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Toém tat

Trong bai bio nay mot by diéu khién tuyén tinh hoa
chinh x4c ting phan dugc thiét ké cho Twin Rotor
MIMO System (TRMS) dua trén moé hinh dong hoc
Euler-Largrange day du va chinh xac hon so v6i mo
hinh ctia hang ché tao, da duwoc nhom tac gia cong bd
& chuyén san Diéu khién va Ty dong héa sb 11 thang
12 ndm 2014, nham dat dugc cac chi tiéu chét lwong
mong mudn.

Tir khéa: Tuyén tinh hoa chinh xac timg phan, Twin
Rotor MIMO System, TRMS.

Abstract:

This paper presents Euler-Largrange dynamic model
that is more accurate and fuller than manufacturer’s
one based partial exact linearization controller design
for Twin Rotor MIMO System (TRMS), was
published authors in the Journal Control and
Automation of December 11, 2014, to achieve
desired quality criteria.

Keywords: Partial exact linearization, Twin Rotor
MIMO System, TRMS.

Ky hi¢u
Ky Donvi Y nghia
hiéu
oy rad vi trf trong mat phing dimg/bang
omt  rad vi tri géc canh quat rotor chinh/phu
g m/s’>  gia toc trong truong
m kg khéi lugng
NI kgm? mo men quan tinh ctia thanh ngang
mr; kg tong khdi lwong cua thanh ngang
Iy m trong tam cua thanh ngang
m. kg khdi lugng phan phuy ctia thanh ngang
m, kg khdi lwong dong co phu
ms kg khéi lwong vanh bao vé roto phu
mn  Kg khdi lwong phan chinh cta thanh
ngang
My kg khéi lwong dong co chinh
Mus  Kg khéi lwong vanh bao vé roto chinh
ik m chidu dai phan phu cua thanh ngang
I m chiéu dai phin chinh cua thanh ngang
s M bén kinh vanh bao v¢ rotor chinh/phu
Frome M ban kinh rotor dong co chinh/phu
J; kgm? md men quan tinh cia thanh ddi trong
m, kg khdi lugng ctia thanh ddi trong
mr; Kg tong khoi lwong cua thanh ddi trong
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mg  Kg khéi lwong ctia dbi trong
l, m trong tam cta thanh ddi trong
I m chiéu dai cua thanh d6i trong
lep m khoang cach tu ddi trong dén diém
quay
ek M ban kinh cua ddi trong
Ly m chiéu dai cua dbi trong
J3 kgm? m6 men qua tinh ctia chét quay
Js kgm? mo6 men qua tinh phin sau cua chét
quay
m, kg khéi lwong ctia chét quay
My kg khéi lwong phéan sau ctia chét quay
h m chiéu dai ctia chét quay
hy m chidu dai phan sau cua chét quay
Jom  kgm?  md men quan tinh cua rotor dong co
Jmitp kgmz mod men quan tinh ctia canh quat rotor
chinh/phu
ome radls  tde d6 goc dong co truyén dong canh
quat rotor chinh/phu
Jintr kgm2 mod men quan tinh cda rotor chinh/phu
H m chiéu cao tir mat dé dén chét quay
Kq hé sb hiéu ung Gyroscope
M, Nm toéng hop mé men trong mit phing
dang
M, Nm  tong hop mé men trong mit phing
bang
Mpe Nm  téng hop mé men tic dong Ién rotor
chinh/phu
Bri kgm?/s hé s ma sat nhét cua dong co
chinh/phu
Bun  kgm?/s hé s6 ma sat nhét ciia khép quay trong
mit phing ding/bing
Fun Nm  ma sat trugt khdp quay trong mat
phang dimg/bang
z,,, NM  md men dién trr cua dong co truyén
o dong canh quat rotor chinh/phu
Chir viet tat
TRMS Twin Rotor MIMO System
MIMO multiple input — multiple output

1. Giéi thiéu
Twin Rotor MIMO System (TRMS), nhu H. 1, 1a h¢
thi nghiém duogc phat trién boi Feedback Instrument
Ltd (Feedback Co., 1998) cho cac thi nghiém didu
khién hé nhiéu vao nhiéu ra, g{“)m mot hé théng co khi
v6i hai khau, mot khau nam ngang duoc nbi véi bé
qua mdt khdp quay va mdt khau vuong goc véi khau
nam ngang dugc nbi qua mot khop quay khac véi 2
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canh quat ¢ hai dau. Chuyén dong trong mit dimg cta
hé do rotor chinh, chuyén dong trong mit bang do
roto phu. Cé hai rotor dugc truyén dong boi hai dong
co mot chiéu, c6 thé diéu chinh téc d6 quay.

H. 1 Twin Rotor MIMO System

TRMS c6 dic tinh khi dong hoc gidng may bay truc
thiang, 1a hé phi tuyén va c6 tac dong xen kénh manh.
Viée thiét ké bo diéu khién cho TRMS dé ¢ duoc
chat lwong dap ung dau ra tot 13 mot thach thirc 16n
ddi vé6i cac nha khoa hoc. No d3 va dang nhan dugc
nhiéu sy quan tim ciia cac nha nghién ciru trong nudc
va trén thé gidi, da co nhiéu cong trinh nghién clru
dugc cong bd vé ap dung cac phuong phap diéu khién
cho TRMS. Tuy nhién, cac két qua méd phong kiém
chimg cho thdy dép tmg dau ra mic du bam dugc theo
luong dat nhung con co6 d6 sai 1€ch 16n. Vi vay trong
bai bao nay cac tac gia dé xudt thiét ké b diéu khién
cho TRMS duya trén mo hinh Euler-Lagrange ctia d6i
tuong.

Phan con cua bai bao duge td chirc nhu sau: Gidi
thiéu v& mo hinh ddi twong va thiét ké bo diéu khién
trong phan 2. M6 phéng va kiém chimg bo didu khién
trong phan 3. Két luan va viéc nghién ctru tiép theo
trong phéan 4.

2. Thiét ké bo diéu khién
2.1 Phuong trinh Euler-Lagrange ciia chuyén dong
Ham Lagrange cua hé TRMS dugc xay dyung tir tong
dong nang va thé nang, 14y tir tai lidu [2] c6 dang nhu
Sau:

o1 . .
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Ap dung phuong trinh chuyén dong Lagrange:
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s€ c6 dugc phuong trinh dong hoc Euler-Lagrange
cta TRMS nhu sau:

Mg+Cq+G=M,, 3)
trong do
q= [av ah am at] 1 4= [aw ah, am ai ]
G =[b,sine, +hcose, 0 0 0]
M@fr =[Mv Mh Mm Mt]T
va
a, 2 0 ag
z z a,cosa, O
M=l 3 7 v
0 a,cose, a, 0
ag 0 0 ag
2 =a,Sina, —a,Cosa,

2z, =a,Sina, —a, Cosa,

_ 2
2z =ag +0a, COS° a,

0 n 00
o_|™ —a,sing, cosa,cr, 0 0O
0 —-a,¢, Sina, 00
0 0 00

n, =sine, (a,a, COSa, +a,0,,)
n, =—a,Sine, COSa, &, —a,®, Sina,

+(a,c08, +aysing, )q,
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Mv = lmkfvam am w _ktrat |af| - Bvau -
- F,‘US'L'gn (aL) - kg l’m kf’udm dm wdh Cos a’u

voi

B 1

- 2

1— rmr
4(H+1,sina,)

M, =lkya,|a,|cosa, —k,,a, |a,|cosa, —B,a,

- F;LSign(dh) - C(T (a}z - ahO )
Mm = Tm _SZgTL(a )ktvdi _B a

M, =7, _Sign(dz)kmdtz -B,¢,

Nhu vay, tr m6 hinh Euler-Lagrange thu dugc & trén
¢6 thé thay ngay duoc rang hé TRMS c6 dang thiéu
co ciu chip hanh véi 2 dau vao va 4 dau ra.

2.2 Thiét ké b diéu khién o
Trudc tién, md hinh (3) cta hé ¢6 thé viét lai nhu sau:
Mg+Cq+G=M,,
hay
MGy + MG, +Cygy +Cpgy + ¢ =0
) . . . T 4)
Moy + MG, + Copdy + CpGy + 5 = { Tm :|

t
trong do
T T
ql = [av ah ] ' q2 = [am at]
[ a a, Sina, — a, COS aﬂ}

M, =

H 2
|a,8ina, —a;C0Sr,  ag+a,COS°

o0 ag 0 a,cose,
M, = y My =
| a; cosa, O ag 0

(e, 0
M, = 0
Qg

va
o 0 sing,(a,a,co5, +a,0,,)
e L —a, Sina, CoSa, i, }
r=-a,Sina, COSa,a, —a,m, Sina,

+(a,c08, +aysing, )q,

00 0 —ga,sing, 00
012=|:0 0:|1021={0 ! 0 :|v022=|:0 0:|

cling nhu
4= b,sina, +b cosa, — M,
- _Mh

|:Sign(a)m )ktva)fi + BmTa)m :|

h = . 2
sign(@, )k, o + B, @,

Tur (4) suy ra dugc:
Mg, + M,,q, + 011(11 + CIZQZ +4 = 0

Mgy + MG, +Cpgy +Cprgy + ¢, = { . }

t

VCCA-2015

hay
{qz = _Mle (Mn"jl + 01171 + Clzqz + ¢1)
MyG + My, + Cpgy +Crdy +y =7
trong do
|:Tm }
z‘ =
TL
Bai toan diéu khién TRMS duoc dit ra ¢ ddy la thanh
phan cac bién khép thir nhat 1d ¢ phai bam tiém can

®)

theo dugc quy dao mau cho truée 1a g, , trong khi
khong can quan tim t6i thanh phan bién khép thir hai
la g,. Khi d6 ta c6 thé thiy ngay duogc rang véi bo
diéu khién thir nhat (sau day s& dwoc goi 14 b diéu
khién vong trong):

7= Myg +Cyg + 6,

- MzzMﬁl (Mllql + 01141 + 01242 + ¢1)

) L (6)
= (le — My, M, Mll)ql + 0y + Ol
+4, _Mzszzl (Cllql +012‘12 +¢1)
tac la:
v = Dgy +¢(q,9) ()
trong do

?(¢,9) = Cydy +Cpyg, + &

- ]‘/-[22]‘/[1721 (01191 + 012‘?2 + ¢1)

D =M, _MZZM;21M11
hé kin s& c6 mo hinh bién khép, duoc suy ra tir b
diéu khién (7) va mé hinh d6i tugng (5) nhu sau:
G =v (8)
Noi cach khéc, bo diéu khién vong trong (7) di tuyén
tinh hoa dugc thanh phan bién khép ¢, cua déi tuong

Dg=Dv <

didu khién (4) trong toan bo khong gian céc bién
khép. Do ciing chinh 1a 1y do by dicu khién vong
trong, lac nay dugc viét lai thanh:

v =Dv+9(q,q) 9)
¢6 tén goi 1a bo diéu khién tuyén tinh hoa chinh xéc.
Hién nhién, thinh phan bién khép ¢, mic du da duge
tuyén tinh hoa, song hé vi c6 dang tich phan bac hai
(8), nén khong 6n dinh.

Tiép theo, dé diéu khién thanh phan bién khép ¢
khong on dinh nay bam tiém can theo dugc quy dao
mau q,, cho trudc, ta s€ sir dung thém bo diéu khién
vong ngoai:

v=gq, +Ke + Ky (10)
trong do:

a6=4q,—q¢

14 ky hiéu cua sai léch bam va K, K, la hai ma tran
aoi xung xac dinh duong tuy chon.

B diéu khién vong ngoai (10) nay sé& lam cho sai léch
bam e, tién tiém can vé 0, vi tir (8) va (10) ta c6:
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G =G, +Kie + Ky

tuc la

0=¢+Ke+Ky

hay hé tu tri:

- o)t
&) K -K;)\4 &
co:

0 I
K =
_Kl _Kz

la ma tran Hurwitz.

Khi d3 bo sung thém b diéu khién mach vong ngoai,
toan bo phan diéu khién caa hé s& c6 mé hinh:

=D (G, + Ky + Ky )+ 9(4,4) (11)
Hinh H.2 mo ta toan bo hé thdng diéu khién bam
dugc xay dung dua theo nguyén tic tuyén tinh hoa
chinh x4c thanh phan bién khép ¢, .

pitch

2

.| Bodiéu | v | Bodiéu

@, el' khién vong — khién |7} TRMS 4
— ngoai vong
) r trong

H. 2 Céu triic diéu khién TRMS

o 3. Két qua mé phong ‘
bé kiém chung va danh gid hi¢u qua cua bd dieu
khién thiét k& cho TRMS tién hanh mé phong hé
thdng sir dung matlab-simulink dwa vao cac tham s &
bang 1, mé hinh bg diéu khién va dbi twong dugc viét
dudi dang S-Function. Bé don gian tac gia lap trinh
bo diéu khién vong trong va vong ngoai trong mot S-
Function. Vi tri goc dau ra cta hé ayn=av/h(a,=pitch
angle, a,=yaw angle), vi tri dat tuong 1ng
q, =[avrahr]. Dé xét dén anh hudng xen kénh cia,
chay mé phong ddng thoi 2 bac tw do vai 2 tin hiéu
dat dau vao. Chon KI1=1.I, K2=100.I. Két qua md
phong cho cac dap tmg dau ra nhu sau:

ar - C~~_8 |
Vi tri dat (rad) : || -
R .av
s il
| B
H. 3 Céu triic mé phong diéu khién TRMS -
= =
A A / T A T
\ \ \ BN
\ \ NITARTA VAR TATLARIRDATATEY
/ / A
/ \/ VTV VTV VTV VY Y

H. 4a Vi tri goc trongw;;t_avt phdng ding a, voi
tin hiéu dat:
0.09 sin(0.6283t)+ 0.09 sin(0.3142t)

/\ /\ /\
/ N N

\ \
i \ \ \
\V/ / IRAY
\/ \J

H. 4b Vi tri géc trong mdt phéng bang ay, véi
tin hiéu dat:
0.12 sin(0.6283t)+ 0.045 sin(0.3142t)
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H. 5a Vi tri géc trong mdt phing dimg a, véi
tin hiéu dat: 0.25 sin(1.9¢)

H. 5b Vi tri géc trong mdt phdng bang ap voi
tin hiéu dat: 0.5 sin(0.2t)
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S
I =

H. 6a Vi tri géc trong mdt phdng dimg a, véi
tin hiéu dat: 0.25 sin(1.9t)

“““““

H. 6b Vi tri géc trong mdt phing bang ay, véi
tin hiéu dat: 1 sin(0.5t)
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H. 7a Vi tri gbc trong mdit phing dimg a, v6i
tin hiéu dat: 0.2 sin(4t)
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H. 7b Vi tri géc trong mdt phing bang an véi
tin hiéu dat: 0.2 sin(4t)

Bang 1. Théng s6 mé phong ciia TRMS

l 0.282m Kg 0.05

In 0.254 m h 6e-2 m

Iy 0.265m h; 0.02m
lep 0.25m mp. | 0.05 kg
Mms 0.155m mp, 0.09 kg
e | 0.1m g 9.81 m/s?
my | 0.221 kg L. 3e-2m
Muye | 0.236 kg Ieb le-2m
me | 0.068 kg H 05m
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m, | 0.014 kg It 0.007 m

m; 0.015 kg rom | 0.007 m

my 0.022 kg M | 0.042 kg

ms | 0.119 kg My | 0.016 kg

Mps | 0.219 kg Kenp | 0.00854

Jor | 21.624e-5kgm? | J, | 3.1432e-5kgm?
B | 4.5e-5kgm?s | By | 2.3e-5 kgm?/s
Ky 23.03e-6 ki, | 10e-6

B, 0.6e-2 Nms/rad F, | 0.1e-2 Nms/rad
By, 0.1 Nms/rad Fr | 0.01 Nms/rad
C. 0.016 Nm/rad o | -0.4602 rad

4. Két luén

Trong bai béo nay, chuyén dong theo hai bac ty do
cia TRMS duoc xét dén. MO hinh toan hoc cua
TRMS dang Euler-Lagrange duoc thiét ké sir dung
MATLAB/SIMULINK. B diéu khién duoc thiét ké
dé diéu khién chuyén dong trong hai mat cua hé. Dic
tinh cua bo diéu khién thiét ké dugc kiém ching véi
cac tin hiéu dat. Két qua cho thay ring TRMS bam
theo quy dao yéu cau mot cach chinh xac va hiéu qua.
Trong cac nghién ctu tiép theo tac gia s& hoan thién
bo diéu khién véi thiét bi thyc.
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