025p)(1 +0,006p)
d6i v6i hai truong hop: 1) K = 75 5% 2) K = 400 572,
Chi ddn: C6 thé sir dung két qua bai 85.
Pdp s6: Xem hinh 69 & day dudng cong 1 cho truong hop ddu con dudng cong 2 cho

trudng hop thir 2. FRUGNE DAL HOE BAL R
Qlwh dg = piw), 4G
50&’ 20 40 80 40 /027 20 740 Iiﬁ 750 0 20 40 60 89 109.720 M0 180 167
4
L), 4
/i) & l\ﬂé‘
40 A %}J’
a0
/)
-0
O5 H o]
N2 | | - =0 PR
-4l \\ 3 \0 NP,
’ \| \‘\4’500 /&W\\ ‘\\
(S . \ A2
\ ‘J 4"
-50 - " ‘ 20N I\
4.!700 \f B i B - R ) \\ A é_w
\iooe ||| ’ A
-8 n. ‘ ‘6‘0 i
w1 || ) | e,
-] B0 AT 12000 By 60 47 -m Vi -/6’0 '/fﬂ TG 420 10060 ~60 40 20 0
300 220 ~240-260 -280 . -2 -220-44 260280
), dj @), dg
Hink 68. Cdc dackin) hpha  Hinh69.Cdcddc tinh pha
bién do logarit cho bai 89. o " bién d¢ logarit cho bai 90.
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Chuong 3
PO ON PINH CUA CAC HE TUYEN TINH

3.1. CAC TIEU CHUAN ON DINH DAI SO

91. Phuong trinh dic trung cta hé c6 dang:
p3+p2+2p+ 1=0

Hay x4c dinh d6 6n dinh cua hé.

Pdp s6: He 6n dinh.

92. Phuong trinh dac trung cua hé c6 dang:

5p°+2p*-3p+1=0
Hay xdc dinh do 6n dinh cla he.
Bai gidi. He khong 6n dinh bdi vi khong thuc hién diéu kién 6n dinh cdn thiét,
93. Ham truyén cia hé ho:

W(p) = K
p(1 +Tp)
Hay xdc dinh cdc diéu kién 6n dinh cla he kin.
Pdpsé: K>0; T>0.
94. Ham truyén caa hé ho:
K

l:)2

W(p) =

& day, K=100s.
Hay xdc dinh d6 6n dinh cla heé kin.
Ddp s6: He kin & bién do 6n dinh.

95. Hay xdc dinh d6 6n dinh cua hé kin, néu ham truyén clia hé hd c6 dang:

K
W(p) = ————
p2(1+Tp)

& day, K =20 s - he s6 chat luong clia he theo gia t6c T = 0,01 s - hing s6 thdi gian.
Pdp s6: He kin khong 6n dinh vé c4u triic, c6 nghia khoéng 6n dinh & cdc gi4 tri bat k¥
KvaT=0. |

96. So d6 c4u triic ca he dua ra trén hinh 70. Hé s6 khuéch dai clia hé ho K > 0, hang
s6 thoi gian T > 0. Hiy xdc dinh d¢ 6n dinh cla hé ho va diéu kién 6n dinh cua hé kin.
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Ddp so: He hd cia hé khong dn dinh. P

Heé kin 6n dinh khi K > 1. g~—><§F——* T >

97. Phuong trinh dac trung cla hé cd

dang: Hinh 70. So dé cdu tao cua hé cho bai 96.
(k; —k)p’ +a;p” + a,p + a3 = 0
& day k, =25s™; k, =25 s%; a; =10 s%; a; = 5's; a3 = 25. Hay xdc dinh d6 6n dinh cha he.
Bai gidi. He s6 & s6 hang cii cia da thitc dac trung a, = k, - ky. Khi k; -~ k; < 0 hé
khong 6n dinh, bdi vi khong thuc hién diéu kién 6én dinh cdn thiét. Khi ay =k, - k, > 0 va
khi thuc hién diéu kién aja, — aga; > 0 (xem phu luc 6) h¢ én dinh. O bai di cho ag =k, -k,
=25 -25=0. Hé & bién do 6n dinh.
98. Phuong trinh dac trung cta hé c¢é dang:
ap" +a;p” + ap’ + azp =0
& day, a, = 10 s, a;=>5 s?, a,=2 s2, a3 =10s.
Hay xdc dinh d6 6n dinh cia hé.
Bai gidi. Phuong trinh dic trung cia hé duoc viét & dang sau:
(agp’ +a;p” + a;p + az)p =0 (1)
Tir (1) thdy rdng mot trong s6 cdc nghiém cua phuong trinh dic trung bang 0. He s6 &
bién cta do 6n dinh, néu tdt ca nghiém con lai cla phuong trinh dac tring ndm & nira bén
trai mat phang nghiém. Do dé cén thuc hién céc diéu kién 6n dinh d6i véi da thifc:
agp’ +a;p” + ayp + a3
ching c6 dang:
ag>0,a;>0,8,>0,a7>0, a2, > agy
Dai voi cdc gid tri s6 ag, ..., a3 ¢ trong bai, bt ding thic cudi cing khong dugce thuc
hién. Vi vay hé khong 6n dinh.
99. Hay giai bai todn trude déi véi cic gid tri cla cdc hé s6 sau:
a)a, =10 s*, a) =55, a2=282, ay=1s;
b)a; =10 s*, a1=553, a2=2sz, a;=05s;
Pdp 567 a) Heé & bién do 6n dinh;
b) Hé & bién do 6n dinh khéng chu ky.

100. Ham truyén hé h& cé dang:

K
Wp) = —
p 1+ T,pX1+Typ)

6 day, K =50 s - hé s6 khuéch dai téng quit cha he hé; T, = 1 s, T, = 0,05 s - cdc hing s6
thoi gian. Hiy x4c dinh d6 khong 6n dinh ctia hé kin.
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Pdp s6: He khong 6n dinh vé mat c4u triic, ¢6 nghia khong 6n dinh & cac gia tri bat
ki he s6 khuéch dai clia hé hd K va cdc hing s6 thoi gian T, = 0 va T, # 0.

101. Ham truyén hé kin cta diéu khién tu dong c6 dang:

K
O(p) = 3 >
T, T,p” +(Ty +Ty)p” +p+K
dday, K=50s"', T, =0,2s,T,=02s.
Hiay xdc dinh d¢ én dinh cia he.

Pdp 5o Hé khéng 6n dinh.
FRUGNG DAL HOU BACH KHO A 1S WO

102. Hay giai bai 101, néuK =50s", Ty =0,1 sva T, = 0,02 s,
Ddp sd: He 6n dinh.

103. Su chuyén dong clia hé ty dong dugc mo té bing hé cic phuong trinh vi phan sau:
W-Qyo +Y) = caya+dpk o

AN A

(1)

y+Qy = -—k(h Yu)+53

& day, y, - tdc dong di cho; 8,, 8,, 83 - cdc tdc dung nhiéy; vy, vy, ¥ - cdc toa do cla hé;
Q=116.10%5", k; =107, ¢, 5= cac he s6. Hay xéc dinh cdc diéu kien 6n dinh ciia he.
Bai gidi. Ta viét he cic phuong trinh vi ph4n (1) & dang ky hiéu:
py— QYo +¥)=C3Yo + 8y, |
PYo +PY +Qy = -y +8,, - (2)
pY+Qu=-k(y,-7,)+83 | .
o day, p - ky hiéu vi phan. .
Pa thitc dac trung cua hé rr dong bing dinh thuc clia: he phucmg trinh (2):
. -Q —-(Q+cy) p “
Dipp=a@=| p p+cy  Q
5y etk 0 Q

VT2 UL AT BAN REHIOA 00 Y A RY TTHIAT
Phuong trinh dic trung cuia hé:

p*+ (¢, +k)p? + (QF + kjc)p + Q%K +¢) + Qooky =
=aﬂp3+a1p2+a2p+a3=0
Gday,ag=1,a;=¢c;+kj,a= 0+ kicj.a3= Q2(k, +¢;) + Qcok,.
Diéu kien 6n dinh thu dugc, néu sit dung cdc tiéu chudn 6n dinh Gurvin (phu luc 6).
Trong bai todn di cho, hé s& dn dinh khi thuc hién cic bat dang thic sau:
ay>0,2,>0,8,>0,2;>0,a5a;, —2p23 >0 (3)
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Néu thé vio bat dang thic (3) cdc gid tri cla cac hé s6 clz hé, ta thu duoc diéu kién
6n dinh:
¢, +kc
cy < 212863 ¢ +8630¢,
Q
104. Hay xac dinh do 6n dinh cla hé tu dong diéu khién, n€u chuyén dong cla no
ducc mo ta bang hé cac phuong trinh vi phan sau:
Y- Qg +Y)=C2Yg
¥ o+‘/+ Q\V— ,
PRUCENG AT 'UN AL Iviee
Y Q==K (rg —Yp) + sz(Yo ¥p)dt
0 day, yp - tdc dong da cho; vy, vy, ¥ - cdc toa do cua hé; Q = 1,16.107 s, ky, = 3.107 572,
k,=1.10%s7 ¢, =107 s, ¢, =2,5.102 57 - cdc hé s6. Hay xic dinh do 6n dinh clia he.
Pdp sé: He 6n dinh.

p (1+sz)
Hay xdc dinh diéu kién 6n dinh cda he kin.
de SOAJ.' Tl > Tz.

106. Ham truyén ctia hé hd c6 dang:
o) = X
(1 +Tp)3
& dty, K = 5 - hé s6 khuéch dai thg quat cua he hU T 0,5 s - hdng s6 thoi gian. Hay xdc
dint d6 6n dinh clia hé kin.
Ddp s6: He kin 6n dinh..

W(p) =

107. Ham truyén clia hé én dinh hio nuéc mot trué c6 dang:
K
p(1+2ET p+ szz)

T OHA XUAT BAN Ky fice > 3

Heé s6 khuéch dai téng quét cla he ho K= 505 hang 56 thoi gian T, = 0,01 s. Hay
xdc dinh: a) & cdc gid tri ndo clia hé s6 cuén cdm & bo 6n dinh hédo nude 6n dinh; b) diéu
kiér 6n dinh.

25

Ddp s6: a) Bo 6n dinh hdo nudc bén vimg & hé s6 cudn cam § > 0,25, b) K < T

r
108. & b6 én dinh hdo nuéc mot truc duge nghién cttu trong bai 107, dé tang ving on
dint ta dua vao tin hiéu ty 1¢ véi dao ham géc tién dong. Khi d6 ham truyén cua hé ho sé

nhusau:
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K({l+1p)

W(p) = 5
p(1+28T,p+T7p*)

Hiy xac dinh: a) diéu kién 6n dinh cla bo 6n dinh thuy luc; b) d6 én dinh clia bo én
dinh thuy luc & he s6 khuéch dai tdng quét clia he hd K = 50 s°', & cdc hing s6 thoi gian
T,=001s,1t=0,01s,&héss chéng rung £ =0,1.

28
T, -2&1

r

Pdp s6: a) K < ; b) Bo én dinh thuy luc 6n dinh.
109. Ham truyén ciia bo 6n dinh thuy luc mét truc cé dang
ok
p(1+ T p?)
& day, k,; = 25 57 - hé s6 khuéch

e s ow 1-Tp k,
da\llcu.a hé hd; T, = 0,01 s - hang s6 g—'?__’ k, T sPaser) s
thot gian.

Pé cudn cam cta hé theo
kénh diéu khién ta dua tudn ty khau
c6 dai di qua gidi han (hinh 71) va
véi do khuéch dai k, = 1 s”'. Hay chon héing s6 thdi gian clia khau hiéu chinh T tir diéu kién
én dinh.

Bai gidi. Ham truyén cfa hé hé:

o
p(+Trp*)(1+Tp)

Wi(p) =

Hinh 71. So dé cdu tao cua bé
én dinh thuy luc cho bai 109.

& day, K = k,k, - hé s6 khuéch dai téng quat cla h¢ ho.

Da gidc dac trung cla he kin bing tng cdc da gidc mau s& va tir s6 ham truyén cia he

ha:
(p) = p(1 + T7p*)(1 + Tp) + K(1 - Tp)
= Tr:ZTp4 +T,p3 +Tp? +(1-KT)p+K

Neé&u sir dung céc tiéu chudn én dinh Gurivin cla cdc hé tu dong cé da gidc dic trung

clia bac bon (phu luc 6) ta thu duoc diéu kién 6n dinh cia bo 6n dinh thuy luc
2
K < _I_ - :Fr_
T 713

Bo6 én dinh thuy lyc 6n dinh, vi du, § T=0,015s.

110. So dé ciu tao ctia hé tu dong duoc dua ra trén hinh 72. Cdc hang so thoi gian cta
cdc khau T, =0,01's, T, = 0,5 s, T3 = 0,05 s. Hiy xdc dinh gid tri t61 han coa hé s khuéch
dai clia hé hd K = k kks3k,4, ma & né he tr dong & bien do 6n dinh.

Pdp 56 Gié tri t6i han cha hé s6 khuéch dai t8ng hop clia hé hd Ky = 16,8 st
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f
k1 kz k3
g 1+Tp (1+Tpp 1T+Typ Y

Hinh 72. So dé cdu tao cho bai 110.

111. Ham truyén cla hé hd cé dang:

K(+T
W(p) = Sl L
p(1+T,p)1+T;p)
¢ day, K - hé s6 chdt luong ctia hé theo t6c do; T, =0,2 s, T; = 0,02 s - cdc hang s thoi gian
ctia déi tugng diéu khién va bo khuéch dai; T, - hang s6 thoi gian cua thiét bi hiéu chinh.

Hay x4c dinh cac gid tri cha hang s& thdi gian cua hé hiéu chinh T,, ma & chiing hé kin dugc
6n dinh & t4t ca gid tri duong bat ky hé s& chat lugng cla hé theo téc do.

T\T,
T, + T4

Ddp s6: T, 2 =0,018s.

112. So d6 cdu tao ctia hé theo ddi co dién duge dua ra trén hinh 73,

) k ko
N ks —= Y > ——> - 3
' 82 ’ éﬁ 1+Tp arInaik :

Hinh 73. So d6 cdu tao cia hé theo déi dién - co.

He s6 truyén cla phdn do kpg = 1 V/d¢ = 57,3 V/rad, he s6 khuéch dai cua bo
khuéch dai k, = 1000, hé s6 truyén cia dong co kp = 50 rad/Vs he $§ truyén cia bo dén
dong k, = 10, hing s6 thoi gian ctia dong co Ty = 0,05 s, hang s6 thdi gian clia bo khuéch
dai T, = 0,005 s. Hiy xdc dinh: a) d0 6n dinh cta hé theo ddi dién co khi khéng cé moi lién
hé nguoc do t6c do; b) cdc gid tri cha hé s6 truyén clia mdy phat do t6¢c do kyg, ma o ching
hé theo dai 6n dinh.

Pdp s6: a) hé thep ddi khong on dinh;

[ 1
—_ + —_
Ty T,

b) krg > 1k kp) ! =2,4.107 V.s/rad
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113. So d6 hé theo doi dién co duge dua ra trén hinh 74, a. Hé s6 truyén cua phan tu
do dugc thuc hién trén CKBT, kpg = 1 V/d6; Hé s6 khuéch dai cta bo khuéch dai - k;; hé s6
khuéch dai clia bo khuéch dai thit hai - ky; hdng s6 thoi gian cta bo khuéch dai thi hai -
T = 0,005 s; hé s6 truyén ctia dong co kp = 50 rad/Vs; hing s thoi gian cla dong co Ty =
0,05 s; hé s truyén cua b¢ truyén dong k, = 1/ 1000 = 107, Dé cuon cam he bo khuéch dai
ddu duoc bao bang bo lien hé ngugc am. Heé s6 khuéch dai chung ctia hé hd tir diéu kién dam
bao do chinh xé4c hoat dong cha hé theo dai cAn khong nhd hon 300 s™.

¢ Y WA

a) Jj (] ,0 It
170 st /4w e V2 et O/

e ’{(/“ - kg, ./g

—

Hinh 74. Ccfc so do hé theo ddi dién co.

Hiy xdc dinh cdc hé s6 khuéch dai cia cdc bo khuéch dai va cdc thong s6 mach higu
chinh tir cc diéu kién dam bao do 6n dinh cia h¢ va gi4 tri da cho h¢ s@ truyén téng quét
clia hé ha. o |
Bai gidi. Him truyén clia mach hiéu chinh: -

Lk
W, = K
k(P) 1+Tp

adday, kg =1; T=RC.

So dé cdu tao cua hé mdéi dién co dugc v& tuong ng v6i so d6 74a duoc dua ra
trén hinh 74b. L S HASL A BRI A PRI Y sy e

Khi khong ¢6 mach hiéu chinh ham truyén cia h¢ hé bing:

W(p) =

p(1+ Typ)(t + Typ)
& day, K' = kp gk kokpk,, - he s6 khuéch dai téng clia he hg.
Diéu kién én dinh cta he kin cé dang:

Ke ot 20206

T, Tw
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Theo diéu kién clia bai he s6 khuéch dai téng ctia hé hd can 16n hon 300 5™, D& dam
t40 d6 6n dinh ta dua vao hé khau hiéu chinh (dudng dit nét trén hinh 74).

Ham truyén ctia hé hd khi dua vae hé khau hiéu chinh ¢6 dang:
Kl +Tp)

T
I+ 1+T,pkl+T
p[ 1+k,p]( +T,pfL+Typ)

W(p) =

kpg-kikkpkp
1+k,
Hing s6 thoi gian cla kiu hiew ¢hinh T 'dugc 1dy bing hing s6 thoi gian clia dong co
"\ Diéu nay luén ludn cé thé thuc hién bing cdch chon cdc théng s6 R va C.

T 005 o5 uF,
0,1

¢ T =Ty ham s6 truyén cha he hd bang: - .

L SRR

cday,K = - hé s6 khuéch dai tdng qudt cha hé kin.

Taldy R =0, m€Q. Khidé C=

¢on phuong trinh dac trung cla hé kin c6 dang:

Tv 3 [ TIm 2
T,p" + +T +p+K=0
1+k, P -(1+k1 y)p P

piéu kien 6n dinh dugc viét & dang:
K<t ky 1
Tw

T,

Tir bat ding thic cu6i cing ta c6 biéu thirc dé xéc dinh k;:

1 .
ki >| K-—[Ty~1=4.
ke

Tachon k; = 9.
Gid tri hé s8 khuéch ,d3] kp duge chon tir diéu kien dam bao gid tri da cho cia hé s6
khuZch dai t6ng quét ciia h%ﬁﬁg NI L i T ’
= KO+k) _ 3000+9)

= - 174
kppkikpk, 57,3.9.50.107

114. Ham s6 truyén ctia hé ho:
K

p(1+ TipKL + Top)
Heé s6 khuéch dai téng cha hé hd K = 500 s, hing s6 thai gian T; = 0,02 s. Hay xdc
dint gié tri hing s6 thoi gian T,, ma & né he kin & trén bién cla do 6n dinh.

W(p) =

Pdp 56: T, =2,22.107s.
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115. So d6 cdu tric cua o

hé diéu khién thiét bi bay én 9 9
S hd ki ky s

dinh tinh dugc dua ra trén T+Tp o1+ 1209 e
hinh 75.

Céc hé sO truyén k; = 1,
k, = 5. Céc hing s6 thoi gian Hinh 75. So do cdu tao cia hé diéu khién
T, =05svaT,=2s. Hay thiét bi bay én dinh (Tnh theo géc chong chénh.

x4c dinh: a) d6 6n dinh clia hé
khong c6 khau hiéu chinh; b) dai lugng khéng déi cla thoi gian cla khau hiéu chinh t tir
diéu kién 6n dinh.

Ddp s6: a) hé khong 6n dinh;
ki k, -1

152

b) 1> T, =0,4s.

116. Trén hinh 76 ta -
dua ra so d6 clu tao clia he S é_—’ k, . k, S
diéu khién thiét bi bay khong T+Tp 1+ TE )
6n dinh tinh cing. Hang s6
thoi gian clia dan dong 14i T,

Hinh 76. So dé cdu triic ciia hé diéu khién

= 0,5 s; hing sd thoi gian cta ] e S
ciia thiét bi bay khéng 6n dinh tinh.

déi tuong T, = 2 s.
Hay xdc dinh cdc gid tri hing s6 thoi gian cha khau hiéu chinh t va hé s6 khuéch dai
téng cla he hé K = k,k, tir diéu kién dam bao d6 6n dinh cia hé.
Pdp s6: Cac diéu kién 6n dinh cla hé c6 dang sau:

T
T>T1,K>1,K>—J"
T

Heé 6n dinh, vidy, 0 K =5,1t=0,7s.

117. So dd cau tao cha hé ty dong duge dua ra trén hinh 77. Cdc hé so truyén cua cdc
khau: k; = 2.10°, k, = 6, k3 =

0,25.103; cic hing s6 thdi gian 5 k(1 + ) ky Y
1=07.10%s, T, = 1425, T; = 1+ 7’

2,2.10% s; hé s6 cuoén cam & = P

0,68.102. Hay xdc dinh do 6n TR TR

dinh cua he.

Ddp so: He én dinh. ’
. Hinh 77. So dé cdu tao cua hé tu dong.
118. Hay xic dinh do 6n

dinh cla hé tr dong, ma phuong trinh dac trung cua né c6 dang:
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wS A3 2 \
ap” ta;p +ap FaspT +agp+as =0

¢ cdc gia tri hé s6 sau:

a) 2y = 0,005 s°, a,=0,155", =125
a;=55", ag = 50s, as = 300;

b) a, = 0,005 s°, a,=0,15s" a,=25s",
a;=205s?, a, = 50s, a5 = 200;

Ddp sd: a) h¢ khong 6n dinh; b) hé 6n dinh.
119. Phuong trinh déc trung cla hé diéu khién kin ¢6 dang:
agp° + a;p’ + ayp* + a,p” + a;p” + asp + a5 = 0
o day ay =1 s°, a :255,a2=354,a3=453,a4=552,35=6s,aﬁ= 100.
Hay x4c dinh do 6n dinh cua he.

Pdp s6: He khong 6n dinh.

3.2. CAC TIEU CHUAN PO ON PINH MIKHAILOV

120. He diéu khién tu dong c6 phuong trinh dac trung bac bon. Pudng cong Mikhailov
cua hé dugc thé hién trén hinh 78. Hay xdc dinh d¢ on dinh cua hé tu dong.

Pdp s6: He 6n dinh.

121. Néu sir dung céc tiéu chuén 6n dinh Mikhailov, hiy xdc dinh d6 6n dinh cla heé
theo ddi dién co, ma ham truyén cla né & trang thdi hd bing:
B K
B p(l+Typ)1+Typ)

W(p)

& day, K = 58 5™ - he s6 khuéch dai tdng quat ciia he hé, Ty = 0,57 s - hing s6 thoi gian cua
dong co, T, =0,01 s - hdng s6 thai gian cta bo khuéch dai.

w=is”’
Aky

10

i wf/fs"'

L e, -] TEHATA G | 00 340 50 8

A A

'1./
- -J
/7 @ W
20 W= ]
V)= oo
Hinh 78. Cac duong cong Hinh 79. Duong cong
Miakhailov cho bai 120. Miakhailov cho bai 121,
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Bai gidi. Da thitc dac trung cla hé kin c6 dang:
D(p)=p(l + Typ) (1 + Typ) + K
= TyTMp3 + (T, + 'I‘M)p2 +p+K
Dé xay dung dudng cong Mikhailov ta xac dinh cdc phin thuc va ao ctia ham D(jw):
X(0) = ReD(jo) = K - (T, + Ty’ = 58 - 0,58w’,
Y(0) = ImD(jo) = 0 - T,Tyo’ =0 - 5,7.107 o’.
Ta tinh X(w) va Y(w) d6i véi hang loat cdc gid tri tdn s6 . Cdc k&t qua tinh todn duoc

dua vao bang: » o
TRUOGNG B 31 HOC BACH KHOA TLY NeY

W, 5! 0 (STENET. TR FEPRT ¥ ¢ RERtow it SRR o¢ e 15 0
X(w) 58 44 0 -40 -70 -0
Y(o) 0 4 4,5 0 -5 -

& day, K - he s6 khuéch dai téng qué;;g-ila«-he hd, T>0- hgng s thoi gian.

Néu sir dung tiéu chuén én-dinh Mikhailov, thi" thu dugc diéu kién 6n dinh cia he kin.
Bai gidi. Da thic dac trlmg cua hé kin bang téng cic da thifc tir vd méu s& ham truyén
cla hé ha: ‘ H

.q_
SR

D(P) Tp +K =] TR
Vecto D(jw) thu duqc néu g da thie dic trujng thay thé’ p bing jom:
D(Jw) =T +K < 1'= X(o) + _]Y( .

& day X(0) =K - 1, Y(@) =oT.
D6i véi do én dinh ciia hé cdn va du dé f waoe ¥ A weo
vecto D(jo) khi thay d6i g §h i khong t6i o, AT ’JTZZI Y s
quay mot géc @ = % (hinh 80). & K < 1 dudng i \ﬂf{w) Hje)
i(‘”” N w1 p

cong Mikhailov dugc phin b8 & goéc phén tu thi

t PN N
hai va géc quay ciia vecto D(j) khi thay déi tdn ki s ai i

s& o tir khong tdi o bang ¢ = -—g, con 6 K> 1

Hinh 80. Buong mait tia cia

bing ¢ = — . Nhu vay, he kin én dinh § K > 1.
2 vecto D(jw) cho bai 122.
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123. He diéu khién tu dong c6 da thifc dic trung bac sdu. Trén hinh 81 ta dua ra céc
dudng cong Mikhailov d6i v6i cdc gid tri khdc nhau cla cdc thorg s6 cua hé. Hay xdc dinh
do 6n dinh ca hé.

Pdp 56 1- hé nim & bién d6 én dinh; 2- hé én dinh; 3- he khéng én dinh.

) ' /(_Uv....oo

/] \ L
u7 W=l

uong-c o e Hi”nk 82. Duong cong
Mikhailov cho bai 123. Mikhailov cho bai 124.

124. He diéu khién tr dong c6 phuong trinh dic trung bac nam. Trén hinh 82 ta vach
ra duong cong Mikhailov ciia he, Hay xdc dinh sé cdc nghiém cia phuong trinh déc trung c6
phan -huc 4m va s6 c4c nghiém cla phuong trinh dac trung ¢6 phdn thyc duong.

Bai gidi. Géc quay cua vecto D(jo) khi thay déi tdn s6 o tir O téi « bang:

T
(pzna—fl?r_r . 7 (N
& day n - bic cla phuong trinh déc trung; / - sOf‘ cic nghiém caa phuong trinh dac trung co
phin thuc duong. ! :

Tir hinh 82 rd rang rang géc quay cla vecto D(jo) khi thay déi tdn s6 o tir O t&i oo
bang:

AT AR BAN SO 0
Sau khi th€& vao (1) cdc gia tr1 cua géc ¢ = Y va n = 5 thu dugce s6 cdc nghiém cua

phuong trinh dac trung cho phén thuc duong:
T T
= 2 2 =2
i
Dudng cong Mikhailov khong qua gdc toa do, vi vay s6 cdc nghiém c6 phdn thuc am
bingr-1=5-2=3,
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125. Trén hinh 83 ta dua ra dudng cong Mikhailov ctia hé tu dong cé phuong trinh dac
trung bdc ndm. Hay v€ bic tranh phan b6 cdc nghiém cua phuong trinh dac trung trén mat
phang nghiém.

Ddp so: Bic tranh phan bé cdc nghiém dwoge dua ra trén hinh 84.

f Imp
¥ 23
X 0,
* = Re
! Ls ?
X ﬂz
X0,
Hinh 83. Duong cong Hinh 84. Phdn b6 cdc nghiém cua
Mikhailov cho bai 125. phuong trinh ddc trung cho bai 125.

126. Hé ty dong c6 phuong trinh dac trung bac bdn. buong cong Mikhailov cla hé
dugc thé hién trén hinh 85. Hay xdc dinh s6 cdc nghiém clia phuong trinh dac trung c6 phan
thyc Am.

Pdp s6: Phuong trinh dac trung cda hé ¢6 hai nghiém véi phédn thyc am.

127. Ham truyén cua hé tu déng kin c6 dang y
K L
O(p) = 3 5
agp +a;p” +a,p” +az;p+K
dday, K=100s"',a3=1,a,=1s,a, =0,025s? ay=0,001s". s
=L

Hay xdc dinh do6 6én dinh clia hé nhd tiéu chuin dong

dang Mikhailov. \\_
Pdp s6: He khong 6n dinh.

@ =

128. Ham truyén ctia hé hd ¢é dang:
W(p) = K Hinh 85. Duong cong
p(1+ Ty p)(1 +T,p)(1 + T5p) Mikhailov cho bai 126.

& day, K - hé s6 khuéch dai téng quat cha hé hg; T, = 0,5 s,
T,=0,1s, T3 =0,02 s - c4c hdng s6 thoi gian.
Nh¢ tiéu chuin 6n dinh Mikhailov xdc dinh gid tri hé s6 khuéch dai t6ng cua hée ho
Ky ma & né hé nadm trén bién cla do 6n dinh.
Bai gidi. Da thic dic trung cla hé kin bing:
D(p) = p(1 + T;p)(1 + Top)(1 + T3p) + K
=T, T,Tsp" + (T\ Ty + T T3 + ToTy)p’ + (T; + T, + Ta)p> + p+ K
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Sau khi th€ vao vi tri Ty, T,, Ty cdc gid tri s6 cta chiing ta c4:
D(p) = 107'p* + 62.107p" + 610.107p% + p + K
D(jw) thu dugc, néu trong da thiic dac trung thay p bing jo.
D(jw) = X(w) + jY(w)
o diy:
X(@) =K - 610.1070% + 1070*
Y(0) = 0 - 62.1070"
Khi xdc dinh hé & bién 6n dinh dao dong dudng cong Mikhailov di qua goc toa do &
tdnsé w = 0. Vivay 0 K = Ky:
X(0) = K¢ - 610.1070% + 10%0* = 0 (h
Y(0) =0 -62.10"0" =0 (2)
Tir phwong trinh thi hai ta tim gia tri binh phuong cla tdn s6, ma & né dudng cong
Mikhailov di qua géc toa do:
©? = (62.107% s (3)
Néu the (3) vao (1), sau mot vai bién déi don gian ta cé:
_6loo”  p0?
© 62107 62210

Ky 9,6

129. Ham truyén hé h& cta diéu khién tu dong ¢6 dang
W(p) = 3 2K

(1+2&Tp+ Ty p")(1 + Top)(1 + T;p)
& day, K - he s6 khuéch dai tdng qudt ctha he hg; T, =0,05s, T, =025, Ty, = 0,1 s - cdc
hédng s& thai gian; £ = 0,5 - hé s6 cubn cam.

Nho tieu chudn 6n dinh Mikhailov x4c dinh gid tri he s6 khuéch dai téng quat clia hé
hé Ki, ma & d6 hé kin nim trén bién én dinh.

Ddp s6: Ky = 0,46.

130. So d8 cdu tao cla hé

tu dong dugc dua ra trén hinh g k, ks Y
Ky(1+ 1) 7
86. 1+17p 1+T2p

He s6 khuéch dai téng
clia hé hd K = k1k2k3k4 = 10,
cic hang 56 thoi gian T =025, Hinh 86. So dé cdu tao ciia hé cho bai 130.
Ty = 0,8 s. Néu st dung céc
tieu chudn 6n dinh Mikhailov hdy xdc dinh gid tri hing s6 thoi gian thié€t bi hiéu chinh
1 =Tk, Ma & n6 hé & bién do 6n dinh.

ks

Pdp sé: 1¢ = 0,2s.
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131. So d6 cdu tao hé 6n dinh ty dong cla d6i tugng khéng 6n dinh tinh dugc dua ra

trén hinh 87.

0,1 s. Hang s& thoi gian cha
déi twong Ty = 2s. He s6

3 = - 3 Lk +k > b Lk {
aan d©n=g h - 05 > TZ,_ A(?—A Y (1+T4p)(1+T3p) -1+ T3 p’ -

Cdc hang s6 thdi gian

truyén chia d6i tugng kg = 1. Hinh 87. So dé cdu tao hé 6n dinh tu dong

He sd truyén din dong k, = cia doi tuong khéng 6n dinh tinh.

0,5 do/V. He s6 truyén cta

thiét bi hiéu chinh k, = 20 db/s V Né’u st dung tléu chuin 5n dmh Mikhatlov xdc dinh céc
gia tri hé s6 truyén k,, ma & nd hé d'bien do 6n dmh

Pdp sé: O k, = 2 V/do he & bién 6n dinh khong theo chu ky. o) k, =27 V/do hé & bién

dao dong clia d6 én dinh.

&day: ay=3.10"¢"

¢ day:

a3=0552 a;,=09s as=1
Hay x4c dinh do én dmh clahe.
Bai gidi.

D(jw) = X’(w)'+ JY(@)
X(w) =as - a3m2 + a,m4
Y(co) = a,0 — azm + aom
Sau khi thé€ vao biéu thic d6i v6i X(w) va Y(m) cta céc gia tri s0 ag, ... , as ta co
X(cr))—l-05co +510 T
Y(6) = 0,90 - 0,157 + 3.10° ‘ms
Céc nghiém khéng am-cia phuong trinh Y(w) = 0:
0, =0, m2=3,25'1, W3 = 185!
Cc nghiem duong cidphlong twab X(@L7. 0 . < 5 1,
w4 = 1,415, ws= 995
Céc nghiém khong am cua phuong trinh X(®) = 0 va Y(w) = 0 bi gian doan. Diéu dé

cho thdy ring dudng cong Mikhailov xdy ra l4n lugt qua nam cic phdn tu. Do dé, hé 6n

dinh.

133. Néu st dung tiéu chuin Mikhailov. Hay xdc dinh d¢ 6n dinh cla hé ty dong, néu

phuong trinh dac trung clia né c6 dang:
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o day: a,=0,15.107s°, a, =5.107%s" n,=06s"
ay=45% a,=20s, as = 500
Pdp 50 He khéng 6n dinh.

134. Da thitc dac trung cia hé ty dong béng'
D(p) =2.10~ p +80.10 p +3.10" p +
+ 1,24p + IOp +40p + 34
Hay xdc dinh d6 6n dinh cla he.
Ddp s6: Hé 6n dinh.

PRUGNG DA OO0 @ 0
3.3. TIEU CHUAN ON DINH NAIKVISTA

135. Céc dac tinh bién do - pha Iy
cha cdc hé én dinh & trang thdi hd duge U
dua ra trén hinh 88. [T
Hay xdc dinh do QP di

\// w=0

? e ) 4
% S/ w—pw

hé kin.

Ddp s0: 1- hé kin 6n dinh; 2- hé
kin khong 6n dinh, 3- hé kin én dinh.

136. Ham truyén chia he theo doi
dién co & trang thdi hd c6 dang: : 7
K Hinh 88. D.B.P cho bai 135
W(p) = ,
p(+Typ)1+T, P

g day, K = 100 s”' - hé s6 chat luong cua hé theo doi theo t6c do; Ty = 0,1 s - hang sG thoi
gian clia dong co; T, = 0, 02 s - hiing $6 thdi gian clia bd khuéch dai.

Hay xdc dinh do 6n dinh ciia he theo dai dién - co, néu sir dung tiéu chudn 6n dinh
Naikvista.

Bai gidi. Dé xay dung D.B.P ctia hé hd ta xdc dinh dic tinh tdn sd bién do A(w) va
dic tinh tdn sd pha y(w): g,ﬂ,@

o .
A = [W(io) J’ ol + jO)T: )L+ joT, )I
_ K B 100
oI+ @T) 1+ @T,) of1+ @001+ @0,02)
y(w) = argW(jm) = arg o0 +jcoT;()(1 T, =-90" +y, + vy,
g day: yi(w) = - arctg Ty = — arctg 0,lo

Yo(w) = ~ arctg ©T, = - arctg 0,020

77



Ta tinh A(w), .y (w),w{(®),w(w) dot v41 hang loat cac gid tr1 .
dugc dua vao bang:

Céc k€t qua tinh todan

®, s 0 5 10 15 25 50 100
A 0 18 6,9 3,56 1,32 0,28 0,045
Wy, do 0 -26 -45 -56 -68 -79 -84
Wy, 40 0 6 11 -17 -26 -45 64
v, do -90 -122 -144 -153 -184 -214 -238
Theo s& liéu cua bang ta xiy dung y
P.B.P clia hé hd (hinh 89). 12
Méu s6 ham truyén clia hé hd ¢ mot z/u—»w
nghiém khong. Vi vdy nhianh D.B.P tuong S : v
ting céc tdn s6 @ —» 0, ta b6 sung cung vong -2 If
tron ¢é bdn kinh 16n v6 han sao cho vecto & !
W(jw) quay theo chiéu kim déng hd téi géc § ,,/
bing 90" (hinh 89). N s I
Tir hinh 89 thdy rd ring D.B.P clia he S~ 7
h& bao diém (-1, 0). Do d6, hé kin khong én
dinh. Hinh 89. D .B.P cua hé ho.

137. Néu st dung tieu chudn 6n dinh Naikvista. Hdy xdc dinh d¢ 6n dinh cta hé
theo ddi co dién dugc nghién clu trong bai 136 & cdc thong s6 sau clia hé: a) K = 50 s,
Ty = 0,15, T, =0,0255; b) K=2005", Ty = 0,025, T, =0,002 5, ¢) K=505"", Tyy = 0,1 s,
T, = 0,005 s.

Pdp s6: a) he & bien dao dong 6n dinh; b) he 6n dinh; ¢) he¢ 6n dinh.

138. Ham truyén clia hé theo doi dién co & trang thdi hé c6 dang:
K

Wy(p) =
M I+ Tup) i+ T, p)

Trén hinh 89 dua ra D.B.P cla hé ho duge xay dung d6i véi hé s& chét lugng cla hé
theo t6c do K = 100 57",

Hay x4c dinh & cdc gid tri K nao he kin 6n dinh.
Pdp s6: He kin én dinh 6K < 57 s°*.

139. Ham truyén clia bo 6n dinh thuy luc mot truc & trang thdi hé c6 dang:

K
W(p) = 5
p(1+2ET,p+T;p")

dday K =40 s, T, = 0,02 s, & = 0,15. Néu sir dung tiéu chudn 6n dinh Naikvista, hiy xac
dinh do bén vitng én dinh con quay & trang théi kin.
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Ddp 56: D.T.B clia hé hd dugce xac dinh trén hinh Y/
90. Bo 6n dinh con quay khong bén viing.

140. Ham truyén hé diéu khién d6i tugng én dinh
tinh trong hé hd cé dang:

K

W(p) = )
pl+ T,p)(1+Typ)

& day: K = | - hé s6 khuéch dai tdng clia hé hd;
1=0,1 s - hing s6 thdi gian cha thiét b hiéu chinh;
T, =0.2 s - hing s& thdi gian cha cd cdu thira hanh;
Ty =0,5s - hang s& thoi gian cla déi tuong.

o= 1

Hinh 90. B B.P cua hé ho

Néu sir dung tiéu chudn én dinh Naikvista, hdy
x4c dinh d6 6n dinh cta hé kin.
Bai gidi. Dac tinh bién d6 - pha ciia hé hd: cho bai 139,
Ky1+(01)? _ V14 (0,lw)?
J1+(@T))> .[1 —((oT())zl V1+(020)° .‘1 —(0,50))2’

Pac tinh tdn s6 pha:
(arctgwt - arctgwT, =arctg0,lw —arctg0,20

A(w) =

Em)<—1a-=2s—1
0
y(m) = {arctgot - arctgw T, -180" =
=arctg0,lo — arctg0,2w — 180"
ow> —l— =25
{ Ty
Ta tinh A(®) va y(w) d61 v6i hang loat cac gid tri t4n s6 ». Cdc k&t qua tinh todn dua
vao bang:
o, s 1 15 o220 0—>240| 24 3 5 oo
A(o) 1,33 2,2 ) w 2.1 0,7 1,15 0
w(w), do -6 -9 -11 -191 -192 | -204 | -198 | -180

Theo s6 liéu cla bang hdy xay dung D.B.T cua hé ho (hinh 91),

O tdn s6 @ = L 2 5! D.T.P ¢6 dit doan. Céc nhdnh B.T.P tuong ing cdc tin s6

0

1 ~ ]- ~ ] » 5 ¢ P 3 - ~ - d .
®->— —0vdw—>—+0, ta bdsung nira vong tron ¢4 ban kinh Ién vo cang. Nua vong

T()

Ty
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tron vach theo chiéu kim déng hé tr nhanh LV

bB.T.P tvong tng 0 — ;;—-—O t61 nhdnh
0

1
tuong tng @ —» —+0 (hinh 91). W~ </
g tng T, 5y

Js™
Tir hinh 91 & rang ring D.T.P ciia he —y 47—

trd bao diém (-1, 0). Do dé, heé kin khong én \

dinh. \\
7
C6 thé xdc dinh do 6n dinh ctia hé nay “\ .
. . S THUONGUAT HOGY BAL AU 1A N
bang phuong phdp don gian hon. , , N )
Tir biéu thitc d6i véi dac tinh pha suy e

radt>T, doi v8i tat ca tin s6 y(w) > ~180",
Vi vay b. TP c’x T> T, khOng quay téi

tdn s6 © > S , ndm & phén tu thy ba, ngoéi ra nhanh D.T.P tuong tng 0 — L + 0. 161 vo

0
cing. Vivdy 6 t< T, he khOng On dinh ¢ cac K va To bét ky 3 bai d
khong 6én dinh.
141. Ham truyén ca hé hd bang:
K(1+tp)
(1+T,p)1+T,p)(d %T(,p )
SdayK=1,1=04s T; =025 Ty=0,15T=05s.
Néu sir dung tiéu chuén Naikvista hiy x4c dinh
d6 6n dinh ciia he kin.

W(p) =

8]

achot<T,. Vivay hé

Pdp s6: He kin 6n dinkes 2 :
142. Ham truyén h@ hé‘“ééJdang AUBRANRHON HOU VA KT 11 4 47
A
W) = —ap) T
(1+Typ~)B(p)
& day B(p) - da thic, tat cd nghiém cla né c6 cdc phan w7 24 +g/ !
thuc am.
Trén hinh 92 ta dua ra D.T.P ctia h¢ ha. Hay xdc
dinh do 6n dinh clia he kin. Hinh 92. D.B.T ciia hé ho
Ddp s6: He kin 6n dinh. cho bai 142.
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143. Ham truyén clia hé hd bing: v
K
(1+Tp)" i
&diy, K>0,T>0,n>2. {‘//ﬂ\\ 4y
Hiy xdc dinh diéu kién 6n dinh cta he kin.
Bdi gidi. Dang D.T.P cta hé ho cho thdy
trén hinh 93.
Pac tinh tdn s6 pha cta hé bang: Hinh 93. D.B.T cho bai 143.
y(w) = -n arctg ©T

W(p) =

Ta xdc dinh gid tri clia t4n s6 ® = ©_,, Mma & né:

y()=-narctgoT =-n (1)
Tir (1) suy ra rdng:
T
tg—
O.p= ——T"

D3i véi do 6n dinh cha hé di cho cdn va du dé:

IW(jo)| = K <l (2)

e (\/l+(ofr)2)n

Tir (2) ta x4c dinh diéu kién 6n dinh:

K<[Jl+tg2§} - -

cos" —
n

Cén nhan thdy rdng do én dinh cla hé nay khéng phu thu6c vao gid tri hdng s6 thoi
gian T.

[OES (e

144. Hay x4c dinh d6 6n dinh cia hé, ma him truyén cla né trong trang thdi hd cé
dang:

Wp) = ——
p(1+Tp)

6dayK>0,T>0.
Pdp s6: G n =1 he én dinh & cdc gid tri bat ky K> 0 va T > 0. Khin > 2 hé dn dinh &:

n

i 7 T

¢ ——‘h+t Ll
g2n( & Qn]

T

K <
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145, Néu sir dung tiéu chuidn 6n dinh Naikvista, hdy xdc dinh d¢ 6n dinh hé 6n dinh tu
dong cla thi€t bi bay, ma ham truyén clia né & trang thai hd cé dang:

K(1 +1p)
W(p) = ——=~
(P) p(-1+Tp)

ddayK=4s!, T=1s5,1=0,5s.
Bai gidi. Dac tinh bién d6 tdn s6 cla hé hd ¢ dang:
K\/I +(o)'c)2 _Z_ 1+ (0,5(0)2

ofl+(@T)? @V l+o?

Alw) =

Dac tinh tdn s§ pha bang:
Yy(w) = arctgot - 90" - (1800 —arctgnT)
=-270" + arctg 0,5 + arctgw.
Trén hinh 94 ta duara D.T.P clia hé ho.
Mau s6 clia ham truyén cua hé hd c6
mot nghiém khong. Vi vay nhdnh D.T.P
tuong ng céc tdn s6 @ —> 0, ta b8 sung bdi
cung vong trdon ¢é ban kinh 16n v6 cliing (xem !
hinh 94). /
Pa thic miu s6 ham truyén cha hé ho
chi ¢6 mét nghiém duong.

Géc quay clia vectd, ma g6c cha né nam
& diém (-1, 0), con ddu cubi & D.B.P, khi thay
déi tdn s6 o tr +0 tdi o bing 180°. Do d6 hé Hinh 94. D.BT cho bai 145.
kin 6n dinh.

146. So d6 c4u tao clia hé tu dong dugc dua ra trén hinh 87. Cic hing s thoi gian
t=0,1s T, =005s, T, =0,01s, Ty=2s. Cdc hé sd truyén k, = 6 V/do, k, = 0,5 do/V,
kg =1, ky = 0,2 s/do.

Hay x4c dinh d6 6n dinh cha hé néu sir dung tiéu chuén 6n dinh cua Naikvista.

Pdp s6: He khong 6n dinh.

147. Trén hinh 95 ta bi€u dién so d6 c4u tao clta hé theo dai hai kénh c6 cdc méi lién
hé giao nhau phan d6i xiing.

Cic hé s6 truyén cla cac khau k, = 1, k, = 2, k3 = 55" Hing s6 thoi gian T = 1 s. He
s6 mai lién hé giao nhau a = 2.

Hiy x4c dinh do én dinh cta he.

Bai gidi. Cic he ty dong hai kénh c6 cdc kénh déng nhat va cdc m6i lién hé phan déi
xing tinh todn thuan ti¢n bang cdch dua vao cédc toa do phifc.
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Theo so d6 cdu tao hinh 95 ta viét

huong trinh chuyén dong clia hé: % Z
p g y 7 g v aj A,/ / .]l.

1y

RN
k2 /7p L
Xy = (z; —ax,) (1)
1+Tp 0
Xy = ks (z5 +ax,) 2)
2 [+Tp 2 : -q
zy =k (g - y1) (3) 2z £ _‘l £
- 9z 4 E /—'{7 Z ¥ A
z; = k(8 - ¥2) (4) >
k
yi = =%, () o
P Hinh 95. S0 do cdu tao cia hé theo doi hai
g = %Xz 6) kénh cé cdc moi lién hé phdn déi ximg.

Néu nhin cdc phuong trinh (2), (4) va (6) véi j vd céng ching tuong Gng véi cic

phuong trinh (1), (3), (5), sau mot vai bién doi don gian ta c6:

- kl —
X = —————7
Tp+1-jak,
z =k;(g-y)
Y=
p

g diy ;=X1 + jXa, z =Zy+jZ, 8=8 +ign Y =Y1 V2

& kit qua giai hé phuong trinh (7) - (9) ta cé:

- W) -
y—l+W(p)g
¢ diy:
K k,k
W(p)= ——2=
p(Tp +1-jak,)

K
p(Tp+1-jak,)

1a FAm truyén ciaa hé hé.
Dac tinh tdn s6 cla hé hé bang:

K
L _U Vi),
W(jw) ool +1-jak,) (@) + V(o)
& diy: U(w) = - K(oT ~ak,) _— —10(60—4)2
o[l + (0T -ak,)"] o[l+(w-4)7]
V(o) = - K —10

m[1+(wT——ak2)2]=m[l+(co—4)2]

(7)

(8)
9)
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Ham truyén clia hé hd c¢6 cdc hé s6 phic. Vi vay dé xdc dinh d6 dn dinh cén thiét xay
dung D.T.P trong dai c4c tdn s6 —o0 + +oo0,

D.T.P clia h¢ dugc dua ra trén hinh 96. Ti hinh 96 16 rang ring D.T.P cta hé ho
khong bao diém (-1, 0). Do d6, hé theo d5i hai kénh 6n dinh.

4
<,Z y
ﬁ + . > B /}//*fp) o \9//
/ } _
- L Wi Lo z -—J
- v —tr . 174
) - Sl ] 2 J 4414
f&‘ .t -2 T
4857! A
92 x T R, T
457
1
Hinh 96. D.B.P cho bai 147. Hinh 97. So dé cdu tao cua hé

theo doi hai kénh cho bai 148.

148. So d6 c4u tao ctia he thé hién trén hinh 97. Céc thong s6 cia hé bang: K = 20s™',
T=1s,a=2.

Hay x4c dinh d6 én dinh cta heé.

Pdp s6: He khong 6n dinh cdn nhan thdy rdng khi khong cdc méi lién he giao nhau (&
a=0) hé 6n dinh & cdc K> 0 va T> 0 bat k.

3.4. XAC DPINH PO ON DPINH THEO CAC PAC TINH TAN SO LOGARIT
CcUA HE HG

Ghi chu: D.B.L - dac tinh bién do6 l6garit;
P.T.L - dac tinh tin s6 pha logarit.

149. Ham truyén cta hé theo doi dién - co & trang thdi hd c6 dang:
K
p(1+ Ty p)1 + T,p)
ddayK=75s", Tyy=0,025, T, = 0,005 s.
Hay x4c dinh d¢ én dinh cha hé theo cdc dic tinh tdn s6 16garit cla hé ho.
Bai gidi. D6 6n dinh cha hé s& x4c dinh theo dac tinh bién d¢ logarit (D.B.L) va dac
tinh tdn s6 l6garit (D.B.L) tiém can. T4n s& giy cia D.B.L tiém can bang.
11 y 1 1

=—=—""=505", 0y =—=——"=200s""
T, 0,02 T, 0,005

W(p) =

@y
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Tiém can tdn s@ thdp cta D.B.L cit truc t4n s & tan s6:
o=K=75s"
Theo s6 liéu nay ta x4y dung D.B.L tiém c&n (hinh 98). Dac tinh tdn s6 pha bang:
Y(0) = Y (0) + y() + y3(w)
0 day y(w) = -90", Yo(w) = —arctgwTy = —arctg0,02w, yi(w) = —arctgTyo = ~arctg0,0050.
L,
¥ Jd5
- 40

- 30

N\
N\ 60 B/,

Hinh 98. D.B.L va D.T.L tiém cdn cho cac bai 149 va 152.

Céc d6 thi ham s6 y,(®) va y3(w) duge xay dung nho miu.

D.P.L thu dugc bang cong cic ham y,(®), y1(®), y3(®) (xem hinh 98).

D.P.L cit dudng y = ~180" & c4c gia tri am ciia D.B.L. Do d6, hé kin duoc én dinh.

Trong bai dd cho D.P.L 12 ham chi phu thudc vao tdn s@ o, vi vay bai todn c6 thé giai
khéng xay dung D.P.L.

Sau khi xay dung D.B.L ta xdc dinh tdn s6 cdt cha hé hd @ = 0, = 60 s”' (xem hinh 98).

Gid tri pha & tdn s6 cdt:

y(o,) = -90° - arctg (0,02.60) — arctg (0,005.60) = ~157° > -180°

Do d6, hé kin 6n dinh.

150. Hiy xdc dinh do 6n dinh ciia h¢ dugc xem trong bai 149 & Ty, = 0,005 s, Ty =
0,025, K =300s".

Pdp sé: He khong 6n dinh.

151. Ham truyén ciia hé hd c6 dang:

K{+tp)

p(l+ Typ)(1 + Typ)
o day K =300s", Ty =0,02s, T, = 0,005 5, t = 0,0045 s. Hay x4c dinh do 6n dinh cta he.

Ddp s6: He 6n dinh.

W(p) =
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152. DB6i v&i he theo ddi dién co duge nghién ciu trong bai 149, hiy xdc dinh gid tri
hé s6 chat lugng cia hé, ma & n6é hé & bién dao dong 4n dinh.

Bai gidi. Dac tinh pha logarit dugc xdc dinh bang biéu thic:

W) = ¥ () + yr(w) + yi(o)

& day y, (o) = -90°, Ya(w) = —arctgo Ty , y3(w) = —arctgoT,.

Céc dé thi ham s6 y,(0) va y3(®) duge xay dung nhd miu D.P.L thu duge bing cong
dd thi cdc dac tinh v (®),y,(®) v y;3(o) (xem hinh 98).

Hé & bien dao dong cla 6n dinh, n€u D.B.L cit truc cc tdn s6 & tdn s8 giao véi D.P.L
cha dudng y = -180", 0 = 100 s™". '

D.B.L tiém can cta hé trong dai tdn s6 O + %— cé goc nghiéng ~20 dB/decamet
M

trong dai tdn s6 ——+—£— 1a —-40 dB/decamet trong dai tin s6 TL+oo la -60 dB/decamet.
M y y

Néu biét cac géc nghiéng D.B.L tiém c4n, ta dé dang vé dugc D.B.L tiém can cét vdi truc tdn
s6 & tdn s6 cat D.P.L dudng y = —180° (xem hinh 98). Hé s6 chét lugng cta hé theo t6c do
K = Ky dugc x4c dinh theo di€ém giao nhau tiém can tdn s6 thdp ctia D.B.

Gid tri chinh xdc Kk = 250 sl Sai s6 trong xdc dinh Ky dugc giai thich bang su khac
nhau D.B.L tiém cén vdi thyc t€.

153. Hiy x4c dinh d6 6n dinh cda he tu dong, n€u ham truyén cla né & hé ho c6 dang:

K
p(1+T,p)1+ T,p)1 + T;p)

&day K =300s" T, =0,2s, T, = 0,05s, T3 = 0,02s.
Pdp s6: He 6n dinh.

W(p) =

154. D6i v6i he duoc nghién ciu & bai 153, hay xdc dinh gid tri hé s6 khué€ch dai 16ng
cla hé hd Kg, ma & d6 he & bién dao dong clia do 6n dinh.

Pdp s6: Ky =205

155. So d6 cdu tao clia hé tu déng duoc dua ra trén hinh 76. Hiy xdc dinh do 6n dinh
cta h¢, néu K =k k; =10, Ty = 25, T, = 0,05s, 1= 0,1s.

Ddp s He 6n dinh.
156. Ham truyén clia bo 6n dinh thuy luc mot truc & hé s6 cuon cam & = 0 & trang thdi
h& c6 dang:
K
Wp) = ——5—5
p(1+Tgp”)

oddayK=40s"Tg=6,5.107s.

P6i v6i cudn cadm cia hé dua tiép theo vao ham truyén:
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1-Tp
Wo(p) = — P
k(P) L+ Tp

Hay xdc dinh gid tri cia hing s6 thdi gian T, ma & n6 b6 8n dinh thuy luc s& 1a 6n
dinh.

A
ds dJ | r/<§D;K
-360 T 29 i
|
-270 W ' =
=20 y y
" ; : /( PO /t] // e Il i “ + | w'S-[
n T 1 T LIRS L g T T T LI l]
RGN P \,-Q VT, 300460 909
- % =
~50
L

Hinh 99. D.B.L va B.P.L tiém cdn cho bai 156.

Bai gidi. Trén hinh 99 ta dua ra D.B.L va D.T.L tiém can cua h¢ khong hié¢u chinh nio
d6 (dudng dam nét). D6i véi do 6n dinh cha he cdn thiét dé D.P.L cit duong y = -180" & dai

tAn s6 K + %— . Vi vay hiing s6 thoi gian clia khau hiéu chinh cin chon tir diéu kién
G
K <« _1_<._l_..
Tg
Hé 6n dinh, vi du khi T = 0,01 s.
157. Hay xac dinh do 6n dinh clia b6 6n dinh thuy luc, ma ham truyén cla né, ¢ trang
thdi hé ¢6 dang:

K
W(p) = 53
p(1+28Tgp + Tgp*)

addayK=40s" Tg=6,510"55=02
Pdp s6: Bo 6n dinh thuy luc 6n dinh.

158. Hiy x4c dinh d6 6n dinh cda hé, ma so d6 cdu tao clia né duge dua ra trén hinh
87, néuk, =20 V/do, ky =40 Vs/do, T, =0,5s, T, =0,15, Ty =25,kp=0,5d0/V, k; = I.

Pdp s6: D B.L chinh xdc va tiém can clia h¢ duge dua ra trén hinh 100. Hé 6n dinh.
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- =40

Hinh 100. D.B.L va B.P.L tiém cdn cho bai 158.

159. Hay gidi bai trudc & k, = 20 V/do, k, = 100 V.5.d6, T, = 0,55, T, = 0,1 s, Ty = 2 s,
kp=0,5d6/V, ko = 1.

Pdp so: He khong 6n dinh.

3.5. XAY DUNG CAC VUNG ON PINH

160, Ham truyén clia hé diéu khién tu dong tinh & trang thdi hd c6 dang:

W(p) = &
1+ Tp)1 +T,p)1 +T;p)

6dayT,=0,25,T;=0,15.

Hay x4y dung vung 6n dinh cta hé trong mét phang cic théng s6.

Bai gidi. Da thitc dic trung cua hé kin ¢6 dang:

Dip=(+Tp{+Typ)(1+T3p)+K

=T, ToT3p> + (T, Ty + T T3 + TyT)p* + (T, + T, + Ty p+ K
=0,02T,p’ + (0,02 + 0,3T)p* + (03 + T, p+ K + 1

Dé xay dung cdc viing 6n dinh ta tim biéu thic cho cdc bién viing 6n dinh.

Dé thu duoc cdc phuong trinh bién clia viing 6n dinh tuong Gng véi sy tdn tai trong da
thiic dic trung clia hé nghiém vo6 han va khong, ta cho heé s6 bing 0 & muc cii cla da thiic
dic trung va s hang tu do cia da thitc dac trung.

Do d6 ta thu duoc cdc phuong trinh bién viing 6n dinh nhu sau:

T, =0 ()
K=-1 (2)
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Phuong trinh d6i v6i cdc bién clia ving 6n dinh tuong tng sy xdc dinh cta hé &
bién dao déng cla do 6n dinh tim dugc néu cho dinh thitfc Gurvin trude cudi cung bang 0
A, =0.
O bai da cho diéu kién nay c6 dang:
(0,02 + 0,3T|)(0,3 + T}) = 0,02T, (1 + K)
Tir do ta cé:
(1+15T)(15+50T),)

K= -1 3
T, (3
A
s A
vt b
10071 7as i
800 ot '
7 ” (
6 4
2 £t ! l
i ‘
20 / Jr |
"—~EA“WF"‘“““"f’lﬁm"f““'ﬁ“ f $ Lt .I// ’///[/////f ///’//’/
ol wow o ow 5o AR
Hinh 101.Vang 6n dinh cho bai 160. Hinh 102. Vung on dinh cho bai 161.

Tuong Gng v6i cdc phuong trinh (1), (2), (3) trén hinh 101 ta xay dung cdc bién cia
viing 6n dinh. Pudng tuong ing vé1 phuong trinh K = -1 thyc 1€ tring véi truc hoanh.
Viing 6n dinh 12 viing A (xem hinh 101), boi vi d6i vdi cdc diém bat ky trong s6 céc
diém beén trong viing nay thuc hién diéu kién 6n dinh.
161. Ham truyén cua hé ho bang:
K
(1+T,p)(1 +2ETp+Tp?)

gday T, =0,2s, T=1s - cdc hing s6 thoi gian cia co cdu thira hanh va déi tugng: K - hé so
khuéch dai téng clia he hd; & - hé s6 cudn can.

Hiy x4y dung ving 6n dinh clia hé kin trong mat phang cé céc théng s6 K, &.

Pdp s6: Ving 6n dinh cia he dugc thé hién trén hinh 102.

162. Ham truyén cla bo thuy luc mot truc & trang thdi ho c6 dang:

K
W(p) = — )
p(1+2§TGp+TGp )
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& day, K - hé s6 khuéch dai K, 4
téng cha hé hd, £ - hésdcudn
can, Tg - hidng s6 thoi gian.

Ly ©
Hay x4y dung ving én  ZI0-FA A%
dinh ctia b6 6n dinh thuy luc A
mot truc trén mat phing cic
théng s6 K, Tg d6i véi cac gia
tri cia he s6 cudén can § = 0,1, 5.
E"=O'2’§=O’3. VLTI I4s S 00200 ',
Pdp s6: Ving 6n dinh P B U A R Trs
ap so. ng on din J Gons 4010 qois q020
cua hé duoc dua ra trén hinh
103.

AATHTTTTTTRTET R TR
w

222
YIIIII NI IIIIIIIIIIIII VIS

Hinh 103. Ving 6n dinh ciia bé

thuy luc mot truc cho bar 162.
163. Trén hinh 87 ta dua

ra so d6 cdu tao clia hé 6n dinh ty dong cua thiét bi bay.

Cac hang s6 thoi gian din dong cla co cdu thira hanh T, = 0,55, T, = 0,1 s. Hang s6
thoi gian cha d6i tugng T = 2 s. Céc hé sd truyén din dong cla co cdu thira hanh va doi
tugng k, =0,5do/V, kg = 1.

Hay xay dung ving 6n dinh cia hé trén mat phing K,, K,.

Bai gidi. Phuong trinh dac trung cia hé kin:

(1 +T,p) (1 + Top) (-1+To*p%) + Koko(k, + kop) =
= T, T,Ty°p* + (T} + Ty)Te’p” + (Ty - T, Ty)p” +
+ (koknka - Ty - To)p + kokoky - 1
Ta tim cdc phuong trinh bién cda viing én dinh.

S
S
11

Lot pe g g RSP A Ay

acsteds ‘ : dlilbbhileiistidbiiniic l." e AJ
/AN /A /A /A /A /B /A ?‘\/75_
2

Hinh 104. Ving 6n dinh cho bai 163.
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Phuong trinh bién d6 6n dinh khong theo chu ky dugc x4c dinh, néu s6 hang tu do cha
phuong trinh déc trung bing 0. Khi dé:
1

0%™n

k, = =2 V/d6 (1)

Bién dao dong ciia d6 6n dinh tuong iing ding thiic bang 0 cua té hop dac trung:

D(w) = X(w) +jY(0) =0

hay:
X(0) = Kok, k; — 1 = (Ty? = Ty Ty + T,T,T, 0’ = 0 (2)
Y(w) = (kokok, = Ty = Tpo = (T + T)T 0’ = 0 (3)

Tir phuong trinh (2) ta cé:

_ 1+(T§ -TTy)e’ - Ty T, T o'
kok,

Tiép theo tir (3) c6 thé tim biéu thic déi véi:

=TT Tty o

kok, T,

K, (4)

(3

Cdc phuong trinh (4) va (5) - phuong trinh bién cua d(} 6n dinh dugc viét § dang thong
s6.

O bai todn da cho don gian hon thuc hién nhu sau:

Tir (3) ta tim biu thitc d&i v6i ©® va thé né vao (2). G két qué ta thu duoc phuong
trinh parabol:
L (T§ - Ty Ty (kokoky =T, -Ty)

K= Tk :

_ TiTy(kokoky = T; - Ty)?
Kok, (T, + T,)* T¢
Theo cdc phuong trinh (1) va (6) trén hinh 104 ta x4y dung bién cla vung on dinh.
Viing 6n dinh 1a viing A. Diéu d6 c6 thé kiém tra, néu sir dung tiéu chudn én dinh bt ky cho
mot treng 6 cdc diém ndm trong viing nay.

=k, (-1,73.107%k, +1,7) (6)
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Chuong 4
XAY DUNG CAC QUA TRINH CHUYEN TIEP
TRONG CAC HE PIEU CHINH TU PONG

4.1. PHUONG PHAP CO DIEN GIAI CAC PHUGNG TRINH VI PHAN
164. Hay tim gid tri ddu ra y(t) cia hé dugc mé ta bing phuong trinh:
d
T—y(1) + y(t) = g(t)
dt

doi véi hai truong hop.
1. & ddu vao clia he ¢6 tac dung didu khién thay déi theo quy luat didu hoa:
g2(t) = Gpsin€t;
di€u kién ban ddu y(0) = y,,.
2. O ché do xéc lap tuong ng tdc dung diéu khién g(t) = GysinQt, xay ra dich chuyén
pha dot bién clia tic dung diéu khién t6i +90% dich chuyén x4y ra & thdi diém khi Qt = 27n,
& day n - s6 nguyén.

Pdp so:
t
1. y(t) = Yy sin(Qt - y) + (yy + Yysiny)e T
Yu= 1Y ,  w=arctgQT
V1+(QT)?
A
2. y(t) = Yy cos(Q - ) - Yyy(siny + cosy)e T
165. Cho ham theo doi ,
g > Y

Y
N

duge biéu dién tren hinh 105. O 1
ddu vao b6 khuéch dai ¢6 1 hieu 9 ’ ? ’
giita tdc dong diéu khién g va

dai lugng dduray.

Ngoai ra, & bod khuéch dai
c6 dao ham bac nhdt g’ cla tac dung diéu khién, 2 - déng co, bd dan dong va co cau thuc
hanh.

He dugc mo ta bdi phuong trinh:

(Tp?' +p+K) y(t) = (Krp + K) g(t) (D

Hiing s6 thoi gian T = 5 ms, heé s6 khuéch dai theo tdc dung diéu khién K = 40 s™', he

Hinh 105. So do khoi cua hé theo déi cho bai 165.
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s6 khuéch dai theo dao ham cta tdc dung diéu khién Kt = 0,8. Hay tim quy luat thay déi dai
luong ddu ra g d6i vai hai trudong hop sau:

1. O su tén tai he ¢ do khong khdp y, khi khong ¢6 tic dung diéu khién va téc do ban
dau khéng.

2. O téc dung diéu khién & dang ham s6 bac 1 don vi 1(t) va céc diéu kién khong ban
dduy,=y.,=0.

Bai giai. 1. Phuong trinh vi phéin cla hé déi véi truong hop dau cé dang:

(Tp® + p + K y(t) = 0 hay (0,005p% + p + 40) y(t) = 0 2)
Phuong trinh dac trung:
0,005p” + p+40=0 (3)

c6 hai nghiém thue: p, = -5535s"; p, = -144,7 57,
D6i véi truong hop cdc nghiém s6 thuc nghiém cia phuong trinh (2) ¢6 dang:
y() = A, e + Ae ™™ (4)
& day, o, va a, - cdc gid trj tuyét d6i cdc nghiém ciia phuong trinh dac trung.
Cédc diéu kién ban ddu:
t=0
Y=Y, } (5)
y'=Y9=0
Tir (4) va (5) ta cé:

A +Az =Yg
"a]AI —OL2A2 =O

(6)

Tl (6) ta tim dugc:

h

A= X2¥2 A, = %Yo (7)
0.2 -(11 (Xl -*sz

Nghiém cua bai todn d6i véi trudong hop ddu c6 dang theo (4) va (7):
y(© =~ (et —0,e 1) ©
O3 — Q2
hay: y(t) = yo) 1,619¢>* = 0,619 ¢'**™ 1(1) (8)
Biéu thitc (8) ciing c6 thé thu dugc truc ti€p theo s ligu bai todn, néu sir dung phu luc
10, & day c6 céc nghiém cdc phuong trinh déng nhat clia cdc bac mot, hai va ba nhu & cdc

nghiém thyc cling nhu & cdc nghtém phiec.
2. Phuong trinh vi phan ctia h¢ d6i véi trudmg hop thi hai theo (1), ¢6 thé viét dudi dang:
(agp® + 2, + a3) Y(t) = (bop + by) (1) (9)

™ 1(t) 1a ham s6 bac 1 don vi.
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ddayag=T=0,005s,a;=1,a,=K=40s",by=Kt=08,b,=K=405s"

Trudce hét ta tim cdc diéu kién ban ddu cé vi tri truc ti€p sau tdc dung 151 hé ctia ham
mot bac.

Do dé ta sit dung thuan tién phu luc 9. Tuong ing v&i phu luc duge dua ra tir (9) ta tim
duogcn=2,m=1 vatacé:

Yeo=Y0=0

Yi=Yot Pg-l(t)=0+ 08 1(1)=1601(t) s~ (10)

a, 0,005
Nghiém cla phuong trinh (9) thuan tién dua vé nghiém cua phuong trinh déng nhat cé
cling cc hé s6, néu chuyén téi bi€n mai:
z(t) = y() ~ yux (1
& day:

b b
Yyer = =2 1)=—11(t) = 1(t) (12)
an a2

- Nghiém riéng cuia phuong trinh (9), ¢6 nghia gid tri xdc lap cla gid tri dau ra y. Do
dé, thay vao (9) ta c6 phuong trinh:
(agp” + a;p + a5) Z(t) = 0 (13)
0 cdc diéu kién ban ddu:
Z0=Y0~ Yao Z40= Y0 (14)
Céc ty s6 nay thu dugc tir phuong trink (11).
Nghiém (13) c6 dang:
zZ(t) = A e + Aye %2 (15)
& day, theo trudng hop du, a; = 55,357, oy = 14477
Pé x4c dinh cdc hdng s6 tich phan A, va A, tir (15), theo (10), (12) va (14) ta thu duoc
cdc phuong trinh:
Al +Ay=2,0=Y10 " Yya
hay : A +A, =-11)

\ . (16)
—Q A —0A) =20 =Y 4
hay: —o,A; —a,A, =160 1(t)
Tir (16) ta co:
A, =222+ 0171100,
X2 (17)
—Ot2+l60

i

A, (0= -1171 (1),

Q-0

Ta nhan thay ring nghiém ctlia phuong trinh (13) ¢ thé thu duoc, néu st dung phu luc 10.
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Hinh 106. Cdc dudng cong cila cdc qud trinh chuyén tiép cho bai 165:
I- cdc diéu kién ban ddu khong béng 0;
2- phan luc cua hé tdi tic dung bac.

Tir (15) ta c6 (theo (11), (12) va (17)):
y(t) = Z(1) + Yge = (0,171 > = 1,171 ™) 1(1) + 1)
Do dé, khi tic dung t6i hé cha ham bic duy nhit 1(t) gid tr1 ddu ra thay déi theo quy luat:
y(t) = [1+0,171 3% — 117147 1(1) (18)
Theo phuong trinh (8) trén hinh 106 ta xay dung dudng cong 1, con theo phuong trinh
(18) - duong cong 2.
166. Hay giai bai 165 & cac s6 liéu sau:
T=0,0055, K=200s', Krt=08
Ddp 56
1. Khi tho& man hé quy luat chuyén dong clia né:
y(1) = 1,155y,e"" sin (173t + 60°)
(duong cong 1 trén hinh 107).
2. O tac dung ham bac duy nhat t6i he:
y(t) = [1 + 1,059 ™ sin (173t - 70°50)] 1(1)
(dudng cong 2 trén hinh 107).
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Hinh 107. Cdc dwong cong cia cdc qud trinh chuyén tiép cho bai 166.
1- cdc diéu kién ban ddu khic khong; 2- phan luc cta hé téi tic dung cla bac.

167. Hay tim ham khdi luong w(t):
1) d6i véi hé duogc biéu dién trong bai todn 165,
2) d6i véi hé dugce bidu dién trong bai 166.
Chi ddn. Cé thé sir dung cdc ham s6 chuyén ti€p cha hé nay thu dugc trong céc bai
165 va 166.
Ddp s6:
1) () = (169,2¢ 1447 — 9,45¢>%) 1(1);
2) o(t) = 212 ¢ cos (173t - 40°50") 1(1)
168. Hay tim ham chuyén ti€p h(t) vad ham khéi luong w(t) cia hé dugc mo tad bang
phuong trinh:
(agp” + a,p + a3) Y(1) = bog(1)
T4t ca cdc hé s6 cia phuong trinh duong; by = a, , a,2 >4aya,.

Ddp so:

-0t -0t
h(t) = [1—0‘26 e ]1(:)

Ay =0y
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o, _
(1)({) = 12 e apt ('12[ t
el o

0 lay o) va o, - cdc gid tri tuyét d6i cha cdc nghiem phuong trinh dac trung cia he.
169. Cho hé¢ diéu khién trr dong tinh duge mé ta bing phuong trinh:
(agp” + ;P + a) ¥(t) = by g(0
O lay a,=0,0025%,a,=0,12s,2,=5, by = 4.
Hay tim phan tng cua hé 161 tac dung clatdng g(t) = g, . 1(1).

Ddp s6- y(1) =5.g9l0.8 e " sin (40t + 53°10] 1()
170. He diéu chinh tr dQng'duqc- mo t& bang phuong trinh:
(2P’ + a;p” + ayp + a3) ¥(t) = (byp + b,) (1) ()
&y, a,=5.10"5%a,=0,1055;2,=2,16;a,=b, =65,3s"; b, = 1,16

Hay tinh qua trinh chuyén tiép d6jvoi hai Eruong hop.
M-%" f fen :
I. Khi méc hé sau khi dg khOng an kho‘p sor bé cua no i gid tri Xg.
s e n : .
2. Khi hoat dong & At _hém mﬁt bac y(t) -1¢t) va cdc diéu kién khong

bardiuy o=y o=y"=0.

1. Bai gidi d6i véi truong hop 1. Phuong trinh dac trung twong tng (1), c6 dang & cdc
hé s6 da cho:
0,0005p° + 0,.105p2 +2,16p +653=0 2)
Cic nghiém cta phuong trinh (2) c6 thé tim bing phuong phdp ndo dé trong s6 cic
phrorg phdp da biét. Cic nghiém ndy béang:

=—o = —180s7!
P (3)

Py =-y£jr==101 25"

Dai luong ddu ra clia-hé, ma phuong trinh dac trung cla né mot nghiém thuc va cap
nghién phirc, c6 dang:

y(©) = Ae™ + Be™ sin(At + 8) (4)
Cic diéu kién ban dagﬂ*b@g
y(0) =y, ¥'(0)="0,7"(0) = L (5)
T (4) ta cé:
y' ()=—caAe ™ + Be " [A cos(At + &) — ysin(At + )]
y'(t)=o’ Ae ™ + Be " [(y2 = A)sin(At + §) - )
—2yA cos(At + )]

T céc biéu thiic (4) + (6) ta thu dugc hé phuong trinh dé xdc dinh cdc hing s6 tich
phan A, B, §:
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A+Bsind=y,,
— oA +BAcosd—-yBsind=0 (7
oA+ B(y® -2%)sind—2yAcosd =0
Sau khi thé a, y, A theo (3) ta tim duoc:
A =0,0246y,; B=1,13y, &=5950 (8)
Thé (8) vao (4) cho nghiém ctia bai todn:
y(t) = yo[0,0246e "™ + 1,13¢'" sin(25t + 59750)]
K&t qua nay ¢6 thé thu duge truc tiép tir (2) va (5), néu str dung phu luc 10.
2. Chi dan cho k&t qua bai todn ddéi v6i truong hop tha hai. Cac diéu kién ban do (c6 vi
trf truc tiép, sau dp dung tdc dung cua tdng) cé thé xdc dinh nhd phy luc 9.
Pdp sdé:
y(t) = [1 + 0,0541e %" — 1,0541e % sin (25t + 88°15")] 1(1)
171. Hay tim qud trinh chuyén tiép trong hé cho & bai todn trude, ¢ tdc dung diéu
khién tang theo quy luat tuyén tinh:
g(t) =at 1(t)
Chi ddn. Nghiém riéng cla phuong trinh vi phan cla hé c6é nghia thanh phan cudng
bitc clia qud trinh chuyén ti€p cin tim & dang:
ygp=b+ct
Padp so:
y(t) = aft — 0,000302¢ " — 0,0392¢”'" sin(25t - 23°30") - 0,01532] 1(D
172. He diéu chinh ty dong dugc mo ta bdng phuong trinh
(agp + a;) y(1) = bypg(t)
Hiy tim qud trinh chuyén ti€p & hé nho tich phan Diuamel d61 v6i hai dang cua tac

dung diéu khién:

(hH

1) g(t) = atl(t) (2)
2) g(t) =b(e™ —e™) 1(t) (3
3 cdc didu kien khong ban ddu
Bai gidi. D6i véi trudng hop g(t) = at 1(t)
Tich phan Diuamel ¢6 thé viét dudi dang:
t
y(t) = g(0) h(t) + [g'(0)h(t —1ydt (4)

0

3 day h(t) - ham chuyén tiép cia he.
Pé xdc dinh h(t) ta tim phdn dng cia hé t&i tic dung bac duy nhat, c6 nghia ta giai

phuong trinh:
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(agp + a;) y(t) = byp 1(1) (5)
O céc diéu kien khong ban dau.

Tuong tng voi phuong trinh 5 ta ¢é:

Yoa =0 (6)
Néu st dung phu luc 9, ta ciing tim duoc:
b b
Yoo = Yoo+ —1(0) = =10 (7)
ag ag

C6 ké dén (6) va (7) nghiém clia phuong trinh (5) c6 dang:

{ { i

— b —_—
y(ty = Ae T+yyd=Ae T =Y(t)—Le T (8)
ag

GdayT= 20
a
Do d6, ham chuyén ti€p cla hé bing:
by “‘;’
h(t) = —e T1(t) (9N
ag
D61 véi tac dung diéu khién tuyén tinh (2) cé:
gty=a (10)
Ta thé& (9) va (10) vao (4):

' i
y(t) = ja—:ﬂe T dr (1)
0

d
Néu tich phan phuong trinh (11), ta tim dugc két qua déi véi truong hop dau cua
bai toédn:

_X
y(t) = an_{l -e T ]l(t)

a

Két qua d6i véi trudng hop tdc dung diéu khién khéng theo chu k¥ (3):
{

by (r-qiT)e™ —(q ~qiT)e " +(q- e T

y()=b . 1
D
T T

173. Hay tim qu4 trinh chuyén ti€p & hé mo ta bang phuong trinh:

(agp + a;) y(t) = byg(t)
& tac dung diéu khién dao dong tat dan:
g(t) = ce™ sin(t
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va cdc diéu kién khong ban ddu.
Chi ddn. Yéu cdu st dung tich phan Diuamel.

Ddp so:
1 _t
——rle M sinQt-Qe M cosQT+Qe T
bo \ T
y(t) =c— - 1(t)
a, 1 2
Til—-r}| +Q
T ]
dday T = Zo TRUGON
a

4.2. SUDUNG BIEU DIEN LAPLACE VA KARSON - HEVINSAID

174. Him truyén ctia hé diéu chinh tr déng hé béng:

K 55200,
W(p) = = (1)
; Jl(l + TP) Pﬂ +0 lP) :

¥ hio) va‘Hatn K6 utomig o) cta he kin.
Bai gidi. Ham truyén ctia hé kin, c6 tinh dén (1) bing:
W(p) K 20

Q(p) = = (2)
P 1+ W(p) Tp +p+K Olp +p+20

Hay tim ham chuyé

Ham chuyén tiép h(t) 12 phan ing ctia hé cho tdc dung tdng don 1(t).

Biéu dién Y(p) gid tri ddu ra y(t) cla he kin & tac dung diéu khién g(t) ma biéu dién
clia n6 bang G(p), d c4c diéu kien khong ban ddu la tich:

Y(p) = ¢(p) G(p)

Biéu dién ham tdng don theo Karson - Hevinsaid béng. 1, con theo Laplace 1/p. Vi vay
ham chuyén ti€p h(t) cia he cé thé thu dugc rhu két qua bign d6i ngugc theo Karson -
Hevinsaid ham truyén ctia hé kin, cé nghia biéu thitc (2) nhu két qua bién déi nguoc theo
tich Laplace:

1 20
—CI)(p?}”'qr (3)
P Tp(0, lp +p+20)

Dé chuyén tiép tir biéu dién (2) hay (3) tdi g6c cén tim h(t) thi miu s6 biéu dién can

phan tich thanh cc s6 nhan. Vi vy ta cho miu s6 (2) béng 0:

Tp>+p+K=0 hay O1lp+p+20=0 (@)

va tim cdc nghiém ctia phuong trinh thu duoc (4):

Pl =—Y+jA=-5+]132s"" )
py =—Y—jh=-5-j132s"
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Ti€p theo ¢ thé viét miu cta biéu thic (2) & dang:
0.1p* +p+20=0,1 (p-p,) (p - py)
=0,1{p - (~y + M) Ip - (-y - j&)]
=0,1[(p+1)* + A1 =01 [(p+ 57 + 13,27 (6)
Bay gi¢ thay thé (3) ta ¢é
20 200

i
~@(p) = oy — (M)
p Olpl(p+5)" +132°] plp+5°+132°]

T cdc bang bi€u di€n ham theo Laplata chon cong thiic tuong ting biéu dién (7):

1 1 1
= +— e " sin(At — )
PIP+1) +2] v+ [y 42
W= arctg —&- (8)

Khi chon céc cong thifc c4n thdy réng trong cdc tai liéu tra citu cdc cong thirc nay duge
biéu dién & trinh ty ting bq:: ena da: ! i m po mAu s6 bléu dxén

bé1 vai trudng hO'p céc nghxém th'uyc v d6i V6i cac” nghlem phitc luén so bo sir dung
cdc cong thic rieng biét. Vi vay, néu cdc nghiém tlr s§ ¢lia biéu thic (2) 1 thuc, thi thay
cong thic (8) bang cong thiic:

1 11 (le“a‘--ie""‘]
pp+a)p+P) B a-P B
& day a va 3 - cdc gid tri thyc clia cdc nghiém.
So sénh (7) va (8) ta thu dugc g6c biéu thic (7) ¢6 nghia ham chuyén ti€p cia he

h(t) = O(p)
> 200 == _200 S sin(13,2t + 69°15') |1(1)
52+132% q32yst+1322
hay: h(t) = [1 - 1,068¢™ sin(13,2t + 69°15°)] 1(1) (9)

Nhdn xét. Cdn chi ¥ 4 &n tinh todn géc i theo cong thitc (8), bdi vi cdc ddu trong cic
cong thitc d6i véi y, dién B d6i véi cc biéu thic tuong tw duoc biéu dién doc dio. Dau
cua tir s6 trong cdc biéu thirc d6i véi tangen y 12 ddu clia Sinus y, con ddu cia mau s6 1a dau
cua Cosinus y. Do dé, cong thitc d6i véi v c6 chita biéu thic nang 1én binh phuong, ma & né
¢6 géc nay. Diéu nay cho phép thodt khdi tinh kép & két qua déi véi y duge gay ra bdi su
tring céc tangen cta hai géc khic nhau déi véi n.

13,2

i ~2,64, tir hai gia tri c6 thé y bang —69"15 va

O vi du dd cho & day tgy = -

e A 132 ., (a2
+110%45°, cdn 14y s6 thit hai, bdi vi biéu thic y = arctg_—y = arctg-js— chi ra rang géc ¢ géc
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phén tu thi hai.

3 két qua tir céng thic (8) suy ra:

sin(At — y) = sin(13,2t — 110°45") = =sin(13,2t + 69"15°),

diéu do ké t6i khi biéu dién biéu thic (9).

Ham khd6i luong o(t) clia hé ¢6 thé tim nhu dao ham cla ham chuyén ti€p (9) theo thai
gian.

H am khdi lugng c6 thé tim va truc ti€p theo ham truyén (2), nhur bién déi nguoc cla nd
theo Laplace.

o =L'[@oE) =L —— 2| =1 — 20 (10
0,1p” +p+20 (p+5)°+132

hay nhu bién d6i ngugc tich theo Karson - Hevinsaid

20 200
pd(p) = ———t =P
0lp"+p+20 (p+5)°+13.2

(1)

T bang biéu dién cdc ham theo cong thitc Laplace twong tng (10):

——1‘2—7 = iC—Y(Siﬂkt (12)
(p+v) +AX

Theo (7), (10) va (12) ta thu dugc ham khéi lugng cia hé:

w(t) = 15,15¢>" sin13,2t 1(t) (13)

175. D6i v6i he diéu chinh tu dong kin cho trong bai todn trude, hay tim quy ludt thay
déi cta dai lugng ddu ra y(t) khi khong c6 tdc dung diéu khién, do khong an khép ban déu
y(0) = y, va t6c do khong ban dau.

Bai gidi. Theo phuong trinh (2) cla bai todn trudc, phuong trinh vi phan clia hé kin ¢6
dang:

(Tp + p + K) (1) = Kg(t) (1)
& day g(t) - tdc dung diéu khién. Tir (1) dé thu dwoc su biéu dién dai luong y(1) ddu ra cin
thiét sir dung cac biéu thitc todn tir d6i v6i cac dao ham cé ké dén cac diéu kién ban ddu. Ta
viét cdc bi€u thic nay theo Laplace, n€u gia thiét ring Y(p) 12 biéu dién ham s6 y(0):

py(t) =y’ (t) = pY(p) - y(0)

y(0) = y"(1) = p’Y(p) - py(0) - Y’(O)}
& day y(0) va y’(0) - cdc gid tri ban ddu cua dai lugng ddu ra va dao ham cia né. Tir (1) va

(2)

(2) va cho ring g(t) = 0, ta cé:
Tp?Y(p) - Tpy(0) ~ Fy’(0) + pY(p) - ¥(0) + KY(p) = 0
hay:
(Tp+ Ny(0)+ Ty'(0)
sz +p+K

Y(p) =
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Néu th€ cdc gid trj cia cdc diéu kién bay diu y(0) = y, va y’(0) = 0 va cdc hé s6 cua
phuong trinh T=0,1s va K’ = 20 5™, ta c6:
Olp+Dyy _ Olp+hy, _ (p+10)y,
0lp” +p+20 Ol{(p+5)2+132%] (p+5)? +13.2°

Y(p) = (4)

Cong thic theo bang (theo Laplace):

§)
_ o) }-me'”(lw\v) )

(p+y)?+22 A

Wy = arctg _K_
5-vy

Tu biéu thic (4) trén co s& cong thic (5) ta cé:

) Jao-57% +1322 _

yiv=y e sin(13.21 + 69159
132

hay:
y(t) = y,1,068e > sin(13,2t + 69°15")
Nhdn xét. St dung cdc cong thic bang kiéu cong thic (5) khong 1a phuong phap duy
nhat chuyén tir biéu dién ham t6i dang goéc cla né. Vi duy, 6 thé sir dung 1y thuyét phan tich.
Trudce khi chuyén vé gdc y(t) ¢6 thé kiém tra do chinh xdc ca bién dién Y(p) theo mot
vai ddu hiéu. Trong trudng hop riéng c6 thé kiém tra biéu dién theo thir nguyén cua né. Biéu
dién theo Karson - Hevinsaid ctua ham nao dé, vi du y(1):

Y(p) =p [y(t)e ™ dt (6)
0

c6 cang thi nguyén nhu & goc y(y). Vi du, diéu dé cho thdy rang biéu dién ham tdng theo
Karson - Hevinsaid bang chinh ham $6, c6 nghia Al(t) = A & t = 0. T biéu thitc (6) suy ra
rdng argument p cla biéu thifc ¢§ thir nguyén thoi gian'. Thi nguyén biéu dién ham theo
Laplace:
Y(p) =L{y(D] = [y(De™dt (7)
0
bang thi nguyén gbc nhan vdi thai gian, c6 nghia léch vdi thd nguyén cha biéu thic (6) theo
Karson - Hevinsaid bdi s6 nhéan thai gian.

Ta sit dung cdc kh4i niém nay vé cdc thit nguyén cho kiém tra biéu dién Laplace (3) c6
toa do y clia hé dugc nghién citu phdn bén phdi cta biéu thic (3) cdn cé thit nguyén cia tich
toa do X thai gian. Ta cho rang thir nguyén p - dé la thoi gian’', ta thdy rang tat ca s6 hang wr
56 ctia biéu thiic (3) ¢6 thif nguyén toa do, con miu - thoi gian. Do d6, kiém tra theo tha
nguyén cho k€t qua duong.

Ta chuyén sang cic dang khdc kiém tra biéu thic.
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Theo biéu thiic (3) ¢6 thé tryc ti€p tim gid tri ban ddu cla géc
y(0) = lim pY(p) (8)
p—re

Néu st dung (8) cho (3),tacé: y(0) = %y(O).

Theo biéu thite (3) c6 thé cling tim thdy gidi han gbc y(t) khi t — oo, néu gidi han nav
tén tai, theo cong thic :
lim y(t) = hm pY(p) (9

[—»c0

Dau hiéu su ton tai g16’1 han géc da ch1 ra la phan bo tat ca cdc cuc cua biéu thue Y(p)
chi & nira mat phang bén trdi, cua bxén perc p, co nghla cac phan thue cta tat ca nghiém cua
mau s6 ham Y(p) cén la am. Dol véi biéu thuc 3) dleu kién nay dugc thuc hién. Néu su

dung (9) cho (3) ta tim dugc y(w) = %: 0, diéu d6-ding, bdi vi tir cdc biéu thitc vat Ly suy

ra rang & bai todn dang xét sai s6 thiét lap bang

Céc dang kiém tra néu ga;:cua biéu thite thu duoc chi cho cic diéu kién cdn thiét cua do

b Kien iy g 184

chinh x4c két qua; tuy nhé} 1 & é G

176. Ham truyén cia he hd bang :

K 3
W(p) =
(l+T1p)(1+T2p) (1+02p)(1+0 Olp)

Hay tim ham chuyén tiép cla hé kin.
Ddp so:
h(t) = (0,750 +.0,341e*" - 1,091 1(1).
177. D6i v6i hé cha bai todn trude hay timr quy hxat chuyén dong khi khong c6 tic
dung diéu khién G céc diéu‘kien ban da‘u y(()) =%l ‘iv‘A‘ y‘(‘U) = y'(,

khéc - 1a y'y; cdc s6 hang néy thuan tién t1m rléng blet V& Chc ké’t qua cong.

Ddp sd:
y(t) % 1,455 - 0,455¢8% + 0,0182y'y[e 2> - ™).
FEA LA BAN RO HO Ry T
178. D6i vdi he theo dai km c6 hanix tr\uyein (\xe;n bai 17‘4)\
20
Op) = ———
0,lp“ +p+20

Hay tim quy luat chuyén dong & tac dung diéu khién dudi dang ham tdng g, 1(t) v &
céc didu kién ban déu y(0) =y va y'(0) =0
Ddp sd:
y(t) = gol L — 1,068¢sin(13,2t + 69°157] + y,1,068e > sin(13,2t + 69"15")
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179. Doi véi he theo doi & trang thédi hé ¢6 ham truyén:
K 24

W(p) = = -
p(1+Tp) p(1+0,0067p)

Hay tim dai luong ddu ra y(t) o tdc dung diéu khién & dang ham tdng g(t) = g,1(1) va &
cac didu kién ban ddu y(0) = y, va y'(0) = y'y.

Pdp 56
y(t) = goll - 1.333e7" + 0,333¢ 1% +
+yl1,333¢7" = 0,333¢ %7 + 0,01 L1y [e ™ — e
180. Hiy tim quy ludt iﬁyﬁ;gd:é’ii’xdé’i\ luong ddu ra y(t) ctia hé theo ddi kin & tic dung
diéu khién tdng 1(1) va cdc diéu kién khong ban ddu. Ham truyén clia hé ho:
W(p) = K +T,p) _ 500(1 +0,03p)
p(1+Typ)(1+Tsp) p(1+0,Ip)1+0,006p)

(1)

Bai gidi. Ta tim ham truyén ctia hékin:

@(p) = W( = YA K(1+T2p) S
F&Wep). pQl # Typ){ + Typ) + K(1+ Typ)
15p + 500

= 3 2 (2)
0,0006p~ +0,106p° + 16p + 500

Biéu thirc theo Karson- Hevinsaid clia phan {tng hé cdn tim cho tdc dung tdng c6 dang:
X(p) = @(p) 3)

Ti€p theo, khong phu thudc vio phuong phap chuyén tir (3) t6i goc duge dua ra cin
thiét tm céc nghiém cta miu biéu thitc (2), c6 nghia cic nghiém cta phuong trinh:

0,0006p* + 0,106p” + 16p + 500 = 0 (4)
& két cua tinh todn khong dugc duarad day ta ¢ cde nghigm sau cua phuong trinh (4):

p, =-39.2s, o

p, =(~68,8+j128,5)s™", B (5)

P3 =(~688- j128,5)s™

NEu bay gity miu cﬁagﬁijgﬁ thite. (2) dvoc biéu dién & dang tich (c6 k€ dén (5)):
0,0006p” + 0,106p* + 16p + 500 =
= 0,0006(p + 39,2) [(p + 68,8) + 128,5%]
thi chiyén vé géc cé thé dugc nhd cdc bang biéu thic.
J day ta st dung phuong phap khdc chuyén vé g6c - nhd ly thuyét phan tich. Gia st
ham cn tim y(t) cé biéu thic sau theo Karson - Hevinsaid:

_ B(p) =bnpm +b1Pm_| +..+ by, p+by,

Y(p) (6)

- D(p)  ayp” +a,p"‘l +o.ta,_pra,
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ngoai ra m < n va phuong trinh D(p) = 0 khéng cé nghiém khéng va nghiém kha udc. Khi dé
theo 1y thuyét phén tich gdéc y(t) ¢6 thé tim theo cong thitc:

B(0) <& Bpy) o,
+ ek (7)
D(0) E‘—]PkD'(Pk)

y) =

g day, py, ..., Pxs .- Py - cdc nghiém cta phuong trinh, con D'(p) = diD(p), Tuong ung véi
1Y

(2) va (3), ta viét:
_ 15p+500
0,0006p” +0,106p? +16p + 500

_ 25000(p + 33,3)
p’ +176,6p2 +26700p + 833000

Y(p)

(8)

So sanh (8) va (6) ta ¢6:
B(p) = 25000 (p + 33,3) B(0) = 833000
D(p) = p* +176,6p2 +26700p + 833000 (9)
D(0) = 833000,D'(p) = 3p2 +353p + 26700

Theo ly thuyét phén tich (7) ta c6:

3
. 25000(py +333) __py

2 {10y
k+1 (3py +353p, +26700)

Ta tinh riéng cdc s6 hang trong (10) dudi ddu tOng. 3 p; = —39,2 s ta c6:

B(p,) ePIt _ -~ 147500 e 2 9 ge- 02 ()
p;D'(py) -39,2.17430 '
3 py= (68,8 +j128,5) s = 146" 5" ta co:
. {)n o
B(P2) pat _ 2,5.10%.133 5¢ 110525 RIS
p,D'(p;) 146ej118010'.3’4‘104e—jl66053'

_ 0’672ej(15408')e—68.81eleK.Sl :0‘6726_{{128,5“154“8')e~68,81 (12)

& py=(-68,8-j128,5) s = 146e"""" s ta co:
B(ps) P = 016726—j(l28,51+154“8‘)e—68,8! 03

PaD'(p3)

Biéu thitc (13) duoc viét khong tinh todn, truc ti€p dang biéu thitc (12), bdi vi cic
nghiém p, va p, 12 lién hop, con cdc hé s6 trong bidu thitc (10) don thudn 1a thue. O cac didu
kien nay cdc biéu thitc phitc (12) va (13) cling 14 lién hop.
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Néu tdt cd cdc nghiém cla phuong trinh (4) [ thuc, thi cAc biéu thic (11) = (13)
kh3nig chita cdc s6 phic va tinh todn c6 thé két thic bang cach thé cdc biéu thdc nay vao
cong thic (10).

J trudng hop da cho cdc biéu thite (12) va (13) 13 phic, vi vay chdng cdn bién ddi.
Né1 s dung cong thitc Ole cho téng cdc biéu thic lién hop (12) va (13):

eja +e—ju
=Cos
2
Ta c6:
B(p,) eP2l B(ps) eP3
p2D'(py) p3D'(p3)

-0 6726~68.81[ej(l2x,5t+15408‘) + e—j(l28,5!+154(’8']

= 1,345¢ % cos(128 51 + 154'8")

= -1,345¢ %% ¢os(128,5t - 2552') (14)
Thé cdc ham (11) va (14) vao cong thic (10) cho phan ting cia hé cho tdc dung tdng 1(1):

y(t) = [1 +0,216e % - 1,345 %8 cos(128 5t - 25"52)] 1(1) (15)

Céc s6 hang riéng biét cia phuong trinh nay va dudng cong y(t) dugc x4y dyng trén
hinh 108,

) = [14 Q2168 [ Gase ™ pus (128 520852 1ML

£

12 F
a8

a4 r 5

Q2/5e ™5
d t = } = = = ; T
oo gz 0 qos 005 Qo5 407 008 Ls
L [7~1 34567 cas (128,58 -25°52)/1 (1)

Hinh 108. Qua trinh chuyén tiép trong hé theo doi
cé tinh vé huong bac mét 8 tac dung diéu khién tang.
181. D6i véi hé theo dbi kin ¢é & bai todn trude hdy tim ¢ dang téng quat bi€u thifc
Y(p) theo Laplace va Karson - Hevinsaid cua dai lugng ddu ra Y(1) qua biéu thic G(p) cua
tic dung diéu khién. 3 hai diéu kien khong phai 12 khong ban ddu y(0) =y, y'(0) = y', va

y'(©0) =Y o
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Ddp 56 Biéu dién theo Laplace:
Y(p) = L{y()]
= [(15p + 500)G(p) + (6.10*p + 0,106p + 16)y, +
+(6.107%p + 0,106)yy + 6.107%y ] x
x [6.10p* + 0,106p* + 16p + 500]"'
Biéu dién theo Karson - Hevinsaid:
Y(p) = [(15p + S00)G(p) + p(6.10™*p? + 0,106p + 16)y, +
+ p(6. 10"‘p +0 106(y'(, +6.107py ] x
FRUST S % 6L 10 yo, 10‘6‘p +16p + 5007
182. Hay tim quy luat‘ chuyén dong cta he dugc thé hién trong bai 180 va 181 khi
khong c6 tic dung di€u khién va cdc didu kien ban ddu y(0) = y,, y'(0) =0 vay (0) =
Pdp so:
y() = yo[1,2212° + 0,335¢ 58 3in(i 2 & 5t 41%45].
?
183. Heé theo doi d ‘ &

el RO + §
W(p) =
p1+Tip){ +T3P) ~ p(1+0,1p)(1 +0,006p)

Hay tim dai lugng ddu ra y(t) cla hé theo d6j kin & tdc dung diéu khién & dang ham
xung Ad(1) & cac diéu kién khong ban diu, 6(t) ham xung duy nhdt. Hiy tim ham khdi
luong w(t) cla he.

Ddp s6:
y(t) = A[-8,46¢ %% 1+:196,4¢ % sin (128 5t +2°307)

w(t) = —y(t)

184. D6i véi he theo d3i kin, ma ham truyén clia-né rtrang thdi hd bang:
: K x4
p(1+Tp) p(1+0,0067p)
y(1) & tdc dung diéu khién tuyén tinh g(t) = at 1(1) va cic

=R NLAT B2A%N KHOA HOO Ky fHL AT

W(p) =

Hay tim dai lugng d4’r
diéu kién khong ban déu.
Bai gidi. Him truyén ctia hé kin béng:
W(p) 3600

D(p) = = (1
1+W(p) p? +150p + 3600
Biéu dién t4c dung diéu khién theo Laplace:
a
G(p)= — (2)

p
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Theo (1) va (2) biéu dién dai lugng ddu ra theo Laplace bang

3600
Y(p) = @(p) G(p) =—— ‘ (3)
p (p” + 150p +3600)

Dé tim ki€m g6c cla biéu thic (3) cd thé skt dung 1y thuyét phép co, ma theo né:

y() = l_fxl(t)xz(t—t)dr (4
0
néu:
YR =X@ X, 5
va: :
x(1) = X(p) (6)
X2(t) = X5(p) (7)

Tuong tng véi (5) biéu thite (3) cén phan tich ra hai $6 nhan c¢6 tinh todn sao cho tich

cla céc gbc cua ching duoc tlch phan d& d?mg Ta 14y céc s6 nhan ny nhu sau:
’. NLETE Y B 36'{)0»* mi oA

~"~'~' COEC T e

S GTT50p 7 36000 P

c6 nghia:
3600 _ 3600

' B (8)
(p(p” +150p+3600) P(p+30)(p+120)

Xi(p) =

Xy(p) = 2 | 9
P

MaAu cha biéu thite (8) duoc phén tich thanh cédc s6 nhan bing cdch binh thudng. Dai
véi cac biéu thirc (8) va (9) ta chon cdc cong thitc hop Iy tir bang biéu dién theo Laplace:

le—ai - }_e—ﬁz
l - = ——1—+ « ' (10)
pp+a)p+f) af a-p
l = I(t) (In
p
Bay gio tir (6) + (11) ta-tim dlIUC
Xy (® = (1-1,333¢7" +0,333¢ 120t) 1(t) (12)
X5(t) = al (t) (13)
Ta thé cdc phuong trinh g6c (12) va (13) vao cong thic (4) ctia Iy thuyé€t phép co:
y(1) = ]u-L333e‘““-+0333e”2m]{—aut_rndr (14)

0
Ta tich phan (14):
y(t) = a[t + 0,0445¢7°" - 0,00277¢ 71277,
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Tir d6 nghiém cdn tim ciia bai todn:
y(1) = a(t + 0,0445¢ " - 0,00277¢12" = 0,0417) 1(1)
Tac dung diéu khién g(t) va dai lugng ddu ra y(t) duoc xay dung trén hinh 109,

2, yy
a a

a0+ /

q08 ¢
406
Qo

aoz

0 407 4o Qo6 a8 47 GRLs
Hinh 109. Qua trinh chuyén tiép ¢ hé theo déi véi tinh
v6 hudng bdc nhat & tdc dung diéu khién tuyén tinh.
185. Ham truyén cha hé theo d&i ho bing:

K 24
p(1+Tp) p(1+0,0067p)

Hay tim sai s6 x(t) = g(t) — y(t) ctia h¢ theo ddi kin & cdc diéu kién khong ban ddu di
v6i tdc dong diéu khién c6 hai dang:

1) & tdc dung theo tang g(t) = g 1(1);

2) 6 tdc dung diéu khién tang theo quy luat tuyén tinh g(t) = at 1(t).

Chi ddn. Ham truyén ciia hé theo doi d6i véi sai s6 bang:

1
DAP) = —
(P 1+ W(p)

Dap so:
1) x(t) = go(1,333e3% - 0,333¢712% 1(1)
2) x(1) = a(0,0417 — 0,0445¢7% — 0,00277¢ 2% 1(v).

Sai s6 d6i v6i ca hai truong hop dugce xay dung trén hinh 110.

186. He theo ddi, ma so d6 ciia né cho trén hinh 111, cé trang thai ho clia ham tuyén:
ky, Kk

=W, (p) Wy(p) = ——.=%
W(p) 1(p) Wy(p) T p
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So d6 bao goém bai khau, ma gifta ching c6 nhiéu f(t). Hav tim gia tri ddu ra y(t) d6i
voi nhiéu téng f(t) = f,1(t) khi khong c6 tdc dung diéu khién g(t) va cdc diéu kién khong ban
ddu: K = k;k, =24s", T = 6,7 ms, ky = 0,01 V' s’ He 56 cudi ciing 6 trong gia thiét cac
toa do y(1) va g(t) Ia khong thi nguyén, con cdc gid tri ddu vao cia khau thit hai (trong s6 do
c¢é nhiéu (1), c6 thit nguyén dién 4p.

Ddp sé:

y(t) = 10*,[4,17 — 4,45¢" + 0,278¢ 2% 1(v).

a6y

z
a
Q04 ¢ g4t 4 —

aoc t 4a g

0 0 gz Qo 0 405 4F 07 7s

Hinh 110. Cdc dé thi sai s6 cua hé theo dai vai tinh vé huéng bdc nhdt & cdc tdc
lung diéu khién tdng (dudng cong 1) va tuyén tinh (duong cong 2). Thang chiu dé
bén phdi cua truc tung cho dudmg cong 1, thang bén trat cho duong cong 2.

187. Hé theo ddi bao gém hai khau duge chira trén hinh 111:

k,k 100
W) = T o5 0.0025p) i
p(1+Tp) p(1+0,0025p a P .
Ma & ddu vao cla khau thd hai c6 tic — g 5 |

dung cha nhidu & dang ham xung f(t) = A8(1);
tic ding diéu khién g(t) khéng cé, cic diéu
kiém thong ban ddu. Hay tim gid tri ddu ra

y(t)

: - Hinh 111. S0 dé cdu tric cua hé theo
y(1) cta he theo doi kin. dGi cho cdc bai 186 va 188.
Pdp s6:
y(t) = koA 1,053¢ "sin(60t — 71"34') 1(1)

188. Ham truyén cta hé theo ddi hd bing:
K1+ Tp)
W(p) = —zp
P



& day K = 400 s, T = 0,01 s. Hay tim gi4 tri ddu ra y(t) cha hé kin & tac dung diéu khién
g(t) = gy 1(t) va cdc diéu kién khong ban dau.
Ddp so:
y(t) = g,[1 + 1,053esin(60t - 71934 1(v)

189. Hay cho hai hé theo d&i ¢6 ham truyén ¢ trang thdi ho:

K
1) W](P) = '-"—l—“—
p(l1+T,p)
K, +T,p)
2) Wl(p?;ﬁfi? 2" pl 2§p SRR

3 day K, = 100 5™, T, = 25 ms, K, = 4000 2, T, = 10 ms. Hay tim cdc gid tri dau ra
y(t) va cic sai s6 x(1) = g(t) — y(1) cla cdc hé theo ddi kin & tdc dung diéu khien tuyén tinh
g(t) = at 1(1) va cdc diéu kién khong ban ddu. Trén mot d6 thi hay xay dung cdc dudng cong
sai s6 doi v6i cdc hé nay. R

Ddp s6: . L R e

B LO:0167¢ 2% R0 36%50)] 1(1)
x,(t) = a[0,01 + 0,0167¢ 2" sin(60t - 36°50)] 1(1)
y,(t) = aft - 0,0167¢" 5in60t] 1(1)
X,(1) = a 0,0167¢ "' sin60t 1(1)

Céc duding cong x,(t) va x,(t) duoc xay dung trén hinh 112.

g(t)

z(e)

a

q0i0 ¢ Yo - _‘

J0/4 o y |
702 GO e Ror 00167 isin 603650
Q010 %

0008 A ENTIN SRR (T

0006 ¢

géﬂgi “2}7”'}=7/ﬂ.&,'0/§75'3”sz'//ﬁw

[z . X , ’ . /—_\j\‘; N
-ﬁ(?ﬂg- q0z Qo4 N6 {08 70 g1z qn 4i5 @b s
0004

Hinh 112. Cdc sai sé khi diéu khién tdc dung g(1) = atl(t) déi voi cdc hé theo dot
c6 tinh vé hudng bac mét x\(t) va ¢d tinh vé hudng bdc 2 x5(t).
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190. He kin cha di€u chinh tu déng duge mo ta bing phucng trinh:
(0,1479p* + 3,7p* + 15,61p> + 17,9p + 20) y(1) =
= (17,9p + 20) g(t)
Hay tim dai lugng ddu ra y(t) & tic dung diéu khién theo bac g(t) = g,1(t) va cdc diéu
k:én khong ban ddu.
Pdp 56’
y(t) = gol1 + 1,456 sin (12t - 72°) +
+0,398¢ ™ - 0,019¢2% 1(1)
191. Hay tim dai lugng d4u ra y(t) clia hé cho trong bai todn trudc, khi khéng c6 tic
dung diéu khién va cdc diéu kién ban ddu y(0) = y,, y'(0) = Vo, y”(O) = y"“ vay"(0) =y
Ddp so:
y(1) = yo[1,202e %12t - 45% + 0,155¢™ - 0,005 +
+¥'ol1,112¢sin(1,2t - 4°50') + 0,099e™*" - 0,005¢ 2% +
+¥"0[0,283e " 'sin(1,2t — 19°50") + 0,096e* - 0,002¢ 2% +
+y"000,288¢"”'sin(1,2t — 22°15") + 0,1 14e™*" ~ 0,004e 2"
192. Hay tim ham chuyén ti€p h(t) va ham khéi luong o(t) clia hé, ma ham truyén ciia
né bang:
K
(p+a)”

D(p) =

& day, n - s6 nguyén duong.
Chi ddn. Cén st dung 1y thuyét phép co.

Ddp sa:
h=K| Loy L ]
a” k:()(]."—kkl_l
o(t) = K g0l mo
(n-—-1)!

4.3. CAC PHUONG PHAP GAN PUNG TINH TOAN CAC QUA TRINH
CHUYEN TIEP
A. St dung cac dic tinh tan sé
193. Theo dac tinh tdn s§ thuc P(w) clha hé diéu chinh (hinh 113a). Hay xay dung
dudng cong cha qud trinh chuyén ti€p & tac dung tdng duy nhat va cdc diéu kién khéng ban
diu.
Bai gidi. Dudng cong P(w) dugc thay thé gdn ding bang mot vai dudng cong hinh
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thang sao cho t6ng cdc toa do hinh thang bing toa do dac tinh tdn s& thuc P(w). G trudng
hop da cho c¢é thé 14y bén hinh thang thé hién trén hinh 113b; mot trong s6 chding duong,
con lai am. Méi hinh thang cdn c6 dang dién hinh thé hién trén hinh 113c; khi d6 né hoan
toan xdc dinh boi ba s6: tdn s6 cit w,, hé s6 gbc nghiéng ¥ = wy/o, va chiéu cao r. Cc hinh
thang trén hinh 113b c6 cédc théng s6 chi ra trong bang 1.

Bdng 1
Ne hinh thang 1 2 3 4
Dqg
X=-— 0,62 0,31 0,46 0,70
(DC
o, s 16 5.5 61,5 28,5
r 1,62 -0,09 -0,24 -0,29
Tiép theo cén sit dung cdc bang ham s6 h(tg).
Pray
127
Preay
, e
l{] \ (23 ’*i (.’/,-—,—'
i tuy 5
z(l) “
14
Yt
16} ’
15T 41
44t
0‘4 L yxéza’}
™ o i qr bz 43 g4 g5 46|
y e t% {:[/ R 5:0 /) i i v —- + —
2 0 R S wuf LN VAL '
s J ST oyt P

04

114
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)

Hinh 113. Thay thé gdn ding ddc tinh tén 56 thuc bdi 10ng cdc ham
tén $6 hinh thang va thu dugc dudng cong qud trinh chuyén 1iép.




Ham h(1y) 12 dudng cong chuyén ti€p clia hé, ma dac tinh tdn $6 clia né - hanh thang
duy nhit c6r=+1 va o, = 15", Cic ham s6 cia bang h(ty) duge thuc hién d6i voi cdc hé s
nghiéng khdc nhau 0 < ¥ < 1, ngoai ra cho phép noi suy, néu ¥ nim giita hai gid tri bang.
Bang rit gon cua cdc ham nay cho & phu luc 35.

Ta 14y bang h(ty) cia ham s6 d6i véi ¢ = 0,62 (hé s6 nghiéng clia hinh thang 1) va viét
ddy cdc gid tr1 thot gian t; va cdc ham h(ty) (xem hai dong ddu & bang 2). P€ thu duoc cdc
diém cla dudng cong y(t) cla qué trinh chuyén ti€p tuong ¥ng v6i hinh thang khong duy
nhét, méi gid tri cla ham h(ty) cdn nhan véi chiéu cao Hinh thang r, con thai gian t;, chia cho
tdn sé cét w,, c6 nghia:

y() =rh (—IQ-]
O)C

O cdc dong ba va bon cia bang 2 cho cdc s6 t va y,(t) d6i véi hinh thang 1.

Tuong ty ta thu dugc y,(t), y3(t) va y,(t) d6i véi céc hinh thang con lai (xem cdc bang
3-5). theo s6 liu bang 2-5 trén hinh 113e ta x4y dung cédc dd thi y,(t), y(t), y3(t) va y,(0).
Néu cong céc toa do cha cdc dudng cong nay c6 ké dén cdc ddu cha chiing, ta xay dung trén
hinh 113e dudng cong y(t) clia qué trinh chuyén tiép & hé di cho & tic dung tdng duy nhat.
Trén hinh v& ciing chi ra dai lugng yuy = [li)r?o y(t) .

Trong trudong hop tac dung tang khong duy nhét g(t) = gyl(t) cac toa do dudng cong
y(t) cdn nhan véi g,

194. Theo dac tinh tdn s6 thyc cia hé diéu chinh (hinh 114, a) hay x4y dung dudng
cong chuyén ti€p clia qué trinh y(t) d tic dung di€u khién g(1) = g,l(t) va cac diéu kién
khong ban dau. '

Dadp s6: Dudng cong P(w) c6 thé thay bang hai hinh thany dugc chi ra trén hinh 114a
bang dudng dit ndt. Cac sd liéu cua hinh thang 1: x = 0,78, o, = 79 s 1 =0.688; 50 liéu
ctia hinh thang 2: 3 = 0,84, ®, =95 s, r=0,2.

Bdng 2. Hinh thang 1

o 0 |02 04 |08 1,0 1,6 2.6 3.0 | 4.0
h(ty) | O |00 |020 |040 [050 075 1,04 LIl | 1,16
t, s 0 |0,0125] 0,025 | 0,050 | 0,0625 | 0,100 | 0,162 | 0,188 | 0,250
vy | 0o [017 [033 |065 |08l 1,21 1,68 1,80 | 1,88
o 4,4 4.8 5.4 6,0 7,0 78 9,0 10
h(ty) | 1,15 1,12 1,07 1,00 | 0,95 | 0,94 0,96 1,00
(s 0275 | 0300 | 0,337 | 0375 | 0,438 | 0,488 | 0,562 | 0,625
yi() | 1,86 1,82 1,73 1,64 | 1,54 | 1,52 1,56 1,62
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Bdng 3. Hinh thang 2

t,s 0,109 | 0,218 | 0,364 | 0,546 | 0,728 | 0,822 | 1,09 | 1727
¥, (L) -0,022 | -0,043 | -0,067 | -0,086 | -0,096 | -0,098 | -0,096 | -0,094
Bdng 4. Hinh thang 3
t,s 0 0,0065 0,0163 0,026 0,0325 0,0488
V(1) 0 -0,043 -0,108 -0,163 -0,194 -0,25
s 0,065 0,0813 0,0976 0,114 0,13
y3() -0,271 -0,269 -0,254 -0,242 -0,235
Bdng 5. Hinh thang 4
t,s 0 0,014 | 0,028 | 0042 | 0,070 | 0,105 | 0,133 | 0,176
ya(t) 0 -0,064 | -0,122 | -0,467 | -0,267 | -0,328 | -0,339 | -0,314
t,s 0,210 0,246 0281 0,316 0,351 0.386 | 0.456
ya(t) | -0,284 -0,27 -0,27 -0,284 | -0296 | -0,302 | -0,290
/0/(1// ] yﬂ’)
10 ok
ﬂd """""""" 0‘5 | y/ﬁ ‘[
a6t . 0 j
i ol |
(4 F 0,4 - \{/Xa/c@]o
2 f === =smmmmmmmmmmanan <z a2} 21t J
0 W W W W Wl 0 % OF G0 4% 47 GEis
a) 4)

Hinh 114. Ddc tinh tdn sé thuc P(w) va cdc dudng cong
cia qud trinh chuyén tiép x(t) cho bai 194,

Theo céc hinh thang nay ta xay dung cdc dudng cong y,(t) va y,(1) trén hinh |14b:
trén chinh hinh v€ nay cho ham cén tim y(t) d&i v&i trudng hop go = 1. Khi gy # 1 cac toa do
ctia dudng cong y(t) cin nhan vdi g,.

195. Hay xay dung dudng cong y(t) qud trinh chuyén tiép ctia hé kin & tic dung diéu
khién g(t) = 1(t) va cdc diéu kién khong ban ddu. Ham truyén clia hé ho:

K1+ T;p)
W(p) = = 2
(-1+2T\p+ Ty p )1 +Typ)(1 +Typ)
B 5(1+ 0,03p)
(=1+0,2p+0,01p2)(1 +0,05p)(1 + 0,006p)
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Hinh 115. Ddc tinh tdn s6 thic va duong cong ciia qud trinh chuyén tiép cho bai 195.

Chi ddn. C6 thé stt dung céc két qua nghién ciu bai 73 (B) va 79.

Ddp s6: Xem hinh 115b. Cic dudng cong y, , 3 4(t) dugc xay dung theo bén hinh
thang duoc chi ra trén hinh 115a.

196. Hiy x4y dung dudng cong y(t) clia qua trinh chuyén ti€p clia he kin & tdc dung
diéu khién g(t) = 1(t) va cdc diéu kién khong ban dau

Ham truyén ctia hé hd:
W(p) = K(+ T,;p) - 500(1 + 0,03p)
pl+Tp)1+T3p)  p(1+0,1p)(1+0,006p)

Chi ddn. C6 thé st dung cdc két qua gidi cdc bai 67 va 77.
Ddp s6: Xem hinh 116b. Céc dudng cong y, ,5(t) dugc xay dung theo ba hinh thang
dugc chi ra trén hinh 116a.

197. Ham truyén clia hé ho bang:
W(p) = K(1+T,p)
p(1+Typ)1 + T3p)
& day K =500, T, =0,1s, T, = 0,025 5, T; = 0,0025 5. Hay x4y dung dudng cong gén diing
cla sai s6 x(t) = g(t) - y(t) cla he & tdc dung tdng duy nhdt g(t) = 1(1) va cdc diéu kién khong ban
ddu. Xay dung thuc hién theo céc tdn s¢ déng chinh cla dac tinh tdn sG bién d6 logarit.

(1)
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Hinh 116. Ddc tinh tdn sé thic va duong cong chuyén tiép ciia qud trinh cho bai 196.

Bai gidi. D.B.L clia he duoc xay L;aafz,alﬂ

dung trén hinh 117a. D.B.L nay thod .
mén diéu kién do chodn doan cia né | |

gy,

Y

cét truc tdn s6 véi géc nghieng -20 pl Y Ty , ;
dB/dim  c4n khong nho hon | decat vi -27} 0 0~z o w 5
vay x4y dung dudng cong cdn tim theo ~47r o

cic tdn s6 déng chinh la ¢6 thé.
Ta xdc dinh t4n s6 cit D.BL It

truc ti€p theo D.B.L hay theo cong 2‘? x;([)
thic o, = K%— lay tr hinh V& o, = g§

! g
12557 02 \

—f

+
b=
M

. a5 406 407: s

| AN
Tuong tng véi phuong phdp st 7 ﬂb/ - S— "
dung cdc tdn s6 dong chinh D.B.L ¢ -0zt
D .B.L loai bd toan b6 phdn clia né ndm 4)

bén phai cla tdn s6 cAt, va thay né Hinh 117. D.B.L va duong cong cua
qud trinh chuyén tiép cho bai 197.

bang doan nadm ngang triing v6i
truc tdn s6. D.B.L bién d6i m&i nay tuong ing véi ham truyén:

K(1+T2p)(l+—l—pj
®,

¢

W(p) = (2)

p(1+Tp)

hay:
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Ksz;:—(% - +pj(wc +p)

W*(p) = hd 21 =
Tipl —+
IP[TI PJ
:‘(p+m2)(p+wc)=(p‘+40)(p+I25) 2
p(p+w) p(p+10)

& day o, = 1/T;, o, = 1/T,.

Céc cong thire (2) va (2') tuong itng ham truyén bién déi chia hé d6i véi sai s6:

__ pp+10) 3)
W'(p) (p+40)(p+125) ‘

cI?‘(p) =

Néu ké dén bién d6i Laplace G(p) = 1 d6i véi tdc dung g(1) = 1(t) ta tim dugc biéu
P

dién theo Laplace d6i véi gdn diing bac nhat x:(t) ctia ham x(1)

. p+10
X(p) =2 (p) G(p) = (b 20)(p+ 125 (4)
Tir bang bi€u dién theo Laplace tim dugc cong thitc phi hop:
p+5d _ (3-a)e™ —(5-P)e P )
(p+a)(p+P) B-a
Cac cong thic (4) va (5) cho két qua d6i véi gdn diing ddu sai sG cla hé:
x;(t) = 1,353¢'% - 0,353 e (6)

Ham nay duoc thé hién bing dudng dam nét trén hinh 117b.
Pé thu dugc gdn ding thit hai x;(t) cia nghiém cén tim thi cdc toa d6 cua duong cong
X} (t) cin nhan vdi he s hieu chinh p & dai Ty <t < Ty, ¢6 nghla 0,0025 s < t < 0,025 5. He 56

nay dugc xdc dinh tr cong thic:
W (p)

= 1+ W(p)

P=Joc

hay, theo (1) va (2):

(p +40)(p +125) I

o= p(p+10)
L+ 500(1 + 0,025p)

p(1+ 0,1p)(1 + 0,0025p)

p=j125

(j125 + 40)(j125 + 125)(j1 25 + 400) | _ | 485
5S0000(j125 + 40) + j125(j125 + 10)(j125 + 400)|

Nghiém gdn ding thd hai dugc x4y dung trén hinh 117b bang dudng dut nét. Trén
chinh hinh v& nay bing céc chit thap chi cdc diém biéu dién két qua chinh xdc,
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B. Sir dung cac dudong cong tiéu chuén ddi véi hé pha téi thiéu c6 D.B.L dién hinh

198. Ham truyén clia hé theo ddi hd bang:

W(p) =

K(1+T,p)

100(1 +0,160p)

Hay x4y dung dé thi dai
lugng ddu ra y(t) ¢ tdc dung diéu
khién ting g(v) gol(V),
go = 10 do va & cdc diéu kién ban
dau.

Bai gidi, Ta xay dung dic
tinh bién d¢ cuia hé di cho (hinh
118a). Theo phu luc 19 ta thdy
ring D.B.L 12 d6i xting dién hinh,
loai 2-1-2-3. T4n s6 co sO0 ©y =

JK =100 =10s™",

Theo cong thic ¢é & phu
luc 19 ta tim dugc chi sd dao
dong cha hé
m+1 _57+1 _
m-1 57-1

1,4

3 0,16 _

0,024 +0,004

3 M =~ 1,4 dudng cong cin

tim y(t) cha qua trinh chuyén tiép

cdn dugc xay dung dudng cong

trung gian gilta cdc dudng cong

dinh mac dugc dwa ra d6i véi

M=13vaM= 1,50 phu luc 20,
hinh P12.

b

T P2+ Typ)(L+Typ) p2(1+0,0240(1 +0,004p)

{,d7

W

b/l

-

T

— - Q.Nl\
P

w,

45w w own’

L
§ 7
a)
440
/5
Vi A '
=0d
Y 00
5
Z,
J 4/ 42 43 44 s
b)

Hinh 118. D .B.L va dudng cong cua
qud trinh chuyén tiép cho bai 198,

Khi chuyén tr dudng cong dinh mifc —y—(u)ot) clia qué trinh chuyén ti€p t&i y(1)

8o

cdc hoanh do ctia dudng cong dinh mic cin chia cho wy = 10 s”' con tung 6 cdn nhan véi

go= 10 d0
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Do dé ta thu dugce dudng cong y(t), duge xay dung trén hinh 118b.

199. Ham truyén cla hé hd bang:
250(1 + 0,024p)
(1+0,2p)* (1 + 0,0024p)(1 + 0,0016p)

W(p) =

Hay xay dung dudng cong y(t) clia qud trinh chuyén ti€p & hé kin & tic dung diéu
khién g(t) = 1(t) va cdc diéu kién khong ban ddu.

Ddp so: Dudng cong y(t) clia qué trinh chuyén ti€p ¢ thé thu duoc gin ding tir
duong cong dinh mic cla qud trinh chuyén tiép d6i voi D.B.L d6i xting & M = 1,4; t4n s6
gbc oy =79 s

200. Ham truyén cia hé hd bang:

400 (1 + 0,04p)
W(p) = ( p :
p(1+ 0,Ip)(1 + 0,03p)(I + 0,0008p)"
Hay xay dung dudng cong chuyén ti€p y(t) & hé kin & tdc dung diéu khién tdng
g(t) = gy 1(t), gy = 0,5 va cac diéu kién khong ban ddu.
Ddp s6: Duong cong y(t) ¢ thé xay dung gdn ding theo dudng cong dinh miic

Y (oyt) d6i v6i M = 1,3; tn s6 goc @, = 63,2 5.

go
201. He theo doi & trang thdi hd ¢6 ham truyén:
K(1+T
W(p) = ———2( 2P)
p (1+T;p)

K= 40052, T, = 0,078 5, Ty = 0,020 5, & cdc diéu kien khong ban ddu c6 tac dung diéu
khién g(t) = a . t. 1(1), a = 20 dofs. Hay xay dung dé thi sai s6 tdi tao téc dung diéu khién
nay.

Bai gidi. Ta xay dung D.B.L clia hé¢ (xem L;(®) trén hinh 119a). D.B.L thugc vao loai
2-1-2.(.. (xem dong cu6i ciing clia bang 1 phu luc 19).

7dn s6 gbc D.B.L 0, = VK =400 =205, Chi s6 clia dao dong:

M=m+l:§£=1’
m-1 29
& day
m= Ty —T—2=3,9

Puong cong sai s6 cdn tim cta hé dugc xdc dinh boi dudng cong sai s6 tdi tao lai tdc
dung d<u khién tuyén tinh, phu luc 20, hinh P14 (phdn b, trudng hgp 1).
Fudng cong sai s6 cin tim x(t) (xem hinh 119, b) thu dugc tir dudng cong dinh mic
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d6i v6i M = 1,7 bi chia hoanh do ciia dudng cong cho gi4 tri g = 20 s™' va bdi nhan tung
do voi ty s6 a/oy = 10/20 = 0,5 d6. Sai s6 tién din t6i khong, boi vi hé cé tinh vo hudng
bac hai.

£,

7
/N

a5

/
TN
/

90 \ T
d \xgm‘afﬁ% _
g wi aw \{b &

|

4)

Hinh 119. Cdc ddc tinh bién dé légarit va ducng cong sai sé
tdi tao lai tdc dung diéu khién cho cdc bai 201 va 202.

202. Heé theo doi & trang thdi hd c6 ham truyén:
K(d+T
W(p) = @+ Ip)

K=133s' T=0333s, T, =0,078s, Ty = 0,020 s, & cic diéu kién khong ban ddu
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chiu tdc dung diéu khién g(t) = a.t.1(t), a = 20 do/s. Hiy xay dung dé thi sai s& tai tao lai tdc
dung nay.

Ddp s6: Nghiém gdn diing ¢S dang d6 thi trén hinh [19b thu duge tir dudng cong tiéu
chuin cla phu luc 20, tvong ting D.B.L cta hé L,(»), dugc biéu dién & hinh 119a. Sai s6 én
dinh bang:

10

a
Xod = =T33 = 0075 d0 =45 goc.phit
203. Ham truyén clia hé hd bing:
0) = 3000+003p)
p(1+0,1p)(1 +0,006p)

. Hay st dung céc duong

cong dinh miic cia cdc qud trinh gt
chuyén ti€p dé xay dung dé thi dai <
luong ra y(t) cha hé kin & tdc dung 12r . e .
diéu khién tdng duy nhdt vi cdc ol \ Ty y};) )
diéu kién khong ban ddu.
2. Hay giai chinh xdc bai 04 b
toin niy (bing phuong phdp c6
dién hay bang phuong phdp toin

tlr), néu ciing sir dung dac tinh tdn 4 Gor 4 4w 404 405 406 &s

s@ thuc clia hé. . i . , ,
o Hinh 120. Cdc duong cong cua qud trinh chuyén

Hiy x4y dung t4t ca ba
nghiém & mét dé thi.

Chi ddn. O phin th hai clia bai todn c6 thé sit dung cic ket qua bai 180 va 193 theo

1iép cho bai 203 thu dugc bdng ba phuong phdp.

cdc duong cong dinh miic —Y—(coot) - duong dam nét nhd nghiém chinh xdc - cac ddu thép va
go

theo dac tinh tdn s6 thuc - vong tron.

Pdp sd: Trén hinh 120 ta xay dung dudng cong y(t) tim gin ding theo cdc dudng cong
dinh mifc cdia cdc qué trinh chuyén ti€p, & wg = 70,7 s™' va M = 1,5. Céc diém thude nghiém
chinh xdc dugc thé hién bing d4u thap, con cdc diém thu duoc theo dac tinh tdn s6 thuc boi
cdc vong tron.

C. Xay dung dudng cong ciia qua trinh chuyén tiép bing phwong phap do thi

204. Hay xay dung d6 thi cha dai lugng ddu ra y(t) trong hé dugc mo ta bang phuong
trinh:

ao(;—y+a1Y=bog(t) hay 2%%+20y=5g(l) (h
1
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& day tac dung diéu khién g(t) cho bang dé thj trén hinh 121a. Cac thi nguyén y(1) va g() la
nhu nhau. Diéu kién ban ddu y(0) = -2. St dung phuong phdp D. A. Baskirov.

Bai gidi. Ta viét (1) & dang T-(:;—il+y =g,(t), 6 day hang s& thoi gian T = ap/a, = 2/20

=0,1s, tdc dung nhiéu g,(t) = (by/a,) g(t) = 0,25 g(t). Trén hinh 121b ta xay dung hai hé toa
do: t, y(t) vat, g,(t) c6 ty 1é gidng nhau, ngoai ra cic truc thoi gian ctia cd hai hé tring nhau,
nhung géc O, tinh todn g(t) dich vé bén phai d6i vai gdc O tinh todn y(t) tdi gid tri T. Theo
cong thic d6i véi g (t) va hinh 121a ta x4y dung ham s6 g, (t).

g0
24
/i
g
1 i 1
a g 105 a1 a5t s
yre) g1t

NN
[T N
e

2 r / Cy Cy . d JK
ic, |65 9 (0 NG| W
0 & Y \N%’C:‘L”'r
.é q7 42 | dy | dy) dy | dplld Ls
3
i’ /
S s
0)

Hinh 121. Xdy dung ducong cong ciia qud trinh chuyén tiép y(t) bang phuong phdp do thi.

Ta chon budc tich phan At = 0,020 s va phan chia d6 thi trén hinh 121b cho céc doan
theo 0,020 s. Trén d6 thi ham s6 g,(t) bing cdc diém d;, d,, d;,... ta nhan thdy gia tri cla
ham s& nay c6 vi tri & gita mbi doan. Trén do thi y(t) ta dat gid tri ban ddu y(0) = -2 va bang
duong thing ta n6i diém thu duge ¢, véi diém d,. Giao cha dudng thang c,d; v6i hoanh do
du cu6i cla doan thit nhat cho diém thi hai ¢, dudng cong cdn tim. Néu vach duong théng
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¢c,d, ta thu dugc diém c; & giao dudng thing nay véi hoanh do dau cudi cha doan thit hai.
Ham s6 c4n tim y(t) duoc xdc dinh nhu dudng cong tron néi cic diém ¢, ¢y, Cx...

205. Hay xay dung dé thi dai luong ddu ra y(t) & hé duoc m6 ta bang phuong trinh:
a()gd—il"*' alb = b()g([), a() ZIS, al :20, b“ =12

& y(0) = 0,25 va tdc dung diéu khién g(t) cho & dang bang (tdc dung diéu khién cé thi
nguyén cia gid tri ddu ra).

t,ms| O 5 10 15 20 25 30 35 45 50
gty 0 }-0,300 |-0,466 1 -0,584 | -0,640 } -0,637 | -0,55% | -0,350 | +0,300 | +0,575

t,ms| 60 65 75 85 100 115 125 140 160 el

g(t) [-0,900 |+0,968 | +1,000 | +0,950 | +0,759 | +0,564 | +0,472 | +0,387 | +0,350 | +0,334

Pdp s6: Xem hinh 122.

iz
4é t
a3r

47 r
arr
Vi . : -

Ll B B W B B a0 ims

Hinh 122. Duong cong cia qud trinh chuyén tiép cho bai 205.

206. Hiy xay dung d6 thi dai luong ddu ra & hé dugc mo ta bang phuong trinh
%:—-2}: +a, (ji—)t, +a,y = byg(t)
a,=0,0485s% a,=04s, a,=10, by=5
dy(0)=-1,5,y(0)=175 s va tdc dung diéu khién g(t) duogc chi ra trén hinh 123a.
Ch! ddn. Phuong trinh da cho cdn dua vé dang:
dzy

d
_dt—2+T2 Y b y=gl(t)

T, T —_
12 dt

Pdp s6: Xem hinh 123b.
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Hinh 123. Tdc dung diéu khién g(t) va dai luong ddu ra y(t) ciia hé bai 206.



Chuong 5
PANH GIA CHAT LUONG PIEU CHINH

5.1. XAC PINH CHINH XAC KHI TON TAI DANG PA CHO

20)7. Ham truyén cla hé theo déi kin ¢6 dang:
bop™ +b;p™ " +..+b__p+b,

CD(p): n n-1
agp +a,b’ +..+a, _p+a,

Cac di€u kién nao thu duge: 1) tinh v6 hudng cla bac khong; 2) tinh v6 hudng clia bac
dau; 3) tinh v6 hudng cua bac thit hai?

Ddp sa:

1) b, =a,;

2) by, = ap; by # a3

3)b,=a,,b,=a,,,by2#a,,.

208. Ham truyén ctia hé theo ddi ho hinh 124 cé dang:
AT +A D™ A pHA,
B Byp" +B,b" +..+B,_p+B,

W(p)

Céc diéu kién nao thu duge; 1) tinh vé hudng cia bac khéng; 2) tinh v6 hudng cuia bac
thit nh4t; 3) tinh v6 hudng cla bac thir hai?

Dadp sé:
1) B, #0;
2)B,=0;

3)B,=0vaB,_ =0.
209. Ham truyén ciia hé theo déi hd hinh 124 ¢6 dang:
K
Wi(p) =

p(1+ T;pX1+T g X y
(1+TipXl+T,p) W)
Hay xdc dinh ba hé s6 ddu cla sai s8, cling nhu

heé sd chét lugng theo toc do.
N ‘ 4. Hé theo doi.
Bai gidi. Ta tim ham truyén d6i vdi sai s6: Hinh 124. H theo doi
_ L pd+TpX1+T,p)
O,(p) = =
1+ W(p) p(1+T,p)1+T,p)+K

Ta phan biéu thitc nay thanh chudi béng céch chia tlr s6 cho miu sé:
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KrpH(Ty+Tp)p? + T Tpp"

P+(T1 +T2 )P2 +T1T2p3 -é—pé—%(TﬁTz—i—l(Jpz-»..
pe Ly T s T
K K K
1 2 T1+T2 3 T1T2 4
T, +T, —— p? +| T, T, - -
( ! 2 K)P ( 112 K )P K P

Tiép theo ta c6 thé viét déng nhit:

Cr 2 i 1 | b)
Cotept —=p +..=—p+—| T +T, - | ¢
UM K K[' 2 KJS

Hé s6 chit lugng theo téc do:
1 ]
KQ = —=K s l
¢
210. D6i véi bai trude ta xdc dinh cdc gid tri s6 clia cdc hé s6 sai s6, n€u K = 100 s,
T,=0,01s va T, = 0,005 s.

Pdp s6: ¢, = 0,01s v 522- = 0,00005 s7.

211. Hay xdc dinh gid tri sai s6 6n dinh d6i vdi bai todn trude & chuyén dong hé theo
di v6i téc d6 Q = 12 dofs.
Didp 56: 0,5 = L ¢, Q=001.12=0%12=7,2.
Kq
212. Ham truyén cta hé kin (xem hinh 124) c6 dang:

5p+200
O(p) = i
0,001p~ +0,502p~ +6p +200

Hay tim gid tri sai s6 én dinh (sau dao déng tit ddn cla qud trinh chuyén ti€p) khi
thay déi dai lugng ddu vao theo quy luat:
g(t) = 5 + 20t + 10t
Bai gidi. Ta tim ham truyén déi véi sai so:
0,001p> + 0,502p% +p
0,001p® +0,502p? + 6p +200

O,(p)=1-D(p) =

Bing chia tit s6 cho miu s6 (xem bai 209) ta tim dugc cdc he s6 cla cdc sai s6:

=0, ¢; = ——s va 2 =0,00236 5
2

Tiép theo ta tim dao ham:
g'(t) =20 + 20t
g"(t) =20
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Biéu thitc d6i vdi sai s6 ¢6 dang:
¢
X(t) = cog(t) + ¢ g'(t) + ~—21g"(t)

= 202*(')30‘ £20.0,00236 = 0,1472 + 0.t

213. Ham truyén clia hé hd (xem hinh 124) c6 dang:
_50(1+0,15p)

W(p)
p?(1+0,02p)
Hay xdc dinh ba hé s6 ddu cna sai s6, cing nhu hé s6 chdt luong theo t6c do va hé s6
chit lugng theo gia toc.
Pap sd:

=0, ¢, =0, 220,025
2

Heé s6 ch4t lugng theo t6c do K — w, hé s6 chit lugng theo gia t6¢c K =50 s,

214. O heé diéu chinh tinh (hinh 125a) ham truyén ciia hé hé cé dang:
K

W -
) T+ T

Hiy xdc dinh hé s6 truyén y(p) = m c6 mdi lién he nguoc khong duy nhdt, ma & né
hé c6 tinh v6 huéng bac mot, va ham truyén ciia h¢ tuong duong hd c6 lién hé nguoc duy
nhat (xem hinh 125b).

Y x’ - ¥y g X Y
Wib) ' Wi(p) i
I
my y
yip) = L
a) b)

Hinh 125. Hé tinh cé6 lién hé nguoc duy nhat.

Bai gidi. Him truyén cla hé kin bing:
W K

= = (D
1+mW(p) T, T,p? +(T, + Ty)p+1+mK

Diéu kién khong c6 sai s6 tinh @(0) = 1 hay K = 1 + mK, suy ra:
m=X-1_,_1
K K

Khi dé ham truyén cia hé kin cé dang:
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K
(p) = 5 (2)
Con ham truyén twong duong ctia hé hd v6i méi lién hé nguoc duy nhat bang:
\ vy K K
Wy(p) = ®)__ 5 = .
1-®(p) (T, +T)p+T,T,p> pU+T,p)

& day he s6 chat luong theo t6c do:
_ K
T, +T,

Ko

va hang s6 tuong duong cla thdi gian:
T,
T, +T,

3

215. DGi véi bai todn trude hay xdc dinh hai hé s6 ddu cla sai s6 trong hai truong hop:
1) He s6 khuéch dai chung clia mach 6n dinh thang (K = const);
2) He s6 khuéch dai chung ctia mach khong én dinh thing (K # const)
Bai gidi. Trong trudng hop K = const tir (2) ta ¢6 ham truyén theo sai sg:
T,Top” + (T, + Ty)p
T,T,p* +(T; + T,)p+K

Néu phén tich né thanh chudi bing cdch chia tir cho mau (xem bai 209), ta tim duogc

O,(p) =1 -D(p) =

hé s6 sai s6:
T] +T2

cg=0vac =

Trong trudng hop K = const ta ¢6 K = K, + AK (ta s€ gia thiét ring %E< 1, con hé s6
0

truyén clta mach c6 lién hé ngugc m = 1 — ———l—-). Ham truyén cta hé kin (1) trong trudng
0

hop nay cé dang:
Ky +AK
(p) = 0 N
T1T2p2 + (Tl + T2 )p + K‘) + AK - “‘—K
0

Ham truyén theo sai s6:
AK
T]szz + (Tl + T2 )p - K—
Dy(p) = 1 - 0(p) = K
T1T2p2 +(T, +Ty)p+ K, +AK_I_(—
0

Néu phan tich né thanh chuéi, ta cé:
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AK AK

A AK) K2
Ko| Ko +aKk-22 | K0
(

oMK +8K) T+,

| )
- Ko
[KO +AK - —A—K—)

0 J

216. Hay xdc dinh ham truyén ctia moéi lién hé ngugc khong duy nhdt y(p), ma & né
hé diéu chinh tinh ta loai cdc sai s& tinh va t6c do. So d6 céu triic cta hé diéu chinh v6i méi
lién hé ngugc khong duy nhat dugc biéu dién trén hinh 125a. Ham truyén bing
_ K
1+ T,p)(1 + Typ)

W(p)

Bai gidi. Ham truyén cla hé kin c6 lién hé ngugc khong duy nhdt trong trudmng hop
chung cé dang:

X:q)( . W) A" +AL P+t AP+ A
G I+y(P)W(p) B p"+B,_,p" ' +..+B;p+B,
Sai s6 tinh bang O khi:
Ap=By
Khi thuc hién diéu kién bé sung:
A, =B,
trong hé ta loai b sai s6 t6c do.

Trong bai todn nghién citu su loai bd cdc sai s6 tinh va téc do c¢6 thé dat dugc khi dua
vio mach m&i lién hé ngugc ciia bo loc ¢é ham truyén:

Ko
W(p) - Q¢
1+1,p

Khi d6 ham truyén cha he kin cé dang:
Y W
= (D(p) = _____(E)_._.
G L+ y(p)W(p)
K1+ 1,p)

B T1T212p3 +(T\ T, +Tj1, +T21:2)p2 +(T, + T, +1p)p+ 1+ Kk

Khi:
I + Kk()c =K
K-1
k0c= "'—'IZ—

va:
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T, +T,
K-1
hé sé cé tinh vo hudng bac hai. Khi d6 céc sai s6 tinh va t6¢c do bing 0.

Ty =

217. B6i véi he tinh (hinh 125a) ¢6 ham truyén clia hé ho:

K
Wi(p) =
) 1+ Tip)t+Tp)

va ham truyén clia mach c6 lién hé nguoc w(p) = m, dugc chon sao cho thu dugc tinh
vo hudng bac nhét, xdc dinh hai hé s§ ddu cia sai s6, néu T, =15, T, = 0,02 s va K = 1000
+ 50.

Bai gidi. Trén co s& cong thitc thu duge trong bai 215, ta cé:

Co =~ i‘% B - =F5.107
K5 1000

Cl ~ Tl +T2 =1+0,02 — 1,0210-3 S
K, 1000

218. O hé diéu chinh tinh (hinh 126) ham truyén cia hé hé cé dang:

K
W(p) =
1+Top)d+Tp)A+Tp) g 77777 X’ Y
— Wp) > n >
Hiay xic dinh hé s6 truyén n cia  *~~~~* y
thiét bj dinh ty 1&¢ & mach d4u ra hay ddu n

vao, ma & do hé cé tinh vé6 hudng bac
mot d6i véi tic dung diéu khién.
Bai gidi. Ham truyén cha hé kin c6 thiét bi dinh ty l&:

nK
(p) = 3 5
T0T1T2p + (ToT] + TOT2 + T1T2 )p + (Ti + Tz + T3 )p +K

Hinh 126. So dé tinh c6 dinh ty Ié.

Diéu kién thu dugc tinh vo hudng bac thit nhat:

nK=1+K
Tir d6 ta cé:
1+K
n= —
K

219. D6i v6i bai todn trudc hidy xdc dinh ham truyén clia hé twong duong ho khéng cé
thi€t bi dinh 1y le.

Pdp s6:
O(p) _ Kn

W.(p) = =
o®) 1-®(p)  p(l+ap+bp?)
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& day hé s6 chat lugng twong dwong theo t6c do:
K ;

Koz ——— [s]

Ty+T,+T,
Céc heé s6:

Ty +T, +T,
_ T,TT
To+T +T,

220. D4i v6i he c6 diéu khién t6 hop (hinh 127) hdy xéc dinh cdc diéu kién thu duoc
tinh v6 huéng bac ba va he sd sai s6 c;.

Pe
g, r-TTmmTmmsmm——e- 6 K ]
£ L A
(S S —— -d A
= f&é —éﬂ > ko Ty
c
r —_E /1’7 >
bl A, ) — >
S
S, J
& TG py pho 8 4"
s TG il
2 1170
X V. - = >
o [ | LY y Y/

1
G, & x, A
L Ky >/, ——é——«» d » #

Il p oz

X
n

|
A

Hinh 127. Hé diéu khién t6 hop.

Trén hinh 127 ta ky hiéu: PC - phén t& cdm tng bao gém hai dién k€ IT1 va I12 cua
céc truc da cho va truc ta chon, D - déng co thira hanh, P| va P, - cdc bd din dong, NT-
nguén dién do téc do, KK - mach hiéu chinh, 8, - géc quay cua truc da cho, 6, - géc quay
cla truc co cdu thra hanh chon, 6 = 6, — 6, - d6 khong an khép. Cac s6 liéu ban ddu: k, = |
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V/d6 = 57,3 V/rad - d6 hd din cta phdn tr cdm tng; k, = 25 - hé s6 khué&ch dai theo dién dp

cua bo khué&ch dai so b cia mach co ban; ky = 4 - hé s§ khuéch dai theo dién dp clia bo

khuéch dai cudi; k, = 27,3 vong/V.ph = 2,86 rad/V.s - hé s6 ruyén cuia co ciu thira hanh;
1 1

kg= —= 1000 heé s§ truyén cla bo din dong P; kg = 0,055 V.ph/g = 0,525V .s/rad - hé s6
b

truyén ciia ngudn phdat do t6c do; k; - hé s6 khuéch dai theo dién dp cia bo khuéch dai so bo
trong mach hiéu chinh, kg = i, = 500 - hé s6 truyén cta bo ddn dong P,; T, = 0,005 s - hang
s thdi gian cha bo khuéch dai; Ty = 0,1s - hing s6 thdi gian clia dong co thira hanh; T, =

R,ICvaT,= RiR, C - hdng s6 thdi gian cla mach vi phin thu dong. Cic thong s cdn
1 TR
tim lak,, T, va T,.
7, 1 2 oAD)
Bai gidi. So d6 céu tric bién déi cla
, p . iz N 51 g 62
hé tinh todn d‘uqc biéu dién trén hinh 128. ' Wi(o) Wo(o) 2
Céc ham truyén ca cdc phdn mach co ban: 6,
Wi(p) = kiky
Wy(p) = ——3Kaks Hinh 128. So d6 cdu triic biéh d6i
p(L+T,p)1+Tpp) ciia hé diéu khién 16 hop.
Ham truyén clia mach hiéu chinh:
T,(1+T,p)
= kekskgp —2——1== (b
@(p) = keksKgp T+ T,p)
Ham truyén cha mach kin:
W
o(py = 2P W)+ e@W, () 2)
8,(p) I+ W(p)
3 day ham truyén clia hé géc hd:
K
W(p) = Wi (p)Wy(p) = (3)
P A p(l+T,p)(1+Tpp)
He sd chung cta bo khuéch dai:
57,3.25.4.2,86 -
K = kksksksks = ———=16,4s
1K2K3K4Ks 1000
Ham truyén d6i vdi sai s@ bang:
0 1-o(p)W, (p)
8:(p) I+ W(p)
Thé (1) va (3) cho:
4 3 2
b b,p“ +b
De(p) = bop” +bp” +byp 3P (5)

(1+ T[T, Tpp® + (T, + Tp)p’ +p+K]

& day:
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by =T, T, Tp
b, =T,Tp + T, T, + TpT,
by =T, + Tp + Ty - kakskskgkokgT,
by = I — kskskskgkokg L
T,
Céc diéu kien thu dugc tinh v6 huéng bac ba:
by=0 va by;=0
Tt d6 ta thu duoc hai phuong trinh:
T, 1

kp= 2. — L 6
’ T, kikgkskeky (©

Tz*k3k4k5k6k7k8 - 1) = Ty + TD (7)

O hai phuong trinh (6) va (7) ¢6 4n s6: k-, T, va T, An tha ba do khong du phuong
trinh ¢ thé thu dugc trén co sd cdc yéu cdu b6 sung cho gi4 tri cla cdc hé s6 sai s6 tiép theo
sau cg, €, Va c,, chiing bing 0, bdi vi he c6 tinh v6 hudng bac ba. Néu khéng c6 cdc gidi han
ndo cho cdc hé s6 sai s6 tiép theo, thi tinh todn cé thé dya trén co s& clia cac biéu thitc sau:

D6i véi mach vi phan thu dong ty s6 cla cdc hing sd thoi gian T,/T, thudng lay gin
bing 10. Thé vao phuong trinh (6) T,/T; = 10, ta cé gid tri yéu cdu hé s6 khuéch dai cia bo
khuéch dai trong mach hiéu chinh.

T,
T, 101000
" kskgkskgkg  4.2,86.0,525.500

k,

b3

Tu (7) ta tim gid tri yéu cdu cha hing s6 thoi gian:

T = T +T, 0,005+0.]
27 Kakgkskekokg -1  4.2,86.0,5.0,525.334 -1
= %I—O§=O,Oll7 S

Ngoai ra, ta cé:
T, = 10T, =0,117s.
Khi thuc hién cdc diéu kién (6) va (7) ham truyén theo sai s (5) ¢6 dang:
bop* +b;p’
(L+ Top)[T, Tpp® + (T, + Tp)p® +p +K]

Dg(p) = (8)
Bang chia tir s§ cho miu s6 (8) ta tim dugc hé s& sai s6 theo dao ham thit ba cia tic
dung diéu khién:
c; by T,Tp +T,T, +Tp.T
31K K

9)
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The cac gid tri s6, cho két qua:
¢3 _ 0,005.0,1+0,005.0,0117+0,1.0,0117 _

1,3.10%s*
6 16.4 °

Phuong trinh (9) 12 phuong trinh khong du, noé cé thé sit dung dé giai dong thoi véi
cdc phuong trinh (6) va (7).

221. O he diéu chinh (hinh 129) dé ting bac v6 huéng c6 hai thiét b quan bing. UMI
va UM2. Hay xdc dinh nam hé s6 ddu tién cla sai s6.

Hinh 129. Hé c6 cdc thiét bi qudn bdng.

Ddp so:
¢y =0, ¢, =0, ¢, =0, ES_:I,IE,’ fi=T1T2(T1+T2)
6 K 24 K
222. Ham truyén cuta hé theo ddi hd c6 dang:
K
W(p) =
p(1+T;p)1+T,p)

Céc gid tri clia c4c thong s6 K = 20 s, T,=002svaT,=0,03s. ( d4u vao heé cé tic
dung dao dong diéu hoa v6i bien d6 6, n., = 10° va chu ky Ty = 7 s. Hay x4c dinh bién do
clia sai s6.

Bai gidi. 1) D€ giai chinh x4c ta tim ham truyén d6i véi sai s6:

Do(p) = ——— = p(l +Typ)(1 +T,p)
1+W(p) pl+Tp)1+Tp)+K

Sau khi dua ra cdc s6 hang twong tu va thé€ céc gid tri clia cdc thong s6 ta cd:
6.10"4p3 + 5.10—2p2 +p
6.1074p* +5.1072p% +p+20

Dy(p) =

Bién do¢ sai s6:
emax =1 q)B(j(D) I 9lmax
27

N N . e . ;9 -1
Ta tim m6dun ham truyén tin s6 d6i vo1 sa1 s6 0 ® = Wk = I =09s".
K
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610‘4(1'00,()3+510"2(Jmk v, |
6.107(jo, )* +5.107% (jo, )? +_)(1)k+2|

: 2 2
004 +)0.9) 0,004 + 0,9 ~ 0.045
20+j09 | | 20%+09?
Tiép theo ta tim dugc:

Oax = 0,045 .10 =045 =27
2) Dé giai gdn ding ta tim modun cla ham truyén tdn s6 & hé ho khi 0= o,

Aoy = [W(jo )= 20 =222

0.9v1 +0,92.0,022 /1 + 0,920,032

@ (jw)| =

Bién do cilia sai s6:

max = elm___ax = 10 —O 45 =27

Aloy) 22

223. Bé6i véi he theo doi cho Liw)
D.BL cia he hy (hinh 130). Hay <7
xdc dinh bién do sai s6, néu tic 50
dung ddu vao thay déi theo quy 947
luét 91 = elmaxSin(ﬂk[, a déy 9, max Jo

=15 conw, =025 20
Bai gidi. Theo D.BL dugc 7/ :
o 5 s /73 - e i
biéu dién trén hinh 130, ta xdc dinh 07 7 /0\ ?,

gid tri modun theo dexiben & tdn s6
=0, =02 sl Hinh 130. D.B.L cua hé theo déi.
L(w,) =201g A(wy) =45dB
Tiép theo ta tim Ig A(w,) = 2,25. Theo d& thi l6garit ta xdc dinh:

A(oy) = 10%° = 168

Bien d6 sai s6:

I Otmax 15 _ 00 08953
Alw,) 168
224. Hay giai bai todn trudc, néu:
1 0 max = 5, o, = 0,11/s
2) 0, max = 10, o, = 0,8 1/s
3) 0 max = 30°, o, = 0,4 /s

Pdpso: 1)0°,88;,  2)14°.2; 3)21°2
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225. Ham truyén cla hé theo déi hd ¢6 dang:
K(+T,
W(p) = — ot P
p(t + TypX1 +T;p)
5day K =200s",T,=0,5s, T, =0,1svaTy=0,01s. Hay xdc dinh sai s6 pha khi st dung
tin hi¢u ddu vao dao dong diéu hoa c6 bién do 6, = 20 va chu ky T = 1 s.

Bai gidi. 1) D€ giai chinh x4c ta tim ham truyén ciia tdn s6 cla he kin khi o = ) =
2n

—=6,28 1/s.
k
Bog W00 KoMy
1+ W(jo)  jo, (1+jo, TH(A + jo, T+ KA + jo, T,)
K1+ jo, T,)

K-of(T) + Ty) + jlo, (1 +KTy) - 0} T, T3]
Thé céc gid tri sai s6 cla cdc théng s6 cho:
200 + j135

DP(w,) =
(o 180 + j130

=1,09 - j0,0325

Suy ra

0,0325 0
= —arct =--arct 0,03 ~—1 ,7
@ g 1.09 rctg

2) Dé gidi gin ding ta cho ring & viing tdn s6 tdc dung ddu vao ham truyén tdn s6 ca
hé ho ¢6 dang:

T je( + joT,)

( gia tri @ = o, ham truyén d6i vdi sai s6 c6 thé 14y bing:
1 :jwk(l“'jka])

W(jw,) K

Dg(joy) =

Suy ra:
1 Wy

_ _6.28
W(o,) K 200

¢~ -Im =-0,0314rad = -1°8

226. Hay x4c dinh sai s@ pha d6i vé6i bai todn trude, néu:
]‘)Tk= IOS, 2) Tk=25
Pdp s6: 1) —0°18; 2) -0%9.

5.2. XAC PINH PO CHINH XAC KHI CO TAC DUNG NHIEU

227. D6i v6i he theo ddi duge bi€u dién trén hinh 24 (cdc bai 41 va 42). Hay
xéc dinh gid tri 6n dinh cha sai s6 momen, néu mémen clia tai trén truc thira hanh bing
M =200 G.cm, ¢On hiéu suit cta bo din dong bang 0.8.
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Bai gidi. Hé s6 chat Iuong theo momen cia h¢ theo déi dang nghién ctu (xem bai 42)

bing Ky = 1700 -2
goéc.ph

Tir d6 ta tim duoc sai s6 momen:
My M 2000
eM = = = =
Ky nKy  08.1700

228. Hay giai bai todn trudc, n€u cho mémen tdi trén truc dong co Myp = 5 G.cm.

Bai gidi. Ta x4c dinh hé s6 ch4t lugng theo mémen tic dung t6i truc dong co:

K
Kyp= =M _ 1700 =17 G.cm
1 1000 géc.ph

& day i = 1000 — ty s6 ham truyén ctia bo ddn dong. Sai s6 mémen:

Oy = Mup _ 5 =2'95
Kyp L7

229. Hay xéc dinh cdc sai s6 momen d6i v6i cdc hé theo dbi véi tinh vo huéng bac
ddu & cédc s6 lieu ban ddu nhu sau:

1) He s6 chit luong theo t6c dd Kq = 200 5™, ty s6 truyén cha bo din déng i = 500,
t6c d6 chay khong tai clia dong co n,, = 6000 Y9/ph, momen khdi dong M, = 100 G.cm,
moémen tai tdc dung tdi truc dong co Myp = 30 G.cm.

2) K = 5005, i = 10000, n,, = 7500 ¥?/ph, M,, = 300 g.cm, Mp = 150 g.cm.

Ddp so:

b, = 3440mn, Myp _ 34403,14.6000 30 _

301K M, 30.500.200 100
3440.3,14.7500 150 _
30.10000.500 300

6.5

2) eM = 0,27

230. Trén hinh 131 ta biéu dién so d6 c4u tao clia he diéu ¢hinh. Cdc gia tri cha cdc
théng s6 k; = 10, k, =2 s, T, =0,1's va T, = 1s. Tac dung nhiéu thay déi theo quy luat
f=f_,sinot &dayf ., =15viw,=5s". Hiy xdc dinh bién do sai s6 X,.

Bai gidi. Ham truyén theo tac dung nhiu & hé kin bang:

W (p)
D = \F
{(p) I+ W)
ko 4
_ p(1+ T,p) N L ks X
= k.k 1+Tp p(1+ Tp)
I+ 122
p(1+Tp)(I +T,p) 4
k,(1+Tp)

p(1+T,p)(1+T,p) +k .k, Hinh 131. So dé cdu tric cho bai 230.



Bién do cla sai s&:

Xmax = l(Df(j(Dk )Ifmax

k,f i+t T]

JIk K, =03 (T, + T, + 0l (1- 0! T,T, )

Thé cac gia tri s6, ta co:

_ 2.15y1+5°.0,1% P

Xmax = 2 2 <2 2 2
J102 5200+ 1932 + 52 - 5201 1)

231. Dac tinh bén ngoai cua mdy phét (su g
phu thuoc dién 4p & cdc cuc cha né véi dong dién ' '
(4i) duoc bicu dién trén hinh 132, Do nghieng dac 10— _
tinh bang B = 0,1 V/a. Mdy phdt c6 hé én dinh 80
dién ap tinh c¢é hé s6 khuéch dai chung theo mach
hé K = 200. Hay x4dc dinh sai s& 6n dinh ¢ dot 40
bién tii Al = 100 a.

~ . a Ze l l ] ,
Bai giai. 0 40 80 120 160 [ A
_ BAly 0,100 _
AU = 1+K 14200 0.05V Hinh 132. Ddc tinh bén

ngoadi cua mdy phdr.

232. Trong hé 6n dinh nhiét do cha 16 phdn
tr nhay cam 12 cap nhiet. O he diéu chinh ngat nhiéu bén ngoai gay ra do léch cla nhiét do
vao gi tri dd cho Aty = 200°C. Hiy xdc dinh do lech én dinh cha nhiét d6, néu ta sir dung
hé diéu chinh c¢6 ham truyén ctia hé ho:

K
W(p) =
(1 +Tp)l +Typ)
& day K = 500.
Pap 56 = At 200 _440c

T= =
1+K 1+500

5.3. CAC PHUOGNG PHAP GOC PANH GIA CAC TINH CHAT PONG LUC HOC

233. Ta cho cac phuong trinh dic trung cla he diéu chinh:
1)p’ + 14p* + 53p + 130 =0

Dp +'1pP+5lp+41=0

3)p +2,5p>+27p+13=0

4y p* + 7p® + 418p* + 1220p + 808 = 0

5) p4 + 3p3 + 5,5p2 +6p+25=0
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Hay xdc dinh cdc nghiém cla phuong trinh, d¢ 6n dinh h, d6 dao doéng p va do tat dan
n cla hé.

Ddp so:

Dp =-10s", pyy=(-22j3) s’

27

) 3
h=2s' p= —2-=1,5, n=1-e ¥ =985%
Dpi=-1s", py=(-5tj)s’,
h=1s',1=0,8 n = 99,96%;
Hp, =-05 s'l, P23 = (-1 %£j5) st
h=0,5s",u=5 n=71,5%;
4)p;=-1 s, py= -2 s Psa = (=2 +j20) 5!
h=1s", p=10, n = 47%;
Syp=-1s", py=-1s',pya=(-05%j1,5)s"
h=0,5s", u=3 1 = 88%;
234. Cho cic phuong trinh dac trung cta hé diéu chinh:
Dp? +4p? +41p+64=0 0
2)p* +14p? +144p +1000 = 0
Néu sir dung d6 thi Vusnhegratki khong tim nghiém gdéc hay xdc dinh do tat dan va
mitc do 6n dinh.
Bai gidi. 1) Ta sir dung thé p = 364 q = 4q. Khi d6 phuong trinh (1) sau khi chia cho
64 c6 dang:

41

3, 2

+q°+ —q+1=0
qQ +q 16q

Céc thong s6 Vusnhegratki A=1vaB= l% = 2,56. Theo d6 thi Vusnhegratki véi céac

dudmg duoc vach clia tit ddn bing nhau (phu luc 7) ta tim duge n = 70%. Theo do thi
Vusnhegratki c6 cdc dudng dugc vach ¢ do 6n dinh nhu nhau (phu luc 8) ta tim do én dinh
tuong d6i hy = 0,25. Tiép theo ta xdc dinh gid tri tuyét déi cia do éndinhh=4h,=1s".
NDn=75%h=2s".
235. Cho ham truyén clia hé hd ¢ tinh vo huéng bac thi nhét:

K
W(p) = —2— (1)
P)= S+ )

Hay xdc dinh ty s6 gita hé s6 chét lugng theo t6c do Kq va hang s6 thoi gian T, ma o
d6 d6 tit din sau mot chu ky s€ khong nhd hon gid tri da cho .
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Bai gidi. Ta tim phuong trinh dac trung cla hé:

1+W(p)=0
hay, sau khi th& (1):
2 1 Kg
+ —p+—==0 2
P T P T (2)
Cac nghiém g6c cta phuong trinh nay:
1 . [Kq 1 1
=-—tj =~ —_ g 3
Pra=-o- ¥ s, B (3)
0] day:
2 T 47?
Céc nghiém g&c cua phuong trinh nay:
K, T K2T? .
=— 2t 4K ——f = g% 3
P12 ’ W e 4 iB (3)
Do dao dong:
4
p= L 51 (4)
a VTK,
Néu str dung ty s& gifta dao dong va dé tit ddn:
2n
H= I (3)
In—
I-m
Cudi ciing ta tim:
2
: < — 4025 (6)
KT i
In —
1-n
hay:
K.T? 2 - : (7)
T
- +0,25
1
In——
[ 1 -ﬂj
238. O hé c6 ham truyén cha hé ho:
K (1+Tp)

W(p) = >

p
Hé s6 chat luong theo gia téc K¢ = 100 s2. Hay xdc dinh gid tri t61 thiéu cha hang
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s0 thdi gian T tuong itng v6i gid tri tit ddn sau mot chu ky n = 90%, 1 = 95%. 1 = 98% va
n = 100% (xem bai trudc).

Ddp so:
T=0,069s, T=0,086s, T=0,107s, T=0,20s.
239. G he diéu chinh tinh ham truyén cia he hé cé dang:

K
W(p) =
(1+Typ)1+T,p)

Céc hang s6 thoi gian bang Tp =1 s va T, = 0,5 s. Hay xdc dinh gi4 tri cho phép cua
hé s6 chung ctia b khuéch dai K, ma & d6 dao dong tit ddn sau mot chu ky s& khong nho
hon 1 = 90%.

Ddp so:

< (TO +T1)2 ﬂz

K 2
Ty T, ( 1

_(1+05%| 3,147

1.0,5 1 2
(ln 1
] 1-0,9/

5.4. PANH GIA THEO PUONG CONG CUA QUA TRINH CHUYEN TIEP

+025|-1=85"

240. He diéu chinh kin dvoc mo ta bing phuong trinh vi phan:
(aop2+a1p+l)y=(a1p+1)g (1)
Hay xdc dinh gia tri diéu chinh lai trong gia thiét rdng cdc nghiém cta phuong trinh
dac trung 12 phitc p; , = —a % jB, d6i véi trudng hop khong c6 tdc dung di cho g = 0. Céc
diéu kienbandduy=y,va y =06t =-0.

Pdp 56 Qua trinh chuyén ti€p duoc xdc dinh bing biéu thiic:

y = yoe [cos Bt + %sin Bt)

2 a2
ya© +
= yo———B—e"“l sin| Bt + arcth (2)
B o
Khi nghién ctru vé cuc tri ¢6 thé thu dugc gid tri ddu cla né:
a n
B i
Ym=-"Yo€ ==Yp¢ (3)
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Tir d6 d6 diéu chinh lai cdn tim:

a
-—Tn
c=|—y—m—'=e P = exp S S— 4
Yo 430 _
CVoar ]

241. Ddi véi bai toan trudc hdy xdc dinh diéu kién khong c6 diéu chinh lai.

Pdp s6: 3 =0, didu d6 tuong ¥ng véi sy thod man diéu kién a, < 0,25 al2 :

242. Déi véi bai 240 hdy xdc dinh quan hé cta cdc hé s6, ma & d6 su diéu chinh lai sé
lac=10%, 6 =20%, ¢ = 50%.
Pdp s6: a5 =0,72a}; ag=122al; a;=525a;

243. Dai véi he diéu chinh ma phuong trinh vi phan (1) cita né ¢6 trong bai 240, hay
xdc dinh sy diéu chinh lai ham tdng gyl (1), khi cdp t6i ddu vao, néu trude khi tac dung diu
vao hé & trang thai tinh.

Pdp 56 Qui trinh chuyén tiép duge x4c dinh boi biéu thic:

y =g {l —e (cos pt - %sin Btﬂ

Nghién cttu né dat cuc dai cho:

]
——arctg

Ym=8o|l+e * I#

Tir d6 ta xdc dinh sy diéu chinh lai:

c= M-_—exp ___.____1_—:&_

8o v n

& day:
p=Bo 2o
(o a;
244. D6i véi quan hé cdc s6 a, va a, tuong ung véi két qua diéu chinh lai 6 = 0%,
o = 10%, 6 = 20% va o = 50%, khi phu hop tit vi tri khong d6i (xem bai 241 va 242), hay
xdc dinh gid tri ctia diéu chinh lai tic dung cta tdng g(t) = go. 1(t). Khi cdp t6i ddu vao va

ti€n hanh so sdnh cdc gid tri diéu chinh lai.
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Pdp so:

Cdc gid tri ctia diéu chinh lai dugc dua vao bang:

Dang chuyén dong a,=025a; | ay=0,72a] | a,=1,22a; | ay=525a;
Thoa man tir vi tri khong
doi 0% 10% 20% 50%
Thuc hién tac dung tang
duy nhdt 13,5% 25% 32% 55%

245. Ham truyén cta hé diéu khién kin ¢é dang:

ap+l

D(p) =

+ 1

; 2
az;p- +ap-+a,p

& ddu vao cha hé co tdc dong loai ham téng duy nhdt 1(t). Truc ti€p xay dung qud trinh
chuyén tiép xdc dinh su diéu chinh lai va thoi gian ca qud trinh chuyén tiép & cdc gid tri

cac hé s0 sau:

ay = 1,58.107%*
a; = 0,002s
a; = 0,435.10%*

1)a, =0,33s, a, = 0,01s2,

2) a, = 0,415s, a, = 0,04s2,

3) a, = 0,087s, a, = 0,0025s%,
Ddp so:

1) c=13.8% t, = 0,775s;
2) c=205% t,=1,17s;
3) c=372% t, = 0,27s;

246. Trén hinh 133 bi€u dién dac tinh tdn s6 thuc cta hé kin. Hiy xdc dinh cdc qua
trinh so b clia didu chinh lai va thoi gian clia qua trinh chuyén tiép.
Bai gidi. Khoang cdc tdn s thuc d6i v6i dac tinh thuc o, = 20 s™'. Diéu d6 cho thoi

gian clia qua trinh chuyén tiép:
T 4
— <t <—

®, W,

hay:
0,157s <1, < 0,628s

Su diéu chinh lai o < 18%.

Dé tinh todn chinh xdc hon cén thiét chd
y dén cdc duong cong cho & phu luc 12. Hé s6
goéc nghiéng cta dac tinh thuc (xem hinh 133)
bing x = 0,4. Di€u d6 cho 6 = 10% va t, =
7/20 = 0,35 s.

Pla)

1
w, —
S

Hinh 133. Ddc tinh tdn s6 thuc.
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247. Hiy x4c dinh su diéu chinh Plw)
lai va thoi gian clta qud trinh chuyén tiép
d6i vai dac tinh tdn s6 duoc biéu dién
trén hinh 134.

Bai gidi. Phin tdn s6 cao cua dic

tinh twong tng P(w) < 0 c6 thé bd, bdi vi
P.in < 0,2. Khi d6 sy diéu chinh lai trong
hé bang:

Hinh 134. Ddc tinh thuc.

< 1,18P_,, — P(0) _ 1,18.1,2 ~1

c =0,41=41%
P(0) 1
Thdi gian clia qué trinh chuyén tiép:
L> et 60608
@ 50

C

Dé tinh todn chinh xdc hon cén thiét chd y dén cdc dudng cong phu luc 13. & két qua
sir dung né ta xac dinh:
3n 33,14

6=23% va t,= —="—"— =0,18s.
O, 50

5.5. CAC DANH GIA TiCH PHAN

248. Ham truyén cia hé theo doi hd ¢6 tinh vé hudng bac mot ¢é dang:

Kq
W(p) =
P p(L+Typ)1+T,p)

O céc gi tri hing s& thoi gian T, = 0,02 s va T, = 0,04 s. Hay xdc dinh gid tri hé s6
chét luong theo t6c do twong Ung gid tri cuc ti€u cha ddnh gid tich phan binh phuong khi
thuc hién tdc dung tdng g(t) = g,. 1(1).

Bai gidi. Ham truyén cia heé kin:

D(p) = WP _ Kq
1+ W) Kg+p+ (T, +To)p? +T, + Top*

Biéu dién dai luong ddu ra theo Laplace c6 dang:
K I
X(p) = Q > ——
Kqog+p+(T, +T)p " +T,Top" P

- 2 3
ag +a;p+azp +ap P

Tuong ting voi phu luc 16 ta tim gid tri caa danh gid tich phan:
Bo4y

I
2a3A

Eo
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J day By = bf, =K%,an =Kq. Cdc gid tri cla cdc dinh thic:

ag —4da 0

A=10 a, -—az=ag(a;a; —apa,)
O _af) 3.2
a, —a, O
2 2
Ap=|ag a; —a3|=aja; —a;a523 +aga)

0 -a4 a
J két qua ta c6

1 1 (T, +Ty)?
[= Tt - 80
2KQ ZTX +T2 —KQTsz

Dé thu dugc gid tri t6i thi€u cha ddnh gid tich phin ta cho dao ham bang 0:
dl 1 [ L, TTy(T Ty }

= = :0
dKq 2 K?} (T1+T2“KQT1T2)2

Suy ra gid tri t6i vu clta hé s chat lugng:
_ T, + T,
T\ Ty + (T, + T)YT, T,

Kqo

Thé cdc gid tri tinh todn cla cdc hing s6 thoi gian cho:

Ko = 0.06 =245""

8.107% +6+/8.107*

249. Ham truyén cita hé hd c¢é dang:
Kq+Kp
p(l+Tp)

J cic gi4 tri xdc dinh T = 0,1 s vd hé s6 chit luong theo t6c d6 K = 20 s Hay xac
dinh gi4 tri he s6 K, (x4c dinh mifc tin hiéu theo dao ham thit nhét) tuong tng cuc tiéu cha
ddnh gid tich phan binh phuong tdc dung diéu khién & dang ham xung duy nhat g(t) = 8(t).

Wi(p) =

Bai gidi. Ham truyén ctia h¢ kin bing:
W(p Kn+K
(D(P) = (p) " Q 1P -
I+ W(p) Kq+U+K)p+Tp

Biéu dién tdc dung ddu vdo G(p) = 1. Biéu dién dai lugng ddu ra:
Kq+(1+K,)p+Tp?

Y(p) = ®(p) G(p) =

Gid tri danh gid tich phan binh phuong (xem phu luc 16):
n,/\l -+ nl‘\z
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Cdc h¢ s0 bing;:
B,=bi=K;,  B,=bl=K?
=K, aj=1+K; vt a,=T
Cic gid tri cia cdc dinh thic:
ag -aé 0
A=|0 a, O|=agaa;, =Ka(I+K)T
0 -a, a,

ag a; O

Ay=10 a, Of=aja, =KAT
0 0 a,
ag —a, a

Ay=|0 a; agl=aj =K}
0 —-ag O

Tiép theo ta tim duoc:

[ KAKAT+KIK)  KoT+K!
2KEKK(1+K )T 20+K)T
Dé tim cuc tiéu I ta cho dao ham bing 0; diKI_ =0. O két qua ta c6:
i

K? +2K, ~KaT =0

Kl = '1+-\”+KQT

Thé cédc gid tri s6 cho:
K;=-1+ /1+20.0,0=0,73

Suy ra

250, Harn truyén cia hé hd ¢6 dang:

K
W(p) = ——=£—
p(1+7Tp) 4
O gié tri x4c dinh cla hing s6 thoi gian T = 0,2 s hiy x4c dinh gid tri t6i wu cla he s6
chit luong theo t6¢ do tuong \ng gia tri cuc tiéu cla danh gid tich phan cé dang:

I= [(x*+1*x%)dx (0
0

Khi ¢6 téc dung tdng duy nhat g(t) = 1(t) t6i ddu vdo d6i vdi cdc gid tri haag s6 thds
giancyctrit=0,1=0,1s,t=05svat=1s. .
Bai gidi. Ta tdch tich phan (1) thanh hai tich phén:
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o] sl
[=1+1= J‘><2d[+r2 szdt
0 0

Ta tim ham truyén cua hé kin:

K
Ka+p+Tp

Biéu dién dai lugng ddu ra & G(p) = l bing:
p

K 1
Y(p) = ®(p) G(p) = _~_Q_7 il
Ka+p+Tp~ P
Tuong ung vé1 phu luc (16) ta cé:
I = By
1= 52
2agA
Céc gid tri cla cdc hé sd:
By= by =Kg,ay=Kgq, a,=1vaa,=T

Cac gid tri cua cdc dinh thic:

an "'32
A= =apa; =Kq
0 a
a; =—a,
A(): :a%-i-a(,az :1+KQT
ag

Ta thé cdc gid tri tim dugc vao (2), ta c6:
_ K{U+KqoT) 1+KqT

1
OKiK,  Kg

Dé tim I, ta xdc dinh biéu dién tdc d6 thay déi dai luong déu ra:

K
pY (p) = ——2—
Kqo+p+Tp
Tuong ting v&i phu luc 16 ta tim:
Iz = T2 —""BIAI
Za%A

& day B, = b} —K2 con dinh thic:

a, a
m=f Nt
0 ag
Tiép theo ta cé:
KQ'c2
I, =
2

(2)

(3)
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Gid tri két qua clia ddnh gid tich phan bing:
_ I+ KQT + KQTZ

I=1+1,= T ! (4)
Dé xdc dinh gid tri t6i vu Kq ta cho dao ham bac nhat (4) bang 0:
d
’&EI;: 0
Sau khi vi phén ta cé:
- +12 =0

K&
Suy ra gia tr1 tO1 uu cta hé s6 chat lugng theo toc do Ko = — . Cac gid tri s6 K¢ — o,
T

Ko=10s',Kg=2s'vaKg=1s"

5.6. CAC PANH GIA CAC TiINH CHAT PONG LUC THEO TAN SO

251. Trén hinh 135 ta biéu dién dac tfnh t4n s& bién do cta hé kin. Hiy xdc dinh chi
s6 dao dong:
Ddp sd:
oG, 32

= = 1,6
o) 2

252. Trén hinh 136 ta biéu dién dac tinh bien do pha clia hé theo ddi hd. N6 c6 thé
biéu dién theo bang:
Re W(jw) -2 -1,75 | -1,5 | -1,25 -1 -0,75 | -0,5 | -0,25 0
Im W(jw) | -4,95 -1,8 -1,75 | -1,6 | -1,4 | -1,05 | -0,85 | -0,65 | -0,55

e [ ] IV )
Prfw
| j;' Rerra)
g

2

! -7

g 20 50 40 w A

(I
Hinh 135. D.B.T cua hé kin. Hinh 136. BD.B.T cua hé ho.
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Hay xadc dinh chi s6 dao dong cha hé kin.

Bai gidi. D€ tim chi s6 dao dong cdn thi€t xdc dinh cdc thong s6 vong tron, ma dac
tinh bién do pha tiép xtic v6i né. Cac thong s& clia vong tron lién quan vdi chi s6 dao dong
theo cdc cong thic:

M M?
= — va C= 5
M* -1 M* -1
& day R - ban kinh vong tron, con C - do dich chuyén t&m vong trdon vé bén trdi tir géc toa
do. O két qua chon ta xdc dinh vong tron tiép tuyén tuong img;
2 4

M=2, R=—va C=—
3 3

Xay dyng thuc hién bang dudng dit nét trén hinh 136.

R

253. Ham truyén cta hé theo ddi hé cé dang:

K
p(1+Tp)
Hiy x4c dinh quan hé gitta hé s¢ chdt lugng theo tdc do K va hing s6 thoi gian, ma ¢
dé hé sé& c6 chi s6 dao dong ctia gid tri da cho khong 16n hon M.
Bai gidi. Ham truyén cua hé kin bang:
w K
O(p) = —2)__ ——
1+W(p) K,+p+Tp

Ham truyén tdn s6 cha hé kin dugc viét 6 dang:

. K
d(jw) = 2
KQ —jJOo-0 T
Modun cta né bing:
Ka

|P(jw)|=
V(K -0’T)? +0’
Nghién cu gid tri cuc dai cla biéu thic nay cho gid trj chi s6 dao dong:

[@(jo)| = _2Kal _\ akaT209)

mex 4K T -1
Tir biéu thifc cudi ciing ta c6:

M? + MyM? -1
2

KqoT <
254. Hay giai bai todn trudc, n€u ham truyén clia hé hd cé dang:

K¢(1+1p)

W(p) = 5

& day, K, - hé s6 chat lugng theo gia t6c, con t - hing s6 thoi gian cua mach hiéu chinh.
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Pdp sa:
M? -MYM? -1
M? -]

K.i222

255. Trén hinh 137 ta biéu dién cdc dac tinh pha va tdn s¢ logarit (D.B.L va D.P.L)
ctia hé hd. Hay xdc dinh chi s6 dao dong cna hé kin.

L),
JB
30

T

20

T

10

-18070 p+

=135°F
-90°
0°F

L=201g 72

Hinh 137. D.B.L va D.P.L cua hé ho.

Bai gidi. D€ tim chi s6 dao dong cdn xay dung viing cin déi véi dac tinh pha sao cho
dac tinh pha tiép xic véi viing nay. X4y dung ving cdm duge thuc hién theo phu luc 14, &
day ta dua ra cdc do du trir cdn thiét theo pha & ham modun bang dexiben 'd6i vai cac gid tri
khac nhau ciia chi s6 dao dong. O két qua chon ta xdc dinh chi s6 dao dong M = |, 2. Xay
dung viing c&m chi ra bing dudng dit nét trén hinh 1[37.

256. Hiay xay dung D.B.L va D.P.L va xdc dinh chi s6 dao dong, néu ham truyén cia
hé hd c6 dang:

100(1 + 0,173
1) Wp) = P)
p~ (1 +0,035p)
25(1 + 0,66
2) W(p) = _2(__132
p°(1+0,03p)
40001+ 0,1
3) W(p) = U+ 0.Ip)
p(1+p)(1+0,013p)
1000(1 + 0,05
4) W(p) = d )
p(1+0,4p)(0,013p)
DPap sa:

DM=15; 2yM =11, )M =1,3; 4HM=1"7.
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257. Ham truyén cta hé ho ¢é dang:
Ko

p[ ]+ Tp)

1=

w(p) =

Hay xdc dinh diéu kién, ma & né chi s§ dao dong cua hé kin sé khong vuot qua | don
vi, r€u s0 hdng s6 thoi gian 1a dao ham, ¢ nghia n - s6 nguyén bat ky.

Ddp so:

258. D6i véi dac tinh tdn s6 bién do cua hé kin (xem hinh 135). Hay xdc dinh dai di
qua cua heé.

Ddp so:

w,=30s", f, =48 Hz.

259. Péi véi D.B.L duoge biéu dién trén hinh 137 hdy xdc dinh gia tri so bo cla dai di
qua.

Ddp s6:

O gén diing ddu c6 thé 14y dai di qua ctia hé kin bing tan s6 cat D.B.L clia hé hd & két
quaacé o, * 0, =13 s'hay f, = 2,1 Hz.



Chuong 6
TONG HOP CAC HE TUYEN TiNH

6.1. CHON CAC THONG SO CAP THEO PO CHINH XAC YEU CAU

260. D6i v6i he 6n dinh vi trf géc cha vat thé nao dé (hinh 138) hdy chon gi4 tri he 8
truyén theo géc k,, sao cho & mémen nhiéu bén ngoai M(t) = m, do Iéch géc y khong vuot
qua gid tri cho phép Wepy.

E | m,
: ky E |
! ‘u | Bg kQuéch dai Thiét by Béi trang v
i \ biu dién thira hanh diéu chinh
i 1 m
wl ko —" i khich

]

[}

1

i

]

1)

1

]

1

]

1

]

i

m
O

Q

D

o

[»]

=

3

=

Hinh 138. So do khéi cia hé 6n dinh vi tri géc nhiéu.

Céc phuong trinh cta cdc khau cla hé ¢6 dang:
1. Phuong trinh d6i tugng diéu khién:

dy
T

& day J - mémen qudn tinh clia vat thé - géc quay cha vat thé;

+ m()

y - t6c do quay cia no;

mygy - momen diéu khién tir huéng bé thira hanh ciia hé 6n dinh;

m, - mémen nhiéu bén ngoai.

2. Phuong trinh bo thira hanh cling v6i bo khuéch dai bién déi.
mg= Ky oMt

& day ky o - he s6 truyén cia bo thira hanh ciing v6i bo khuéch dai bién déi:

3. Phuong trinh diéu chinh (quy tuat diéu khién duoc 14y):
u=-(kyy +kyy):

Bai gidi.

Phuong trinh he 6n dinh kin c6 thé viét & dang:

d’y dy
J—+kyoky—+kyoky,y=m
a0 HOXY dr | HO yV¥ =g
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Suy ra:

m . m
0 va k. > Q

kyoky v kH.chhp

Wchp <

261. Hay xdc dinh gid tri yéu clu cta hé s6 khuéch dai chung K déi véi he diéu
ctinh nhiét do (hinh 139) tir diéu kién dam bao do chinh xdc diéu chinh can thiét & ché€ do
6r dinh.

Do léch gid tri diéu chinh 8§ dugc do nho
ntiét k&€ dién tré dugc mac vao so d6 cdu dién 4p .
t tir duong chéo cua cdu di téi bo khuéch dai can 5
bing y. diéu khién dong co DV. Qua bo din dong

~NUUUNN

P dong co lam chuyén dong b6 diéu chinh. Bo > {jf
ditu chinh tac dung t6i d6i twong do su thay dei
gii tri cha tdc dong diéu chinh y. p

Céc phuong trinh clia cdc khau c6 dang.

I. Phuong trinh cta déi tuong diéu chinh: 4

py = ¥
(1+Typ) 3 =-kyy + kof —

& day T, [s] - hang s6 thoi gian cua doi tugng;

k, vd kg - cdc he s@ truyén; Hinh 139. Hé diéu chinh nhiét do.

f - tdc dong nhiéu.
2. Phuong trinh phdn tir nhay cam cén c6 nhiét k€ dién tro:
u=ky9
& day k, [v/do] - heé s6 truyén.
3. Phuong trinh dén dong cling vdi he khuéch dai:
(1 +T,p) = py =k;U
& day T,[s] - hing s& dién co cla thdi gian;
k;[1/s] - hé s6 truyén.
Bai gidi. Hé s6 khuéch dai chung clia hé hé cdn chon tir diéu kién:

kof
K = kkky > —

chp
& day f - gid tri t6c do cla tdc dong nhiéu;
9 - gid tri cho phép sai s6 & ch& do dinh.
262. Hay xac dinh gid tri yéu cdu clia he s¢ khuéch dai d6i véi din dong do téc do c6
t6c db (hinh 140). Sai s§ t6c do quay cho phép & thai diém tai theo truc dong co My = 0.2
My <hong cén vuot qud 0,1% v6i t6c do khong tai.
Bai gidi. Sai s6 diéu chinh AQ, bao gém hai s6 hang:
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1 Q. + WM(P) M

TTeW T Tew) B

g day Q, - 16¢ do quay din dong da cho;

W(p) - ham truyén clia hé ha;

Wnm(p) - ham truyén clia hé hd theo momen tai s6 hang ddu tién twong tng v6i sai s6
do quy luat da chon s6 hang thit hai xdc dinh thanh phdn sai s6 gy ra bdi tic
dung cia moémen tai My,.

Néu tinh todn hing s6

thdi gian khuéch dai T, va

hing s6 dién co thoi gian cla Uo
dong co Ty, thi: ) Ye > DV 6 —=
’—-——)-
K - Q
W(p)
(I1+Typ)1+Typ)
va
Qq Hinh 140. Dan dong do t6c do 6 1oc do khong doi.
Mk
Wy (p) = ~
m{(P) (l Ty, p)

& day Mg; - thdi diém ngan mach do dong co phit dong;
Q,, - tdc do khong tai ctia dong co;
K - hé s6 khuéch dai chung clia hé hd.
Biéu thic d6i véi sai s6 diéu chinh AQ c6 dang:

M
= [TMTVPZ +(TM +Ty)p+l]Q3 _ H:;Q"(l +Typ)

TyTyp*(Ty +T, Jp+1+K Ty T,p>{(Ty + T, Jp+1+K 2

AQ

Hiéu chinh hé thudng thuc hién sao cho sai s6 diéu chinh la nho nhat. Diéu kién nay
tuong tng hiéu chinh ma & d6 b6 tinh loai bo sai s6 tinh tir quy luat diéu chinh. Dé loai bo
sai s6 tinh hé s6 truyén cuta lién hé ngugc chu yéu cdn léch véi mot don vi va béng c6 nghia
& hé diéu chinh cdn cé méi lién hé nguge khong duy nhat:

K-1

Koc == 3)
K (

Dé dam bao do chinh xdc duy tri t6c dé quay yéu cdu & mémen phu tai My = 0,2Mg4,
hé s6 khuéch dai ctia hé hd K cin chon tir diéu kién:

(4)

Suy ra:
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My _AQ
_ Mgy Qy _ 02-0,001

K =199 S
AQ 0,001 )
Q
263. Hiy xdc dinh vi tri D.B.L cla hé
theo do6i ho tir diéu kién dé sai s6 theo ddi 7, W 52?
khong vuot qud 8,,, < 1,5 khi thay déi tdc L T

dung ddu vao theo quy luat:

91 = 91 max sin (Dk[
&day e, . =25°

o = 28 =6281/s

T

So d6 céu tric clha hé theo ddi duoc
chi ra trén hinh 141a.

Bai gidi. Sai s¢ theo d6i dugc giy nén
bdi su thay déi tic dung ddu vao bang:

1
Sy = ———
" W)

¢ diy W(jo) - ham truyén cta tdn s6 cla hé
hé. Bai vi thuong & cdc hé theo dai 20
‘W(ij)» | thi ¢6 thé sir dung phu thuoc

e]max 6’(0=(DK (1)

T
£
Il -
ISS
Q

. b)
gdn ding:
5 0 max 2 Hinh 141. a- S0 do cdu tao ciia hé theo doi;
max = ‘W(jmkx b- Xdy dung diém kiém tra Ay

Néu tinh biéu thuc (2) d6i véi ]W(jco,(] thu dugc gia tri yéu cdu clta modun ham
truyén cia tin s6:
, 0, m,
IW(J(OK).= 1 max (3)
9max

hay:
0, max

)
Theo cong thitc (4) & hé toa do 16garit (hinh 141b) ta xay dung diém kiém tra dugc goi
nhu vay Ag.

(4)

Ly =201g [W(joy | =201g

max

0,0, .
oy =6,285", 20lg —]9‘—"—"—=201gg—15—§9 =60 dB

max
Do chinh xdc theo dai yéu cdu sé& dat dugc, néu D.B.L clia so d6 s& ndm cao hon diém
Ak O gi6i han cat né (hinh 141b).
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264, Hay xdc dinh viing cdm
d6i véi D.BL ciia hé theo doi ho e 447
diéu kién sao cho sai sd theo ddi
khong qud 9,,, < 1,0. Khi thay
doi tic dung ddu vao véi t6c do cuc
dai Q = 40 do/s va gia t6¢ cuc dai
£ = 60 do/s’.

Bai gidi. O chinh cic trudng
hgp khi quy luat thay déi cia tic
dung da cho ddu vao khong thay 7
dai, tinh todn c6 thé thuc hién theo
tac dung hinh sin tuong Ung.

/ /0 N w, 2L

Céc théong s6 cina ché do
twong duong duogc xdc dinh theo Hinh 142. Xdy dung ving cdm.
cdc cong thic:

elmaxz'—_z“‘%'=—”=26ny7 (1)

0 ddy wy - tdn 56 dao dong gdc cia tdc dung hinh sin tuong duong;
01 max - bién do dao déng cuc dai tic dung hinh sin twong duong.
Céc toa do cta diém kiém tra Ag, xem bai todn trudc bing hinh 142:

mK==—é=l,55"

Ly = 20lg %Lm_x=zolg =201g1600 ~ 63 dB

max €

max

D€ xay dung toan bo ving cim ta tim vj tri hinh hoc cha cdc diém tra A,; tuong ing
v6i hai trudong hop ; (1) Khi Q cuc dai, con € gidm t6i khong, (2) Khi € cuc dai con Q2 giam
t6i khong. O trudng hop thi nhat vi tri hinh hoc ciia cdc diém s& la dudng thang di qua voi
do nghiéng — 40 dB/damqua diém Ay. O truong hop thif hai - dudng thang ¢ géc nghiéng -
20 dB/dam (xem hinh 142).

Dé dam bdo do chinh x4c theo d6i yéu cdu ctia D.B.P clia hé theo doi hés khong cdn di
vio viing cdm dugc gidi han bdi cdc duong thang ndy.

265. D61 v6i hé theo doi so d6 cdu trdc cla né chi trén hinh 141a. Hay xay dung phan
tdn sd thdp cia D.B.L mong mudn va xdc dinh gié tri yéu cdu cta hé sé khuéch dai tring tu
-diéu kién dam bao do chinh x4c theo doi yéu cdu. Hé c6 tinh vo hudng bac dadu. Cic yéu cdu
ddp ing do chinh xac theo d6i cfing nhu & bai 264.
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Hinh 143. Xdy dung phdn tan s6'thdp cua B .B.L mong muon.

Bai gidi. D¢ lam dé bai todn cudn cam cba hé D.B.L cin c6 thé phan b6 léch vé beén
trdi 1on boi viing cdm theo d¢ chinh x4c. Tir quan diém nay thdy rdng nhanh tdn s6 thap cia
D.BL mong muén cé géc nghiéng — 40 dB/dam, ¢6 thé xay ra véi dudng clia viing cdm (hinh
143; c6 nghia dé oy = wg va T, = o,

Tuy nhién, B.D.L d4u c6 géc nghiéng —20 dB/dam. cin cao hon giéi han cia viing cdm
3d4B(xem hinh 143).

Néu tiém can nay kéo dai tdi cat truc khong thi diém giao nhau wq cho gi4 tri hé s6
khuéch dai chung cta hé hd, hé s6 - chat luong theo t6c do Kq.

Theo hinh 143 cé:

/2 Q 40.600

Kqg= -1,41 = 3400s ™"

max

0= JL41— =119 |5 — 1196060 = 71,35
. S max

266. Hay xac dinh gid tri yéu cdu cha hé s khuéch dai chung cla hé theo d&i hd. Tinh
chat heo ddi cé tinh v6 hudng bac hai cdc dai luong con lai cling nhu & bai 143.

Tén s6 goc

Ddp 56
H¢ s6 khuéch dai chung ctia h¢ hd hé s6 chat lugng theo gia t6c K¢ = 3600 s,

267. Do6i véi hé theo doi ¢6 tinh v6 hudng bac mot, xdc dinh cdc théng s6 phén tin
s6 thip cia P.B.L mong mudn tir diéu kién dam bao do chinh xdc theo ddi yéu ciu bod qua
tinh odn va cé tinh todn phu tdi. Téc do theo doi cuc dai Q = 24 do/fs, gia to6¢c cuc dai

g = 2) do/s, gia tri cho phép cia sai s6 9,,,, = 0°1, mémen cla phu tai tic dung tdi truc cua

Q, 5000.6
déngco, My =2 G.cm = 19,6.10° N.m. D6 ctng clia dic tinh co hoc B = -2 = =
g H . 8 . e B M, 57.3.10

52,31 G.cm.s (& day Qy = 5000 “¥ph - t6c do khong tai; M, = 10 G/em = 9.81.10°% N.m -
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moémen khdi dong clia dong co). Ty s6 truyén cua bo din dong i = 1000.
Bai gidi. 1. M6men tai khong c6 (xem bai 265). Khi do:
I Q

Tl:u—-—-:u—- :1,23 (1)
(DK €
(@] 1,41.24
Ko= 2 = =338 5" 2
“ Sma\x 0t @)

2. Dong co chiu tai bdi mémen My = 2 G.cm, cudn cam cla hé dugc thyc hién theo
phuong phdp ddu cé nghia bang dua vao céc lién hé nguoc bao dong co hay ddo han theo
géc khong an khép. Khi d6:

0
T]='1—:“— =1,2S (3)
Wy g€
Ko= 2 {2 +BMH_:338+M =338 +60=398s" (4)
S0 S 0,1.1000

0 day 8,1 - sai s6 tdc dung tdi truc dong co.
3. Pong co tai, My = 2 G.cm. Cudn cdm cla hé dugc thuc hién theo phuong phédp thit
hai, ¢6 nghia dua do quan tinh vao bénh khuéch dai. Khi dé:

Smax + O
T, 0,236 O + 1) (5)
Iyve
¢ day Sy = BM'_* - sai s6 momen tdc dung t6i truc co ciu thira hanh.
ol
Né&u hé s& khuéch dai chung dugce chon bang:
Ko= Q2% st
Smax
Thi: Sy = PMy _ 1048573 _ o s
Koi  240.1000
0,1 +0,025)"
Va: T, £0,236 ( ) =0,0935s
0,025+20
Néu gid tri cha hé s6 khu&ch dai chung tang, vi du t6i:
Ko=300s"
M 104,6.573
Thi: Sy = PMy =0°,

Koi  300.1000

4(0,1+0,02)
O.1+ ) =0,11s
0,02 20

Dé minh hoa trén hinh 144, ta xay dung D.B.L twong (g véi ba trudng hop nghién ciu.

va: T, <0236
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Hinh 144. Cdc nhdnh tdn sé thdp ciia D B.L.

Khong tinh momen tai trong (2) c6 tinh dén moémen tai ¢ phuong php cuén cam thi
nhét ¢é tinh dén momen tai & phuong phdp cudn cam thi hai.

268. Dai voi he diéu chinh hdy x4y dung phén tdn s6 thdp cia D.B.L mong muén, néu
biét rang khi thay déi tdc dung ddu vao da cho theo quy luat 8, =0, sin wgt, & day:

8lmax = 300
2n -1
Wy = — =12,56S ,
TK

Sai s6 theo dai cho phép khong cdn vugt qud theo pha A < 1°, theo bién do < 1%.
I max

He ¢6 tinh vo hudng bac mot. O viing c6 tdn s6 thdp him truyén cda hé hd dugc biéu dién

gin ding:

Kg

W (jo) = ————
(o) jo(l+)0T))

Bai gidi. Trén hinh 145a, ta chi ra d6 thi vecto sai s¢ sai s6 theo doi:

9
9= ———1 __=(P+j8)9,=8,+9
1+ W(jog) (E+15) 3= 34+ 3y

G day 9, - thanh phdn déng pha ciia sai s6;
8, - thanh phén binh phuong cia sai s6 pha.

Ag = arctg ——I—%-L—,
9, -84
Sai s6 bién do tuong déi:
A ISl"’lSZI
Olmc  Otmu

Néu cho rang ¢ tdn s6 wg modun |W(jm)|>>l thi sai s& pha c6 thé tinh gan ding:
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l I 9lmax _ Wy

Ap = =
0/ max W(ok) Kgq
Con sai s6 bién do tuong d6i theo cong thic:
AS SA l Re elmax _(DZKT} :mzK

elmax eImax elmax W(j(‘DK) Ke Ke
Tri s6 quy dinh dai luong céc sai s6 pha va bién d¢ tuong d6i xdc dinh vi tr{ gidi han

bén trdi tiém can ddu va hit hai cia P.B.L:
ox _ 12,56.573

Aq 1

=750s !

na = kQ =
Dang phdén tdn s6 thdp ctia D.B.L mong muén duoc thé hién trén hinh 145b.
4,db|
&%

. b

4 )
2qr
7, e
a) 7
b)
Hinh 145. a) D6 thi sai s& vecto; b) phan tdn s6'thdp cia D.B.L mong mudn.

269. D6i vé6i he kin diéu khién két hop xdc dinh cdc mitc clia cdc tin hiéu bi theo dao
ham b4c nh4t va bac hai vao tdc dung ddu vao ma & chiing & hé c6 tinh vé hudng bac nhit, ta
loai bd sai s6 t6c do va sai s6 phu thu¢c vao gia téc. So d6 cdu tao hé kin cla hé diéu chinh
két hop dugc thé hién trén hinh 146. Céc tin hiéu bl c6 dang:

PP = (1;p + 7,1pY)8,
O day 7, = 0ty s& do hd dén tin hiéu theo dao ham thit nhat vao 9, vdi do hoé din tin
hiéu theo sai s6 9, 1, - ty s6 hé dan tin hiéu theo dao ham bai hai vé1 dd hd dan theo dao

ham bac nhdt vao 9,.

@iyl

40 4
(1 hpl( 1 p)

Hinh 146. So dé cdu tao hé theo déi ciia diéu khién két hop.

Bai giai ¢ hé diéu khién két hgp dai lugng ddu ra 9, ty 1€ khong chi vao sai s6 9 ma

con vao tin hiéu bé sung ¢ (p) 9, ¢d nghia:
8, =WE[8+0p Y
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Kq
p(L+T,p)(T,p)
Sai s6 & hé kin bang:

g = L= WE e@ls,
1+ W(p)

O day W (p) =

ham truyén cta hé ho.

Néu thé cac gid tri W (p) va ¢(p)’ ta cé:
[Tisz3 +(Ty + T, =Kq1,15) p? +(1 -Kqa1)pi9,
T,T,p° +(T, + T,)p? + p+ K

S =

Khi thuc hién diéu kién:
1

T =
KQ

Trong hé ta loai bd sai s6 tdc do. O diéu kién bé sung:
T, + T, =Kqt15
Hay:
,=T;+T,
Ciing bang 0 1a sai s6 phu thudc va giam téc.
Ham truyén tuong duong cla hé hd tuong ung vdi hé c6 tinh vo hudng bac ba:
_ Wp1l+o ()]
1-W(p)o(p)
3 Ko(+1,p+1,1,p%) B
T,Top" +(T, + Ty - K1, 1) p +(1-Kqt)p
_ Ka

(l+rlp+rlrzp3)

W, (p)

6.2. CAC PHUONG PHAP DAI SO CHON CAC THONG SO CAP

270. He diéu chinh dién dp c¢é bo diéu khién goc hinh 147 mo ta bang phuong trinh
bAc ba:

(1 + Top) (1 + Typ) (1 + Typ) + KKl Au=(T;p + 1) (1 + T,p) (1)

& day Ty = 0,02 s - hiing s6 thoi gian clla mady phét (d6i tugng diéu chinh); ky = 36 V/Q - he
s6 truyén clia mdy phat; T, - hang s6 thdi gian cla phdn tif nhay cdm (cdc cudn day dién tir);
T, - hang s6 thdi gian cua hé diéu chinh; k, = 0,405 QN - he s6 truyén clia hé diéu chinh.

Hay chon cic thong s6 thay déi ciia hé diéu chinh, T,, T, sao cho dam bao mic do 6n
dinh hy > 0,4 & dang dao dong clia qua trinh chuyén tiép.

Bai gidi. Ta chi y dén d6 thi Vusnhegratki (cic phu luc 7 va 8) phuong trinh dac
trung cdc hé diéu chinh c6 dang:

agp” +ayp’ + ayp + a3 = 0, (1)
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J day:
a5=TyT| T, a=ToTi+T Ta+ Ty T,
a,=Tg+T,+T, a3 =1+kpk,
Ta dua n6 vé dang tiéu chudn:
p3+Ap2+Bp+l=0
6] day:
a,  ToT+TyT,+TT,

A= =
#a%a'j :#TOZTET%(I‘FI(Okp)

(2)

Va:
32 _ To +T1 +T2

Yaga2 YToTiT, I+kok,),

- C4c thong s6 Vusnhegratki

C6 thé giai néu so bo ta cho cic fo.ly p
gidtri AvaB(vidu), A=4vaB=3. 4

B=

(3)

Thoa man cdc yéu cdu dat ra. 08 AT AT éﬂa
: 4 g ; 3 M: ;

Tuy nhién phuong phdp xdc dinh T, va = m——
T, lién quan véi nghiém cta hé hai Ly 4 S
phuong trinh. Don gidn hon c6 thé tim ::: Rac
cdc gid tri T, va T, bing phuong phdp r”
gén diing lién ti€p néu cho cic gid tri
s6 cha ching vad quan sit quj dao Tro tii
diém c6 cdc toa do A va B trén do thi ‘;_:_:E ;'}:_;,
Vusnhegratki.

The céc gid ri dd cho cia cdc Hinh 147. So dé diéu chinh
thong s6 vao (3) ta thu dugce cong thic dién dp 6 bé diéu chinh than,
tinh todn dé tinh A va B:

. A=0,2(T1+T2)+1()T,T B=0’02+T'+T2~ @

1,84 3 (T, T,)? LIIT Ty

Céc két qua tinh A va B theo cdc cong thitc (4) khi thay d6i T, va khi T, = 0,01 s duoc
dua ra dudi day.

Tps | 0,1 0.2 0,5 0.8 I 2
A 1,8 2,1 2.8 3,3 3,5 38
B 0,8 1,1 1,9 2,4 2,8 4,4

Trén d6 thi Vusnhegratki (hinh 148) ta x4y dung quy dao diém G (A, B) tir xay dung
suy ra dé dam bao yéu cdu ditra hy > 0,4, & T; = 0,1 s thi diéu kién du la:
0,5<T, <18 (5)
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Hinh 148. Xdy dung quy dao trén do thi Vusnhegratki.

Diéu kién nay ¢6 thé thuc hién bai hiéu chinh tuong d6i cuén cam cia bo diéu chjnh.

Né&u nhu quy dao G khong & ving mong muén cua d6 thi Vusnhegratki, thi ching ta
cdn thay déi gia tri T, va tuong tu tim quy dao mdi dich chuyén di qua doan c4n thiét cha dé
thi.

Su thay déi cdc thong s6 T, va T, cdn thuc hién néu ddm bdo cdc gid tri di cho pha
hop v6i yéu cdu k¥ thuat.

271. D6i v6i hé theo ddi, so dé clia né dugc thé hién trén hinh 149, hdy x4c dinh céc
gid tri yéu cfu he s6 khuéch dai cda bo khuéch dai k, va h¢ s6 truyén theo vong ghép cia
lien hé nguoc k, & cdc gid tri dd cho hé s khuéch dai chung cua hé¢ Kq = 500 s ! va céc do
dao dong tit ddn cha qud trinh chuyén ti€p dén n = 98%.

Ham truyén clia hé hd c6 tinh méi lién hé ngugc do t6¢ do ¢6 dang:
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3 1+k K
—2 _—W(p): 0 = Q ,
(1+ M ]+—M )}
p l+k() p) p( l‘f‘k()p

O day Ty = 0,03 s - hiing s6 thoi gian dién co cia dong co, K = ki kpkylig - hé s6

khuéch dai chung ctia hé khong tinh dén anh hudng cla lién hé nguoc, k, = 0,1 V/rad - do hé

1 - " At . 7 P Y ’ N ~
———Kyckrp =3 - h¢ s0 bién dp cua mdy bien dp dau vao

dan cla phén t¥ nhay cam k,, =
P Y T 0,55

K, - hé s6 truyén clia mach lién hé ngugec.
Y3. Mﬁf)‘f@j nﬂxaya{m

P
______ Sp——
7
/
~ /’
u ’
7/
Khuéch dal @
/
7/

déu vio @ Cg

Hinh 149. Hé theo doi c¢6 lién hé nguoc do téc do

Bai gidi. Ta tim ham truyén cta hé kin d6i véi sai s6:

1
p+——(+kp)
3 M
5, - = K
! pt+—(l+ky)p+—
M Ty
Phuong trinh dic trung cta hé kin khi d6 bang:
PP+ Bp+B,=0,
J day:
1 va B2 = _IE_.

B, = :r——————— )
m(1+kg) Ty

3 mic do tit ddn 1 = 98%, cén thuc hién diéu kién:

2
n°+4 _»
B, = ‘B
2 16 1
Hay: K= T4 (kg
4 16Ty, :
2
n° +4 2
o Y7 16Tyk, Kgok, ko
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Hee s6 khuéch dai chung ciia hé K lién quan véi hé s6 khuéch dai K, bing biéu thic:

K n’ +4
Ko = = I +k 4)
Q=17 K, T ( 0) (
Tur déng thitc nay suy ra:
16T
Ko= — M. Kqg -1 (5)
n°+4

Caic gi4 tri s6 cia cdc hé s6 bang:

ko = 5’—%9’-93 500 -1 = 16,3
314% + 4
K=Kqo(1l+ky)=500(1+163)=8700s",
8700.0,55
y= = ————=1617,
L Ko _163x0.55 _ 0,0057 v.s/rad

kyk g 1617

272. Néu sir dung phuong phép dac tinh chuyén ti€p tiéu chudn (xem phu luc 18) hdy
chon cdc thong s6 clia hé diéu chinh sao cho thdi gian tat ddn cia qud trinh chuyén tiép la
t < 15%s. con gia tri d¢ diéu chinh lai o < 10%, ham truyén ctia hé ho c6 dang:

K+ Tp)
p2(1+T,p)

O day K, - he s6 khuéch dai chung cia he hd theo gia téc T, va T, - cdc hing s6 thoi

W(p) =

gian tuong ing c6 dang (phu luc 18):
03(2, 6,3
1+

(1

6,3w3p+ 0] A )

W (p) = 7 0 .

p 510y p2(le+——p
5,1(0()

Néu cho né bang ham truyén di cho, ta thu dugc cdc diéu kién dé chon cac théng sé:
2

1

KE—_:._OEQ.., T1=—6—£, T2=5’1_,_'
5.1 g o0

Dé thdi gian dao dong tat dan cla qud trinh chuyén tiép khong vuot qua gid tri da cho
cin thiét dé:
Wg = % = 1—95 =65
O day thoi gian chuyén tiép cha qué trinh khi dé:

K, = ;’—6 = 7.05s"

k)
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Tl=§£=l,055
6

1
516
Do d6, ham truyén cua hé hd cdn c6 dang
7,05(1+1,05p)
p2(1+0,0326p)

273. Néu sir dung phuong phdp cdc dac tinh chuyén tiép tiéu chudn (phu luc 18). hay chon
cc thong s6 cua hé theo dbi sao cho hé s khuéch dai chung ciia hé hé ciing nhu & bai 272.

T, =0,032's

W(p) =

Ddp s6:
100(I +0,28
Wp) = — ( P
p“(1+0,0087p)
274. D6i voi he diéu chinh ty dong & trang thai hd c6 hAm truyén:
K
W (p)= - X ,
p(1+Tip)(1+T,p) 1 1
p|P+— || P+
Ty T,
: K - [m
OdayT=1s,T,=025 k= , hay !
112 s
xay dung dudng muit tia gdc. L3/ £
Pdp s6: Duong miit tia gbc bao gém ba Yl Zﬂ
nhdnh bai vi miu ham s& W(p), ¢6 bic ba dang 1 /
miit tia chi ra trén hinh 150. K60 A ne J 0875 :
’, 4 o P _' "_l » 4 * % . -— C
6.3. CAC PHUONG PHAP TAN s0 ¥4 ¥ -4 ~F -7 -/, /
CHON CAC THONG SO CAP TINH TOAN 2\l
CAC THIET BI HIEU CHiNH BIEN TIEP bz
275. Hay xay dung D.B.L yéu cdu va tié€n
hanh chon thiét bi hiéu chinh tudn tu d6i véi hé
diéu chinh tu déng, néu ham truyén cua hé hd
khi khong c6 thiét bj hieu chinh c6 dang: Hinh 150. Duong mit
K tia goc cho bai 274.

W(p) =

p(p + Tip)(p + Top)(p + TapXp + Typ)
GdayT,;=0,1s,T,=0,02s, Ty=001s, T;=0,005s.
He diéu chinh cén 1a hé¢ hé vo6 hudng bac thif nhat va thoa man chi s6 chit luong sau:

a) hé sé sai s@ theo t6¢c d6 C, = 5%6 s; b) hé sd sai s6 theo gia t6¢c C, = 0,06 s%; ¢) do diéu

chinh lai & tic dung diéu khién tdng duy nhdt khong cdn vugt qua 30%; d) thdi gian cla qud
trinh chuyén tiép t;; & tdc dung diéu khién tdng duy nhat khong cdn vuot qua 0,8 s 3 s6 dao
doéng khéng vugt qua hai.
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Bai gidi. Trén hinh 151 ta xay dung D.B.L cla hé khong hiéu chinh ¢6 hé s6 khuéch
dei K bang gid tri yéu cdu:
Kq = L 005!
C
Sau d6 theo chi s6 chdt luong da cho ta xay dung D.B.L yeu cdu. T4n s6 lién hop dau

cta D.B.L yéu cdu theo muc b. Tir biéu thiic tinh todn gdn ding sau ta x4c dinh duoc:
| |

o, % = ~0,085"!
C,Kq  0,06x200
L | ¢rw), a,
B 4 ’
70 ¢ Yr=v
~ z
7

TTT o T O

e i

Hinh 151. Cdc ddc tinh bién dé légarit va 1dn s& pha c6 trong bai 275.

Dé dam bao diéu kién clia muc c sao cho L, o
D.B.L yeu cdu ¢6 do du trit 6n dinh theo modun B |
+ dB theo phu 45" (hinh 152).

Bay git hiy tim gid hién s6 cit. Néu si e
dung phu luc 12, 13, ta thu dugc & o = 30%, diéu 20 40 )7
d6 tuong Ung P, = 1,3. 10 f20 JA

W, ~ 15 ~ 145! ! 4 1
3V 20 a7 W g%

Qua diém w, ta vach dudng théng cé goc ]
. . . Hinh 152. Cdc duwong cong dé chon do
nghiéng 20 dB cho 1 dam. Su giao nhau cua T ] X
. . o , ., du triz 6n dinh theo médun [ va pha .
dudng thdng nay véi dudng tiém cén thif hai cia

169



D.B.L yéu cdu c6 géc nghiéng 40. D.B cho 1 dam cho t4n s& lién hop thit hai, w, = 1.3 5", &
vi du dang xét o /w, > 10, diéu d6 hoan toan cho phép.

Do dé6 dang yéu cdu L & o < o, dugc xac dinh.

Ta chuyén sang chon hinh dang L. dac biét chi y dén vdn dé & mbi mot trong $6 cic
doan goc nghiéng cia D.B.L mong mudn c6 thé léch it hon véi géc nghiéng cua D.B.L ban
dau.

Yeéu cdu thod man cdc diéu kién chdt luong dd cho néu gidi han bdi hiéu céc do
nghiéng gita L, va L khong vuot qué 20 dB cho 1 dam, khi d6 Ly, c4n lam sao dé thdy ro tir
hinh 151, két hop vdi cdc tdn s6 w3 = 50 s, 04 = 100 5™ twong ing v6i cdc tan s6 két hop
clia D.B.L ban ddu. Néu bét ddu tir tdn s6 w5 = 200 s, D.B.L yeéu cdu trung véi D.B.L ban
du. Ham truyén yéu c4u c6 dang:

Kq (l + ——F—LJ
W pl.3

ye(P 2
p(HL (Hﬂj 21 B
0,08 50 100 200

D¢ du trit 8n dinh dugc xdc dinh bdi dang céc dic tinh 16garit & viing céc tan s trung
binh c6 nghia trong khodng ®, < ® < w;. Ta ki€m tra ¢6 hay khong P.B.L thu duoc L, do
du trit 6n dinh yéu cu theo pha L,.=16dB(0=w,),0dB (0 =0, valdB(®=w;).

Theo hinh 151 khi Ly, = 16 dBw =25"" va:

2 2 0
2) =-90 - arctg—— + arctg — = 121
v (2) g 0.08 813
Di€u d6 twong duong v6i do du trit theo pha:
w=180° + y =180° - 1219 = 59°
KhiL, =-14dB, 0 =50s"

50 50 50 0
W(56) = -90 —arctg — —arctg— -2 arctg —— = —190
(36) 850 8100~ “ '8 300

Va tuong tmg p = 180° - 190° = ~10"
KhiL,=0,0=0,=14s",
14

14 14
14 =-900—arct —— +arctg — — arctg — -
v (14) & .08 812 M8y,

- arctgi - Zarctg-li = -108"
100 200

Va tuong ng:
p=180° - 108 = 72°.

Tir ba gia tri thu duge y(w) chi ¢6 gid tri thit hai khéng ndm trong cdc gidi han di cho.
Diéu d6 ¢6 thé 1am tang mot chiit gid tri tuyet ddi [P, | so véi gid tri 1y [Py | = Pru — 1=0,3.
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Vi vady D.B.L yéu céu Ly, (hinh 151) thu duoc Cy
D.B.L cua thiét bi hiéu chinh ti€p theo khong chi ra trén
hinh 151, & bai todn nghién cttu thiét bi hiéu chinh cdn la
khau tich phén vi phan (hinh 153) ma ham truyén ctia né Ry
¢é dang: r,

( “-)( "‘"] I ;
1 1 c
1,3 10 (1+0,77p)(1+0,1p)
&

[“_ p J(” &J"(le,sp)(no,oosp)
Hinh 153. Khdu tich phan

08 )\ 200
va vi phdn twddng.

Wi (p)=

Dé kiém tra cdc két qua thu duge ta xay dung dic
tinh pha y, hinh 151, cling nhu sir dung d6 thi ciia phu luc 11 ta x4c dinh dac tinh tdn s
thue P(w) clia h¢ kin hinh 154a. N€u sir dung phuong phép déac tinh hinh thang, ta x4y dung
d6 thi chia qua trinh chuyén ti€p (hinh 154). Qué trinh chuyén tiép trong hé thoa min cdc chi
sd chét lugng di cho.

Py
24 y0e)
/) S - ae -
45t
7 (h/ & L A Z s
a3t a) &)

Hinh 154. a) Ddc tinh tdn s& thuc cia hé kin; b) D6 thi cia qud trinh chuyén tiép.

276. Hay chon thiét bi hiéu chinh ti€p d6i voi hé diéu chinh tv dong. Ham truyén cla
hé hd khong ¢6 hiéu chinh c6 dang:
K
(1+T,p)(L + T,pX1 + Typ)
OGday T, =005s, T, =0,1 5, Ty = 0,2 5. Hé hiéu chinh c4n dam bao cdc chi s§ chat
luong sau cha qud trinh chuyén ti€p & tdc dung diéu khién theo bac: a) di€u chinh lai
o < 2(%: b) thoi gian chia qud trinh chuyén tiép t < 0,6 s § s6 dao dong ngudi < 3; ¢) sai s6

W (p) =

én dirh A khoéng cin vugt qua 3%.
Bai gidi, Ta tién hanh chon thi€t bi hiéu chinh nh& dac tinh bién d¢ - pha. Dé thu duoc
sai 56 3n dinh 3% cdn thi€t sao cho hé s6 truyén clia hé khong dudi:
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K = 1-A - 1-0,03 -1
A 0,03

Pé xay dung dac tinh bién d¢ - pha ciia he hiéu chinh c4n chon hinh dang tuong tng
ctia dic tinh tdn s6 chat luong P(w).

&
4
a) o a=07 é}
a2
10 —
p(a)} gi Pra)
101 08 ' ,
g6}, g5 '
g5} a6 0,‘[9\\ J w, wy w; @4
0:4 }' ) Q4 —-—!ZQ'(UO}"—
|
gz 2030 40 e
Y/, { : '1 1 5 QZ
g2l U4
—5’24 s g q4 08 16 32 .g)ia
o = Wy — 0y
G g 40 60 w4 2wy
g w w;'f'CUz
o= T2
a4
a6 )
iz \L

Hinh 155. a) Ddc tink tén s6 thuc; b) D6 thi Q = f 2=, ¢) Pdc tinh 1én s6 do.
@)

Tir cdc chi s6 chdt lugng suy ra ring néu cho hé s§ géc nghiéng x = 0,7 néu sir dung
d6 thi (xem phu luc 14) cédc gid tri cia dic tinh s8 thuc P(®) dam bao cdc chi s6 chat lugng
cdn thiét clia hé hiéu chinh. D&i véi 6 = 20% va P, = 1,0 ta tim duge P, = 0,3.

Do du trit 6n dinh theo moédun AR = 55%, con d6 du trii theo pha Ag = 40% ciing nhu

3 e s : . ~ .
=g o9 thoi gian hiéu chinh d cho ta thu duge khoang duong:
(gl
mn—_—ﬂz_%’g_n_QZOS-l
tn 0,6

Trén co sd gid tri oy va cdc thong s6 co ban & d6 thi phu luc 14, ta xay dung dac tinh
tdn s6 thuc P(w) hinh 155a.
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Toa d6 ban ddu P (0) = —~— = 22 =
[+K 1432

®y = X0 0,7.20= 145"
oy =A0g0,5.20=10s"

Wy =X,0,05.10=55"

0,97,

W, =25¢",
Wy =x09=0,7.42=29 s

Nhod6thiQ="f (_co_) , duoc 1ap d6i véi hinh thang ¢6 chiéu cao bang 1 don vi (hinh
@q
155 b) ta xay dung dac tinh tdn s6 ao cta hé kin (hinh 155¢).
Theo cdc dac tinh P(w) va Q(w) xay dung dé dang dac tinh bién do - pha cla hé hiéu
chinh. Dac tinh nay duge xay dung trén hinh 145: a) Theo s6 liéu cla bang 1 trén hinh 145,
b) Bang duong dit nét ta biéu dién dic tinh bién do - pha cla hé khong hiéu chinh (bang 2).

Bdng 1: Dic tinh bién d6 - pha ctia hé hiéu chinh.

5 15 20 25 30 40 50
R, (®) 4,6 2,3 1,15 0,99 0,5 0,23
v (@) -164° -185° -200° -208" -220" 231"
Bdng 2: Dac tinh bién do - pha ctia h¢ khong hi¢u chinh.
s 20 25 30 40 50
R, (®) 0,37 0,20 0,17 0,11 0,06
¥ () -116° -130° -150° -160° -181°

Maédun va argument déc tinh bién do - pha ctia thiét bi hiéu chinh thu duoc tir cac dac
tinh cdc hé khong hiéu chinh va hiéu chinh:

RK(O)) ENWK (w) :.R_E._((.{.J_) eNH'c (@)~ (w)-¥Y(w)} '

R (w)

C4c sd liéu tinh todn dugc dua vao bang 3:

Bdng 3: Dic tinh bién do - pha clia thiét bi hiéu chinh.

5! 15 20 25 30 40 50
k. (0) 0,23 0,16 0,174 0,17 0,22 0.26
v (@) 33" 69° 70° 58" 60° 50"
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Theo cdc gid tri tim dugc ¢6 thé xay dung dic tinh bién do6 - pha clia thiét bi hiéu chinh.

Nghiém ti€p theo ctia bai todn

L . , im Im |

chon loai nao cta mach hiéu chinh va 107 17
dac tinh bién do - pha clia n6 lech ftnhdt ~ —42-47, | #e _sTTTeN0 e
vdi dac tinh bién do - pha tinh todn cua 147 /’, -7 -7 ,
thiét bj hiéu chinh. w=301-07 ]

Ta gia thiét ring & ving tdn s6 w=25 1-02 "
thip va cao dic tinh bién do - pha ctla =03 )

=20

cdc hé hiéu chinh va khéng hiéu chinh
cin trung nhau. Khi dé mach hiéu chinh
cdn ]a khau tich phan - vi phan thu dong
véi ham truyén:

(L4 Togp ) + Trgp)
(1+ Tygp ML+ Tygp)

wg(p)

Dac tinh bién d6 - pha cia mach
nay 12 vong tron cé tdm & diém O (hinh
156¢c) Né&u d6i véi b6n diém b4t ky ta 14y
cdc gid tri médun Ry hay pha wg ta tim
hang s6 thai gian T)x = [,85 5, Tk =
0,18 s, T3¢ = 0,08 s, t4 = 0,02 s.

277. Hay xdc dinh ham truyén cula
thiét bi hiéu chinh ti€p d6i véi hé theo
ddi, ma ham truyén clia né cé dang:

KE

p?(1+ Typ)(1 + T,p)(1 + T5p)
6day T, = 0,04 s, T, = 0,01 s, T3 = 0,002 5.
Heé theo d6i cdn c6 tinh vd hudng bac hai. Va
théa man cdc chi s§ chét lugng sau: a) He s6
khuéch dai chung theo gia t6c K, > 100 5%
b) Do diéu chinh lai o £ 30%; ¢) Thoi gian
dao dong tit din cha qud trinh chuyén tiép tp
<045s.

Ddp so:

W (p) =

(1+0,25p) (1 +0,04p)
(1+0,0029p) (1 + 0,00066p)

WK(P) =

D6 thi clia qui trinh chuyén ti€p dugc
xay dung trén hinh 157.

174

c)

Hinh 156. Cdc ddc tinh bién do - phu.

a) Hé hiéu chinh; b) Hé khong hiéu
chinh; c¢) Thiét bi hiéu chinl.

()

0,5

Hinh 157. Do thi qud rrinh
chuyén tiép cho bai 277.



278. Hay thyc hién téng hop dong luc hoc cita hé theo di theo cac chi s6 chat luong
sau day: sai s X < 0,1 do & téc do theo doi cuc dai Q,,,, = 20 do/s - gia tdc cuc dai
E1max = 9 d0/s, do du tri 6n dinh dugc ddnh gia theo chi s6 dao dong M < 1,5.

Ham truyén cha hé khong hiéu chinh géc c6 dang:

K
W(p) = —2—,
p(l+Tp)
oday T=0,1s.
Bai gidi. Ta xdc dinh viing cdm theo d¢ chinh xac:
) Q.
Wk = Dimax . i =025s", 0o = —max - 20 =200s",
leax 20 X max :1

’ S .
®oK = VEimax Xmax = a =7,07s :

D.B.L yéu cdu cha hé L, ving tdn s6 thdp dugc biéu dién tir hai doan thang c6 goc
nghiéng 20 dB/dam va —40 dB/dam vdi diém gy & tdn s¢:
| .
wg = — =0255s"
1
D€ dam bdo do chinh xac yéu cdu L,, ta nang lén trén ving cdm t61 3 dB c6 nghia gia
tri yéu cdu ctia hé khuéch dat ching dugc xdc dinh tir diéu kién:

Q, .
Kqg=1,41; o0g=1,4]--m —2g7 ¢!
X

max

€1 m. .
Va oy = 1,190k = 1,19 [-1m =847 ¢!
anx

Ta xéac dinh cdc hang s6 thoi gian T, va T3 (xem hinh 158).

b T
% "A -~ | 1
p JAf
]
¥/
:
AV NAllY
K- Lo : h
- Y
-4 \\
-5
-6

- - ._-...-Kl

X
[ SR U - S T

v1
/
I
]

L — Langmids ; Louks - dide chink the #n
ik 158. D.B.L cho bai 278,
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Ty= 4 | M LIS 5006
oo UM-1 842\ 15-1

T, T,(M-1
Ty = 2=-2-0"0
‘ h M+1

=0,042 s

Ham truyén clia hé hiéu chinh c6 nghia tuong ting D.B.L yéu cdu c6 thé viét dudi dang
Kao(l+Tp)
ch (p = Q( P
p(1+T,p)(1+T;p)
Dé hieu chinh hé cén st dung khau vi phan tich phan thu dong cé ham s& truyén:
(d+T,p+Tp)
Wnky (p) = 2 P
p+Tp)+T;p)

So dd clia khau nay va cdc dac tinh tdn s& clia n6 dugc chi ra trén hinh 159.

. / !/ /
Z L L L g
& S T T T
11 { 1} |
(a1
fﬁ—iv——fz/?;—_}—«»——;a’ ! -

f

3

3
5
=5

=/,
-ﬁ 2 “""5700
,?Z
- —
/G/ b/\(_—

o
9 hidu chink bhes Fing
Hinh 159. Khdu tich phdn - vi phdn va cdc ddc tinh tén s6 cia né.

279. Hay xdc dinh thi€t bi hieu chinh n6i ti€p va tinh todn hé s6 khuéch dai cdn thiét
cta bo khuéch dai k, d6i véi he theo doi, ma so d6 cau tric duge biéu dién trén hinh 160.

7 7, ;
.—}—-1 o3 —)-—4 M+ - =4 --—-\\
=0 \\

>HrH=[o
!

e

Hinh 160. So do theo dol.
Trén so d6 ky hiéu:

D - dong co, KY - thiét bi hiéu chinh, P - b din dong, 43 phén tir nhay cam xédc dinh do
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khong an khép, PM - co cdu lam viéc, 8, va 8, cdc gdoc quay cha truc da cho va truc thuc
hanh cdc s6 liéu ban d4u.

1) P6 hd dan cua phdn tr nhay cam: k; = 10 mV/géce ph = 24,4 V/rad;

2) Ty s6 ham truyén cia bd dan dong 1 = 3500,

3) Toc d6 theo doi cure dai Q2 = 5 do/s = 300 gdc ph/s;

4) Gia t6c cuc dai: € =2 d(f)/s2 =120 gdbc ph/sz;

5) Sai 6 cuc dai 9, = I;
=110;

7) T6c do cuc dai ctia dong co khi ma hoan toan bo khuéch dai Qp . = 6000 g/ph =
6305,

8) Mémen khai déng M, = 100 G.cm = 9,81. 10" N.m cdc dac tinh co khi ca dong
co ciing v6i bo khuéch dai 1a cdc dudng thing song song;

6) Pién dp cuc dai ctia dau ra bo khuéch dai U

max

9) Momen tai trén truc déng co My = 10 G.em = 9,81 . 107 N.m;

10) Momen qudn tinh tdc dung lén truc cta dong co, J = 0,018 G.cm s =17,6.10"
kG.m?;

11) Hang s6 thoi gian khuéch dai T, = 0,02 s;

12) Chi s6 dao dong M < 1.5.

Bai gidi. Haim truyén cla hé hd khi khong c6 thiét bi hiéu chinh bang tich cac ham
truyén ctia cdc khau:

1
kikoky~
1K2X3 2 K

W(p) = = .
p(1+Tpp)(1+Typ) pU+Tpp)(1+T,p)

Heé s6 truyén cta dong co bang:

Qb
k= Dmax :-6—?’—Q =573v's!
YU, 110
Heé s6 nghiéng cédc dic tinh co khi cla dong co ciing véi b dan dong:
B= EL)_ - QDmax = 630 —
j iM, 3500 %100

= 1,8 .10 1/G.cm.s = 6,3 géc ph/G.cm.s
Hang s6 thdi gian clia dong co:
630
Tp=ByJ = — .0,018%0,1s.
p = Bo 100
Dé xdc dinh gid tri c4n thiét cha he s6 khuéch dai chung (hé s6 chat luong) theo toc do
K ta xay dung viing c&m d6i véi phan tén s& thdp clia D.B.L (xem bai 264). Tan 56 kiém tra:

£ 2

o= —===045s"
K7 a0 " 5
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Toa do clia diém kiém tra:

Q2 + BM 2
+BM;Q =201g300 +6,3x10x 300 - 59 dB.

be=201g 1x120

mdxe
Gid tri giéi han cla hé s6 chat luong theo t6c do:
_Q+BMy _ 300+6,3x10
3

=363s"

Ko

max

Theo céc s6 liéu nay ta xay dung ving cdm (hinh 161).

70 + B.B.L cda thiét b higu chinh

0 { il 1;11111 1 L r7 ,
7 N 7000 s, -

Hinh 161. D.B.L cho bai 279.

Ta kiém tra kha nang lam viéc clia hé theo doi khong cé cac khau hiéu chinh. Bdi vi
tdn s6 lién hop thit nhat cia D.B.L clia ham truyén (1) bing w; = 1/Tp = 10 5™, 16n hon
nhidu so véi t4n s6 kiém tra og = 0,8 s, thi gid tri cudi cing ciia hé s6 chat lugng theo t6¢
do la gid tri bang s' . D.BL tuong ing loai 1 =2 — 3 chira trén hinh 161.

Téng cdc hang s6 thoi gian cho phép:

I MP+MyM? -1 | 157 +15415% -1

ZT: = = 0,0054 s
Kq 2 363 2

Thyc t€ tdng clia cdc hang s6 thoi gian thu dugce:
2T=Tp+T,=0,10+0,02=0,15s.
Do d6 ta thdy rang khong cé thiét bi hieu chinh he s& khong c6 chi s6 chat lugng yéu
cau.
Hiy nghién cttu phuong phép céc tinh chdt cia he dong luc ¢6 thé khi nho cdc khau

n6i ti€p.
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Khi dva vao kenh thang khau thu dong chia phan quén tinh can thiét hieu dan D.B.L
yé: cdu dé tri s& dinh sai s6 & viing thay déi ddu clia t6c do khong vuot qué gid tri cuc dai
dacho 8, Gid tri tim duge clia hé s6 chdt lugng theo toc do Ko = 363 ™' tuong ing véi
hé ;6 chét luong theo momen:

K 363.6
Ky = _BQ_ =73 =~51,5g.cm/ goc pha.
Sai s6 mémen:
_ My 10

Sy= —H = 2= 20,174’
Ky 575

Gid tri cho phép cha hiang s6 thoi gian 16n:

S L +%y)° Ja+0,17)°
T, =0,236 Oma 2O 236, YLHOUD

9y Ve 01744120

Theo hé s6 chat luong Kg = 363 s va hang s6 thoi gian T, = 0,16 s 6 thé x4y dung
phax tan s6 thdp cia D.B.L (hinh 161). Tan s6 goc cua D B.L:

@y = Ko _ 363 _ 4754
T, 0,16

Bay gid ta biéu dién cdc phédn tdn s¢ thdp va tdn s cao clia D.B.L yéu cdu loai | - 2 -
1 — 2. Theo tdn s6& co ban ta xdc dinh gid tri yéu cdu cta hang sd thdi gian thi hai:

7= M L0365
wy YM-1 475Y15-1

Theo s6 li¢u nay ta xay dung toan bo D.B.L yéu cdu L, D.B.L cta thi€t bj hiéu chinh
thu duoc & két qua trir di toa do cia D.B.L tir cic toa d6 cua D.B.L yéu cdu. D.B.L hiéu nay
ciing dugc biéu dién trén hinh 161. Tir dang P.B.L nay suy ra rang thi€t bi hiéu chinh ndi
ti€p cdn bao goém tir:

0,165

1) Khau tich phan - vi phan thu dong cé ham truyén:
1+T 1+ T,p)
Wk(p) = ( pP)(L+ T5p
1+Tp)d+Tgp)

0 day hang s6 thoi gian Ty duge xdc dinh tir tinh chAt da biét ctia khau tich phan - vi phan.
_ TDTZ _ 0,05 bd 0,0365
T, 0,16

Ty

=0,0114s;

2) Khau vi phan ly tudng ¢6 ham truyén:
Wia(p) =1 +Typ,
3) Céc t6 hop khau vi phan thu dong va bé khuéch dai tuyén tinh ¢6 ham s& truyén chung:
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T
2 (1+Tgp)
1+TBp_k Tg

Wii(p) =
kP 1+Typ 7 1+Typ

Khau vi phan 1y tudng cé thé cho gin ding do sir dung cdc nguén phat di tdc do trén
cdc tryc da cho va thyc hanh dugc méc d6i nhau va dua vao dao ham theo géc khong an
khép.

Trong trudng hop méc tin hiéu tr mdy phét do t6c d6 ¢ chinh noi mac va tin hiéu tir
phan tr nhay cam (hinh 162) d6 ho din yéu cdu cha dién 4p clla méi may phat do 8¢ do
bang:

Krr=k; Ty =10.0,02 =0,2 mV.s/géc ph =0,37 V.s/vg =0,06 V.s.

Z 7

--}‘é"—w 43 --} y7) N > — -6 -}

Y3 ffﬁ;y 1
nhay cam

~ [y

e T e —

1
v
Lot
&

[ u=kypd

Hinh 162. So dé cé edc mdy phdt do t6c dé dé thu dicoe khdu vi phdn hoan chinh.

Céc khau thu dong cdn dua vao kénh thang clia bo khuéch dai c6 thé ¢6 cdc mach RC.
He s6 khuéch dai ctia bo khuéch dai c6 tinh dén khuéch dai b8 sung can thiét dé hoat
Tp _ Koi _ 00114 363x3500 _ ..

T, Kkks 00073 34.4x573

Trong trudng hop khong thé dat cdc mdy do t6¢ do dé dua dao ham tir géc khong an
khdp c6 thé thay ddi dang céc thiét bi hiéu chinh yéu cdu.

Nhu thdy ro tir hinh 161, khau vi phan 1y tudng thu dugc do dudng tiém can cao tin
cia D.B.L g6c c6 do nghiéng 16n so vdi géc nghiéng ciia D.B.L yeu cdu. D€ loai bo diéu nay
c¢6 thé thay déi dang D.B.L yéu cdu & ving cao tdn chuyén tr D.B.L yéu cdu & vang 16i
D.B.L loai | -2 — 1 — 3 nhung véi chinh d6 dy trit 6n dinh.

Ph4n cao tdn ctia D.B.L trén hinh 161 chi ra bing dudng dit nét. N6 tuong tng véi

dong cta khau vi phan thu doéng k, =

ham truyén:
Knal+T,p)
p(l +Typ) (1 + Tsp)
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Hang s6 thoi gian Ts5 duge xdc dinh nhu sau:

T.= ! M(M_1)=Il=00036s
T 20,V M+l 2 0 T

D.B.L cta thi€t bi hiéu chinh duge chi ra d6i vdi truong hop nay trén hinh 161, cling
bang dudng diit nét. TU nghién cttu D.B.L nay r6 rang réng thiét bi hiéu chinh cta loai ndi
ti€p cén bao gom tir ba khau thu dong khau tich phan - vi phan va hai khau vi phan thu déng
trong t8 hap v6i bé khuéch dai tuyén tinh ¢6 ham truyén chung:

_U+Tpp)(L+Typ) 1+Tgp 1+T,p
T +Tip)I+Tgp) 1+Tsp 1+Tsp -

(1+Tpp) (1 +Top) (1 +Typ)
(1+T,p)(1 + Tgp) (1 + Tp)?

W(p

He s6 khuéch dai k, s& cao hon & trudng hop trude:
_T,Tg 0,020,114

k, = =175
S - 0,0036°
Hé s6 khuéch dai t6ng k, cling s& cao hon & trudng hgp trudce:
Ky =k, 0l 2 755 38239001600
K, ks 34,4x 5,73

C6 thé c6 chon phin cao tdn ciia D.B.L yéu cdu kiéu khéc trong trudng hop riéng,
tuong tng ham truyén c6 dang:
K+ T,p)
p(1+ T, p)(1 + T,pX1 + Tsp)

Khi d6 T, # T5 nhung téng clia chiing nhu trudc day can bang:

JM(M-1
T4 +T5 = ~l‘=——£—’—)

Wy M+1

W(p) =

6.4. TINH TOAN CAC MOI LIEN HE NGUQC BO SUNG VA CAC MOI LIEN
HE HIEU CHINH SONG SONG THANG

280. Hay thuc hién tinh todn mdi lién hé nguoc b sung d6i véi hé theo dbi cla bai
278.

Bai gidi. Ta tim m&i lien hé nguoc bé sung W, (p) tuong ting vé6i khau tich phan - vi
phan W, (p), thu dugc khi gidi bai todn 278. Ta gid thiét ring méi lién hé nguge bo sung
bao phdn hé ¢6 ham truyén:

k,
W.(p)= ———.
p(1+Tp)

Khi do:
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- Wiy (p)

Wo(p) =
T Wiy (D)W (p)
| (1+Typ)(1+Tp)
- A+Typ)(1+Tsp) kyp?
(1+Top)(1+Tp) ke  1+Typ’
(1+T,p)(1+T3p) p(1+Tp)
& day k, = +T3k_T2 -T

C

So dd thuc hién c6 thé cta méi lien hé nguoc niy duogce chi ra trén hinh 163.

7 Z o
RN WS VP S SRR 7 B
o x HEE
- . 45".':;{’[7 m//

' >[3@
/
¢ - /
Tky : hidu chinhthu Zong ( ::) 43: P}'ﬁ';‘l'd
ﬂhgg cdm

Hinh 163. So d6 méi lién hé Hinh 164. So do hé theo dai
bé sung cho bai 280. c6 mdi lién hé nguoc.

281. Thyc hién chon céc thong s6 m6i lien he nguoc do t6c do cing d6i vaéi hé theo
ddi ma so d6 clia né duge thé hién trén hinh 164. Cic s6 lieu ban ddu ciing nhu & bai 279
ngoai ra Tp = 0,05 s.

Bai gidi. Ham truyén cta hé hg ¢6 tinh dén tdc dung cua méi lién hé nguoc do t6c do

c6 dang:
K
W(p) = a (1)
p(l+ap+bp“)
O day Kyq = T gia tri m&i cla hé s6 khuéch dai chung theo téc do (hé s& chat
+ [, Y
. TD +Ty TDTy . _ .
lugng theo t6c dd); a= —— va b= i r cac hé s6 cua khau tuong duong béc hai;
o2 + Koe

Koo = Kokskpy - hé s6 khuéch dai cia kénh c¢6 m6i lién hé ngugc; k, Ao hé ddn cia may phél
do toc do va thiét bi dinh ty lé trong mach lién hé ngugc.

Dé dam bao do du trit 6n dinh cén thi€t dugc ddnh gid bai gid tri chi s6 dao dong cén
tuan theo b4t déng thitc:
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Tp + T, I MEeMJM? L

=ac< : 2
1+k kug 2 @)

oc

Ciing cdn tinh dén su dua méi lien hé ngugce citng do t6c do 1am thay déi 16i (1 + K.)

lan géc nghiéng cdc dac tinh co khi cia déng co thuc hanh gi4 tri yéu cdu cia hé s6 phim

chét theo tc¢ do khi tinh todn cdc dac tinh co khf cing hon bing:
. PMy
I+k,.

mdx

9

N€u giai hai phuong trinh cu6i nay, thi c6 thé xdc dinh gid tri yéu cdu hé s6 khuéch

Kya = (3)

max

dai kénh ciia méi lién hé nguoc:
Qo (Tp +Ty)

oc = I+
218
. Q2 (T +T,)7 My (To+T,)
4],12 9r2nax “Smax
300.0,7 300%.0,07°  6,3.10.0,07
= -1+ ——+ =10
2.1,96.1 4.1,96°.1 1,96.1
) M2 +MyM?2 -1 1,52 .1,54/1,5% -1
O day: p= = = 1,96
2 2
Gid tri yéu cdu hé s& chat luong theo t6c do (3):
300 + 61_31_15
Kya = ———l—i~ =306 s

Téng cho phép cha c4c hing s6 thoi gian (2):

52 2
ZT:;)&J, + 1515 L _ 00064 s

2

Hing s6 tuong duong cia thdi gian:
_Tp+T 0,07

a= - = 0,0064
I+k,, 1+10

Do d6 bai todn chon cdc thong s6 mach cla lien hé nguge cé thé coi giai dugc.
Ham truyén cta hé cudn can ho ¢é dang.

Kha _ 306
p(l+ap+bal) p(l+64107p+9,1.10°p?)

W(p) =

O két luan ta xdc dinh hé s6 khuéch dai yéu cdu cia bo khuéch dai va do hé dan yéu
cdu cia mdy phdt do t6¢c do. Hé s6 khuéch dai chung mach hé cta hé theo d&i & méi lién he

ngugc bi ngét c4n bang:
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Kua = Kpa(l +k,.) =306.11 ~ 3360 s™*
Heé s6 khuéch dai ctia bo khuéch dai:
Kqi 33603500
kik;  344x573

K, = = 59.500.,

Gid tri yéu cdu do hd din cha mdy phdt do t6c do c6 tinh dén thiét bi tao ty lé:
k()C 15

KTG = = R~ 310S V.S
k,kys 59500 5,73

Gi4 tri 16n hé s6 khuéch dai cla bo khuéch dai 1a nhuge diém phuong phép nghiéa citu
c6 su dung méi lién hé nguoc.

282. Hay tién hanh chon cdc théng s6 lién hé nguoc do t6c do mém déy véi hé theo
déi ma so do cla né duoc biéu dién trén hinh 165. Céc s6 liéu ban ddu ciing nhu & ba: 279.
Do hé dan cia mdy phét do t6¢ do kg = 0,05 v.s.

Bai gidi. Lién quan vdi vdn dé su

dung cudén can theo phuong phdp thu 177 17.’:’ P

nhat. Xem 6.1 D.B.L yéu cdu L, c6 thé - -')- 43 - } -—- Z— -=-;

biéu dién dé do gdy ddu clia né tring vdi /
u,=/(,l7 /

tdn s6 kiém tra cia diém Ay hinh 166. .
Khi d6 P.B.L c4n ning lén cao hon ving ) W
cdm t6i 3 dB. Gi4 tri yéu cdu cha hé s6 > @
, o —
chit lugng theo t6c do sé la: L //
Kra= 2Kq =1,41.363 = 512s™" /

|
s . e H3
Diéu dé gay ra su cdn thi€t cd hé

s& khuéch dai clia bo khuéch dai:
Kroi 512.3500 Hinh 165. So dé theo doi

ko = k; k; B 34,4.5,73 100. vai mot lién hé nguoc:
. 9. fhc?5 z‘d’nhgy @ém;
Tan s6 g6c cia D.B.L mong muén: K3 Khiu ics chinh

@g = 5]—?51 = JoxKrg =y0,4.512=143s-1.
I

Hang s6 thoi gian thit hai cia D.B.L mong mudn:

T2=—l- M__l 12 =0,12s5-1
0wy YM-1 143V15-1

Téng cdc hing s6 thdi gian cho phép tuong ing céc tdn s6 lien hop bén phai tin s6 cat

1 yM(M-1) 1 JL3(L5-D) —0.024 s

ZT:_' = :
(L)() M+1 14,3 1,5+1
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Ta bi€u dién D.B.L yéu cdu sao cho tiém cén cao tin cta nd c6 goéc nghiéng duy nhit
vai tiém céan cao tdn clia D.B.L. Trong trudong hop da cho goc nghiéng 1a 60 dB/dam. Khi d6

¢ phan cao tan cia D. T.L yéu cau cé thé c6 gdy dip & tdn s6 5 = Trl‘ .
5
Hang s& thoi gian tuong ting bang:
T
1o 21004 o0
: 2 2

Dé don gian thiét bi hiéu chinh c6 thé ti€p tuc doan ¢6 géc nghiéng duy nhdt cua
D.B.L t6i tring cdc dudng tiém can cao tdn L, va L, diéu d6 chi trén hinh 166 bang dudng
ditt nét. Diéu nay lam ting mot chit do du trir 6n dinh. Héng 6 thoi gian xdc dinh giy kép
cta D.B.L yéu cdu c¢6 thé xédc dinh do truc tiép tdn s6 lien hgp. N6 bang T = 0,009 s.

D.B.L duoc xay dung nhu vay tuong ¢ng véi ham truyén cta hé hé:

W(p) = Kol +Typ) - 512(1 +0,12p)
p(L+T,p)(1 + Tgp)®  p(l+2,5p)1 + 0,009)?

Tiép theo chiing ta s& xét trudng hop don gian hon nay.

/
~ H=512 +
l\l\\t{)nll s
70 !
W v, 1
[
1000 &, 1

Hinh 166. Cdc dac tinh bién d¢ l6garit cho bai 282.

Trén hinh 166 ta xay dung D.B.L cla thiét bi hiéu chinh loai néi tiép Ly, thu dugc
bang cich trir mic ndi ti€p ctia cac khau tich phan - vi phan va vi phan ¢ ham truyén:
(1+Top)(1 + Top)(1+ Typ)

(1+Typl +T6p)2

Wyz(p) =
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Ham truyén thu dugc déng vai trd phu boi vi theo diéu kién bai todn hiéu chinh hé can
thuc hién bdi lién hé nguge ma khong bdi cdc khau ndi ti€p, vi vay néu str dung nd, cin thiét
tinh méi lién hé nguoc tuong duong.

Ham truyén ctia khau hiéu chinh trong mach ctia mdy phat do t6¢ do c6 thé xdc dinh
theo c6ng thifc:

- W, (p)
W, (P)W,(p)’

koks

(1+Typ)(1+ Tpp)

W (p) =

3 day W(p) = - ham truyén cta phdn hé bao bdi méi lién he
nguoc.
O ket qua the cdc gid tri W (p) va W,, (p) c6:
W ()= [(T; +2Tg-T,-Tp-T,) p +
+ (T% + 2T Tg - T,Tp - TyTp - T,T, - TpT,) p* +
+ (T Tg = ToTpTy) p'] X [ Kok (1 + Top)) ™.
Khau nay 14 khong thuc t&€ dugc vé mat vat 1y, bdi vi bac cia da thitc ¢ tir $6 cao hon
bac da thiic cia miu. Tuy nhién cé thé thir sit dung khau thuc 1€ ndo dé c¢6 ham truyén gan
véi mong muén. Ham truyén thuc t€ vé mat vat Iy c6 thé 1a ham (gan ding bac dau).

WOC (p) = Tlp = kOC sz *
kzk:;(l'f“TzP) 1+T2p

T,
Toko ks
Ham truyén nay cé thé thuc hién nh& mdy phat do t6c ¢6 dong dién khong doi, bo chia
don gian va mach vi phan RC cé hdng s6 thoi gian T, = 0,12 s.

Gday k. =

Hé s6 truyén yéu cdu trong mach c6 lién hé ngugc:

2,5
K . =k+.kn= :
ocC Te- ™D O,IZXQIOOXS)75XO’05

Bo chia riéng cé thé tham chi khong 6n dinh, ma trong trudng hop nay vi tri mac mai
lién hé nguoc trong bd kKhuéch dai ¢6 thé duge chon sao cho tir vi tri nay t6i ddu ra cua bo
khuéch dai he s6 khuéch dai theo dién dp bing:

k, = kyk,. = 9100. 40,5.107 = 3,6.
Do d6 & gén ding thit nhdt ham truyén cla khau hiéu chinh trong mach cé lién he

=405.107

nguoc cén la:
0,i2p
1+0.2p
Bay gi¢ ta ki€m tra mifc do sir dung cla khau nay d€ dat dugc cac chét lugng dong luc
hoc c4n thi€t chi dinh dang D.B.L ¢6 dang yéu cdu. Ham truyén cla hé h& c6 tinh dén méi
lién hé ngugc do t6c d¢ cé dang:

W,_.(p) = 40,5.107
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KTQ(l‘i"]‘zP)
p(l+a,p+a,p? +asp’

Wek(p) =

6] day:
=Ty +Tp+Ty+k ks ko To=Ty +Tp+ Ty + T, =2,745s,
ay =T, Tp+ T, Ty + TpT, = 1,64.10 5
a, =T, TpT,=2,4.107s".
Phan tich méiu s6 clia ham truyén thu duoc ra cdc phan tir, ta cé:
Kra(l+T)p) _
p(l + Tp)(1 +ap + bp?)
_ 512{(1+0,12p)
 p(1+2,74p)(1+0.6.107p+0,88.10 p)
O phin t4n s6 thap ham truyén nay thuc t€ trung véi ham truyén tuong ting D.B.L yéu
cd1 Ly.. Do lech nho chi cé & gid tri hing s¢ thoi gian T; = 2,74 s, mo ta gy ddu cua D.B.L
& vung tdn s6 cao diéu kién gidi han tdng cdc hang s6 thai gian duoc thuc hién boi vi a =
0,t. 102 5, con theo diéu kién tdng cdc hing s6 thai gian cho phép bang YT = 2,4. 10°%s.
Kié€m tra sao cho gi4 trj dinh dac tinh bién do6 cia khau dao dong khong téi viing cdm
do. véi phdn cao tdn cua D.B.L cé nghia:

Mod ]W(jco)|M’\fl ,

Khang dinh do cho phép cla gdn diing tuong tu.

Mong muén c6 thé thu dugc tring nhau chinh xdc hon clia ham truyén thu dugc véi
yéu clu & ving tdn s6 thdp va loai bo bdt ding thic T = T,.

Vi vay cén thié€t chinh xdc gid tri cia hé s6 k. va chon né bang:

Weg (P) =

k.. = Lkm =29 40,5.107° =37,4. 107,
T 2,74
Khi d6 tuong tu ¢6 thé thu duge ham truyén hiéu chinh cha hé ho ¢ dang:
512(1+0,12
Wek(p) = ( P)

p(1+2,5p)(1+0,65.1072p+0,95.10"*p?)

283. Hay xdc dinh dang va cdc thong s6 lién hé nguoc d6i vdi hé theo doi dién thuy
luc, ma so dé khéi chia né duge thé hién trén hinh 167a. Trén hinh 167a, ta ky hiéu, PD -
dong co dan dong, PM - co cdu thia hanh, Y 3- mdy phdt do t6c do , P - bo dan dong ham
truyén ctia hé hd ¢6 dang:

KE
p(1+Tpp)(14+Tgyp)

O day K, - hé s6 hiéu qua theo gia t6c, Tp = 0,05 s - hing s6 thdi gian dién co clia
dong co diéu khién, Tgy = 0,02 s, hing s6 thoi gian co hoc - thuy luc cia bo diéu khién

W(p) =
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thuy Iuc th€ cdn c6 hé s6 chat luong theo gia t6c K; 2 25 s — 2 va chi s6 cla dao dong
M < 1,8. Lién hé ngugc bao ham dong co diéu khién va bo khuéch dai.
Bai gidi. Trén hinh 168 ta xay dung D.B.L clia hé g6c Ly & gid tri K, =255s-2. Vi

vay ta xay dung D.B.L yéu céu L, ddp ing toan b yéu cdu chat lugng cho he.

Hay nghién ctru trinh tu xdc dinh dang va cdc théng s6 clia méi lién hé nguoc.

C6 tinh dén m&i lién hé nguoc b sung thi ham truyén clia hé hd W, (p) c6 thé bicu
hi¢n & dang: '

W(p)
I+ Wyc(p) + W, .(p)

Wyc(p) =

o) day W_.(p) - ham truyén mach clia méi lién hé nguogc bé sung, W (p)-. ham truyén
clia phdn hé duoc khép kin bing méi lién hé nguge. Tir biéu thic dua ra suy ra ring D.B.L
clia mach c6 lién he ngugc L, c6 thé xdc dinh theo D.B.L da biét L, va Ly, ¢ trinh 1y sau:

7, % i
-%— 43 -},-**”%W F-17
u=ht

43: phéntinhay cam
A, B- cacphantd’

& 7 P )
“Yod oy _a-__ M {3{ 8 Cla, b6 didis, chink
thiy L

ry. bak/huéc/h Aoy’
‘fh) M}.

-‘ A yﬁ#ﬁgm’é’/ﬁ;/{hmx
g B 7y

G-

4) T{ C l

Hinh 167. Cdc so d6 hé theo ddi dién - thuy luc.

1. Tt D.B.L clia hé gdc Ly ta tinh D.B.L ta tinh D.B.L yéu cdu L, c6 nghia xac dinh
P.B.L L, tuong ing ham truyén 1 + W,(p) W .(p).
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2. Theo dang D.B.L L, ta xay dung D.B.L L, tuong ing him truyén W (p) W _.(p).

3. Tt B.B.LL L, ta tinh D.B.L cta phdn hé dugc khép kin bang méi lién hé nguge L, do
do6 ta xdac dinh D.B.L ciia mach ¢é lién hé nguoc L,,..

O bai toan da gidi D.B.L hién L, s& phan b6 hoan toan dudi truc khong dexibel, diéu
dé 1am phd huy cde diéu kién t6i thiéu cla pha khi chuyén t6i D.B.L L, [4]. Vi vy trudc hél
cén tang hé s6 khuéch dai clia hé goc 19n tdi mitc dé D.B.L hiéu L, hoan todn nam trén truc
khong dexibel .

Trén hinh 168 ta xay dung D.B.L clia he géc ¢é hé s6 khuéch dai tang K, = w,= 3600
s 2, né duge ky hiéu L, chinh néc biéu dién D.B.L hiéu L, thu dugc bang tinh toan D B.L
yéu cdu L, ta quay lai bang bién d6i D B.L (phu luc 25, muc VII).
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Hinh 168. B.B.L cho bai 283.
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Bdi vi m6i lién hé nguoc bao ca dong co diéu khién va bo khuéch dai thi:

k.
Wy(p) = ——3—
P p(l +Tp)

D.B.L L, tuong tng v&i biéu thitc ndy dugc xay dung trén hinh 168,
Né&u tir cac toa do D.B.L trir di cdc toa do D.B.L L, ta xay dung D.B.L can tim _
theo dang cha né ¢ thé biéu dién d&i v&i ham truyén chia mach ¢6 méi lien hé nguoc:

ma

[$18

kuc (1 +T )
Woc(p) = —_F:Tp_?p—
2
0 day:
km::—l—; T2=_'l—"; T'_’:L
oc W,y 033

Ham truyén thu dugc c6 thé dé dang thuc hién néu & mach lién hé nguge ¢6 méiy phat
do t6¢c do va khau thu dong ctia loai da chi ra (hinh 167b).

284. Hay xdc dinh dang hén hé nguoc d6i véi hé nghién ctu trong bai 283 v gia
thiét ring mach ¢6 méi lién hé nguoc bao phdn khuéch dai c¢é nghia W, (p) = k,. Cdc 4 liéu
con lai cling nhu & bat trudc.

Padp s6: Ham truyén cha mach ¢é mdi lién hé ngugc c6 dang:

k,. (1+T;p)
(1+T,p)1 +Typ)

Wop) =

285. Hay chon cédc thong s6 ¢6 lién hé hiéu chinh truc ti€p song song d6i vdi hé dién
chinh tr dong ma so d6 c4u tao cia né duge chi ra trén hinh 169a. Ham truyén cua hé goc
h& c6 dang

K
W(p) = Q
p(l + Typ) (I+Tpp)

O day Ko =900 s™'; T = 0,08 s; T, = 0,02 s. Sau khi dua vao méi lien h¢ thang song
song hé cén c6 tinh v6 huéng béac hai ¢6 hé s6 chét lugng theo gia toc K; = 100 s chi s6
dao dong M < 1,5.

Bai gidi. Haim truyén cla hé hé c6 tinh dén su dua vao clia méi lién hé thing song

k
K. |1+—L
( kup]
p’(1+ Tpp)(1 + T,p)
6] day: K¢ = Kok,

Su thuc hién mdi lién hé c6 dua vao tin hiéu ty 1¢ tich phan theo sai s6 (d¢ khong an
khép) cé thé thuc hién bang cdch s dung ddn dong cta tich phan.

song dugc biéu dién & dang:

Wp(p) =
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Trén hinh 169b biéu dién D.B.L cia hé géc Ly; D.B.L. yéu cdu Ly, va D.B.L ciia lien
hé truc tiép L,, theo mach cé méi lién hé truc tiép k,, duoc xdc dinh tir diéu kién

Kg = (02() = KQk
Hay:
K, = K, _100 =0,11s"
Ko 900
3 " kl P M l
Ty s6 — dugc chon thich hop bang — suy ra
tr W,
k= Koo o O 01
(1)2 6

Dé thuc hién diéu kién nay cén gidm tuong doi hé s truyén cla khau thit nhat bao
lien hé song song truc ti€p. Dong thai cling tang timg dy 14n hé s6 truyén cua khau khdce ¢o
trong tuyén khuéch dai truc ti€p dé dam bao hang s6 dai luong Kq.

57 2
kr W)
V.f
% 5
a)

Ldf

/%
T
Tt
S

—~———

b)

Hinh 169. a) So dé cdu tao cia hé cé méi lién hé
hiéu chinh truc tiép song song; b) B.B.L cho bai 285.
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Béng dua vao m6i lién he tich phan da dua D.B.L hé g6c Ly gin t6i ding yéu cau L,
chi & viing ¢4 tan s6 thdp va mot phén tén s6 trung binh L, . '

Gan ding cubi cing cia D.B.L cha hé véi dang yéu cdu c6 thé dat duge bing cich
hiéu chinh D.B.L cta hé ¢ ving tan s6 trung binh va cao bing cdch si dung cac khau hiéu
chinh ndi ti€p nhd moi lién hé truc tiép twong duong véi chiing hay cic mdi lién hé nguoc,

6.5. TINH TOAN CAC HE PIEU KHIEN TO HOP

286. Hay xdc dinh yéu cdu cla tin hiéu bl theo dao ham thi nhat vao tdc dung dau
vao, ma & né loai bo sai s6 toc do cua hé (hinh 170) ma khau clia né ¢6 ham truyén sau day:

o(py=T1,p
Wi(p) =k,
2 p(l+T,)

O day k, = 10 V/do; k, = 10 do/s; T = 0,02 s; 1 [s] - hé s6 xdc dinh muc d¢ tin hiéu b
Bai gidi. Ham truyén cta hé kin d6i véi sai s6 ¢6 dang:
1 - W, (p)o(p)

RPN
suy ra g R
= ki, Q= Wi %‘ H17) 4
Tp® +p+kky
Diéu kién loai bo sai s0 t6c do
kKyr=1
Do dé, midc yéu cdu cia tin hiéu bl bang Hinh 170. So dé cdu tric cid

= El__ ~0.1 V.s/do hé diéu khién té hop.

2

287. Hay xac dinh cdc midc yéu ciu cla cédc tin hiéu bu theo dao ham bac mot va bac
hai vao tac dung ddu vao déi véi theo ddi ¢6 diéu khién t6 hop (xem hinh 170) véi cac ham

truyén.
2
T, 1
o(p) = 1,p + 1P
I +15p
Wi(p) =
K
2p) = v
p(L+T,p)1+T,p)

g day T, = 0,05 s, T, = 0,002 s. Hé cdn dam bao theo ddi vdi sai s6 X, = 0°,1 & t6¢ do theo
déi cuc dai Qp,, = 150° s va & gia t6c cuc dai g, = 750 do/s%. Chi s6 dao dong M < 1.5,
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Bai gidi. Trén hinh 171 ta xay dung diém kiém tra cé cdc toa do:

£ -1

W = —=53%
K70
02 2
Va: Lx =20lg —'E“-X—w:201g 150 =~ 50 dB
max € max 0,1.750

Néu qua diém ki€m tra nay ta tao ra tiém can tdn s6 thdp .B.L tuong ting ham truyén
cla h: ban dau thi gid trj yéu cdu clia hé s6 phdm ch4t theo t6¢c do bing:
Qe 150
Y

Kq= = 15005

mdx '
Tuy nhién rd rang rang & gid tri di cho clia chi s6 dao dong M gi4 tri cho phép nho
nhat cia hé s6 chat lugng theo téc do khi khong c6 thiét bi hiéu chinh ndo bang:

M2+ MYM? -1 1,52 +1,5¢1,5% ~1 406!

2(T; +T,) 2(0,05 +0,02)

Kao=

Néu dua vao tin hiéu clia dao ham bac nhat tlr tdc dung diéu khién thi hé theo déi c6
cdc tinh chat cta hé véi d6 vo luong bac hai.

Lds
60 1. ! /
] 7 1A
50
90
30,
a0

I
l
I

\ I
l\ /f_é’/jﬂﬂ )

PRSI G R RN I - |

| Wt

LR |
SRS

t
%’
T

Hinh 171. B.B.L cho bai 287.

Gic tri yéu cdu cua hé s6 chat lugng theo gia téc bing:

K, = Zma 730

X

=75005s !

max ’
Gic tr1 yéu cdu cua hé s6 chat lugng theo toc do khi dé d6i1 vai hé s6 ban ddau duoc xic

dinh theo cong thic:
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Ko =(T, +T,)K,=0,052 x 7500 = 390 5~

Co6 nghia K”q thu duge di nho hon nhiéu so vdi K’ khi dua vao dao ham bac hai bo
sung hé s6 chat lugng y€u theo dao ham bac ba:
OgEmax  IX 750

K, = = = 375005
X 0

max :
Hé s6 chit lugng yeéu cdu theo téc d6 c6 thé xac dinh theo biéu thiic:
Kg =[T\Ty +1:(T, + Ty,
Néu 14y bing K, heé s& chat luong theo téc do, ma né c6 thé khong cé céc thiét bi
hiéu chinh (Kq = 40 s™') ta thu dugc gid tri yéu cdu ctia hing s6 thoi gian 15:
Ko -TiThky  40-0,05.0,002.37500

13 = =
(T, +T, K,  (0,05+0,002).37500

=18,5.10°

Cac hang s6 thdi gian xdc dinh cdc miic tin hiéu dua vao tir cdc diéu kién bu ta tim
dugc:

L s 00255
K, 40

1, =T, +T,+1;=0,05+0,018=0,070 s
Do d6, ham s6 truyén ctia mach bil ¢dn ¢ dang

0,025.0,07p?
1+0,0018p

o(p) =0,025p +

D.B.L ctia hé tuong itng vdi cdc thong s6 tim duge chi ra trén hinh 171 (D.B.L dudi).

288. Hay xac dinh muc yéu cdu cta tin hiéu bl ty 1& véi dao ham bic nhat vao tic
dung dau vao:
o(p) = 1/p
Va thuc hién tinh todn cac thiét bi hiéu chinh cin thiét khic d6i vdi hé theo ddi ma
ham truyén clia né & trang thdi hd c6 dang T (xem hinh 170):

Kq
W(p) = » Wilp =1,
P s T+t

& day Tp = 0,1 - hang s6 thdi gian co dién cia dong co, T, = 0,05 s - hang s6 thoi gian cha
hé khuéch dai. H¢ cdn cé tinh vé huéng bic hat va dam bao theo ddi véi sai s6 S, < gbc
phit & t6c d6 theo dbi cua dai Q,,, = 30 do/s va gia téc cuc dai g, = 3 do/s2. Do du trit 6n
dinh duoc xdc dinh bang chi s6 dao dong M < 15.

Bai gidi. Diu tién ta xdc dinh ham truyén tuong Ung yéu ciu cia hé ha.

Dudng tiém can ddu ctia D.B.L 12 dudng thing c6 géc nghiéng 40°. Vi tri cla né duoc
xac dinh boi tn s co s& (hinh 172):
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. 30.6
wg = Kg :‘/;mdx =\/ 02 0 =305
max

Dé thu dugc do du trit 8n dinh twong ing chi s6 dao dong M, ham tryén d6i vdi ving

cé cdc tdn s6 trung binh cdn ¢é dang [4]:
2
oy (1+T,p)
WEyh(p) — ()( P :
p, (1+T;p)
3 day:

w2 =K, =900s"

7= [ ML 6057y
oy YM—-1 30\15-1

M-1 1,5-1
) = Tl:
M+1 1,5+1

-0,0575 =0,0115

Ham truyén yéu cdu ctia hé kin bang:
d (p)— WEyc _ KC (I+Tlp)
¥ 1+ Wey (p) K, +K,Typ+p? +Typ’

Khi dua vao tin hiéu 1a ham truyén ctia hé kin c6é thé biéu dién & dang:
1+ We,.(p) 1+ W,.(p)

(Dyc(p) = = ch(p) + (Dz(P)-

Ldd
60 ¢
BTN
40
Jv

T
[SXY
e | I
X
+*
~

l1ul1 ! o aaand

S I
/

7 SR
-0+ [ | @ 5
-20 + | l 2
-0} { |
—40 i l [’EYC(MU"f]MuEF;
- | T idian
Z NN / g

n 7 L moum

ga'tri thig

Hinh 172. B.B.L cho bai 288.
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So sénh cdc biéu thitc néu trén ta cé;

o(p)=1p=Tp
Hay:

T, =T =0,0575s.
bieu dé xdc dinh mic yéu cdu cha tin hiéu bu, tiép theo ta c6:

K K.T
Dy (p) = — 7t : 1P2 3~
Ke+K Tip+p° +Tip” K +K Tip+p” +Typ’

=D (p) + Oy(p)-

Ham truyén mong mudn cla hé theo dai g6c bang:
|

¢ T
W (p) = (P _ l =
1-®,(p) 1 T, ,
p(l+ p+ p
KsTl KeTl
1
T, 17,4

© p(l+ap+bpy)  p(1+0,0193p+,00022p2)
Ham truyén ctia hé khong hiéu chinh c¢é dang:
Ka Kq

W(p)= = 7
p(1+Tpp)(1+Typ)  p[l+(Tp +Ty)p+TpT,p’]

So sanh hai biéu thitc cudi ciing chi ra ring d€ thu dugc déng thiic W, .(p) = W(p), cin
thiét thuc hién cdc diéu kién sau:
Kqo=1745s"
Tp+Ty=0,0193s.
TpT, = 0,00022 5™
Thuc hién diéu kién ddu khong khé, bdi vi hé s6 chat luong theo t6¢c do Kq 1a hé s6
truyén chung clia hé hd cé thé 14y bat ky. Thuc hién cdc diéu kién thit hai va thit ba yéu cdu
dua vao cdc khau hiéu chinh 1am giam cac hé s6 & p va p® trong ngoac clia biéu thic d6i véi
W(p), boi vi khong cé ciac khau hiéu chinh:
Tp+T,=015s va TpT,=0,005s"
Diéu nay c6 thé thyc hién bing cich dua vio cdc méi lien hé nguoc cling bao bo
khuéch dai va bo khuéch dai citng vdt dong co (hinh 173). Trong trudng hop nay ham truyén
cla he hd clung vdi cdc mai lien hé nguge san xuit bang:

K
Wek(p) = 2

Tp+T, +k; Tp TpT, 5
pll+ p+ P
1+k, +k, 1+k, +k,

Néu so sanh biéu thifc cudi cling véi bidu thic d6i véi W, (p), ta co:
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Tp +Ty +kTp

=a=0,0193s,
I+k, +k,
ToT
P _0.0002252
1+k; +ky

Tir d6 ta tim dugc cac hé s khuéch dai yéu cdu theo nhinh thd nhat va thit hai cia cdc
méi lién hé nguoc (xem hinh 173):

k=19 k,=22,5.
san IR 77/)
IZ + /f,
Rt

Hinh 173. So d6 cdu tric cho bai 288.

6.6. TINH TOAN CAC MACH HIEU CHINH NOI TIEP LAM VIEC &
TAN SO MANG
289. Hiy chon so d6 va cdc théng s cha khau c6 dong di¢n thay d6i D.B.L cia né
theo dudng bao tuong ting v6i khau vi phan (hinh 174a) ¢6 ham truyén:

T,d+Tp)
W(p) = =—,
(p Tl(l+T2p)

& day T, =0,08s, T, = 0,01 s, tdn s6 mang oy bing 3140 s™".

C
L dB —
/?i
@ {3 o
7 7__1
=%  Tgh
0 ‘ ] 7 Z’ I‘P
l 2 < ¢
S
! 3 )
- a) 4)

Hinh 174. B.B.L ciia khdu vi phdn thuc; b. So do cua khdu cong huong.
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Bai gidi. Him truyén cia khau vi phan thuc cia dong dién thay déi theo ty s6 vdi tan
s bao € c6 thé viét dudi dang:

. 1+jQT 1+ QT
W(iQ) =Gy —L—-0 =g, -~ LD
1+ .]QTDGU I+ jQT
— . T
Theo diéu kién bai todn Gy = -~ = 001 =0,125vaTp =T, =0,08s.
T, 0,08

Su lan truyén cua cdc khau vi phan c6 dang sau: a) cdc khau RC kép hay song song c6
dang T; b) cac khau RC c¢6 dang cdu 1a T; c) cdc khau RC va LC cu; d) cdc khau LC cong
huong.

Ta nghién ciu cdc khd nidng sir dung khau cong huong (hinh 174b). Ham truyén cia
khau nay theo dudng bao cé dang:

W ) = RRZR | 1+192R]§
tFR2 4 oeR,c—2
R, +R,

Pé6i véi truong hop cla ching ta:

2 Rlc = TDv 2 R1C P =TDG()’

R, | 1

—— =Gy, Oy= —
R, +R, JLL
Do dé, ta thu duoc bén phuong trinh ¢ b6n 4n s6:
Rj
R, +R,’
R
2 3140 = R
R, +R, LC

0,08 =2 R,C, 0,01 =2R,C

0,125 =

Gia tri dién trd dién R, thudng cho bang trd ddu vao cua thi€t bi tiép theo (gia su)
béng 100 kQ. Ta xdc dinh R;:
0,125 R, + 0,125 . 100 = 100,

(= Oﬁj’z—sg =700 kQ
Bay gid ta xdc dinh dién dung cua tu dién:
Cu6i cling ta tim dugc d6 cam Ung:
_ 1 10° 18 H

©3C 3140%x0,057
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290. Hay x4c dinh cédc thong s6 khau kép ¢ dang T (hinh 175) hop déng & tdn s6
mang oy = 2 nfy = 314 5"\, Cac diéu kién con lai ciing nhu & bai todn trudc.

Bai gidi. Dé xac dinh cdc thong s6 cOa khau ta chi y dén bang duoc duva ra trong phu
luc 22.

Theo diéu kién bai todn tich Tpoy = 25. Bing cach tich phan céc s6 liéu ¢6 thé tim
Gy, tuong tng véi tich thu duge Tpwy. Hé s6 duge xdc dinh nhu vay bang 0,02. Do d6 gid tri
thu duge G so sdnh v6i gia tri thu dugc clia né cé thé gidm. Dén lugt minh khi dam bao
T, = Tp = 0,08 s, diéu d6 c6 thé lam giam hing s6 thoi gian t, t6i gid tri:

T, =T, G,=0,08 x0,02=10,0016s.
Su giam hang s6 thoi gian T, thuong khong lién

%y s
quan véi do xdu di cdc tinh chdt dong luc hoc cua hé
hiéu chinh. c, 25
Ta chuyén t&i xac dinh cdc thong s6 cta khau H
képcédang T, gia st C; = C, =C3=C=0,5 uF.
Khi d6 theo phu luc 22. T | |5
6
R, = a_ _ 0,394.10 ~2500 Q
wyC  314x0,5 ¢ & g
[ 108 \ S
R, = oC = 314 %05 % 0.394 =~ 8000 Q Hinh 175. So do khau
X X
O ) T RC kép c6 dang T
1 10°
R ~ 4500 Q

T R oyC L4lx314x05

291. Hay x4c dinh cdc thong s cla khau kép ¢d dang T hing sd thai gian Tp = 0,047 s.
Tén s6 mang oy = 2nfy = 31405, C; = C, = C= | pF.

Ddp s6: G, =0,034; R, = 134 O; R, = 380 O; Ry = 225 Q.

199



Chuong 7
CAC QUA TRINH NGAU NHIEN
TRONG CAC HE TUYEN TINH

7.1. TINH TOAN CAC HAM HIEU CHINH VA CAC MAT PO PHO

292. Hay x4c dinh ham hiéu chinh R(t) vd mat d6 phé S(w) d6i vdi dai lugng thay déi
theo quy luat dao dong diéu hoa
X = Asin(Bt + y)
Hiy kiém tra tich ph4n mat d6 phé theo t4t ca tdn s6 ciing nhu gi4 tri R(0) cho binh
phuong trung binh (& trudng da cho né bang phuong sai) clia dai lugng nghién ciu. Bién do
A=10vatins6 géc B=2s.

Bai gidi. Ham tuong quan:
1 +T
R(1) = lim — [x(O)x(t+1)dt =
(1) mm_i()( )

= — J'Azsin(Bt+\u)sin(Bt+Bt+w)dt=——coth
Ty § 2

6day T= gﬁi . Thé& cédc s6 lieu ban ddu cho R(1) = 50 cos 21, cling nhu R(0) = 50.

Mat d6 ph6 c6 thé tinh trén co s& tich phan Fourier:
o0 ) 0 A2 .
S(w)= | R(1)e ™" = | —e7”% cosPtdr
(@) i (1) i > B

2 o
= — jcos wTtcosPrdr
A=
= J'[cos(u) - B)1 + cos(w + B)tjdt

-0

2
- 1‘;‘—[5(m—ﬁ>+6(m+ﬁ)1

g day 8(w — B) va 8(w + P) - cdc ham xung duy nhat dugc phan b6 & cdc tdn s6 o = f va

o =-B.
Tich phan mat d6 phd theo toan bé tan s6 cho:
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i 2 +»

— '[ S(w)dw = A— j{&(m B)+o(w+())dw

Céc tich phan theo hAm xung duy nh4t bang | don vi:

j 80 - B)dw = jS(m +B)do =1

Vi vay & két qua ta thu duoc:

+ 2 2
L jS(w)dmz—A——=£=50
2n 2 2

293. D6i véi qud trinh ngdu nhién tinh ¢6 phd khong déi & dai tir ~o t6i +o (hinh

176), hay tinh gid tr1 trung binh (ky vong todn hoc), binh phuong trung binh (m6émen bac

hai) va phuong sai, ciing nhu tim biéu thic giai tich va x4y dung dé thi ham tuong quan.

Bai gidi. Gia tri trung binh cia dai lugng ngdu nhién bang khong X =0, bdi vi mat do
phd & © = 0 khéng chua cdc dac diém loai ham xung (delta - ham s6). Do d6 phuong sai

bing binh phuong trung binh cia dai lugng ngéu nhién:
D= xz—;?' =x?=0?

& day o - do léch trung binh binh phuong. Tiép theo ta tim dugc:

1t NAw
X —D=—- jS(w)dm——z—— de 27!
—ay

& day Ao = 2o - dai tdn s6 (theo radian trén gidy).
Biéu thitc cu6i cling ciing ¢6 thé viét & dang sau:

x? =D = NAf Stw)

& day Af = %(2 - dai tdn s8 (theo hec). Gid tr
m

e > —

binh phuyng trung binh cla dai lugng nglu
nhién:

a

~
- §_ R —
&
‘a‘\

dw

x =0 = JNJaf '

Hinh 176. Phé trdng & ddi

Han twong quan c6 thé xdc dinh trén co
s tich phin Fourier:

I +00 . 1 0
R(t) = — j S(w)e™ do =— fS(co) cos wTdw
2n T,

hay:
Wp

R(7) = —1— J'Ncoswtdco—ismw T
o 1

tan s gidi han.
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D6 thi ham tuong quan duoc biéu dién trén hinh 177. Gia tri ham tuong quan & t = 0
bang:

Nwo, -D

R(0) = lIim —I:I—sinm T=
-0 T 7

=

294. D61 v6i bai todn trudc hdy xdc dinh gid tri tiéu chufin cha mat d6 phd va ham

tuong quan.
Rrry f?([}
Z
,A \!/f\i’s 1{ L |
S o -0 -g4-02 0 02 G4 Gbzs

Hinh 177. Ham tuong quan cho bai 293. Hinh 178. Ham tiwcong quan ¢é dang s6 mil.

Pdp s6: Mat d6 phé tieu chufn & -o < © < ©, bing:
Sw) 2n 1

o)== ——=—=—
(@) D Ao Af

Ham twong quan tiéu chuidn
R(t) sino,t

1) =
ple) D 0,7
Gidtrip(t) 61 =0:
0(0) = lim Sinw,T _,
-0 (x)n‘t

295. 5 k€t qua xir 1y biéu d6 dao dong cla qud trinh ngdu nhién tinh c6 ky vong todn
hoc (gid tri trung binh) bing khong ta thu dugc biéu thitc ddi véi ham tuong quan:
R(t) = D.e
& day D = 100 - phuong sai va p = 5 s - thong s¢ tit ddn. Ham tuong quan dugc x4y dung
trén hinh 178. Hiy xdc dinh mat d6 phd va xay dung dé thi cla né.
Bai gidi. Mat d6 ph6 cé thé tim theo tich phan Fourier.

+e0 ) +o0 .
S(w) = j' R(t)e **dr = J'De‘“"'ej“"dt
Tich phan cu6i ciing dé€ thuan tién cdn phan thanh hai:
0 w0
S(w)=D I eHiN g 4 .[e“(““‘”)’dr

—o0 0

2uD 2TD

B p2+(02 B 1+0°T?
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o day:
]

T=—=02s Stw)
M 50+
Thé cdc gid tri s6 cho ZJ~-\
S(e) = — 2 . e
1+0,040 6 4 2 0 2 4 6oL
Mat do phé duoc xay dung trén hinh
179. Hinh 179. Mdt d6 phé tuong iing

e e ) voi ham ticong quan trén hinh 178.
296. Hay giai bai todn trudce, néu qud £4q

trinh ngdu nhién tinh dang xem xét c6 gid

tri trung binh (ky vong todn hoc) X =35. Rre)

Hédy xay dung cdc d6 thi ham tuong quan

va mat do phé. 109/
Pdp s6: Binh phuong trung binh cla

dai luong nglu nhién:

x2=D+x =100+5%=125

-~ T - — g

! 1 i L 1

~96-04-42 0 42 g4 (6t s

Ham tuong quan:

Srw)

- -2 _
R(t) = De M+ x" =100 e " 4 25

Mat d6 phé:
-2
S(w)=2nx 8(w) + —%%)—2—
[+w°T
= 157¥(w) + ————
1+ 0,04w" ' —
) . 5 4 ¢ 4 ¢ ¢ b5
& day d(w) - ham xung duy nhat. Cic do
thi duoc x4y dung trén hinh 180. Hinh 180. Ham tiwong quan

e va mdt d6 pho cho bai 296.
297. O két qua xu ly biéu dé dao

dong cla qua trinh tinh nglu nhién c¢6 ky vong toin hoc bing khéng ta thu duoc biéu thiic
cho ham tuong quan:
R(t) = De M cosPt (0

& day D = 40 - phuong sai;

it=0,5s-thong s6 dao dong tit dan (hé s6 khong diéu chinh);

3 =2s-tdn s cong hudng.
Ham s6 tuong quan duoc biéu dién trén hinh 181, Hay tim biéu thic giai tich va xay dung
dé thi mat do phd.

Ddp so: Mat do phé:
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1 1
.+.

S(w) = ub
S YO SR ISY

Sau khi thé cdc gia tri s6:
20 20
77 2
025+2-w)" 025Q+w)

D6 thi mat dé phé duge biéu dién trén hinh 182.

S(w) =

Otw)
00
Kl 75
Y o4
20 25t

N, — e TN X
T w N N &/ das> 4 3 % 1 0 1 2 3§ 4ud

Hinh 181. Ham tuong quan cé Hinh 182. Mdt d6 phé ciua
dot bién khong diéu chinh. dot bién khong diéu chinh.

298. Dé 14y gin diing cong thic ham tuong quan theo s6 liéu ban ddu cla bai todn
trudc ta dua ra biéu thitc chinh xdc hon:

R(1) = De Kl {coth+%sinBl ‘t|).

Hay tim mat d6 phd d6i vai trudng hop nay:
PB-w 2B+
2 I 2
e +B-o) p +B+ow)”
- 10 4- - 4+0 :
025+(2~-w)* 025+2+w)” |

-

am:ﬁﬁ

299. Qué trinh nglu nhién tinh &

X , . o Z(t) —
ddu vao clia hé theo ddi ¢ dang biéu dién

trén hinh 183. ] _I__ l—
Gid tri trung binh binh phuong cta 7 is

dai lugng dang xét x = 2. D¢ chodn trung L—LJ

binh clia doan x = const bang T = 10 s.

Hay xdc dinh ham hi¢u chinh va mat do Hinh 183. Tin hiéu ddu vao dién hinh

phd. ctia hé theo déi.
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Bai gidi. Ham tuong quan ¢4 thé tim theo biéu thitc:
. -2
R(1) = x°P, +x P, ()

& day x* - binh phuong trung binh;

X - binh phuong gid tri trung binh cta dai lugng ngdu nhien;

P - xdc sudt tim cdc toa do nhan lién ti€p cla qud trinh ngdu nhién & khoadng x = const,
c6 nghia xdc sudt khong c6 su thay déi t6c do trén doan thdi gian 1, P=1 - P -
xdc sudt cia su tén tai thay déi t6c dé trén doan thdi gian T.

B&i vi d6i v6i qud trinh dang xem xét x =0, thi x° =D va cong thie (1) ¢6 dang:
R(t)=DP (2)
X4c sudt xudt hién sy thay doi dai lugng ngdu nhién & doan nho clia thdi gian At ¢é

sy o e e <L A , , , IS . <
the 14y ty 1é vé1 gid tr1 At va bang TT Xdc sudt khong ¢ su thay doi cha dai luong ngiu

nhién sé la 1 - —ér—I Xdc sudt khong c6 su thay déi cdc gid tri trén khodng thdi gian t bing

tich cac xdc suit;

T

At \ar
P=|]l-— 3
( Tj 3)

X4c suit cdn tim P c6 thé tim dugc nhu gigi han biéu thic (3) khi At — 0:
T

—_ T
= lim (l——A—T)AT =e T
At—0 T

Bai vi P(t) = P(-1), thi & két qua ta thu dugc ham tuong quan & dang:
J1l

R(t)=De T = 4o 000
Mat d¢ phé:

+w0

S(w) = IR(T)c_jmd’t= 21D 89

1+ w?T? - [ + 10002

300. Hay giai bai todn trudc, néu biét rdng cdc doan x > 0 va x < 0 dugc ludn phién va
sur thay d6i c4c gié tri luon kém theo sir thay d6i déu.

VA v

g » ”,n”

— g

—t-;f;u— L"S

Hinh 184. D6 thi qua trinh cho bai 300. Hinh 185. Tudn tw cdc xung.
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D6 thi clia qué trinh nay dugce biéu dién trén hinh 184.

Pdp 56
_ Il

R(t) =De T = 4e~02M

TD 40
S(Q)) = 3 jam) 5
T 2 1+250w~
1+ —4—0)

301. Hay xdc dinh mét d6 pho tuén tu cic xung dong duong cach déu nhau ¢S bé réng
giéng nhau va bién do ngdu nhién (hinh 185), & cdc s6 liéu ban ddu sau: chu ky theo doi céc
xung T = 0,1 s; bé rong cta xung yT = 0,01 s, diéu d6 tuong ting v6i do réng v = 0,1; gid trj
trung binh cta bién d6 xung X = 20; gid tri binh phuong trung binh cta bién dé xung

\/?=xck =25.

Bai gidi. Ta biéu dién ham x(t) & dang tong thanh phdn chu k¥ x(t) cdu tao tir trinh tu
cac xung c6 bién do khéng d6i bang x (hinh 186a) va thanh phdn ng&u nhién x(t), cdu tao
tir trinh tu cdc xung c6 bién do ngdu nhién va gia tri trung binh bang khong (hinh 186b).

Thanh phdn chu ky dugce phan tich thanh chudi

Fourier: z,
+o0 E’E
G S RN
k=—o0
& day, C - 56 t6 hop. V7 %
Bién do dao dong diéu hoa: a)
X Tz
A=A = le'= —sin kmy 2)
kn h il
- - . ;1 > \ 2 «, 0 e U {’15
Khi th€ cdc s6 liéu ban ddu vao dang thuc:
A=A = %isinosmk b
Hinh 186. Cdc trinh tie cdc
Diéu dé cho cdc gid tri sau day cta bién do dao xung dioc thiét ldp,
dong diéu hoa:
A0=2, A6=1, A12=O,31
Al = 1,9, A7=O,73, A13=0,39
A2 = 1,86, Ag = 0,46, A]4 = 0,43
Ay =17, Ay =021, Ay5=0,42
A4= 1,51, A]()=0, Al6=0v42
As=1,27, A, =0,17,

Mat dé phé d6i v6i thanh phdn chu k¥ (1) c¢6 thé viét & dang (xem bai 292):
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s 2nk
S(w) =2 n—— Z 6( ) (3)
k=0
va la ph6 van ké. N6 duoc biéu dién trén S.fw)
hinh 187a, ngoai ra dién tich cta ham '
‘ A} ,,
xung bang 2= —f theo quy uéc duoc chi

ra duéi dang xung cudi theo chiéu cao.

'll; 11ty

Gid tri bién d6 dao dong diéu hoa a) — i dL'JJ

(2) cling ¢6 thé tim ra trén co s& bién déi 500~ s00 00500 @, ¥+
Fourier tr xung don cé chiéu cao x va
khoang thoi gian yT.
Biéu dién Fourier déi v6i xung
bang:
—] - i
F(jw) = Ixe”‘“dt —*.——— b —= A : . ,
jo w000 -s0 0V S 1000w L

0

Modun ctia biéu thifc nay:
oyT Hinh 187. Cdc thanh phdn mdt do pho

. 2xsin ER cho bai 301.

Bién d6 dao dong diéu hoa tht K c6 thé thu duoc tir cong thitc (4) déi véi tan s6 o

bing thé © = —?;—k va béng chia gid tri thu dugc cho chu ky theo doi T:

2nk
Fl <2t
) l (J T )

T

X .
=|—sinkmw
km T

Biéu thic nay trung véi (2).
Mat do phé cha thanh phdn ngdu nhién c6 thé tim tr biéu thitc t6ng qudt di véi mat
d6 pho cla dai lugng ngdu nhién, ma:

S(®) = _lim 2——[F( jof

()—)w
Trong truong hgp da cho né bién thanh biéu thic:
1 .2
S(w) = —|F,(jw
(©) Tl 2 (o)
§ day F,(jo) la biéu dién Fourier clia xung duy nh&t, ma gid tri binh phuong trung binh cua

. Ty -2 . LR A
no bang o = \/x2 —X . Tuong tu cong thitc (4) c6 thé viét:
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20sin EDI—F—

F> (jo)|=

Suy ra ta tim dugc mat do phé clia thanh phdn ngdu nhién:

462 sin? Qﬂ
2
S(w) = ——r—5— (6}
2 Tw?
Thé cac gid tri s6 cho:
9000 sin? 0,005 ©
S(0) = ~

Phé 1a lien tuc. NG biéu dién trén hin h 187b. Theo dang cla minh né tuong tu phd
van ké dudng bao, bai vi cdc gid tri cia mat do phé ciing ty 1é binh phuong clia modun biéu
dién xung duy nhét (4).

302. Mat do phd t6c do tin hiéu ddu vao cia hé theo ddi (hinh 183) c6 thé dugc biéu
dién & dang:
21D,

Si{w) =
: 1+m°T?

(D

& day Dq = Dzk binh phuong trung binh ctua t6c d6. M6men cua tai trén truc thira-hanh
khong déi theo gid tri (M = My, = const), con du cta né thay déi cing vdi su thay déi ddu
t6c do cla truc thira hanh. Néu cho ring ddu moémen thay déi ciing vdi ddu t6c do ddu vao
xdc dinh ham tuong quan d6i véi moémen tai S,(w) cling nhu cdc ham tuong quan ddi véi t6c
dé ddu vao va momen tai S;5(w) va Sy;(w). Néu cho ring t6c do ddu vao thay déi theo quy
luat phan b tieu chudn.

Bai gidi. Mat d6 ph6 clia mémen tai c¢6 thé thu dugc tir mat do phé t6c do tin hiéu dau
vao (1), néu & n6 thay th& binh phuong trung binh cua téc do cho binh phuong trung binh
clia momen M? = M} :

2TM},
1+’ T?
Mat do phé twong hd c6 thé tinh theo ham tuong quan vdi nhau duoc xdc dinh nhu

trung binh theo thoi gian hay trung binh theo tip hop:
1 +T
Rys(1) = lim — {Q(t+ 1)M(t)dt = Q(t + T)M(1).
12(0) T’-sz_i( IM(t)dt = € )

Sy(®) =

Xd4c sudt tim Q(t + 1) va M(1) & mot tich phan (xem bai 299) bang:
Il
P=eT
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con xdc sudt tim & cdc khoang khdc nhau:
i
P=1-P=1-¢T

Khi xdc dinh t6c d6 va momen & cdc khoang khdc nhau trung binh theo tich cla
chiing bang 0.

Khi tim Q va M & mét khoang ddu moémen bang dau cua téc d6. Tich cua t6c do vdi
moémen khi dé luon luon duong. Khi dé, bdi vi gia tri momen khong déi, momen ¢ thé dua
ra ngoai dudi dau trung binh:

Q([ + T)M([)_—‘MH Q([ + T):MHQC

g day, Q. - gid tri t6¢c do trung binh theo mémen. D6i v6i phan bs tieu chudn:

Q.= Qcx J_%:O»gQCK

Do d6, ¢6é ham tuong quan lan nhau:

It il
Rlz('[) = MHch T =O’8MHQCKC T (2)
Mat dé phd duoc tim (nhu biéu dién Fourier) tir biéu thic (2):
2TM, Q¢ L6TM, Qg
1+ 0°T? 1+ 0°T?

Tuong [U co {hé tim dUQC RZI(T) = Rlz(T) va SZI(O‘)) = SIZ((D)'

Slz((l)) =

(3)

7.2. SU DI QUA CUA TIN HIEU NGAU NHIEN TINH QUA HE TUYEN TINH

303. Heé theo doi sau cdc sao bao goém t& bao quang dién, bo khué&ch dai khéng quén
tinh, b6 loc (khau khong chu ky chia bac ddu) va co cdu thira hanh & dang 4m nghiém hay
ddn dong do tac do (khau tich phan Iy tudng). Nhiéu & ddu ra ¢ bho dién quang cé thé 1ay &
dang am tap trang c6 mat do ph6 S(w) = N. Chi ra ring gié tri trung binh binh phuong cua
sai s6 ngdu nhién cla hé khong phu thuoc vao hing s6 thai gian cta bo loc.

Bai giai. Ham truyén cua hé hd c6 dang
_K
p(1+Tp)

& day K [s'] - hé s6 chat lugng theo t6¢ do, T - hing s6 thoi gian cia bo loc.

W(p) =

Ham truyén clia hé kin béng:
W(p) K
D(p) = W 5
I+ W(p) Tp*+p+K

Mat do pho ctia sai s6 c6 dang:
KN

S(w) = [@()| S()= ;
fT( o +jo+K
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Tich phan mat d6 phé cha sai s6 theo tit ci cdc tdn s6 (xem phu luc 17) cho binh
phuong trung binh cua sat s6:

— +oo 2
2 _ 1 K:Ndo KN _

2
= 5 ‘T(jco)2 +jo+K

& day dai tuong duong cla tap am trang di qua:
K
Af= — [Hz
5 [Hz)
Nhu thay 5 tir cdc biéu thie thu duge, sai s6 binh phuong trung binh khéng phu thuoc

vao hang s6 thdi gian clia bo loc.

304. D61 v6i ho theo ddi sau cdc sao (xem bai todn truée) dién dp binh phuong trung
binh tap am clia t& bao quang dién U = 6 V & dai tdn s6 Af = 10.000 Hz (£ 5000 Hz). D6 ho
din dic trung cla t€ bao quang dién k = 10 mV/géc phiit. Hiy xdc dinh gid tri cho phép clia
hé s6 khuéch dai chung (hé s6 chdt luong theo tdc do K) ma & d6 gid tri binh phuong trung
binh ciia sai s6 nglu nhién s& khong vuot qué 1 géc phiit.

Bai gidi. Ta biéu dién dién 4p cla cdc ti€ng 6n cla t€ bao quang dién & dang tin hiéu
géc binh phuong trung binh tuong duong & ddu vao:

o= Jac__ © — =600 géc phiit
kg, 10107
Mitc 6n tring & ddu vao:
0%  600°
S (w) = —k= = 36 (gbc ph)? Hz
o) = S = Toooo -0 (8% Ph)

( bai 303 di x4c dinh gi4 tri binh phuong cta sai s6 bang:

}KN
o= ,—
2
Tu d6 ta tim gid tri cia hé s6 khuéch dai chung:

2
K<29 2l o055 6
N 36

305. Cho cdc ham truyén cla hé diéu chinh hd c6 tinh vo hudng bac mét:

H W= =
p
) W)= ————
) N T
3 W(p) =
) (P) p(1+T,p)(1+Typ)
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Hay tinh dai ti€ng on trang tuong duong di qua cla hé kin, n€u he s6 chat lugng theo
t6cdod bang K = 10 s, con céc hang s6 thdi gian T=0,1 s vaT = 0,05 s.

Pdp so:
1) Af = R_10 =5 Hz
2 2
2)Af = R_10 =5Hz
2 2
A= e 101(())1 005y - M
o KT 2(1_ 0.1.0, j
Tl + T2 L 0,1+0,05
306. Ta cho cdc ham truyén cta hé hd diéu chinh ¢6 d6 vo hudng bac hai:
K(l+1
1) W(p) = 2t rp) 5 P)
K{d+1
) W=
p=(1+Tp)

Hay tinh dai ti€ng 6n tréng tuong duong di qua cla hé kin, néu he s& chat lugng theo
gia:6c K =10 s2, con cdc hing s6 thdi giant=1svaT=0,5s.

Dadp so:
2 2
1) Af = 1+Kt :1+10.1 ~ 5.5 Hz
21 2.1
2 2
2) Af = 1+Kt® 1+10.1° | Hz

T 2(1-T) 21-0,5)

307. O ddu vao he diéu chinh c6 nhidu véi mat do phé:
2T, 62
(o) = 0,
l+0°T,
Hay xac dinh hé s6 1am béing cha hé bang ty s6 gid tri binh phuong trung binh cua
nhiéu & d4u vao v6i gia tri binh phuong trung binh cta sai sé:
c

- on
Kip=—
o

vi gié tri trung binh binh phuong cla sai s§ . Ham truyén cla hé ho:

W(p) = E
p

Céc gid tri s6 cia cdc hé s6:
K=05s";y o6=10,T=0,1s.
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Ddp so:

1
Klb:\/1+ :\/1+ : :‘\/_Z—I :4,6

KT, 0,5.0,1
o=In 10 58
K 46
308. Hay giai bai trudc, néu ham truyén ciia hé hé:
K
W)= ————
p(1+T,p)
bday T=1s.
Ddp s6:

T 1 0,1
Ky, = T+ = [— = 20,1 =45
1o \[T1+Tn KT, \[1+01 0,5.0,1

309. O ddu vao hé theo déi cé tic dung chia tin hiéu hitu ich, ma t6¢ do cha né thay
déi tuong ung vai hinh 183. Mat do phé dugc viét cho t6c do c6 dang:
2TD,,
|+ 0?T?

3 day Dq = QéK - phuong sai cta téc do. Gid tri trung binh ctla t6c 40 Qe = 2 do/s.

Sa(w) =

Thai gian trung binh cia mot doan T = 1 s. Hay xdc dinh sai s6 trung binh binh phuong, né€u
ham truyén cta hé hd cé dang:

W(p) = ————
= ST

Hé s6 phdm cht theo t6c do bing K =25 s, con hing s6 thoi gian T = 0,05 s.
Bai gidi. Ham truyén d6i vdi sai s6 bing:

1 _ pU+Tp)
1+W(p) T,p2+p+K

Dy(w) =

Mat do phé clia sai s6:
2 SQ(m) 2TD (1 +w*TF)

So(@) = |®(jo) - 5
o’ (1+m2T2)Tl(jm)-+jm+K‘

Ta dua né vé dang thudn tién dé tich phan (xem phu luc 17):
- T (jw)? +1

Se(®) = 2TD, ;
[Ty (Go)" +(T+T)(j)” +(1+KDjo + K|
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Tich phan theo tit ca cdc tdn s6 cho binh phuong trung tinh <da sai s6.
0% =2TDg 14
d day tich phén:

I_q=

1 T |— T (jw) + ljdm
2 Ca _ . 2
< #«,'Tr]()m)' +(T+T, )(Jco)2 +(1+KT)jo+K
Tuong (ng véi phu luc 17 bang:

aga, b,

—ayby tagh) -

3
13 =
2ap(aga; —a;a;z)

C4c gia tri cta cdc hang so6:

a, =TT by =0
a,=T+T b, =—Tl2
82_—'1+KT b2: |
a3=K
O két qua ta c6:
aib,

b - ——= )

i a; T+ T +KTj

YT 2agas -ajay) 2K(T+T, +KT?)

o- |TDo(T+T + KT?)
K(T + T, + KT?)
_|L.4(1+0,05+25.0,05%)
25(1+0,05+25.1%)

Cué1 cang:

=/0,0068 =0" 082 =5

Biéu thitc gdn diing cho sai s6 binh phuong trung binh ¢ dang:
= [ PT _fex 2 005 g8
KKT? K 25

9CK

310. O ddu vao cla hé diéu chinh c6 tic dung cla nhiéu véi ham tuong quan:
R,(t)=D,e (coth + %sinﬁl 1 l}

va 1mat 16 phé:

s.(@) =D, &

p

2B-w 2B+
2 a2 2 2
pe+(@-P)°  po+(@+p)
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Céc gid tri s6 clia cdc heé s6:
D,=o2=100,p=04s"'vap=5s"
Hay xdc dinh hé s6 1am bing bang ty s6 cla gia tri binh phuong trung binh cua nhiéu
& ddu vao véi sai s6 binh phuong trung binh & ddu ra cha hé:
c

- n
Klb -
O

va sai s6 binh phuong trung binh ¢. Ham truyén cia hé ho:
K
W(p) = —

& day hé s6 chat luong cua hé theo téc d6 K = 0,1 st

Pdp s’
He s6 1am bang:
Ky, = Bt +p’
\/ 21u(B + u H 2’
B2
2 +0,4? - 167
2.0 4(52 +04)° 2047
\/ 52.0,1 52
Sai s binh phuong trung binh:
_ On _ 10
Kb 167
311. D€ 14y gin ding ham tuong quan cha bai todn trudc ta sir dung hai cong thic:
R(1) = De cosft (1)
R(1) = De'“m(cos[}wr%sin[}l 1 |] (2)

Céc ham tuong quan nay tuong tfng vdi cdc mat do phé:
déi véi cong thite (1):

-1 1
S(w) = uD + (3
= L“(WB)2 u2+(w+B)2}
déi véi cong thite (2):
) 2B-o 2B+w
S(w)= =D + (4)
@= % L“(WB)2 u2+(m+B)2}

Hay xdc dinh phuong sai clia t6c d6 déi v6i cdc cong thitc (1) va (2).
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Ddp so:
1) Do — oo, 2)Da =+ pPD.

312. O ddu vao cta hé ¢6 ham truyén:
K

Wip) = 1+Tp

(1)

O thoi diém t =0 ¢6 tin hiéu tinh dinh tdm ngdu nhién v4i ham twong quan:
R,(c) = De (2)
Hay xdc dinh su thay do6i phuong sai clia dai luong ddu ra theo thai gian D,(t), ciing
nhu phuong sai cia dai lugng ddu vao & ché do én dinh.
Céc s6 lieu ban ddu: K =10, T=10s,D; =1 vap=0,05s".
Bai gidi. Gié tri phuong sai & ddu ra c6 thé dugc xdc dinh theo céng thirc:
1 t
Dy() = [a(s)ds [o(m)R, (n—s)dn (3)
0 0
& day o(s) va o(n) 12 ham khdi lugng cia hé w(t). Khi thay th€t=svat=n.
Pai voi ham truyén (1) ham khéi luong sé 1a o(t) = aKe™, o day a = T (xem phu luc 1).
Do dé:

K2 oo .
D,(t) = 12)1 Ie ‘Sdsje N R gn =
T 3 0
KZD t s t
- . ! Ie'“ds J’e-anew(n-s)dn+ ‘[e—ane—um-s)dn )
T 0 s
Hay tinh cdc tich phan ¢ a # p cho:
§ ~a8 =S
0
L = tj‘e—aneu(n-s)d _ e e
2 n ath
s
2y t
Dz(t) = K QD J.e‘-as(I] +Iz)ds
0
e N S e 2 i )
- I 272
1+puT 1-pT 1-p°T
& ché do 8n dinh:
KD
D,(0) = l+;ﬂ]" (6)

Cong thic (6) cé thé ciing thu dugc tr mat do cdc phd cta tin hiéu ddu vao:
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T - e 2D
Sl(m) = J RI(T)e_J(E)TdT - J Dle—pl‘rleqo)r =_?Fl_12
o0 —w po+o

Mat do phé ciia tin hiéu diu ra:

2 K?2uD
Sy@) = [W(jo)' S, (@) = ———FZ
i(l +_]COT)(P~+JCO)I
Tich phan cia mat d6 phé S,(w) theo t4t ci tdn s6 cho:
+0G +90 2
Dj(e0) = —21— [ S5 (0)do = 5& [ R pDydo
(e n‘“’lT(jO))2+(l+pT)j03+},L

Tuong ung véi phu luc 17 ta ¢é:
K?D,
L +uT

Dy(0) =

Khi thé cdc gid tri s6 ta c6:
D,(t) = 66 + 200e ™% — 266¢ 1%
Dz(w) =66
313. Hay giai bai trudc, néu ham truyén ctia hé twong tng véi khau tich phan 1y tudng

c6é ham truyén:

K
W(p) = —-
p
6diy K =0,1s.
Ddp 56"
—e Wt

D, (1) = 2K{D, L 9,,_92___2 =0,4t - 8(1 — e~ 0051y
H p

DQ(OO) —> 0

7.3. CAC HE TOI UU

314. Ham truyén cua hé diéu chinh hd ¢ dang:
K+
W(p) = TP ; )
Y

& day K = 100 s - hiang s6 khuéch dai chung clia mach h&, con 1 - hing s6 thoi gian clia thiét
2
bi hieu chinh. & ddu vio hé ¢6 tic dung cta tin hiéu diéu chinh véi dang g = at + % , 0 day

a =100 do/s va b = 10 do/s, va nhi€u 1a do6 6n tring c6 mat do phé S (w) = N = 0,2 do/Hz.
Hiy xé4c dinh gid tri hdng s6 thoi gian cla thiét bi hiéu chinh tuong ng t6i thiéu ca sai s6
trung binh binh phuwong & ché€ d6 én dinh, ciing nhu gia tri sai s§ binh phuong trung binh.
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Bai gidi. Gid tri 6n dinh cta sai s& tif tin hiéu hitu ich:
.Gy c
X, =Cg + —2lg =¢|(a+ bt) + b

& dawv ¢, va ¢, - cdc heé s6 cla sai s0. Trén co s6 phan tich ham truyén ddi véi sai so:

| p2

D,(p) = =
1+W(p) p?+Kip+K

2 . ~ N 4 . C 1 2 ar, o N N A 2 9 . "
0 chudi luy thtrata céd ¢y =0 va —21 ' ( két qua thanh phdn diéu chinh cla sai s6

b
X, = —
K
hay:
2
s 8

Binh phuong trung binh cla sai s¢ ngdu nhién (xem phu luc 17) bang:

R +30

) | 2
- — ® e - -
X: Py _i‘ (jo)|” Ndo

KN *7 {—Tz(j(l))ﬁ- l}ko (1+ Kt5)N
= J‘ 7 -7 (2)
2 .2 : 27
"0'(_](0) +KT_]CL)+K[
con binh phuong trung binh cla sai s6 t6ng:
— - — 2 2
x2:x3+xi:}3—_+.(_l:__Kr_)_I\_I. (3)
K? 27

B¢ tim cuc tiéu cla biéu thiic cudi cung a cho dao ham bac nhdt theo hang so tho
gian cta thiét bj hiéu chinh bang 0:

ZKTZ—(I + Ktz) =0
tir dé ta thu dugc:

t——l—-————l =0,ls
JK Voo

Sai s binh phuong trung binh dugc xdc dinh tir (3):

. 10*  1+100.0,1"
“" Vi 20l

02 =141

315. Hay giai bai todn trudc, néu ham truyén cta heé thdng hd c6 dang:
K+t
W(p) = o
p-(1+Tp)
odayK =100svaT=0,05s.
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Pdp 56
=T+ ,/TZ +%:o,05+ ¥0,05% +0,01 =0,165

Sai s6 trung binh binh phvong:

\/bz (1+Kr2)N
Xek =\t —
K2  2(t-T)

10°  (1+100.0,16?).
) \/1002 + 2(0,1611(?,0)5())’2 -8

316. Hiy gidi bai 314 véi gia thiét c6 thé thay déi gid tri hing s6 thdi gian clia thiét bi
hiéu chinh 1, bai vi hé s6 khuéch dai chung K.

Bai gidi.

Biéu thitc vi phan (3) trong bai 314 theo t va theo K va dao ham riéng bang 0,

ta co:

T= = (D

Néu thé€ (1) vao (2) va giai phuong trinh cudi cling, ta c6:

166*  |1,6.10* 5
Klrung = 5\/ N2 :J 022 =21 5

Hang s6 thoi gian cla khau hiéu chinh:
N S
“ VK V21
Sai s6 binh phuong trung binh duge xdc dinh tir (3) clia bai 314,

N 102+(1+21.O,2182)O,2
KT Y512 20218

T =0,218s

=1%.07

317. Ham chuyén cta he diéu chinh hé ¢6 dang:

K
W(p) = ———
= T

& day, K - hang s6 khuéch dai chung, con T - hing s6 thdi gian. Ham truyén ctia hé kin bang:

W(p) K
®(p) = =
® [+W(p) Tp?+p+K

& ddu vao hé c6 tdc dung cla nhiéu & dang ti€ng 6n trang c6 mat do6 phé S(w) = N va tin hiéu
hiru ich c6 mat do phé:
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S(0) = _2T.D_
1+ oosz

Gifta nhiéu va tin hiéu hitu ich khong ¢6 hiéu chinh. Cdc s6 liéu ban ddu: T = 0,1 s,
T=20s,D =100 d6 va N =0,01 d6/Hz. Hay xdc dinh gid tri t8i wu cha hé s6 khuéch dai
chung K tuong dng gid tri cuc tiéu cha sai s6 trung binh binh phuong, va sai s6 trung binh
binh phuong § K = K,

Bai gidi.

Thanh phan binh phuong trung binh cua sai s6 xdc dinh nhiéu (xem phu luc 17) bang:

+0 2
62 - L K’Ndo KN 0

2
2n —wiTl(jco)z rio+K| 2

Thanh phdn binh phuong trung binh sai s6 dugc xdc dinh bdi tin hiéu hitu ich & dau
vao (xem phu luc 17):

2 :_1_+}° o?(1+w’TH) 2D o
¢ 2n "W’Tl(jm)z +jw+K!2 1+ T2
oD L | 20" -io? o -
S - lTch(j(D)3 + (T, +'I‘c)(j(o)2 +(1+KT)jo+K ’
=D T, +T, + KT{Sc 2)
Ty + T, +KT¢
Binh phuong trung binh i6ng ctia sai s6:
—E—)E=83‘+63=KN+DT‘+T°+KT‘T° 3)

T, + T, +KT}
Khi t6i thi€u hod sai s6 trung binh binh phuong cin cho dao ham biéu thic cusi ciing
theo he s6 khuéch dai bang khong. O két qua ta co:
N  DT(T -T})

2 (T, +T,+KT2)?

Giai phuong trinh cu6i cing cho gid tri t6i vu ciia hé sé khuéch dai:

K- A(TE-TH) T, +T,
"¢ TNTONT) T

Ta xédc dinh gid tri s6 hé s6 khuéch dai t61 vu:

2 _ 2
Ky = 2000200 01T 20401 4
0,01.20° 20

3ai s6 trung binh binh phuong trén co s& (3) bang:
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Oy = 30.0,01 100 0,1+20+ 30.0,1.30 -0°9
0,1 +20+30.20

318. D6i voi bai todn trudec hdy xdc dinh ham truyén cta hé diéu chinh tuong ing t6i
thiéu 1y thuyét clia sai s6 binh phuong trung binh va hdy x4c dinh gid tri cla sai s6 do.
Bai gidi. O diéu kien thuc hién heé diéu chinh vé mat vat 1y ham truyén vé mat tin so

cn tim cua hé kin c6 thé duoc biéu dién & dang:

B(jo) = U (1)
v(jo)
Mau s6 clia (1) duoc xdc dinh tir dang thic:
o)y (jo) = S(®) + S,(@) (2)
& day y (jo) 12 ham lién hop phitc y(jw). D1 véi trudng hop ctia ching ta:
22
S(@) + Sy(w) = ———2T"2D2 +N= 2T°D+N(i+2w 1)
[+0°T; I+ T

Ta phan tich biéu thic cudi ra cdc s6 nhan lién hgp phiic;
2T, D+N(1+@T2) _ A _(L+ jao)(] - ja)

1+@2T2 U1+ jT0)(1 - T,0)
Tir dé ta co:
i 1+ 330 ‘
y(jo) = JA — (3)
1+ )T .o
. - 1—j
v(jo) = VA —22 (4)
I-jT.®

¢ day:

A=2TD+A, a’= NT =NT°2
‘ ’ 2T.D+N A

Tiép theo ta tim biéu thuc:
S.(w)  2T.D(I-jT.w) _2T.D 1
v @ A+’ THVAl-jaw) VA (1+]T.o)l- jaw)

Ta phan tich biéu thic cuéi ra cdc phan s§ don gian:
S.(®) 2T.D[ T. 1 a 1
* = . . + N
v (jo) JA | T.+a 1+jT.0 T.+al-jaw

Ham B(jo) dugc xdc dinh bdi cdc s& hang cla chudi tuong tng véi cic cuc S(w), ndm

& nira mat phing trén & két qua ta cé:
2TD T. |
. - (3}
JA T, +al+jT.0

B(jw) =
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Ham truyén theo tdn $6 cdn tim cda he kin (1) bang:

_ B(jo) 2T.D T, I

O(jw) - S
y(jm) A T,+a l+jao

Ta xdc dinh cdc gid trt s6 cla cdc hé s0;

; L
a=T, |— =29 001 =0,032s
2T.D+N 2.20.100 + 0.01

2T)D 2T2D ~2TfD_1
A(T,+a) (2T.D+N)T, +a) 2’[‘3[)

Biéu thirc cudi cling d6i v6i ham truyén clia hé thong kin ¢ dang:
i

7
1+Tp 7

D(p) =

& day T =0,032 s. Ham truyén nay twong ing ham truyén clia hé ho:
d(p) 1 K

W(p) = =—=— (8)
P I-®(p) Tp p

gdayK = % =31 s’' - he s6 khuéch dai chung cta hé hd (hé sé chat lugng theo téc do).
Ham truyén déi véi sai s6:
L2 N
So(w) = [@g(jw)| S (w)+|®(j©)"S, (@)

_ T!»® 2T.D 1

- | ' (10)
[+ 0T 1+ cosz I+ 0™T?

Tich phan (10) theo t4t ca cdc tin s6 cho binh phuong trung binh cla sai s6:

TD N
+ —
2T

é“fz—l-—TS {()dw =
2n ° T

v

(1

Sai s6 binh phuong trung binh cua sai sé:

TD N 0,032 x 100 0,01 0
e — 4+ — = + =O 56
T, +T 2T 20+ 0,032 2x0,032
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