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TONG HOP BO DIEU KHIEN THICH NGHI CHO HE SERVO
DIEN THUY LUC SU DUNG DONG CG DIEN TRUYEN THANG

SYNTHESIZE ADAPTIVE CONTROLLER FOR ELECTRO-HYDRAULIC SERVO SYSTEM

USING DIRECT DRIVE MOTOR
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TOMTAT

Bai bdo nay dé xuat xay dung mot m hinh toan hoc cla mdt dong co tuyén
tinh dé di chuyén dau vao van trugt cia mdt bo truyén dong dién thay luc. Dau tién,
la md ta phan tich vé dac tinh luc kéo phi tuyén tinh clia dong co ciing nhu phan
(ing tao ra tir tac dung clia luc dién tit va luc dan hoi ctia 10 xo dinh tam va sau d6 la
xdy dung mé hinh cho hé servo dién thiy luc. Thit hai a xdy dung luat diéu khién
thich nghi dé téng hop bo diéu khién cho hé servo dién thuy luc va phan tich vé hiéu
qué cda thudt toan thich nghi ddi vdi hé thdng. Cac két qua nghién cdu dugc kiém
chiing va so sanh trén cac mé hinh servo dién - thiy luc trong phan mém Matlab-
Simulink va thuc nghiém trén ban thi nghiém chuyén dung.

Tir khéa: Ding co dién truyén thng, hé théng servo, diéu khién thich nghi,
mé hinh mé phdng.

ABSTRACT

This paper proposes to build a mathematical model of a linear electric motor
to move the slide valve inlet of an electro-hydraulic actuator. First, the analysis
describes the non-linear traction characteristics of the motor as well as the
response generated from the effect of the electromagnetic force and the elastic
force of the centering spring and then builds a model for the electro-hydraulic
servo system. The second is to build adaptive control law to synthesize the
controller for the electro-hydraulic servo system and analyze the effectiveness of
the adaptive algorithm for the system. The research results are verified, and
compared on electro-hydraulic servo models in Matlab-Simulink software and
experimented on specialized equipment.

Keywords: Linear electric motor, servo system, adaptive control, simulation
model.
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1.GIGI THIEU

Ngay nay, nhu cau ting t6c dd chuyén dong cta hé
thong truyén déng co dién - thly luc chinh xac la rat I6n
nén viéc cai thién dac tinh dong hoc clia cac hé théng
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truyén dong trén la rat can thiét, dac biét la cac hé théng
truyén déng lai may bay hién dai véi dp suat cao trén
35MPa. D€ dap Ung cac yéu cau trén, hé diéu khién dién -
thay luc véi van diéu khién khuéch dai tdng dau tién kiéu
“voi phun - clta chdp” va “6ng phan luc” (“nozzle-shutter”,
“jet tube”) da dugc thay thé bang co cdu 6ng léng con
truot, diéu khién truc ti€p bang déng co dién truyén thing
(Linear Motor - LM). Tuy nhién viéc si dung déng co tuyén
tinh trong hé théng kém theo su xuat hién cac dac tinh phi
tuyén trong dac tinh diéu khién, chung tang Ién khi téc do
dong chdy thuy luc tang |én do luc thdy dong luc hoc va luc
ma sat tiép tuyén [5, 9].

Nghién ctu vé cdc mau dong co truyén thang cho thay:
tinh phi tuyén cla hé s truyén dat thay déi tu 30 - 40% do
su thay d6i tinh chat cda vat liéu tur tinh. Ngoai ra, tinh phi
tuyén clia déng co truyén thdng ciing phu thudc vao dé tur
tré trong mach tu, su thay d8i nhiét dé cta chat léng lam
viéc va dnh hudng cla phan luc va ma sat nhét [9].

Céc dac tinh phi tuyén tinh clia dong ca truyén thang
cling dugc quyét dinh bdi mé hinh thiét ké va cong nghé
san xudt cla no, Cac yéu té nay tac déng dang ké dén cac
dac tinh déng cta bod truyén dong servo. D€ khic phuc
diéu nay, diéu khién thich nghi la mét ggi y tét nhat nham
khac phuc cac yéu t6 phi tuyén, tang d6 nhay va dam bao
hoat ddng 6n dinh ca hé théng truyén déng dién - thay
luc[7-9].

2. MO HINH TOAN HOC CUA HE SERVO VG1 PONG CO
TRUYEN THANG
2.1. Mé hinh toan hoc déng co dién truyén thing

S dung céc gia dinh lién quan d&€n mé ta qua trinh dién
tu [5], md hinh todn hoc hoan chinh cla dong co dién
truyén thdng dugc mé ta bang cac phuang trinh sau:

di dx

|
L(F,X)—=u-Ri-C(F,X)—, F=wi
(nx)dt u I e(l’x)dt’ i = Wi
d’x dx v
My ? =K (X)i—by, dt —(C=C, GOx—1,

Trong d6, cac hé sé phi tuyén dugc ké dén la:

1. Hé s6 phu thudc gitta luc clia dong ca truyén thing
vGi dong dién chay qua phan ting
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Fu =Ky X)i

Ke (X)
2. Hop luc ctia lyc dién tir va luc dan héi trong dong co

:[CM(i)—C]X= %—C X (3)
(R, +1-%*) 8

3. Hé s6 phi tuyén sudt phan dién dong cia déng co
truyén thang

(%)=

~ 2kF, (R, +1+%X7 )w

2 )
(R, +1-%*)

wFy (R, +1+%*)
Ry (R, +1-%2) 8

Hé s6 cla cac phuong trinh trén dugc xac dinh nhu sau:
x la dé dich chuyén tuyét d6i ctia phan tng trong déng co
truyén dong thang; u(U) la dién &p dat vao doéng co truyén
thang; i dong dién chay trong cuén day déng co; R, w la
dién trd va s6 vong day clia cudn day déng co; myy, la khéi
lugng chuyén dong clia dong ca; by, la hé s6 ma sat nhét
cUa phan ung; F a luc ngoai tac dong lén dau truc déng co;
C la hé s dan hoi ctia cum 10 xo trung tdm trong dong co
truyén dong thang; k= (ZUOSfRiO )71, X=x/8, 8 la khe hd
khong khi ctia phan tng va phan giéi han khi & vi tri trung
tam, Y, 1a d6 tir thdm cda khong khi, S; 1a dién tich cda cuc
t; tU trd cla nam cham vinh ctu: R, = Ry, = Ry
ﬁM =R, /R, R = &/1,S;; Fy la luc tir déng ctia nam cham
vinh cu.

(4)

Chuyén déng clia phan (ng déng co truyén thing phu
thudc vao dac tinh phi tuyén bén trong ca déng ca [1, 5],
dac tinh phi tuyén cda luc truyén thdng trong déng co
dugc mo ta véi cac cong thuc (2), (3), (4). Anh hudng 16n
nhat dén cac dac tinh cla dong co la hop luc dan hoi
C,,(X)x, dac tinh ctia né dugc thé hién trong hinh 1. B
déc chia n6 phu thudc vao d6 cing clia 16 xo ca hoc C. Dac
tinh clia né ¢é hai diém cuc tri, khi d6 dich chuyén tuyét déi
cla phan ng vuot qua gia tri ma tai d6 hop luc dan hoi la
cuc dai, thi sau dé d6 cing tinh cdia dong co giam. Khi hanh
trinh chuyén déng clia phan ting dong co gidm xuéng 1/3
thi su thay d6i d6 déc dac tinh 1a khéng dang ké, dic tinh
lic nay dugc coi la tuyén tinh.

Clm (X)x, kgf

100
80 T— C=128 kgf/mm |
60| = C—100 kgfimm
-—-C=70 kgf/mm
40+ === C=45 kgf/mm

-100

-1 -0.5 o 0.5 1
X ., m >~ 103

Im
Hinh 1. D3c tinh hop luc co hoc va dién tir theo d dich chuyén cda phan ting
dong co truyén thang C,,= f(x,,)
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Trén hinh 2 mé ta moi qua hé gila hé sé suc dién dong
phan khang va dé dich chuyén cda phan Ung dong co
truyén thdng theo ca hai chiéu chuyén déng ddi xting. Mai
qguan hé nay da dugc mo ta theo cong thic (4).

400

360

320

sl \ /
Y N N S /.

200

160 T~

-5 -1 -0.5 0 0.5 1 1.5

X, MM

Ce(x)

Hinh 2. Gian d6 quan hé sudt han dién dong va do dich chuyén phén ting
trong dong co truyén thang
2.2. M6 hinh hé servo dién thuy luc sit dung dong co
truyén thang

Trén hinh 3 mo ta so d6 khdi cia hé servo thiy luc dan
dong bang dong cad truyén thang, trong d6 dong ca truyén
thang (da dugc mo ta & phan 2.1).

Usp ) _,

Cochu | y
thiy luc

bongco | Xa
truyén thang

\ 4

Hinh 3. So d6 khdi cdia hé servo thiy luc dan dong bang dong co truyén thang

Trong sa d6, ca cau thay luc thuc chat la mét khau chap
hanh thay lyc c6 dau vao la d& ma& clia van canh buém
dugc dan déng bang luc kéo cla ddng cg truyén thing
nhdm thay déi tiét dién théng qua cho dong thay luc, dau
ra clia cd cau nay la do dich chuyén cua piston thay luc. Do
dich chuyén nay c6 dic tinh téc d6 dugc xac dinh theo maéi
quan hé (5) [6].

V(X) = kvxxdc (5)

trong do: V(x) la téc dé dich chuyén piston thay luc, k,,
13 hé 6, phu thudc tuyén tinh vao pham chat dau thay luc,
ché d6 lam viéc, va dién tich cta xilanh céng tac; x, la do
dich chuyén truc déng ca dan déng.

T6ng hgp cac yéu té trén, ta c6 mé hinh mo ta hé théng
servo dién thuy luc vai cac dac tinh phi tuyén clia déng co
truyén déng thang véi bd diéu khién Pl cho mach vong
dong dién dugc trinh bay trén hinh 4. Trong do, k. la hé sé
khuéch dai sai léch gilra vi tri dap Ung cta hé théng va
luong dat; k, T, 1a hé s6 khuéch dai va hang s6 thai gian cua
b6 diéu khién Pl cho mach vong dong dién; k,, 1a hé s6 téc
dé clia dau ra; k,, T, la hé s6 khuéch dai va hang s6 thai
gian ctia bo khuéch dai cong suat; k,;, k,, [a hé sé truyén dat
clia cdm bién dong dién chay qua cudn day dong co va
cam bién vi tri dau ra hé théng servo.
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i Xz bx " Xesh

e

Hinh 4. M hinh cla hé thdng servo dién thiy lyc véi cdc dac tinh phi tuyén
clia dong co truyén dong thang
3. TONG HOP BO DIEU KHIEN CHO HE THONG

Theo céac phan tich da néu & phan trén, mé hinh hé
théng la hé bac cao va chida cac phan ta phi tuyén: C,, kg,
C» k. Trong khéng gian trang thai, hé théng dugc mé ta
dang (6).

x=AX, t)x+B(x,t)u; y = Cx (6)

trong do, x la véc ta trang thai n chiéu; y la véc to dau ra;
u la véc to diéu khiém m chiéu; A(x, t), B(x, t) la cdc ma tran
c6 tham s8 bién déi (phu thudc vao thdi gian va vung lam
viéc cla hé théng va cac yéu t6 phi tuyén), C la ma tran
hang s6 dau ra.

Thuc chat cha viéc ap dung diéu khién thich nghi cho
mot hé théng la thiét ké bé diéu khién sao cho dac tinh cla
hé théng bam theo cac dac tinh cia mé hinh mau (mé hinh
toan hoc mong muén). Gia st rang mé hinh mau c6 dang
(7), chiing ta c6 muc tiéu clia bai toan diéu khién (8).

y = Cx,, (7)

Trong d06, x, 1a véc ta ma tran trang thai n chiéu cia mé
hinh mau; A, By, C la ma tran truyén dat, ma tran diéu
khién va ma tran dau ra cia mé hinh mau.

Xy = ApXy +Byu;

Muc tiéu diéu khién sé la:
lime =lim(x -x,) =0 (8)

t—ox
Khi d6 phuang trinh (7) cé thé viét dudi dang (9).
y =Cx (9)

(10)

x=A,x+B,u+o;
Trong d6, o =[A(x,t)—A,)]x+[B(x,t)—By, ]u
Dé 6 su hoi tu tiém can ctia nghiém, can thda man diéu
kién:
BB*(A—A,)x = (A—A,)x;BB" (BB, )x = (BB, )x,
(1-B-B*).0=0 (1)
trong d6 B =B"(B'B) ' la ma tran gia dao cGia ma tran B.

Khi thém lugng diéu khién thich nghi z = z(t) vao
phuang trinh (7) dé théa man diéu kién (11) thi khi dé (9)
c6 thé viét dudi dang:

x=A,x+B,(u+2)+0; y=0Cx.

Xét véc to sai léch gilta trang thai ctia hé théng va mo
hinh mau e = x - x,,, ta co:

é=x-x, =AXx+B,(u+2)+0—-(A,x, +B,u)

=A,(x-x,)+B,z+0 =A,e+B,z+0 (12)
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Xét ham Lyapunov xac dinh duong:
V(e)=e'Pe (13)

trong do, P la ma tran d6i xting, xac dinh duang bac (n x
n), la nghiém cGa phuong trinh Lyapunov PA,, +A,TAP =-Q,
véi Q la ma tran xac dinh duong tam giac.

L V(e)>0,Ve=0
R6 rang:
V(e)=0,e=0
T (12), (13) ta co:

V(e)=%-X, =(&")Pe+e'Pé

=(A,e+B, +0) Pe+e'P(A,e+B, +0)

~[(Ave) +(By2)" +(0)" |Pe+e™P(A,e+B, +0)

=e' (AP +PA, )e+2e"PB,z+2e"Po.

Theo ly thuyét 8n dinh Lyapunov, dé hé dat dugc én
dinh tiém can thi diéu kién sau phai dugc thda man.

V(e)<0,Ve#0

{V(e) =0,e=0

Khi thuc hién luat diéu khién thich nghi:

2(t) = -h-sign(8,Pe), h> B, |o], (14)

Kem diéu kién (11) ta co:
V(e)=-e'Q,e+2e'PB,z+2e'Po

=-e'Q,e —2he'PB, sign(B,Pe) + 2¢'PB, B0

Khi d6: V(e) < —e'Q,e—2e'PB,,

Bh*,lo—h| <0
Diéu nay c6 nghia la hé théng dat diéu kién 6n dinh
tiém can theo dinh ly Lyapunov 2.
Trén co s& ly thuyét trén, mé hinh hé théng diéu khién
thich nghi cho hé théng dugc dé xuat nhu hinh 5.
g

Hinh 5. M6 hinh hé héng diéu khién thich nghi véi mé hinh mau

DT-Dai tugng diéu khién; QS-Bo quan sét trang thai; BDKTN-Bo diéu khién
thich nghi; M-M6 hinh mau; CCTN-Co cdu thich nghi

Theo ly thuyét di€u khién thich nghi [2], d€ xay dung
thuat toan thich nghi cho hé théng, can thuc hién nhiing
budc sau:

- Xay dung mét mo hinh méau;
- Xay dung b quan sat trang thai;
- Xay dung co cau thich nghi cho hé théng.
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3.1. Xay dung mé hinh mau

M6 hinh mau (m6 hinh tham chiéu) 1 m6 hinh cé cac
dac tinh thda man cac yéu cau mong mudn cla hé théng.
M6 hinh mau cho hé théng servo dién thay luc dugc xay
dung tir méd hinh tuyén tinh hoa cta hé théng nguyén ban
két hgp vdi bo diéu khién phan héi trang thai.

Hinh 6. Céu trc md hinh mau cho hé thdng thich nghi

Mo hinh tuyén tinh hoa clia hé servo dién thay luc dugc
thé hién trong hinh 7, mé hinh dugc tuyén tinh hda tai céc
diém lam viéc cla cac dic tinh. Trong so d6 da bao gém bd
diéu khién Pl cho mach vong dong dién.

Hinh 7. S d6 tuyén tinh cla hé thong servo dién thiy luc

Trong dé, D, = k,kk,r', U,: dau vao diéu khién; x, = x,, -
gia tri vi tri dau ra cta hé théng servo; x, - gia tri dich
chuyén vi tri cia phan (ing déng co truyén déng thang; x, -
téc do dich chuyén vi tri ciia phan tng déng co; x, - gia tri
dong dién chay trong cuén day dong co.

Phuong trinh trang thai cta hé thong tuyén tinh héa:

x=Ax+B,uy =C x

Trong dé
o . 0 0 ]
0 0 1 0
A — O _Ci _ bIm _ kFI
° mlm mlm rnlm ’
kuxkeDi 0 Ce (D| +1)
I(uiTem rTem Tem H
T
k.D,
BO:{O 00 e'};cozﬁ 0 0 0],

Ma tran A,, B, 1a ma tran tuyén tinh hoa.
Mé hinh mau: x,, = A,,x+B,u; y =Cx,,
Trong do:
Ay =A,-BK;B, =By;K=[k, k, k; k,]. K la ma
tran hé s6 cha bo diéu khién phan hoi trang thai. Cac hé s6
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clia bo diéu khién nay dugc xac dinh théng qua viéc can
bidng hé s6 da thic dac trung theo cac da thic méau
Butterworth hoac Newton.

Ho (p) = aop* +2,0,p° +2,05p” +a;wop +a,0,

Trong d6 a, a;, a, a; a, la cdc hé sé cla da thic
Butterworth hodc Newton; w, la tan s6 cat clia hé théng.
3.2. Xay dung bé quan sat trang thai ctia hé théng

Bo diéu khién thich nghi trang thai can day da cac tin
hiéu trang thai hé théng, trong khi d6 vi nhiéu ly do khac
nhau ma cac cdm bién trang thai khong thé c6 mat day du.
Do d6 bd quan sat trang thai dugc st dung dé nhan dugc
thong tin day da vé trang thai hé théng thong qua céc rang
budc dugc xay dung.

Phuaong trinh b quan sat:

X =AX+Bu+G(y-y); y = Cx

trong do, x la véc ta udc lugng trang thai hé théng; G -
véc ta hé s6 phan héi ciia bd quan sat.

Ma tran G dugc xac dinh bdi phuong trinh:

det{pl-A+GCl=H,(p),

VG Hy(p) =a,p* +a,0,0° +a,0p” +a;0;p +a,0F ,
04 =(3+5)0, .

3.3. Xay dung cg ciu thich nghi

Viéc thiét ké thuat toan diéu khién thich nghi véi cac hé
s6 cla bd diéu chinh dugc thuc hién dé théa méan diéu kién:

lime(t) =lim(x-x,)=0,
t—0 t—0
Trong do6, e =x - X,y hodc e =X —x,, .

VGi thuat todn thich nghi da xay dung, tin hiéu dau vao
clia hé théng la u(t) = g+z(t), z(t) =-hsgn(B,Pe),

Trong d6 e=x, —x =X, —X; g(t) - lugng dat dau vao
diéu khién, z(t) - tin hiéu thich nghi, h - hé s6 khuéch dai
thich nghi, h = const > 0; P - ma tran d&i xing xac dinh
duong, dugc xac dinh théng qua phuong trinh Lyapunov
PA, +A P =-Q, Qla ma tran tam giac xac dinh duong.

Gi4 tri cu thé clia ma tran Q c6 thé dugc lua chon theo
kinh nghiém hoac theo thuat todn dac biét [7]. Chuong
trinh t6i uu hoa viéc lua chon cac gia tri cho ma tran Q
nham thoéa man diéu kién ty |é gila tri riéng |6n nhat va tri
riéng nhd nhat clia ma tran P dat cuc tiéu.

4. KET QUA MO PHONG

M6 phéng hé théng servo dién thiy luc véi cac trudng
hgp sau: hé thdng nguyén ban, hé thong tuyén tinh héa,
mo hinh mau, hé théng. Minh ching hiéu qua cta bé diéu
khién thich nghi, so sanh v&i hé théng nguyén ban, ta dat
vao hé théng nhiing sy thay déi vé thong sé hé théng cé
thé xay ra trong qua trinh lam viéc.

Tham s m6 phéng nhu sau:
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k.=15k =3T=01r=12;T, =0,12; k, =0,12;
C.=162;b,, =1,99;m A =0,017;
k,, =450000;k,  =1,C, =21820.

*Kiém nghiém bd quan sdt trang thdi

M6 phéng hé théng cung bé quan sét trang thai, ta
thay tin hiéu udc lugng trang thai trén béd quan sat (tin
hiéu uéc lugng) bam sat hé théng nguyén ban (tin hiéu
hé thong). Viéc bam sat cang t6t khi tang hé sé cla ma
tran phan héi G.

X1, MM
1 .
Tin hiéu hé théng
0.5 — — —  Tinhiéuuée hrong|
0 ‘ ‘ ‘ ‘ ]
0 0.02 0.04 0.06 0.08 0.1
x 107 X2, M
151 ~\ R < )
Tin hiéu hé thong
127 — — —  Tin hiéu u6c lugng :
0 s i i 1
0 0.02 0.04 0.06 0.08 0.1
X3, m/c
0.1 i Tin hiéu h¢ théng ]
005 f\f — — — Tin hiéu u6c lugng i
0 \N—
-0.05 r 1
0 0.02 0.04 0.06 0.08 0.1
Xay A
8% ) /7 ‘ ‘ Tin hiéu hé théng i
01 — — — Tin hiéu uéc luong ~
0 t s ‘ ‘
0 0.02 0.04 0.06 0.08 0.1

tc

Hinh 8. Gian dd so sanh tin hiéu bd quan sat trang thai va md hinh hé thdng

Trén hinh 8 |a gian d6 so sanh cac tin hiéu trang thai cta
hé théng bac 4 bao gom 4 tin hiéu ti X1 dén X4, ta thay
rang c6 nhing sai léch nhat dinh trong gia doan qua do,
tuy nhién bd quan sat phan anh dung cac tin hiéu cta hé
théng.

Trén hinh 9 thé hién dic tinh qua dé cda hé théng servo
dén thay lyc nguyén ban (HTG), cla hé théng servo dén
thay luc c6 bo diéu khién thich nghi (HTTN) va ca mé hinh
mau (M) tai gia tri k, = 3, C = C,,.. Hé th6ng thich nghi servo
dién thay luc da bam sat m6 hinh mau mong mudn, trong
khi @6 mé hinh géc vai bd diéu khién Pl cham hon nhiéu so
véi mé hinh mau. Dac biét, tai thoi diém t = 0,06 s, dat tai
Fy =1N Ién dau ra dong ca, ddc tinh clia hé théng nguyén
ban c6 xu hudng di xuéng tao nén sai léch tinh 16n, trong
khi d6 vai hé théng servo thich nghi, lugng sai léch nay la
khéng dang ké (< 1%).

Khi gidm hé sé bd diéu khién Pl mach vong dong dién
cla dong co (hinh 10), lugng qua diéu chinh va sai léch tinh
khi tang tai cia hé théng nguyén ban cé xu hudng tang
Ién, trong khi dac tinh hé thong servo thich nghi van bam
sat ddc tinh mong mudn clia moé hinh mau.
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Hinh 10. Ddc tinh qua do cac hé thdng tai k. =0,5, (=(,,,
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Hinh 11. Qua trinh qua d6 cda cac hé thing servo khi thay ddi cac thong s6
clia phan dan hoi cia dong co truyén dong thang (k.= 2, (=0,5C,,)
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Hinh 12. Qua trinh qua d6 cda cac hé thong servo khi thay ddi cac thong s6
clia phan dan héi cia dong co truyén dong théng (k=2,(=2(,,)

VGi viéc tang toc dd cua phan co khi cha hé théng
servo (hinh 11). Tan s6 cong hudng cla déng co truyén
déng thdng tang gap 2 lan tan s6 ban dau. Bo diéu khién
thich nghi van dua dac tinh ctia hé théng servo bam sat
dac tinh cia mé hinh mau mong muén ca khi qua do6 va
khi thay déi tai.

Bang cach giam tan s6 cong hudng clia ddong co di mot
nta (hinh 12), Su thich nghi ctia hé théng diéu khién van
dua chuyén dong cla hé théng servo dén gan hé théng mo
hinh mau. Ta thay trong tat ca cac trudng hgp trén, bo diéu
khién thich nghi da tang do du tri bién pha can thiét cho
hé théng.

5. KET QUA THUC NGHIEM

Tién hanh thuc nghiém trén ban thi nghiém thay luc

chuyén dung Test bench véi so d6 hinh 13.
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Hinh 13. M@ hinh thuc nghiém hé thdng servo dién - thiy luc trén bang thir
Test bench

VGi két qua nghién ctiu thuc nghiém khi so sanh gilta bo
truyén dong co bo diéu khién thich nghi (hinh 14) va khéng
6 bd diéu khién thich nghi (hinh 15) & cac muc khac nhau
(nhé hon 0,03mm va hon 0,2mm) ctia bo diéu khién, ta thay
¢6 su ma rdng bang thong cda hé théng servo véi bo diéu
khién thich nghi. Quan sat thdy mét cum day dac cac
nhanh tan s6 cao cla dap ung tan s6 khi bd diéu khién
thich nghi dugc st dung.

ob
0 e I L . i 1 Hz

O -4 .

“ea

S ¥ BRSO R0 NAOTIONIEIS: NIRRT e Sinie A [ 7 705 SO i,

e =

—-10. ﬁg_“' ..

=12, e %

—1a. i

—18. S

He

— Py T 1 el e
hut 1 Gy | o £ oA X 8 =
% A 2888 fﬁ;:ﬁg: Z5 (oo
A ESseEn] 1EFET seldl
S A ljoocE+n 1EmTre— soel(dz

Hinh 14. Dac tinh hé servo dién thay luc (lugng dat dau ra 0,03; 0,05; 0,7;
0,2mm), khi khong cd diéu khién thich nghi
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Hinh 15. Dac tinh hé servo dién thay luc (lugng dat dau ra 0,03; 0,05; 0,7;
0,2mm) khi c6 bé diéu khién thich nghi
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6. KET LUAN

BO quan sat trang thai hé théng phan anh dung cac
bién trang thai cia hé théng trong diéu kién thiéu cac cam
bién. diéu nay cho phép viéc diéu khién hé théng st dung
cac thong tin trang thai udc luong.

Hé théng servo dién thiy luc chia trong n6 nhiéu phan
tur phi tuyén va cac théng sé khéng chac chan bao gém téc
d6 clia mach vong dong dién dong co, luc ngoai tac dong
va su cdng hudng cla phan co clia déng co truyén thang.
Tuy nhién chat lugng dau ra cla hé théng da dugc cai thién
ré rét khi dugc b8 sung bé diéu khién thich nghi véi mé
hinh mau.
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