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Tém tiit
Qié‘u khién phi tuyén cho hé SIMO nhw con lic nguwoc la mgt bai toan kho trong diéu khién én dinh
hé thong. Trong bai bao nay, nhém tac gia tien hanh xdy dung phdn cing mé hinh cia mgt hé thong con
lac nguoc trén xe va dp dung giai thudt hoi tiep tuyén tinh héa dé diéu khién hé thong trén. Qua do, nhom
tien hg‘mh xdy dung chwong trinh nhing Matlab giai thudt trén vao board TMS320F28335 dé chirng minh
tinh on dinh thong qua thyc nghiém. Trong do, con lac nguoc dwoc gitt khong ngd va xe dao dong vi tri
qua lai quanh vi tri can bang chir khong bi dich xa qua 10 cm khot vi tri chuan. Bong thoi, mot khao sat

vé anh huong cia cac thong s6 diéu khién khi dwoc thay déi ciing dwege thue hién dé tim hiéu quy ludt diéu
chinh bg diéu khién ciing dirge nhom tdc gia trinh bay.

Tiwr khoa: Con ldc nguwoc, diéu khién cin bang, TMS320F28335, tuyén tinh héa hoi tiép.
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Abstract

Nonlinear control for SIMO (single input-multi output) system, such as inverted pendulum, is a
difficult problem in system stabilizing. In this paper, we build a hardware platform of an inverted
pendulum on cart and apply feedback linearization algorithm to control that system. Thence, we create an
embedded Matlab program of that algorithm on TMS320F28335 to operate system and prove the stability
under experiment. From that, inverted pendulum is kept not to fall and cart fluctuates around the
equilibrium point within 10 cm from standard position. Also, a survey about effects of each control
parameters is operated to examine the rules of calibration.
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1. Mé diu

Hé con lic nguoc la mot hé c6 dién trong diéu
khién ty dong (Aracil & Gordillo, 2004). Nhiéu
dang khac nhau cta mé hinh nay dugc nhiéu
nghién cru quan tdm t6i nhu pendubot, con lic
nguoc quay,.. . Hé con lic nguoc trén xe (hay con
goi la h¢ “Cart and Pole” - C&P) ciing 1a mét dang
h¢ twong ty cac hé trén vdi cau trac la mot con lic

duoc gan trén xe (Hinh 1).
\C{_){

pole
(inverted
pendulum)

cart

| x
I

Hinh 1. M6 hinh toan C&P

Su di chuyén cua xe gitp con lic duoc giir
thang dimg hudng 1én. Bén canh d6, mot giai thuat
diéu khién phu hop khong chi giit dugc con lic
thang ding hudng 1én ma con giit cho xe & vi tri xéc
dinh. Nhiéu giai thuat da duwoc dé nghi dé thyc hién
t6t qua trinh nay nhu PID va LQR (Shehu & cs.,
2015). Déi voi giai thuat PID, viéc hé théng c6 on
dinh hay khong phu thudc vao qua trinh tinh chinh
thong s6 Kp, Ki, Kd chir khéng dira trén nguyén tic
toan hoc nao. B diéu khién (BDK) LQR c6 thé on
dinh hé thdng tai diém lam viéc tinh (xe ding yén
tai chd va con lic thang ding hudng 1én) nhung viéc
giai phuong trinh Ricatti s& chi dam bao hé thong
hoat dong tdt 1an can diém lam viéc. Néu hé théng o
trang thai xa diém lam viéc thi khong vé lai duogc
diém can bang nita. Viéc gin hay xa diém lam viéc
thi phuong phap LQR khong dé cap t6i.

Dé co thé kéo hé théng vé vi tri cin bing va
qué trinh bam gia tri dat dugc dam bao bdi toan
hoc, giai thuét phi tuyén la mot giai phap. Viéc on
dinh hé thong cua giai thuat diéu khién phi tuyén
dugc dam Fbao bang tiéu chuin Lyapunov. Giai
thuat truot 1a mot giai thuat phi tuyén thong dung.
Ban dau, giai thuat nay dugc thiét ké cho cac hé
SISO (Nguyén, 2012) va MIMO véi sé ngd vao va
ra bang nhau (Nguyén, 2010). Cac nghién ctru tiép
theo da phat trién duoc cach dat mat truot dé giai
thuat ap dung duoc cho hé SIMO (Aguilar-lbafiez
& cs., 2014). Tuy nhién, hién tuong chattering la

mot vin d& can giai quyét cua giai thuat nay. Mot
cach dé khic phuc hién tugng trén 13 4p dung mod
hinh m& két hop véi BPK trugt (Nguyén, 2010).
Mot hudng di khac 1a chon mdt phuong phap phi
tuyen khac nhu backstepping, tuyén tinh hoa hoi
tiép hay thu dong dé tranh hién tuong chattering.

Bén canh diéu khién trugt, mot giai thuat phi
tuyén duoc gi6i thiéu & (Nguyen & cs., 2014) - giai
thuat hoi tiép tuyén tinh héa (HTTTH) - duoc trinh
bay da on dinh duoc hé thong va khic phuc dugc
hién tuong chattering théng qua md phong. Pong
thoi, giai thuat phi tuyén nay ciing dugc chimg
minh 1a c6 khoang hoat dong rong hon LQR. Tuy
nhién, trong nghién ciru do, giai thudt chua duogc
thé hién va khao sat trén thuc nghiém ma chi dugc
kiém chimg trén md phong. Trong bai bio nay,
nhom tac gia hoan thién thém nhiing thiéu sot cta
nghién cru d6. Nhém xay dung mot md hinh co
khi-dién C&P dé khao sat thuc té. Thong qua kiém
chimng thuc nghiém giai thuat HTTTH, nhom tac
gia di khang dinh 4p dung thuc té cho giai thuat
trén & mot dbi tugng SIMO dién hinh 1a hé C&P.
Ngoai ra, mot s6 kinh nghiém tinh chinh cling duoc
nhom tac gia trinh bay trong bai bao nay.

2. Phwong trinh dong lwc hoc

Theo nghién ctru (Nguyen Van Dong Hai &
cs., 2014), thong sb6 va bién s hé théng duoc thé
hién & Bang 1, thong ) dong co dugc thé hién &
Béang 2.

Bang 1. Thong s6 h¢ thong

KY | Do vi Mo ta
hi¢u
X1 m Vi tri xe
X2 m/s Van toc xe
X3 rad Goc léch con lic ngugc
X4 rad/s Vian tbc goc quay
g m/s? Gia tdc trong truong
M kg Khéi lugng xe
m kg Khdi lwong con lic
Ci M Chiéu dai con lic nguoc
1 kgm/s? Momen quéan tinh con lac
nguoc
d Ti s truyén dong gitra banh xe
' va truc, R - ban kinh banh xe
; Nm Momen doAdon% co gdy ra tac
dong 1én xe
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Bang 2. Thong so hé thong

h'?gu Pon vi Mb ti

R, ohm bién tré dong co

L, H He¢ s6 dién khang

K, |Vl/(rad/s Hang s6 phan dién

K, | Nm/A Hang s6 momen

J., kgm? | Momen quén tinh cta roto
C, N;Ts]ég)ad Hé 56 ma sat nhét

T, Nm Momen ma sét

7 Nm Momen xoan can

w rad/s Van téc motor

T, Nm Mo men xo0dn ndi

0. rad Goc xoay truc dong co

e V Dién ap cép cho dong co
d Ti ‘sé truyén d(f’)ng gi&a l?énh Xe

va truc, R - ban kinh banh xe

Cing tr nghién ctru (Nguyen & cs., 2014),
hé phuong trinh toan hoc cuia h§¢ C&P dugc thé
hién nhu sau:

x=f(x)+g(xu 1)

Trong do, ta co:

x=[x % X x4]T=[x X 0 QT,

T T
a(X):[X2 a X a4] ,b(X)=[0 b, 0 ba],
f % SiNX; 08X —k,X, +a,xisinx,

2 2 '
a, —a, CoS’ X,
Qa, . a, X
f,=| ————cos’ X, +a, [sinx, + —— 2 ——,
@, —a, Cos’ X, @, —a, Cos® X,
1 0
2
a,—a,c08° %, | | g
9(x) = =[ 7|, =M +m+Kk,,
0 0
— 0, COS X, .
| & — @, C0S° X, |
22 2 2 33
m-C m-gC m°C
o, = - = Ity , o, =mC, 0(52—19
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mC,g mC,k mC
aB — hll , a7 — hi 2 , as — hll ,
m+M +k, mC, cosé@
M (a)= S
mC,cosé J, +mC;
k, —mC,0%sind 0
Vo =| 2 ! G, = :
0 0 ) —-mC,gsiné |.
dK, d’K.K, d’C . d?d,,

Du tac gia trén co dé cap mo hinh toan hoc
v6i ngd vao 1a dién ap nhung cling chi dimg ¢ mo
phong. Trong nghién ciru nay, nhom tac gia tiép tuc
phat trién phan ctng trén nén tang hé phuong trinh
dong luc hoc ¢ (1).

3. Gii thuat diéu khién hi tiép tuyén tinh hoa

Trong sach “Hé théng diéu khién da bién”ctia
tac gia Duong (2003), theo phuong phap HTTTH,
mét hé phi tuyen SISO ¢6 thé duoc bién ddi vé
dang x4p xi tuyén tinh bang cach ap dung dao ham
Lie. Bén trong cong thic diéu khién tuyén tinh dé,
cac thanh phan phi tuyén duoc gom lai thanh céac
ham, dong vai tro nhu cac bién sb trong cong thirc
tuyén tinh chung d6. Do do, cong thirc chung 1a
don gian nhung thong tin phi tuyén ciia hé thong
khong bi mat di. Nhu vay, giai thuat diéu khién van
on dinh dugc hé thdng trong toan khong gian hoat
dong.

Dbi voi hé C&P 1a mot hé SISO, theo nghién
ctru (Nguyen & cs., 2014), cac tac gia trén chon
ham h(x) bao gdm cac bién can diéu khién vé 0 nhu
& (2). Bang cach dit bién nay, nhom tac gia trén da
chuyén hé SIMO trén vé xép xi hé SISO dé co thé
ap dung giai thuat HTTTH.

h(x) =biensolx x, +bienso2x In(%j @)
COS X,

Nhoém tac gia trén cling dua ra cac nhan dinh
ve tinh chinh thong s6 h¢ thong nhu sau:

- biensol, bienso2 la cac trong s0 tuwong Gng
véi x1 (vi tri xe) va x3 (goc con lac).

- Sau khi tuyén tinh hod, nhiém vu diéu khién
clia ta 1a 1am sao cho h(x) tién vé 0. Do do, dé thanh
phan nao (goc teta (x3) hay vi tri xe (x1)) duoc gin vi
tri can bang nhanh nhét thi ta ting thong sd tuyén
tinh hoa g véi thanh phan d6. Muc tiéu cia nhom
tac gia trong truong hop diéu khién xe tai vi tri 0,
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goc con lic & vi tri thang duing hudng 1én thi muc
tiéu 1a diéu khién sao cho ham h(x) vé 0. Lac do, x3
Va X3 cling bi diéu khién vé vi tri 0 dé hé thong dat
trang thai diéu khién mong mudn.

- Qua trinh khao sat mo phong, nhom tac gia
trén chon ma tran Q va R 1a cac ma tran don vi.

Tin hi¢u diéu khién & (Nguyen & cs., 2014)
duoc dé nghi la:

u=(L, L "h(x))"[v - L Ph(x)] 3)

Véi p 1a bac hé thong (trong truong hop hé
con lac nguoc trén xe la p=4), dao ham Lie

L h(X)——f(X) V=- 151 252_K3§3_K4‘§4
&=h(x), §2=th(><), &=Lh(x), &=Lh(x);

K1, Ka,...Kas 1a cac thong s6 duong duge chon phu
hop dugc tinh toan nhu sau:
K=lqr(A,B,QR) (4)
0100 0
. 0010
Véi A= ;B = ;matrin QvaR 1a
0 001 0
0 000 1

cac ma tran duong

Pé t6i wu hoa cac thong sd Ki ndy, giai thuat
di truyén (genetic algorithm - GA) thuong dugc
st dung.

4. M6 hinh thuc nghiém

Board diéu khién dugc sir dung la TMS320
F28335 (Hinh 2) c6 thé l1ap trinh nhung bing
Matlab/Simulink. Viéc nhing bing Matlab gitp
nguoi thiét ké giai thuat khong qua ranh vé 1ap trinh
van c6 thé ap dung cac khbi 6 san cua Matlab de
giam cong strc xay dung phan mém. Ngoai ra, toc do
cao cua board gitp cho viéc tinh toan giai thuat
HTTTH - ¢6 tinh toan dao ham Lie- nhanh du kip dé
kip xudt tin hiéu diéu khién cho mé hinh thyc. bong
co dugc st dung trong hé théng 1a dong co
Tamagawa cii cuia Nhét - loai 30W - (thong s6 dong
co & Bang 2 duoc nha san xuat cung cap va dugc liét
ké & (5)). Thong qua cac thiét bi trén, mot mo hinh
co khi-dién tir thuc nghiém C&P dugc xay dung nhu
¢ Hinh 3 va Hinh 4.

Hinh 2. Board STM320F28335

Hinh 3. Mé hinh co khi C&P nhin tir truéc
1-Banh xe;
2-buong ray ma xe chay phia trén;
3-Kep gilt xe chay sat trén mé hinh, khong bi rung;
4-Con lic nguoc;
5—Déy dién truyén tin hiéu dién va tin hiff:u cam
bién qua lai gitta m6 hinh va board diéu khién;

6-Khung d& con lic nguoc.

Hinh 4. Mé hinh xe (Cart) nhin tir trén xudng

1-Banh xe ctia mo hinh;

2-Encoder ndi dong co dé bao veé tin hiéu vi tri xe;
3-Day dai ndi dong co va banh xe;

4-Bong co DC;

5-Encoder dugc két noi voi con lac nguoc dé€ hoi
ti€p tin hiéu goc 1éch cua con lac ngugc.

Thong s6 mo hinh & Bang 1 va Bang 2 dugc
do dac va dugc nha san xuét cung cap nhu sau:
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Rn=2,7; di=40/25; R=57,2958*10,
Kp=K=5,3*1073; Cn=5%*10"% (5)
K=7,8*107; Lm=1,4*10,

RS232

mach tin hiéu
mach cong suat

may tinh

Board DSP TMS320F28335

Jn=0,049*10"%;
J1=1,1664*107;

Jm=0,049*10*; g=9,81.

m=0,027; M=1,68;

C1=0,36;

Béo ve vi tri xe

Bao ve goc
con lac

con lac nguwoc

tin hiéu diéu khién dién ap

Hinh 5. So' dd két ndi diéu khién

So db két ndi didu khién ctua hé thong dugc
thé hién ¢ Hinh 5. Ngoai ra, cach két ndi board
diéu khién va mach dién hé théng duoc thé hién &
Hinh 6 va Hinh 7. Tin hiéu xung cta encoder dugc
dua vé cac chan doc xung cua DSP. Cac chan nay
dugc quy dinh trong cac khdi duge danh sé 1 va
trong Hinh 8. Tin hiéu diéu khién dugc xuét ra
chan PWM cia DSP & khéi s6 6 ¢ Hinh 8. Mach
cAu H bén canh viéc tiép nhén xung PWM dé diéu
khién dong co chay nhanh hay cham thi mach nay
con ¢6 ngd vao xung s6 (0 hay 1) dé dong co quay
chiéu thuan hay nghich. Tin hiéu s6 nay duoc
board DSP chuyén dén ngd viao xung ndy cia
PWM thong qua quy dinh & khdi sé 7 trong Hinh 8.
Céc két qua cam bién va diéu khién duoc tong hop
dé giri qua day cap két ndi DSP va céng USB may
tinh (dugc quy dinh & khi sé 8 ciia Hinh 8).

Trong qué trinh thuc nghiém, nhom tac gia
giéi han sy di chuyén cia xe trong khoang -40 cm
dén 40 cm vi chiéu dai thanh ngang co khi 1a 80
cm. Ngoai ra, goc léch con lic dwoc gigi han
trong khoang -20 d6 dén 20 d6. Néu goc l1éch ra
ngoai khoang d6 thi hé thong bi nglimg cip tin
higu diéu khién. D6 1a vi néu goc 1éch hon khoang
d6, vi tri xe s€ phai vugt 40 cm dé co thé can béng
dugc con lic. Nhu thé, dap ung mo hinh co khi
khong cho phép su di chuyén cua xe ngoai pham
vi co khi cho phép.
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day bus dé chuyén cic chan s dung ra
ngoai(gan voi board cong suat)

Hinh 6. Board TMDSDOCK320F28335

g - AN L
P ek

° coOng tac nguon motor

hang thanh cai
de cam board
dieu khién

- 3‘
- @ingd vao doc ngd vao doc encoder
encoder cua xe A cua con lac
3 g 7 (TR -

Hinh 7. Board cong suit va thu dir li¢u tir DSP

Céu trac phan mém Matlab/Simulink nhing
cho DSP TMS320F28335 d¢ diéu khién phan cing
thuc té duwoc thé hién & Hinh 8.
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Hinh 8. C4u tric chwong trinh Matlab nhing cho DSP TMS 320F28335 dé diéu khién hé C&P

1- Khoi doc xung encoder dé€ bao vi tri xe;

2- Khéi doc xung encoder dé bao goc léch con lic;

3- Khéi quy dao dat. Trong trudng hop diéu khién 6n dinh tai chd thi ngudi didu khién s& chon tin hidu xung véi bién

d6 bang 0 ¢ khdi nay;

4- Khéi khai bao dé Matlab hiéu chwong trinh ndy nhing cho DSP TMS320 F28335;
5- Khi chuong trinh diéu khién. Giai thuat HTTTH dugc 1ap trinh trong khdi nay;

6- Khdi tin hiéu xuit xung tuong mg ra cau H dé diéu khién dong co;

7- Khéi tin hiéu xuét tin hiéu sé (0 hay 1) dé quyét dinh chiéu quay ciia dong co DC;

8- Khdi guri dit liéu 1én cong USB may tinh dé thu thap dit liéu thyc nghiém. Trén board DSP, ¢6 chip chuyén dbi két

ndi tir RS232 vé USB thong qua cap.

5. Két qua thue nghiém

5.1. Vi thong sé chuén

Vi gia tri Q va R ¢ (4) 1a cac ma tran don vi,
tin hiéu dieu khién ¢ (3) khong diéu khién dugc on
dinh mo hinh thyc. Do do, trong bai bao nay, nhém
tac gid chon lai ma tran Q va R thong qua thtr sai.
Viéc xac dinh khoang phu hop cua céc thanh phan
bén trong ma tran Q va R 1a rat kho khan nén nhom
chi thir véi mét bo thong s6 Q va R ma nhom thay
cho két qua 6n dinh nhat. Cac gia tri nay duoc liét
ké ¢ (6). Voi gia tri Q va R nhu ¢ (6) thi khoang

biensol va bienso2 dé hé théng con 6n dinh duoc
lan lugt 1a [0,1; 20] va [0,1; 10]. Do d6, nhém tac
gia chon theo truc giac gia tri biensol va bienso2
nam & khoang gilra cac doan trén dé tao mot bo
thong s6 chuan & (6). Dya trén bo thong sO chuan
ndy, nhom tac gia thay ddi tudn tir cac thong sb dé
kiém ching anh hudng cia ching dén chét luong
diéu khién.

Vi gid tri nay thi BDK HTTTH 6n dinh dugc
h¢ thong thyc te ¢ Hinh 3. Véi thong so chuén, cac
két qua diéu khién duogc liét ké tir Hinh dén Hinh
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11. Ta thiy xe dao dong qua lai trong khoang -3,5 . O Hinh 12, dao dong cua xe quanh vi tri cén
cm dén 4,5 cm quanh vi tri 0 (Hinh 9) va con lac  bang la -4 cm dén 2 cm. Khoang dao dong nho hon
dugc gilr ¢ vi tri thang ding nhung dao dong tir -2  dao ddng ctia xe quanh vi tri can bang & Hinh 9.

do dén 2 d6 quanh vi tri 0 (Hinh 10). Tin hiéu dién 0.02
ap cap cho dong co DC duogc hién thi ¢ Hinh 11. 001l
0° 0 0 O (6) 3,
0 100 0 0 = 001
Q= =
0 0 100 O 002 |
0 0 0 10 003 |
R=0,1 bienso1=3; hienso2=1 -0.04 - . ‘ ‘
0 500 1000 1500 2000 2500
0,06 T " ‘ ‘ T s6 mau
0,04+ . Hinh 12. Vi tri xe (m) khi bienso1=7 (ting)
E) 0.02 trong 2500 mau (25s)
9 e . .
E o
S
-0,02}
-0.04

100 200 300 400 500 600
séméu

Géc con lic (d0)

Hinh 9. Vi tri xe (m) khi thong s6 chuén trong 700
mau (7s)

0 500 1000 1500 2000 2500
s6 mau
Hinh 13. Géc con lic (d9) khi bienso1=7 (ting)
trong 2500 miu (25s)
O Hinh 13, dao ddng con lic quanh vi tri cAn
bang 1a tr -4 36 dén 5 d6. Khoang dao dong nay

Goc con lic (do)

3 . . . . . . 16n hon khoang dao dong & Hinh 10.
0 100 200 300 _400 500 600 700 . ]
s6 mau Nhan xét 1: nhu vay, n€u viéc tang hay giam
Hinh 10. Géc con lic (d$) khi thong sé chudn biensol s& lam tuong tmg viéc dat trong tam cho
trong 700 mau (7s) vigc diéu khién vi tri xe nhiéu hay it. Khi do, sy 6n
30 . ; . ; dinh cta goc con lac s€ bi kém di it hay nhiéu,
20t tuong Ung.
e 10 Khi giam biensol so v6i théng sb chuin: chon
g 0 biensol mai 1a 2 (so voi ban dau 1a 1), nhom tac
2 -10 gia dugc cac két qua thuc nghiém thé hién tir Hinh
20k 14 va Hinh 15.
30 L L . L . L 0.08
0 100 200 300 400 500 600 700 0.06
sb mau 0.04
R 3 . . . F 002
Hinh 11. Pién ap (V) diéu khién khi thong s6 chuan 2 o0
trong 700 mau (7s) = -0,02
2 . . 0,04 |
5.2. Khi thay doi thong so tuyéen tinh héa 0,06 |
e . , . A I 2 -0,08
Khi ting biensol so vai thong s6 chuan: chon 0.1
blen501=7 0 200 400 600 SOQ 1000 1200 1400 1600 1800

sO mau

Hinh 14. Vi tri xe (m) khi bienso1=2 (gidm)
trong 1800 miu (18s)
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Trong Hinh 14, dao dong cua xe quanh vj tri
can bang la tir -8 cm cho dén 8 cm. Khoang dao
dong nay la 16n hon so véi khoang nay trong Hinh 9.
251

1.5+
1 L
0.5
0
-0.5
-1
-5
-2

-2.5
2 0 200 400 600 800 10001200 1400 1600 1800

$0 mau
Hinh 15. Géc con lic (d9) khi bienso1=2 (gidm)
trong 1800 mau (18s)

Du vi tri xe dao dong manh hon nhung goc
con lac dao dong tir -2 d6 dén 2 d6 (Hinh 15),
khong thay doi so véi Hinh 10.

Khi giam biensol so véi bienso2 thi xe s€ dao
dong nhiéu hon. Trong mot chirng muc giam nao
do6 thi xe s& on dinh hon. Tuy nhién, do mé hinh
thanh ngang cua ta bi gi¢i han nén néu xe dao dong
vuot qua gidi han thi ta c6 thé xem nhu hé khong
on dinh duoc.

Géc con e (d0)

Nhén xét 2: Khi giam biensol dén mot muc
nhat dinh thi viéc 6n dinh goéc con lac khong cai
thién dugc chat lugng du vi tri xe chat luong co
giam di niia.

5.3. Khi thay doi thong s6 diéu khién

. Khi tang R: nhom tac gia chon R=0,5 (lon gap
5 lan so v6i R chuan). Cac két qua thuc nghiém
dugc hién thi tr Hinh 16 dén Hinh 18. Trong Hinh
16, vi tri xe dugc dao dong trong khoang tur -18 cm
deén 0 cm, 16n hon so véi ¢ Hinh 9. Trong Hinh 17,
goc con lac dao dong trong khoang -1 do dén 5 do,
16n hon so vé6i dao dong ¢ Hinh 10. Trong Hinh 18,
dién ap cap cho dong co chi dao dong trong khoang
-10 V. dén 9 V. Su dao Q(}ng (;iién ap 1a nho hon so
v6i dién ap 6 bd thong s6 chuan ¢ Hinh 11.
0,02

O L
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-0.04
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-008 1
0.1 f
-0.12
-0.14
-0.16
-0,18

Vi tri xe (m)

0 260 460 660 809 1(160 1260 146016IOO 1800
Hinh 16. Vi tri xe (m) trong 1800 mau (18s)
khi R=0,5 (tiing)

V] WA

Goc con lic (d4)

-

0

- 4] 260 40IO GC:O 809 1(260 1260 1460 16I00 1800
Hinh 17. Géc con lic (d9) trong 1800 miu (18s)
khi R=0,5 (tang)
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Diaaip (V)
b

=
=]

-15

o] 200 400 600 800 1000 1200 1400 1600 1800
s& man

Hinh 18. Pién 4p (V) diéu khién trong 1800 miu
(18s) khi R=0,5 (ting)

Nhén xét 3: viéc ting R 1am hé thong van 6n
dinh nhung dao dong nhiéu hon quanh vi tri can
bang. Tuy viy, dién ap cip duogc tdi wu hoa hon.
Trong trudng hop dién ap thay ddi lién tuc thuong
xuyén s€ anh hudng dén tudi tho mach dién va co
céu chdp hanh thi viéc didu chinh R phu hop la
diéu can thiét.

Khi giam R: chon R=0,01 (nh6 hon 10 1n so
v6i R chuan), cac két qua thyc nghiém duogc thé
hién tr Hinh 19 dén Hinh 21. O Hinh 19 (khi R
ting), dao dong cua vi tri xe tir -8 cm dén 6 cm.
Khoang dao dong nay lén hon so véi dao dong &
bd théng sd chuan (Hinh 9) va gin nhu twong
dwong voi truong hop ¢ Hinh 16 (khi R giam). O
Hinh 20, sy dao dong ctia goc con lic 1a tir -5 do
dén 4 d6. Su dao dong nay 1a 16n hon sy dao dong
d6i v6i truong hop bo théng s6 chuan ¢ Hinh 10.
Su dao dong nay con 16n hon dao dong ¢ Hinh 17.
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0.04 ¢
0,02
o |
-0.02
-0.04 |
-0.06 r

-0.08 r
-0.1

Vitrixe(m)

0 100 200 300 400

Hinh 19. Vi tri xe (m) trong 700 miu (7s)
khi R=0,01 (giam)

500 600 700
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Hinh 20. Géc con lic (d9) trong 700 miu (7s)
khi R=0,01 (giam)
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Hinh 21. Pién 4p (V) diéu khién trong 700 miu (7s)
khi R=0,01 (gisam)
Pién ap ¢ Hinh 21 dao dong rat manh so véi
truong hop chuan (¢ Hinh 11).

I
)
oo

Nhén xét 4: viéc giam trong s6 R da lam dién
ap dao dong manh hon va lam goc con lic ciing
nhu vi tri xe dao dong manh hon, h¢ théng rung
hon. Piéu nay ciing ¢6 Nhan xét 3. Ngoai ra, thong
qua thuc nghiém nay, nhom tac gia thiy rang viéc
diéu chinh R chi 1am tin hiéu dién ap ém hon hay
dao dong hon chir khong anh huong tét dén viéc
diéu khién céc bién trang thai cua hé thong.

6. Két luin

Thong qua két qua thyc nghiém, nhom tac gia
dd cho thdy BDK HTTTH 6n dinh dugc hé théng
thuc. Tuy nhién, goc con lic va vi tri xe dao dong
qua lai quanh vi tri can bang chir chwa vé hin 0 nhu
md phong. Viéc dao dong qua lai nay, theo quan
diém cta nhom tac gia, 1a do sy sai léch nhét dinh
gitra thong s hé théng duoc do dac cb su chénh
1éch nhét dinh so voi thong sb thuc cia hé thong.
Ngoai ra, nhiéu x4p xi dugc gia thiét dé don gian
hoéa trong phuong trinh toan hoc nhu: xem nhu con
lac 1a thanh dong chét hoan toan, xe 1a mot khi
dong chat can ddi hoan toan... Ngoai ra, cac thong
sO diéu khién ciing da duoc trinh bay va phan tich
dé dua ra quy tic hiéu chinh diéu khién cho hé
thong thuc té thong qua thuc nghiém trong bai bao
nay nhu:
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- Thay d6i ting hay giam biensol va bienso2
dé wu tién viéc giam dao dong trong qua trinh diéu
khién vi tri xe hodc goc con lac.

- Viéc tang gia tri R d¢ tin hi¢u dién ap diéu
khién it dao dong hon nhung s& lam sy dao dong
clia xe va goc con lic bi 16n ra déng ké. Viéc giam
gid tri R qua murc s& lam tin hi¢u dién ap diéu khién
dao dong manh va dao dong cua cac bién trang thai
cling khong dugc cai thién. Do d6, viéc chon R phu
hop 1a can thiét. Hién thoi, trong thi nghiém cua
nhom téc gia, viéc xac dinh gia tri R van phai thong
qua thir sai.

Loi cam on: Cong trinh nay thudc vé dé tai
nghién cuu khoa hoc nam 2022, duoc tai trg kinh
phi bdi Truong Dai hoc Su pham Ky thuat Thanh
phd H Chi Minh (HCMUTE), Viét Nam.
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