Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 63 (04/2021)
Trwong Dai Hoc Sw Pham Ky Thudt TP. Hé Chi Minh

PIEU KHIEN VI TRI HE GIAM XOC - VAT - LO XO
SU DUNG KY THUAT HOI TIEP TRANG THAI

POSITION CONTROL MASS SPRING DAMPER SYSTEM
BASED ON FULL STATE FEEDBACK TECHNIQUE

Pham Thanh Tung?, Nguyén Chi Ngon?
1Pai hoc Sur pham Ky thugt Vinh Long, Viét Nam
’Pai hoc Can Tho, Viét Nam

Ngay toa sogn nhdn bai 8/11/2020, ngay phan bién ddanh gid 30/11/2020, ngay chap nhdn dang 25/12/2020

TOM TAT

Muc tiéu cia bai bdo la trinh bay phwong phdp thiét ké b diéu khién hai tiép trang thai
hoan toan cho hé giam x6c - vdt - 10 xo0. Hé nay da dwoc ap dung trong hau hét cac hé thong
treo dong luc hoc dé cung cdp dé tin cdy cao hon trong cdc yéu cau thiét ké nhw ting hé sé an
toan hogc hap thu luc tdc dong. MO hinh dgng hoc ciia hé thong duoc thanh ldp si dung
phwong phdp khong gian trgng thai. Kj thugt phan bé cue dwoc sir dung dé thiét ké ma trgn
dé loi hoi tlep trang thai cua hé thong. Céc gia tri cia ma trdn do loi hoi tiép trang thai diegc
sir dung dé diéu khién bam v; tri ciia hé. Cac két qua md phong trong MATLAB/SIMULINK
diepc S0 sénh Véi bg diéu khién PID chizng minh hiéu qud ciia phwong phdp dé xudt véi thoi
gian xac ldp 12 0.59 (s), sai s6 xac ldp hgi tu vé 0 va khdng cé vot 14.

Tir khoa: giam xoc - vat - 10 xo; phan bé cuc; khdng gian trang thai; PID; MATLAB/SIMULINK.
ABSTRACT

The objective of this paper is to present a method to design for a mass spring damper
(MSD) system using a full order state observer. The mass spring damper systems have been
applied in most dynamics suspension systems to provide more reliability of the design
requirements such as increasing the factors of safety or absorbing the impact forces. A
dynamic model of the mass spring damper using state space approach has been established. A
pole placement technique is used to design state feedback gain matrix for the mass spring
damper. The values of full state feedback gain matrix are used to control the position of the
system. The simulation results in MATLAB/SIMULINK environment are compared with PID
controller to prove the effectiveness of the proposed method with a settling time is 0.59
seconds, steady — state error converges to 0 and without overshoot.

Keywords: mass spring damper; pole placement; state space; PID; MATLAB/SIMULINK.

1. GIOI THIEU

Trong nhitng nim gan day, hé¢ MSD
duogc stir dung rong réi trong cac linh vua ky
thuat [1], dac biét 1a trong cac linh vyc linh
vuc Tu dong hoa va Co dién tir [2, 3]. Khéi
niém vé hé théng MSD da duoc thuc hién
trén mot s6 linh vuc thuc té, chang han nhu:
diéu khién tay may robot, hé thdng treo xe
bus va cac (ng dung trong diéu khién vi tri
[2, 3]; trong viéc giam rung dong, trong phéan
tich hé thdng diéu khién va trong may phat
dién [4]. Cac ung dung cua hé MSD déu

Doi: https://doi.org/10.54644/jte.63.2021.78

cung cap do tin cay cao hon nhu tang cac hé
sb an toan hoac hap thy cac luc tac dong [1].
Vi thé, hé MSD duoc nhiéu nha khoa hoc
quan tdm va nghién cau.

Nghién ctru [1] da sir dung k¥ thuat cudn
chiéu dé diéu khién he MSD. Két qua md
phong duoc so sanh véi bo didu khién PID
cho thay ky thuat cudn chiéu mang lai d tin
cay cao. Nhom téc gia trong [2] da tién hanh
danh gia hiéu qua cua bo diéu khién PID va
LQR cho hé d6i MSD. Két qua mé phong
cho thay rang bo diéu khién LQR ting cuong
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kha nang bén virng va hiéu qua hon so vai bd
diéu khién PID. Trong [3] da thyuc hién md
phong véi Simulink, Simelectronics hé doi
MSD va diéu khién PD cho hé nay. Két qua
md phang cho thdy rang dap tng cua bo diéu
khién PD khoang 6,5 (s). Nghién ctu [4] di
phan tich su san sinh entropi va dap ung
dong cua mot MSD sir dung toan tir phan s
phu hop. Nghién cau [5] d& md phong hé
MSD trong bién pha. Két qua mé phong cho
thiy rang hé théng bi qué tai do dap ung tu
nhién cua duong cong bét dau tir 0, dat dén
gia tri 16n nhét va sau d6 tro vé 0.

Muc tiéu cua bai bédo nay la mé hinh héa
va md phong hé MSD; thiét ké bo diéu khién
hoi tiép trang thai dé diéu khién hiéu qua vi
tri cua vat co khéi lugng m. K¥ thuat phan b
cuc duoc str dung dé tim ma tran do loi hoi
tiép trang thai caa hé théng. Ky thuat nay cho
thay rang cac cuc caa hé kin s& duogc dit tai
cac vi tri mong muén néu nhu hé thong la
diéu khién duogc trang thai hoan toan [6].
Trong phuong phap phan bé cuc ching ta gia
sir rang tat ca cac bién trang thai déu co gia
tri hoi tiép va ngd vao tham chiéu bang 0.

Bai bao duoc to chiic gom 4 phan: gidi
thiéu 1a phan 1; mo hinh toan hoc cua hé
MSD dugc trinh bay ¢ phan 2; phan 3 trinh
bay phuong phap thiét ké bo hoi tiép trang
thai hoan toan cho hé MSD va két luan 1a noi
dung cua phan 4.

2. MO HINH HOA VA MO PHONG HE
MSD

MG hinh hé MSD gom vat c6 khodi luong
m; hé s6 giam xoc d va 10 xo véi do cung k
dugc trinh bay nhu Hinh 1 [5]:

Luc tac
dong
l it
Vitri
)
Mass

LT

Hinh 1. M& hinh h¢ MSD [5]

Téng cac luc theo moi phuwong bang 0, ta
cé (2):

3'F,=0 @)

f(t)—m&t)—ky(t)—d®t)=0 )
= f (t) = mt)+dt)+ky(t)

=&+ L+ Sym=L 3)
m m m

V6i: m 1a khéi luong cua vat (kg); d 1a hé sb
giam x6c (Ns/m) va k la do cing 10 xo
(N/m).

Dit bién trang thai theo cac qui tac [6],
ta duoc (4), (5) va (6):

% (t)=y(t) )
X, (t)=2&(t) = &t) )
= &(t) = &(t) = ¥t) (6)

Tu (6) va (3), ta dugc (7):
%)== 10-S@-Sy0 @)

Khong gian trang thai cia h¢ MSD nhu
(8) va (9):

0
o

m

Trong do:
f (t) = u(t) 1a tin hiéu ngd vao
y(t) 1a tin hi€u ngd ra — vi tri cia vat
Thong s6 mo phong hé MSD nhu sau [7]:
m =1 (kg); k=1 (N/m) vad =2 (Ns/m)

HE MSD ¢6 2 cuc tai -1 va -1. Két qua
dap g nac cua hé MSD khi chua di¢u khién
dugc trinh bay nhu Hinh 2:
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Dap ung nac khi chua dieu khien

Ngo vao tham chieu
Ngo ra thuc te
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Bien do
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Thoi gian (s)
Hinh 2. Bdp iing bdc cia hé MSD

Cac chi tiéu chat lugng caa dap tng nac
khi chua diéu khién dugc thé hién ¢ Bang 1.
Quan sat Bang 1 ta thay rang thoi gian ting
va thoi gian xéc 1ap cua dap ang nic hé MSD
khi chua diéu khién tuong tng 1a 3.36 (s) va
6.83 (5).

Bdng 1. Cac chi tiéu chat luong ciia ddp iing
nac hé MSD khi chwa diéu khién

Chi Thoi Thoi D6 Sai

tiéu gian gian vot 16 SO

chat tang | X&c lap ('% ) X&c
luong (s) (s) lap
Giatri | 3.36 6.83 0 0

D¢ cai thién cac chi tiéu chat luong,
nghién ctru s€ thiet ke bo hoi tiep trang thai
hoan toan d€ dieu khién vi tri cia hé MSD
bam theo vi tri tham chiéu dam bao thoi gian
tang va thoi gian xac lap nhanh hon.

3. THIET KE BQ HOI TIEP TRANG

THAI HOAN TOAN CHO HE MSD
3.1. Thiét ké ma tran dp loi hoi tiép trang

thai

Trong phan nay, nghién cau s dung
phuong phap phén bo cuc dé xac dinh ma
tran do loi hoi tiép trang thai K. Gia st rang 2
bién trang thai x,(t),, (t)do dugc va co gia
tri hoi tiép. Nghién ciru chon tin higu diéu
khién nhu (10) [6]:

0(t) = —Kx(t) = [k, k]k((ttﬂ (10)
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Trong do: K ‘Ia ma trén 1 x 2 dugc goi la ma
tran d6 lgi hoi tiép trang thai. Hé kin c6 ngd
vao tham chiéu bang 0 (Y, =0) véi muc
tiéu la duy tri ngd ra bang 0 vi khi c6 nhiéu
xuat hién, ngd ra sé léch khoi 0.

So d6 cua hé thdng dugc trinh bay nhu
Hinh 3 [6]:

u B :C‘ix: f X c
A :l

-K

Al

Hinh 3. So do hé théng véi ma tran hoi
tiep trang thai K
Phuong trinh trang thai cua hé MSD
dugc cho baoi (11):

®t) = Ax(t)+Bu(t) (11)
0 1 0
Trong d6: A=| k d ;b=|1
m o om m
Thé (10) vao (11), ta dugc (12):
Bt)=(A-BK)x(t) (12)
Nghiém cua (12) nhu (13):
x(t)=e*"x(0) (13)

Trong d6: x(0)la gia tri trang thai ban
dau. Pic tinh dap tng tac thoi va 6n dinh
duogc xac dinh boi céc tri riéng cua ma tran
A—BK . Néu ma tran K duogc xac dinh phi
hop, ma tran A—BK c6 thé duoc tao thanh
mot ma tran 6n dinh tiém can va tat ca
x(0)#0s& dua x(t)—0 khi t — oo [6].

Ma tran diéu khién duoc cua hé MSD 1a:

o L
Co=[B: AB]= ”:j
m m

(14)
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Suy ra: det(Co)= —% # 0nén h¢ MSD

1 diéu khién dwoc trang thai hoan toan. Ap
dung phuong phap Ackermann dé xac dinh
ma tran K:

Ta dat: A& A—BK (15)

Phuong trinh dic trung mong mudn 1a:
s — A+ BK|=|sI - Ab

=(s—)(s— 1)
=s’+Bs+3,=0
Theo ly thuyét trang thai Cayley —

Hamilton, A thoa phuong trinh dac trung
cia no nén ta co:

(16)

$(K=cl +o Ko B0 =0 (17)
Véi:
Aé=(A-BK) = A>~ ABK -BKA(  (18)

Thay (15), (16) va (18) vao (17), ta co
(19):

¢( K= a,1 + o, (A-BK)+ A’ - ABK - BKA
=, + o, A+ A’ —,BK — ABK — BKA? (19)
=0
Tuong ty nhu (17), ta cling c6 (20):
$(A)=a,l +a A+ A* £0
Thé (20) vao (19), ta duoc (21):
#( A =¢(A)-,BK - ABK —-BKA®0 (21)

(20)

Suy ra:
$(A)=B(aK +KAY+ ABK

0 22
. AB]{alKjtKﬂq (22)

K
- 1 A A :
Vi det(Co)= ——z#0nén ton  tai

Co*=[B AB] ", tacé (23):

(B! AB]‘1¢(A):{%K + Kﬂﬂ

K (23)
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Nhan 2 vé cua (23) véi ma tran [0 1],
ta duoc (24):

[0 1][B: AB] ¢(A)

[0 1]{(11K; Kﬂﬂ e @

Hay: K=[0 1][B | AB] ¢(A) (25)

Gia str vi tri cuc mong muén cua hé
thong tai z,, =-10.

Ap dung phuong phap Ackermann dé
xdc dinh matran K =[k, k,]' =[99 18]'.
3.2. Két qua mo phéng

So d6 md phong voi céc gi tri cua ma
tran K (Y, =0) nhu Hinh 4:

Hinh 4. So'd6 mo phéng véi cac gia tri cua K
Pé tim dap ung cua hé véi didu kién dau
x(0), ta sir dung (13) véi x(0)=[1 0] . Lac

nay ta c6 khong gian trang thai cia hé thong
nhu (26):

B(t) = (A~ BK)x(t)+ lu(t)
y(t)=Ix(t)+lu(t)
Pap (g cua cac bién trang thai hé MSD
v6i x(0)=[1 0] nhu Hinh 5;

(26)

Dap ung cua cac bien trang thai voi dieu kien dau
T T T T T T T

) 0 0.5 1 15 2 25 3 35 4 45 5
Thoi gian (s)

Hinh 5. Ddp 1ing ciia cac bién trang thai voi
dieu kién dau
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Ng0 ra cua hé MSD vai cac gia tri cua K
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Trong nghién ciu nay, hé s Nbar tim

va Y, la ham nic don vi (Step) dugc trinh  duoc sau khi chay chuong trinh rscale.m trong

bay nhu Hinh 6:

12 Dap ung nac voi bo dieu khien hoi tiep trang thai
. T T T T T T

1

0.8

0.6 [

Bien do

0.4

0.2

0

Thoi gian (s)
Hinh 6. Bdp #ng ndc cia hé MSD véi cac
giatri cua K

Qua dap tng ¢ Hinh 6, ta thiy rang sai s6
xé&c 1ap giira ngd ra thuc té va ngd vao tham
chiéu 12 0.99. Bé giam sai sb xac 1ap, nghién
ctru da thém hang sé ty 1é Nbar vao sau ngd
vao tham chiéu. Hé sé nay dugc thuc hién véi
ham rscale trong MATLAB nhu sau:

Nbar = rscale(A, B, C, D, K) (27)

Trong do: A, B, C va D 1a cdc ma tran
cua khong gian trang thai hé MSD; K 1a ma
tran do loi hoi tiép trang thai hoan toan.

Ham rscale s& tim hé s6 ty 1& Nbar sao
cho sai s6 xac lap caa hé théng hoi tu vé 0
dbi vai dap ung nac cua hé tuyén tinh lién
tuc. Ham nay duoc viét nhu sau:

function[Nbar] = rscale(a,b,c,d,k)

error(nargchk(2,5,nargin));
narginl = nargin;

if (narginl==2),

[A,B,C,D] = ssdata(a);

K=b;

elseif (narginl==5),

A=a; B=b; C=c; D=d; K=k;

else error (‘Input must be of the form
(sys,K) or (A,B,C,D,K))

end;

s =size(Al);

Z = [zeros([1,s]) 1];

N =inv([A,B;C,D])*Z}

NXx = N(1:5);

Nu = N(1+s);

Nbar=Nu + K*NXx;

MATLAB 13 100. Pap tng nic véi hé sb
Nbar cua bo diéu khién hoi tiép trang théi
dugc so sanh véi PID dugc trinh bay nhu
Hinh 7. B6 diéu khién PID duoc thuc hién boi
[7] véi céc gia tri K, =10,K, =5,K, =2.

Dap ung nac bo dieu khien hoi tiep trang thai voi Nbar

yref
A Y
A} vk
. - = —ypid

Thoi gian (s)
Hinh 7. Pdp ing véi ham nac cia bg diéu
khiéen hoi tiép trang thai hoan toan va bo
diéu khien PID

Cac chi tiéu chat lwong véi ngd vao la
ham nac don vi voi bd diéu khién hoi tiép
trang thai hoan toan so vai bo diéu khién PID
duoc thé hién o Bang 2:

Bdng 2. Céc chi tiéu chdt lwong cua dap 1ng
nac vai bg diéu khien hoi tiep trgng théi

Chi tiéu chat lwong tg?\igtici%i FEI7I]D

Thoi gian tang (S) 0.344 0.442

Thoi gian xac 1ap (s) 0.59 2.46

Do vot 16 (%) 0 13.5

Sai sb xac lap 0 0
i

Thoi gian (s)
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Hinh 8. Sai sé cia bg diéu khién hai tiép
trang thai va PID vai ngb vao ham nac don vi
Sai s6 v6i ng6 vao la ham nac don vi cua
bo diéu Ighién héi tiép trang thai hoan toan so
Vi bo dieu khién PID duoc trinh bay ¢ Hinh 8:

Qua dap ung sai s6 & Hinh 8, ta thiy rang
sai s6 cua bo diéu khién hoi tiép trang thai
hoan toan va bo diéu khién PID déu hoi tu vé
0. Tuy nhién, thoi gian hoi tu vé 0 cua bo diéu
khién hdi tiép trang thai hoan toan (0.59 (s))
nhanh hon bo diéu khién PID (2.46 (s)).

Hinh 9 va 10 trinh bay dap tng va sai s6
ciia bo diéu khién hdi tiép trang thai hoan
toan va bo diéu khién PID khi ngd vao la
xung vuéng. Qua két qua dap tng ¢ Hinh 9,
ta thdy rang ngd ra thuc té cua bo diéu khién
hoi tiép trang thai hé MSD van bam tét theo
ngd vao tham chiéu voi cac chi tiéu chat
lwong tt hon so véi bo diéu khién PID. Voi
Hinh 10, ta thay rang sai s6 cua bo diéu khién
hoi tiép trang thai hoan toan van héi tu vé 0
va nhanh hon b diéu khién PID.

Dap ung nac bo dieu khien hoi tiep trang thai voi Nbar

yref
vk
.~ - = —ypid

W |-
" \
1 \
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Hinh 9. Ddp 1ing cia bé diéu khién hoi tiép
trang thai va PID vgi ngb vao xung vudng
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0 1 2 3 :‘Thoi g%an (S)(; ; E; 9 10
Hinh 10. Sai sé cua bé diéu khién hoi tiép
trang thai va PID vdi ngb vao xung vudng

4. KET LUAN

Nghién ctru da str dung k¥ thuat hoi tiép
trang thai hoan toan dé thiét ké bo diéu khién
cho hé giam x6c - vat - 10 xo. Cac gié tri tim
duoc ctia ma tran do lgi hoi tiép trang thai
két hop véi hé s6 Nbar duoc sir dung dé diéu
khién bam vi tri caa hé. Cac két qua mod
phong véi MATLAB/SIMULINK cho thay
hiéu qua cua ky thuat dé xuét véi cac chi tiéu
chat lugng dat duoc tot hon so véi bo diéu
khién PID. Bén canh d6, bo diéu khién hoi
tiép trang thai hoan toan ciing dugc Kiém
chting véi ngd vao xung vubng va van cho
dap ung tot. Hé giam x6c - vat - 10 xo s&
dugc didu khién véi bo diéu khién truot,
trugt thich nghi dung mang no ron,.... phu
hop véi vai tro va kha nang ung dung thyc té
cua hé MSD.
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