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THU'C NGHIEM BQ PIEU KHIEN TUYEN TiNH HOA CHINH XAC KET HQP
KHAU UOC LUQNG NHIEU PAU VAO THEO NGUYEN LY TOI UU DQC
TRUC THOI GIAN CHO TRMS TRONG PHONG THi NGHIEM

Pam Béo Loc"", Nguyén Duy Cuong’
Truong Cao dang Céng nghiép Thai Nguyén,
2Truong Dai hoc Ky thudt Cong nghiép - PH Thai Nguyén

TOM TAT

Bai b&o nay tap trung vao thuc nghiém mot bo dicu khién tién tién trén hé thong Twin Rotor
Multi-Input Multi-Output (TRMS) trong phong thi nghi¢m. Nén tang Iy thuyét clia bo diéu khién
dé xuét nay gom b dicu khién tuyén tinh héa chinh xéc va khau ude luorng nhiéu dau vao dya trén
nguyén 1y toi wu doc truc thoi glan Thiét bi thuc nghiém gdm c6 mot may vi tlnh mot Card
dSP1103, mot TRMS vat ly, thiét bi tao nhidu ngoai (quat dién) va cac cép két ndi. Phan mém
Matlab/Simulik dwoc sir dung dé cai dat thong sb cia bo diéu khién va phin mém Control Desk
dugc két nbi v6i Card dSP1103 dé giao tiép, xur ly va diéu khién TRMS. Két qua thuc nghiém
dugc thuc hién trén thiét bi thuc trong diéu kién ¢ nhidu ngoai tir gié quat vai tin hiéu mau co
dang don vi va hinh sin. Céc két qua thuc nghiém trén mé hinh thiét bi thuc cho thay tin hiéu dau
ra nhanh chong bam tin hiéu mau véi d6 chinh xac cao, hé thong 1am viéc 6n dinh ngay ca trong
diéu kién nhiéu ngoai.

Tu khoa: Tuyén tinh héa chinh x&c; wéc lwong nhiéu dau vdo, t6i wu doc truc thoi gian;, TRMS,
Card dSPACE 1103.
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AN EXPERIMENT FOR COMBINATION OF THE ACCURATE LINEAR
CONTROLLER AND AN INPUT DISTURBANCE ESTIMATOR BASED ON
TIME RECEDING OPTIMIZATION FOR TRMS IN THE LABORATORY
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ABSTRACT
This paper focuses on the Twin Rotor Multi-Input Multi-Output (TRMS) system in the laboratory
with an advanced controller. For the theoretical background, this proposed controller includes a
linearized controller and an input disturbance estimator based on time receding optimization. Some
main experimental equipments such as a computer, a dSP1103 card, a physical TRMS, external
disturbance generating equipment (electric fans) and connection cables are used. The
MATLAB/Simulink software was used to set the parameters for the controller and the Control
Desk software was connected to the dSP1103 Card to communicate, calculate and control the
TRMS. Experimental conditions are performed on real equipments in cases of reference signals
with step and sinusoidal functions with an external disturbance (wind from the fan). Experimental
results showed that the output signals quickly and accurately tracked to the reference signals and
the system worked stably in conditions having external disturbance.
Keywords: Accurate linearization; input disturbance estimator; time receding optimal; TRMS;
dSPACE 1103 Card.
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1. Pat van dé

Nhin chung, voi mét bo diéu khién sau khi da
thiét ké va dugc chimg minh trén mé phong
thi muc ti€u t1ep theo 1a pha1 kiém nghlem
xem bd diéu khién d6 c6 thé ap dung vao dbi
tuong thuc hay khong. Trong bai bdo nay sé
dua ra phuong phap cai dit va kiém nghiém
bd diéu khién tuyén tinh hoa chinh xac két
hop khau bu nhidu dau vao dya trén nguyén
1y t&i wu doc truc thoi gian cho hé théng Twin
Rotor Multi-Input Multi-Output (TRMS)
trong phong thi nghiém. Viéc cai dat dua trén
bo thi nghiém TRMS san c6 da duge cai bo
diéu khién PID do nha san xuat cung cap [1].
Trén may tinh cai dat phan mém
Matlab/Simulink va phan mém diéu khién
Control Desk. Phan mém Matlab/Simulink
ding dé cai dat bo diéu khién voi cac thong
s0 da chon. Card dSP1103 théng qua phan
mém diéu khién Control Desk dé giao tiép,
xtr ly va diéu khién TRMS. Trong thi
nghiém nay tin hiéu mau 1a ham don vi va
ham sin cho hé théng TRMS. Ngoai ra, dé
danh gia anh huong cua nhiéu ngoai, hé
théng con duoc thiét ké thém bo tao nhilu
dung quat gio.

2. Céc thiét bi trén ban thi nghi¢m

Hinh 1 mé ta cdu tric hé thong thi nghiém
TRMS, gdm c6 may tinh, Card ghép ndi
dSPACE 1103, h¢ thong Twin Rotor MIMO.
Cac thanh phan dugc mo ta chi tiét trong
cac phan dudi day.
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Hinh 1. Céu triic vt Iy ciia ban thi nghiém TRMS

2.1. May tinh

- Cau hinh may tinh trong ban thi nghiém
TRMS: La loai Acer, c6 bo vi xur 1i Intel(R)
Core(TM) i3-3220 CPU @ 3.30Ghz, RAM
2.00GB, 6 cting 500 GB

- My tinh dugc cai phan mém Matlab 2012a
va phan mém ControlDesk 3.2.7 dé giao tiép,
xir 1y va diéu khién TRMS.

2.2. Card dSPACE DS 1103

Dung cho két ndi, giao tiép, do cac tin higu
tuong tac gilta may may tinh va bo bién doi
cong suat.

2.3. H¢ vat ly TRMS

TRMS trong phong thi nghiém c6 ma hiéu
TRMS 33-220 cong ty thiét bi Feedback ché
tao gém:

- Khéi ngudn dong, cat va bao vé qué tai.

- Hai canh quat duoc truyén dong boi hai
dong co mot chiéu Maxon, mdi dong co c6
gan may phat toc dé lay va do van téc géc
w,,w, va dua téi khéi ADC cua Card
dsPACE 1103.

- Hai canh quat duoc gin theo phuong vudng
gdc voi nhau trén cung mot canh tay don.

- M6t thanh c6 gin ddi trong duoc gan vuong
gbc voi canh tay don ty do va ca hai cung
dugc gan trén mot tru tai chot quay.

- Trén chét quay c6 gan hai sen so do goc
chao doc «,, va goc dao lai e, , gia tri hai goc
nay dua téi dSPACE 1103.

2.4. H¢ thong tao nhibu ngoai

Vé&i mong mudn kiém chimg hé théng TRMS
c6 kha nang on dinh trong diéu kién nhiéu
ngoai, mot bd tao nhiéu chii dong tac dong lén
hé thong TRMS la mot quat gio (hinh 2) da
duogc lap thém véi cac thong so:

- Pién 4p xoay chiéu dinh mirc: Ugn = 220/240V.
- Cong suét dinh mirc: Pam = 38 W.

- Dong dinh muc: Iam = 0,22 A.

- Tan s6 dinh muc: fam = 50/60 Hz.

Hinh 3 1a mo hinh thuc nghiém TRMS c6 tai
Vién nghién ciru phét trién Cong nghé cao vé

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

319


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Pam Bao Loc va Prg

Tap chi KHOA HOC & CONG NGHE PHTN

225(06): 318 - 324

K¥ thuat Cong nghi€p thudc Pai hoc K¥ thuat
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Hinh 3. M6 hinh ban thi nghiém TRMS
3. Cai dit b didu khién
3.1. M6 hinh todn TRMS

Mo hinh toan cua TRMS duogc st dung la mo

hinh toan chinh xac dua theo phuong trinh

Euler_Lagrange [2].

[Jicos?a, + J,sin*a, + h*(mp +mz,) + J3]|dy

+h(me, Iy, cosa, + my, Iy sina,, )

+2d,a,(J, — J1)sina,cosa, = X M,

U, +J])d, + h(mTllTlsinav - mTlezcosav)d'h

+ a2(J, — Jp)sina,cosa, +

+g(mz, Iy, cosa, + my, Ly sina,) = ¥; My,
1)

Trong do:

a,, ap, : Lan luot 1a cac goc chao doc va goc

dao lai cua canh tay don ty do cia TRMS voi

mat phang ngang va mét phang dung.

YiM;,: Tong cic md men tac dung trong

chuyén déng ngang, dugc tinh:

2iMj, = Mprop.h — Mrich — Mcable +

+k, 0y, cosay,

Mproz,_h = [, Fy(wp)cos(a,): MO men cua

luc day cua canh quat duoi;

Mgric - MO men ma sat cta canh tay don ty

do trong chuyén dong ngang.

Mpricn = kornQn + keprsign(Qy) +
kspn khi Qp = 0F

+1{ —kssn khi Qp =07
0 truong hop khac

M_ap1e: MO men cua cap det

Meavie = {kchnah néua, <0
i M;,: Tong cua cac md men trong chuyén
dong dung , dugc tinh:
Zi Miv = Mprop.v - Mfric.v + kt(‘jh + ngro
Mpropy = LnF,(w,): MO men cua luc day do
canh quat chinh
Mgyro = kgF,Q2pcos a,,: MG men con quay
hdi chuyén
Fy,, E,: Luc sinh ra bai canh quat du6i va canh
quat chinh
_ (krnponlon| khi @ =0
h = {kfhna)hla)hl khi o, <0
F, = {kf,,pa)vla),]l khl: @, =0
kfon @y | @, | khi @, <0
Pua mo hinh toan TRMS vé dang téng quat
hé Euler_Lagrange [3-5].
M(q)§+C(q,9)9+8(q)=Fr+n(®) (2)
Chuyén d6i mo hinh Euler-Lagrange bé‘g dinh
(2) thanh dang Euler-Lagrange song tuycn bat
dinh bang cach dit thanh phan bat dinh mai:
d(g,t) =n(t)—g(q) 3
Khi d¢6, mé hinh Euler-Lagrange bat dinh ban
dau (2) tré thanh:
M(q)§+C(q.9)9=u+d(q.0 @

O day u =7, tic 1a ¢ dy ta cling da gia thiét

kchpah neu an >0

co ciu chip hanh giéng nhu mot khau bién

déi 1y tuwong cac gia ti  vat Iy.
XMy, a
=i =" M) =(m..
=l sm, | Y (av]' (@) =(m;(@).

C(0.9) =(cy(@.0), ,7=12, F=1I,,,

i T
g(q) = (0 » g(mylpcosa, +my, by, sin av))
myy(q) = J, cos® @, +J,sin’

+h?(my +my)+J;
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ULV (Q) = mzl(gl) =

= h(mﬂlﬂ Sln av —mTleZ COSav),
mzz(g) =J;+J,,
G_I.l(g!g) = Zdv (Jz _J]_)Sin «,CoSa,
ax(q,9) = dvh(mTllTl Cosa, +my, by, Sin av)

en(q.9) =, (J,—J,)sine, cosa,

622 = O
Bang 1. Tham 56 thure nghiém cho hé TRMS

Ky hiéu Gia tri Pon vi
h 0,06 m
my, 0,8250 kg
mr, 0,0908 kg

Iy, 0,0186 m

Iy, 0,2443 m

Jq 0,0591 kgm?
J5 0,0059 kgm?
J3 1,68x10° kgm?
g 9,81 m/s?

Hinh 4 13 c4u triic hé théng diéu khién cho hé
TRMS c6 mo6 hinh todn hoc dang Euler-
Lagrange. Pay 14 hé thong diéu khién két hop
giita bo diéu khién tuyén tinh hoa chinh xac
va bo nhan dang bét dinh. Céc thanh phan cua
hé thong diéu khién nay s& duoc trinh bay cu
thé & myc 3.2 va 3.3.
ld
Hé TRMS

dang Euler- >
Lagrange

r
— Baditu U
khién TTH >

Nhandang [«

bét dinh 4—|

Hinh 4. Diéu khién két hop tuyén tinh héa chinh
xdc va bu bat dinh

3.2. Bj diéu khién tuyén tinh héa
u=M(q)[7 + Kie+ K]+ C(g.4)q  (5)

Vol e=r—¢q.

Hai ma tran ddi xtng xic dinh duong
K, K, théa man:

K, =diag(k,), K, =diag(k,;) v6i k3 >k, >0
3.3. Khoi woc lwong nhiéu

Ding dé uéc luong nhidu d theo nhidu hé
thong d dua trén nguyén 1y t6i wu doc truc
thoi gian [6].

4. Thuc nghiém

Céu trac hé thong diéu khién hé thuc TRMS
duoc thiét ké trén Simulink (hinh 5), gom c6
cac thanh phan:

- SVF1, SVF2: Céc bd loc bién trang thai, day
la khau bac hai.

- B6 diéu khién tuyén tinh hoa chinh xac: ding
dé tinh tin hiéu diéu khién mo men.

- PID,,, PIDi: Cac mach vong phan hoi am tdc
dé va am dong dién tuong ung cho dong co
dudi va dong co chinh.

- TRMS vat ly: Lién két Card dspace 1103
véi Simulink thong qua phan mém diéu khién
Control Desk.

- Khéi u6c lugng nhiéu: Xac dinh nhiéu nhidu
va bl nhiéu djl, (jz tuong tmg theo mit phang
ngang va mit phing ding.

- Khéi ba M,,,, M,,: Ding dé tim ra md
men luc ddy cua canh quat chinh va canh quat
duoi, sau d6 dua vao mdi lién hé gitta mo men
luc day va toc do géc tuong tng cua cac dong
co dudi va dong co chinh. Qua trinh nay duoc
thuc hién nhu sau:
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Hinh 5. Cdu triic hé thong diéu khién hé thire TRMS thiét ké trén Simulink
Tur cong thire (1) dat: Vector tin hiéu miu 7= (5 , 75)” cho hai
M, =-M,.,-M . +k a 6 , 3 S x
bh Jrie,h = cable by, COS at, (6) goc ¢ =(a, , (IU)T can phai bam theo van
ta s€ co: duogc chon 13 hiang sb va dang hinh sin:

Mp?“op.h = [zMiiLj_Mbh (")

7

va
L
h .
-2 khi M, cosa, <0
Lk, [cosa, | propst
t ﬂm‘ v
: (8)
@, =40 khi M ,cosa,=0
M
opl ,
P2 khi M, c08a, >0
Lk, |cosa,| prop.
t fhp‘ v

Tuong tu, tr (1), dat:

Truwong hop tin hiéu mau la hang so:

a, -1, =0,5[rad] a, =, =0,3[rad]
Truong hop tin hiéu mau dang hinh sin:

a;, — 1, =0,2sin(0,1256¢) [rad]

a, —> 1, =-0,2sin(0,1256¢) [rad]

Bo diéu khién tuyén tinh héa chinh xéc, c6
hai ma tran K, K, dugc chon lan luot 1a:

40 0 30 0
0 40 0 30
Thong s6 céc b diéu khién PID cho co ciu

chap hanh 1a:
- Thong s6 b diéu khién toc d6 va dong dién

Mbv =M frico T kta)h + ngm (9) cho dong co duoi:
PID, :K,,6 =10° K,, =10°
sé duoc: @ Ty 61 @,
K,, =35x107
Mprop.v - (ZMZ'UJ_MM (10) PID, : K, =0,25; K, , =20
i K,, =0,0028
M - Théng s6 bo diéu khién téc do va dong dién
% khi M., >0 cho dong co chinh:
va v 1) PID,:K,, =4x10° K,, =5x10°
w, =40 khi M,,,,,=0 K,, = 15%10°°
L) R M0, <0 PID, * K, =0.% K, =80
Ko, K,, =0,0005
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Céc tham sd PID nay da dugc lua chon trén co
s& phuong phap Ziegler—Nichols thi 2.

Tién hanh chay thuc nghiém duoc két qua nhu
trén hinh 6 dén hinh 15.

0.8 50000
; mew
o ‘H Sall®ch

BAura
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0.0 [ .. 3.

-0.1
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o 10 20 a0 40 a0 60 7o oo B0 100

Thiri gian [<]
Hinh 6. Ddp iing géc ddo ldi umg véi tin hiéu mau
a,, = 0,5cung sai léch khi co nhieu ngoai

e
. . . . . . [ Sai lEch
PP [ [P A P P =1 TEI - TR
];-._/\;_\_ 3 : : : : : Dy vhe
o2 B . IR
0.3 . . . .
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0.1 :
waed, n n - n n i
1 T i HE) Aty Rk i iy Hi Wi TIHE

1hir gian [5]
Hinh 7. Pdp iing goc chao doc ving voi tin hiéu
mau «,, = 0,3cung sai léch khi cé nhiéu ngoai.

BDT0A e e et et e
000s] | oieio baoaoanad fioa0a0as boooaoas :

0.000

ooo={ MY - goccocood 0000000 05000000 Go00o0000 .

—o.oiod : : : |
0 20 80 20 100
'rr-..:vl mlan [s]

Hinh 8. Nhiéu woc hrong dh (t) dmg véi tin hiéu

mau o, =0,5 khi c6 nhiéu ngodi

- WWMWMWM

o 10 20 3o 40 =0 &0 TO ao a0 100
Theéd glan [5]

Hinh 9. Nhiéu wéc lvong dv (t) deng voi tin hiéu
mau a,, = 0,3 khi c6 nhiéu ngoai

.4

N ET TRV

0.2
o
o1
oo
=0.11

-0z

0.3

® Thed @anta
Hinh 10. Ddp umg goc ddo ldi ting vi tin hiéu
mau ¢, =0,2sin(0,1256t) khi co nhieu ngoai

oA o q 2 o
o o o 5 o 5 . AR A,
53| |[coodpocadooaofoaodoacopacoduooopal =1 rHioq
0.2
n
L
-0l

{3

=03

A

U 10 FU LU A0 LU LU AU LD WO 1uo
Ther gian (=]

Hinh 11. Ddp umg goc chao doc vmg véi tin hi¢u
mau o, =—0,2sin(0,1256t) khi c6 nhieu ngoai

0.6 . . o o
© M sal Bk

o i

=0.2

pall
" L] el M Al RAF il Ik wir 100

Thi gian [s]
Hinh 12. Sai léch goc dao ldi iing voi tin hiéu
mau e, = 0,2sin(0,1256t) khi co nhieu ngoai
A msagen

1 hu’l Hmn [:.]

Hinh 13. Sai léch goc chao doc veng voi ~tl'n hiéu
mau a,, =—0,2sin(0,1256t) khi c6 nhieu ngoai
0.010
v.0us
u.uy

1, (MG

0040

ool

&0 L1}
Therl glani=]

Hinh 14. Nhiéu wéc hrong Jh (t) teng voi tin hiéu
mau a,;, = 0,2sin(0,1256¢) khi c6 nhiéu ngoai
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Hinh 15. Nhiéu uéc heong gy (t) dmg véi tin hiéu
mau a,, =—0,2sin(0,1256t) khi c6 nhiéu ngoai
Hinh 6 dén hinh 15 1a két qua thuc nghiém
khi ¢6 nhiéu ngoai 13 quat gi6 tir thoi diém
t=(50+100)s. Tai thoi diém ¢=50[s],
nhiéu ngoai luc anh hudng kha manh dén hé
thong, tuy nhién nho co céu bu nhiéu ma dap
mg dau ra nhanh chéng bam tin hiéu mau.
Diéu nay c6 thé thiy rd qua cac nhiu udc
lugng (21, 672 phan ting nhanh chéng véi nhiéu
ngoai (hinh 8, hinh 9, hinh 14 va hinh 15).

5. Két luan

Trong bai bao nay, nhom tac gia da trinh bay
viéc cai dat va kiém nghiém bo diéu khién
tuyén tinh hoa chinh xac két hop khau bu
nhidu dau vao dua trén nguyén 1y tdi uu doc
truc thoi gian cho hé théng Twin Rotor Multi-
Input Multi-Output (TRMS). Két qua thuc

nghiém véi tin hiéu mau 1a ham don vi va
ham sin cho thay tin hiéu dau ra nhanh chéng
bam tin hiéu mau, hé théng lam viéc 6n dinh
ngay ca khi c6 nhiéu ngoai tic dong.
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