Nghién ciru khoa hoc cong nghé
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TOM TAT

Hé thong dién-thity liec doe sir dung rong rdi trong san xudt cong nghiép do 1y 1é cong sudt
trén trong lwong cao. Ngoai ra, do ddc tinh chiu tai Iom khién hé thong dién-thiy e bi tdc déng
ciia nhiéu ngay ca khi b truyén dong chuyén dong nhe, dic biét la trong cdc mdy di dong va hé
thong nhiéu co cau chap hanh. Diéu khién mdt dong dya trén phwong phdp diéu khién cuon chiéu
Backstepplng dwge ap dung dé tranh hién twong né dao ham khi tinh dao ham cia dau vao diéu
khién do, giiip giam do phicc tap tinh todn ciia hé thong De kiém chimg tinh hiéu qua cua phirong
phap diéu khiéen cusn chiéu Backstepping duroc dé xudt, bé diéu khién ty lé-tich phan-dao ham
PID duwoc thiét ké dé so sanh véi b diéu khién mat déng (Dynamic Surface Control - DSC) bang
phirong phdp Backstepping va két qua so sanh cho thdy b diéu khién dé xudt cé hiéu sudt bam
quy dao chinh xdc hon.

Tir khoa: Didu khién mat dong; Phuong phép diéu khién cudn chiéu; Xy lanh servo thity Iyc; Cén xy lanh.
1. GIOI THIEU

Hé théng dién-thuy luc (Electro-Hydraulic System - EHS) ¢6 nhiéu ng dung khéc nhau trong
ky thuat dan dung va ky thuat cong nghiép do kha ning qua tai. Khi so sanh vai cac thiét bi dién
tuong ty, chling 6 ty 18 cong suat trén trong luong cao [1-2]. Hon nita, EHS c6 thé nhanh chong
tao ra lyc du manh. Tuy nhién, tinh chat phi tuyén trong hoat dong dong ciia EHS, cac dac tinh
quan hé dong chay-ap suat 1am cho EHS kho kiém soéat. Vi vay, phuong phap diéu khién phan hoi
Ia can thiét dé cai thién hiéu suat khi hé théng co dac diém phi tuyén.

Nhiéu phuong phap khac nhau da dugc thir nghiém dé diéu khién vi tri hodc lyc cua EHS.
Tuyén tinh hoa cuc b dong luc hoc phi tuyén vé mot diém 1am viéc da duoc dé xuét trong [1],
chién luoc diéu khién ciu tric bién déi (Variable Structure Control) di duoc nghién ctru dé diéu
khién EHS trong [3], tuyén tinh héa diu vao - ra ciing dwoc st dung trong thiét ké EHS [4]. Do
dong luc hoc cia EHS & dang truyén nguoc nghiém ngat (Strict Feedback) nén cac bo diéu khién
dira trén phuong phap Lyapunov di dugc phat trién, dic biét 13 phuong phap didu khién cuén chiéu
Backstepping [5, 6].

Noi dung bai bao s& trinh bay vé diéu khién vi tri caa EHS sir dung bo diéu khién mit dong
cho hé théng xy lanh servo thuy lec dé cai thién hiéu suit bam qu§ dao vi tri dat. D& ching minh
tinh hiéu qua ctia bo diéu khién duoc dé xuat, nhém tac gia thuc hién mot s thir nghiém mé phong.
Theo két qua md phong, b didu khién duoc d& xuat minh ching kha ning bam vi tri dugc cai
thién so vai bo didu khién ty le-tich phan-dao ham PID.

Cau trdc vé noi dung bai bao gdm: Gisi thiéu noi dung bai béo; M6 hinh dong hoc xy lanh
servo thay luc; Bo didu khién truot mat dong dua trén phuong phap didu khién cudn chiéu
Backstepping; Két qua so sanh gitra bo diéu khién dé xuat véi bo dieu khién PID; Cudi cing, két
luan va cac huéng nghién ciru tiép theo ciia nhom tac gia.

2. MO HINH PONG HQC XY LANH SERVO THUY LUC
Do tinh chat phi tuyén trong dong luc hoc cua EHS nhu dic tinh dong chay - ap suat, 1a
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nguyén nhan gay ra EHS kho kiém soét, vi muc tiéu la can xy lanh (Cylinder Rod) phai bam
chinh xac quy dao dat. Hé thong van servo thuy luc dugc xem xét trong nghién ciru c6 cau trac
nhu hinh 1, gom mot van servo va mét xy lanh dang bat doi xung.

Xp
k
Ar A b
% PI P2 =
QI Qg Ja

v T

Psl L, pr

Hinh 1. Cdu triic co cau chdp hanh Servo dién thiiy luc [9].

Dong chay vao hai budng cua xy lanh bat d6i xing duwoc mé ta bang biéu thic sau [2]:

Q =k (a(x)y/p. =P +a(=x,)y/p. = p,) @)
Q, =k, (a(x )P =P, +a(-x)y/P. = P, @

Trong d6, Q, 12 toc do dong chay téi budng xy lanh, Q, 1 tbe do dong hodi luu, ky 12 hé sb xa
ctia van, Xy 1a do dich chuyén caa éng van servo, psva pr tuong (ng &p suat bom va ap suit budng
chira, p1 va p; 13 p suét ctia buong tién va buong hoi luu cua xy lanh. Ngoai ra, ham Q (-)duqc
dinh nghia la:

q(.):]_’ .ZO (3)
q(-)=0, -<0
_ Gia thuyét 1. Trong diéu ki¢n hoat dong binh thuong, cac chi s6 4p suét p: va p; cua hai
budng Xy lanh déu bi gigi han béi gia tri ctia ps va pr, cu thé 0 < pr < p1, P2 < ps.

Hé thong duoc md ta & hinh 1, phan Gng cia van servo nhanh hon déng luc hoc caa xy lanh
thay luc bat dbi xang. Vi vay, méi lién h¢ giira X, va dién ap dau vao diéu khién van servo U
dugc mo ta bai cong thic.

X, =k,U (4)

Trong do6, ks, 1a Mot hing sé duong thé hién d6 khuéch dai ciia van servo. Phuong trinh dong
luc hoc &p suét cta xy lanh bat d6i xung dugc thiét lap nhu sau [2]:

. : (®)
P = ﬁ(Ql - A&Xp -Gy ( P = pz))
01 p
: . (6)
pzz\#(_Qz"'Azxp"'Cn(pl_pz))
02 p

20 N. X. Thuéc, ..., N. X. Quynh, “Diéu khién mdt dong cho hé théng xy lanh servo thiiy lyc.”
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Trong d6, 1 1a mé dun khéi chat long thiy luc, Vo va Vo 1an luot 1a thé tich ban dau cua hai
budng xy lanh, A; va A, Ia tiét dign hai buong xy lanh, X, va X twong tng do dich chuyén va téc

d6 cua thanh xy lanh, Cy 12 hé s6 ro ri bén trong cua xy lanh. Sy ro ri bén ngoai cua xy lanh dugc
gia dinh bang khéng. Khi thanh xy lanh di chuyén, luc 10 xo f4 tra thanh lyc can cua hé thong thay
lyc. Khi c6 tai thi 4p suat thuy lyc phai thing luc tai bén ngoai. Phwong trinh dong luc hoc ciia xy
lanh dan dong dugc xac dinh dya theo dinh luat 11 Newton:

mX, =(PA — P,A, ) —kx, —bX + f, ()

Trong d6, m la khdi luong tai, X 1a gia téc ciia thanh xy lanh, K Ia h¢ s6 10 xo, b la h¢ s
giam chan. Két hop cong thirc (1), (2), (5), (6), (7), m6 hinh hé thong nhu nhu sau:

X1:X2

Xz :%(—kxl—bxz + A1X3—A2X4 + fd)

v ®)
= A= =) ek (a0 % (), )

7

)'(4=m(A2X2+Cﬂ(X3—X4)—kvksv(q(u)erq(_u)m)u)

T
Trongds, [, %, % X = |:Xp X, Py sz . Bé thuan tién tng dung phuong
phap diéu khién truot mat dong, md hinh toan hoc ¢ phuong trinh (8) dugc bién d6i vé dang truyén
ngugc nghiém ngit bing cach dinh nghia thém mét bién trang thai méi X, = Ap, — A p, . Llc nay
hé thng truyén dong thay luc cé dang 1a:
X =X,
X, =—f,x — f,x, + f.X, ©)
X;=0,u—0,X, =0, f4 (Xs - X4)
Trong d6, cac ham phi tuyén f, g duoc dinh nghia Ia:
b 1

k
fﬁaifz:a’fs:E’U:Cn

_ kaSVILIA. — — -
gl—V—OlM&Xl(q(U)\/ps X +a(-u)%—p,)

+\i/<“kS_V—’”/;A2Xl(q(U)\/X4 = p, +a(-u)y/p, x|

_ uN pA _ uA pA,
9, = + 03 = +
V01 + A&X1 Voz - A2X1 V01 + A1X1 Voz - A2X1

Phuong trinh (9) 13 mé hinh déng hoc hé thdng van servo thily luc va bo diéu khién & noi
dung sau s€ dugc thiét ké dua trén md hinh nay.
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3. XAY DUNG BQ PIEU KHIEN TRUQT MAT PQNG
CHO HE THONG XY LANH SERVO THUY LUC

Bo diéu khién trugt mdt dong bén viing dua trén phuong phap diéu khien cudn chiéu
Backstepping va b6 loc thong thap bac nhat. Trong do, bd loc thong thip bac nhat dong vai tro
quan trong trong cau trdc gidp hé thdng han ché hién tuong “explosion of complexity”. Hién tuong

“explosion of complexity” 1a két qua cua phép tinh dao ham céc tin hiéu dau vao 4o trong phuong
phap diéu khién cudn chiéu Backstepping. Bo diéu khién kiém soét vi tri piston caa xy lanh thay
luc ( X, ) bam sat quy dao dat ( X pd ). Sai s6 bam vi tri cua Xy lanh duoc xac dinh:

€ =X — Xy (10)
Dao ham cua phuong trinh (10) khi xem xét phuong trinh (8).
él = X2 — Xpd (11)
Vi Xy 1a téc d6 mong mudn cuaa piston xy lanh. Ham Lypunov dugc lya chon:
_ 2 12
V, = 0.5¢° (12)
Thyc hién dao ham ham Vi theo thoi gian, sau d6 str dung phuong trinh (11) ta c6:
vl = €6
=e (%, —%y)

Dé thoa mén diéu kién \/'1 <0 thi tin hiéu diéu khién 4o duoc thiét ké theo phwong trinh

(13)

dudi day:
¢ =~ 28+ X — X tanh (el) (14)
Trong d6, %, X, 1a cac tham sé diéu khién va c gia tri duong, tanh (1) 1a ham hyperbol.
Dé tranh hién tugng “explosion of complexity” gy ra boi thanh phan dao ham c6 trong tin hiéu
X,q » MOt bd loc thdng thap bac nhat dugc bo sung dé tao ra tin higu diéu khién a0 méi X,4 1am
dau vao diéu khién. Thiét ké cua bo loc thdng thap bac nhat Ia:

T, Xo4 T Xoq = Xpq

%,, (0) = %,, (0) (49)
Trong d6, 7, 1a hang sb thoi gian cia bg loc. Sai léch tinh toan caa bg loc.
& = Xoq = Xog (16)
Thuc hién dao ham phuong trinh (16) két hop phuong trinh (15) ta 6.
: & (17)
& = T Xag
Ngoai ra, quy udc sai léch mat dong thur hai.
e, =X, — X, (18)

22 N. X. Thuéc, ..., N. X. Quynh, “Diéu khién mdt dong cho hé théng xy lanh servo thiiy lyc.”
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Dao ham €, két hop phuong trinh (9) va (16).

€, =—fx —fx+ 1% - iZd (19)
V6i ham Lyapunov nhu sau:
V, =0.5¢2 (20)
Pao ham cua phuong trinh (20), két hop phwong trinh (19).
7 v _v 21
V,=¢, (_f1X1_ fox, + f3X3_X2d) 1)
Dé dam bao V, <0 thi tin higu diéu khién ao cho vong diéu khién nay can théa man:
X+ X+ Xog — 248, — 2, tanh(e,) (22)

30 = f
Trong d6: ¥, ¥, 1a céc hang sb duong.

Tuong ty vong diéu khién trudc, bo loc théng thap bac nhat dwoc thiét ké dé tao tin hiéu méi
nhu sau:
T, Xgq = Xag + Xgq

X5 (0) = %54 (0)

Trong d¢, 7, 1a hing s6 thoi gian ctia bo loc, Xy va Xy, twong tng la dau vao va dau ra ciia

(23)

bo loc. B loc c6 sai s6 1a &, = Xy — X, , va c6 dao ham sai léch 1a

: & (24)
&y == Xy
7]
Cudbi cuing, sai léch bé mit dong thir ba dwgc dinh nghia bang biéu thuc:
e, =X, — Xy (25)

Ap dung phuong trinh (9) vao dao ham cua €, két qua nhu sau sau:

és =0Uu—0,X, -0, f4()(3 _X4)_X;3d (26)
Ham Lyapunov duoc lya chon dudi dang sau:

V, = 0.5¢? (27)

Dao ham cua V, khi xem xét phuong trinh (26) dugc biéu di&n boi biéu thic:
i _ 7 28
Vs—es(glu_gzxz_g3f4(X3_X4)_X3d) (28)

Tin hiéu diéu khién van servo dugc dé xuit 1a:

U= 9.X, +9s f4(X3_X4)+X;3d — Xs€ — Xs tanh(es) (29)

9
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Trong do, y;, ¥, 12 cac hing s6 duong.
Gia thuyét 2. Céc tin hiéu diéu khién 40 X, 4, Xs4 , céc dau ra ctia bd loc thong thap bac
nhit X, , X,y va céc dao ham cuia chiing déu c6 gia tri hitu han.

Pinh ly 1. Hé thong xy lanh servo thiy lyc & phuong trinh (9) khi dugc kiém soat boi cac
tin hiéu diéu khién ¢ phuong trinh (14), (22), (29) va b loc thong thap bac nhat & phuong trinh
(15), (23), thi hoat dong s& 6n dinh va tiém can.

Chirng minh Pinh ly 1.

Dé kiém ching su 6n dinh cua hé thdng xy lanh Servo thay lec bai b diéu khién dé xuat, hra
chon ham Lyapunov dé danh gia cho toan bo hé théng nhu sau.

V =V, +V, +V, +0.5" +0.5¢; (30)

Pao ham cta phuong trinh (30) khi st dung thong tin thu dugc ¢ phuong trinh (13), (17),
(21), (24), (28), ta thu dugc biéu thic dudi day:

V=V, +V, +V, + g + 6,8,
=e1(x2 _Xpd )+ez(_f1X1_ foX, + £.% _X;Zd)

+93(glu—92X2 _93f4(X3_X4)_X;3d)

g g
T | T TR [T & T Xy
51 2

Str dung céc tin hiéu diéu khién ¢ phuong trinh (14), (22), (29), phuong trinh (31) tré thanh:

(31)

V =—yel - petanh(e)+es — z.e — 7.8, tanh(e, ) + f,,6,

2 2
2 £ . & .
—Xs€3 — X6€s tanh(es)_z__l_ﬂxm _z___gzxsd (32)
1 2

Ap dung bat ding thirc Young c6 dang xy < %|x|2 +2i|y|21 taco
a

2 2
() g
elglg_l_‘__l

2 2 (33)

Trong d6, a, >0,a, >0; A;, A,la cac hdng sé duong théa man X,, <A, X, <A, (theo nhu
gia thuyét 2).

24 N. X. Thuéc, ..., N. X. Qupnh, “Piéu khién mdt dpng cho hé thong xy lanh servo thiiy luc.”
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Ldc nay, ham V ¢6 dang:

; 2 2 2
V <=y — 248 — X6

0 0

Thyc hién lwa chon cc tham s diéu khién thoa mén 5, =k_ +%17(3 =k, +%’7(5 —k k>0
. Phuong trinh (34) duoc viét lai nhu sau:

/ 2 2 2
V <—k.e —k,e; —k.e;

[E(A_)EJ[i(A_)L]Z“_ @)

T, 20 2 , 2a, 2 2 2

Chon thoi gian loc cua cac bo loc thoa man diéu kién sau:

1 1
R ko + =
T 2
1 f (36)
= - ko 4+ 3
7, 2
Phuong trinh (35) dugc bién d6i thanh dang:
7 2 2 2 2 2
V <-ke —ke,—ke; —xé& —K&, +k; (37)
, A? A2
Trong do, , =k, +—L>0,x, =k, +—2> 0,, __ % %
20, 2a, 2 2
Ham V c6 thé duoc biéu dién bang phuong trinh (38)
V<28V +x, (38)

Trong do, B = min{ko”fv’fz}'

Tir phuong trinh (38), ¢6 thé d& dang danh gia dugc V <0 Véi cac tham sé ¢, nhé tuy Y,
diéu nay ddng nghia rang toan bo hé thdng hoat dong én dinh. Pinh Iy hoan toan dwoc chirng minh.
4. KET QUA MO PHONG

Dé kiém ching sy hiéu qua cua thuat toan dugc trinh bay, tién hanh mé phong Matlab/Simulink
véi tham sé6 mé hinh xy lanh servo thay luc dugc trinh bay bang 1. Két qua qua sau:
Khi lwong dit vi tri ddu vao dang budc nhay step, cac dai lugng dau ra cua hé thong cho két
qua nhu trong hinh 2 va hinh 3, két qua dap ung vi tri sé tét hon.

V6i bo didu khién duge dé xuat 1a diéu khién mat dong DSC dya trén phuong phap diéu khién
cudn chiéu Backstepping cho két qua dap ung ¢ dau ra tot hon so véi bo diéu khién PID, thoi gian
X4c 1ap va do vuot qua diéu khién déu nho hon. Hinh 3 1a két qua dién ap diéu khién cho thay dién
ap diéu khién trong khoang giGi han tir -10 V dén 10 V.
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Bdang 1. Tham s6 md hinh xy lanh servo thay luc.

Thong Khai ni¢ém Gia tri Don vi
50
Aq Tiét dién budng thir nhat 8.04 x 10~* m?
Ay Tiét dién buodng thir hai 424 x107* m?
Vo, | Thé tich ban dau ctia buong mot | 2.04 x 10~ m?
Vo, | Thé tich ban d4u ciia buong thai | 1.07 x 10~* m?
L Chiéu dai ctia xy lanh 0.15 m
m Khéi luong cua tai 10 kg
K He s6 10 xo tai 1000
b Hé s6 giam chan 0 Ns/m
Ky P khuéch dai clia van servo 0.0015
Ty Hang s6 thoi gian dap tmg cia 0.0033 S
van servo
P Ap suat bom 4 Mpa
Py Ap suat budng chira 0.5 Mpa
Cy Hé s6 xa clia van 20 x 107" | m3/svpa'/?
Cul Hé s0 1o 1i 3.321x10 | m®/(s.Pa)
B. Effective bulk modulus 1.8% 107° N/m?
Kich ban 1.
0.1 | | | | | 01 ' ' , ==
£ 0.08 Eo08}
S 0.06 <006}
Zo.04 R 004
=002 —Tmbmdi | oo —— Tin hiéu dat
| = = =Backstepping = = =Backstepping
0 | | —PID 0 i I —PID
0 1 2 3 4 3 6 0.1 02 03 04
Thei gian {s) Thei gian (s)
a) b)
Hinh 2. Bdp ing cua vi tri Xy lanh #ng véi dau vao dang buéc nhay.
26 N. X. Thuéc, ..., N. X. Qupnh, “Piéu khién mdt dpng cho hé thong xy lanh servo thiiy luc.”



Nghién ctru khoa hoc cong nghé

0.6 =———Backstepping
= - - =PID
S 04 1
=
® 02 1
o
e
c 0
b
- -02 . I I .

0 1 2 3 4 5 6

Thai gian (s)
c)
Hinh 3. Pién dp diéu khién véi dau vao dang buéc nhay.
Kich ban 2.

o 006
008} E
5 0.06 5004
20.04 - - - - { £
:.E -— E 00" L {
= 0.02 Tin hiéu dar o —— Tin hiu dat
0 - = =Backstepping = = =Backstepping
| | , —FID 0 i i i i FD
0 1 2 3 4 3 6 0 002 004 0.06 008 01 012
Thai gian (s) Thai gian (s)
a) b)
0.1

e

£ 009} :

~ 008} ]

B

= 0.07 —— Tin hiéu dat

= = =Backstepping
0.06 | PID
0 0.5 1 1.5
Thdi gian (s)
c)

Hinh 4. Ddp g cua vi tri xy lanh ing véi dau vao dang hinh Sin.

Khi dai lugng dat vi tri dau vao dang hinh Sin, dap Gmg déu ra cta hé théng duoc biéu dién nhu
Hinh 4 va Hinh 5. Dap ung vi tri khi tin hiéu dat dau vao dang hinh Sin dwoc thé hién trong hinh
4(a). Trong kich ban nay, vai bo diéu khién dé xuit la diéu khién mat dong DSC s& cho két qua tot
hon bo diéu khién PID, thai gian xac lap va do vuot quéa diéu khién s& nho hon. Hinh 5 1a két qua
dién ap dicu khién, cho thay dién ap diéu khién trong khoang gii han tir -10 V dén 10 V.
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0.6 | I Backstepping
o - = =PID
&5 04 7
=
@ 02
= 0
=
- -0.2 i i i

0 1 2 3 4 5 6

Thi gian (s)
Hinh 5. Pién dp diéu khién véi dau vao dang hinh Sin.
5. KET LUAN

Noi dung bai bao da nghién ctru bd diéu khién mit dong dua trén phuong phap diéu khlen
cubn chiéu Backstepping cho hé thong xy lanh servo thily luc dé han ché xay ra hién tuong n dao
ham khi tinh dao ham cua dau vao diéu khién ao, gilp giam do phuc tap tinh toan cua hé thong.
Dé minh chang tinh hiéu qua cua bo diéu khién dé xuat, bo diéu khién ty lé-tich phan-dao ham
PID duoc thiét ké dé so sanh vai bo didu khién mat dong, tin hiéu dit quy dao c6 dang budc nhay
va dang hinh sin.

Két qua md phong trén phan mém Matlab/Simulink cho thay bo diéu khién dé xuét c6 kha
nang bam quy dao chinh xac, thoi gian qua d6 va do qua diéu khién da duoc cai thién. Noi dung
cuia nhiing bai bao tiép theo, nhdm tac gia s& tiép tuc nghién cau va ang dung phuong phap diéu
khién cudn chiéu Backstepping cho hé théng xy lanh servo thay luc dé diéu khién géc nghiéng
Pitch cuia canh quat tua-bin gi6 [10-11] va diéu khién cho hé théng treo chu dong cho 6 td [12].
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ABSTRACT
Dynamic surface control for electro-hydraulic servo cylinder system

Electro-hydraulic systems are widely used in industrial production due to their high
power-to-weight ratio, but their heavy-duty nature causes electro-hydraulic systems to
endure large disturbance forces even when the actuator slight movement, especially in
mobile machines and a system of multiple actuators. Dynamic surface control based on the
backstepping method is applied to avoid the derivative explosion phenomenon when
calculating the derivative of the virtual control input, which greatly reduces the
computational complexity of the system. To verify the effectiveness of the proposed
controller, the proportional integral controller is designed to compare with the dynamic
surface control using the Backstepping technique and the comparison results show that The
proposed controller has more accurate trajectory tracking performance.

Keywords: Dynamic Surface Control; Backstepping technique; Electro-hydraulic servo cylinder; Cylinder Rod.
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