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ABSTRACT

This paper presents a model of a Maglev train (the fastest train in the
world) and the sliding mode controller for it. The control objectives are to
levitate it to an equilibrium position and to keep it in this equilibrium
position. In this study, the chattering problem is resolved by replacing the
Sfunction sign(S) by the function tanh(S) in the control law.
Matlab/Simulink simulation and experimental results showed that the
leviatation system of Maglev train had been decoded.

TOM TAT

Bai bdo trinh bay mé hinh va bg diéu khién trieot cho hé thong nang cua
tau dém tir truong (mot phuong tién giao thong mat ddt nhanh nhat the
gi6i). Muc tiéu diéu khién la ndng tau lén O i tri can bang va giiF tau on
dinh o vi tri cdn bang do. Trong badi viét nay, hién twong dao dong
(chattering) cua bg dieu khién truot cho hé thong ndng dwoc giai quyét
bang cdch thay doi ham sign(S) trong ludt diéu khién bang ham tanh(S).
Tir két qua cua mo phong bang Matlab/Simulink va mé hinh thuc nghiém
cho thdy cong nghé hé thong ndng cia tau dém tir truong da dwoc giai ma.

1 GIOI THIEU

Ban va cong ngh¢ Inductrack ciia My.

Tau dém tr truong (Maglev Train) dugc xem la
mot giai phap diy trién vong cho hé thong giao
thong trong thé ky 21 va trong tuong lai. Tau hoat
dong dua vao nguyén ly luc dién tir va co cac dac
diém ndi bat nhu di chuyén véi toc do cao, do an
toan cao, than thién v&i moi truong va cd kha nang
chuyén cho tbt.

Tau dém tir truong c6 ba hé théng chinh d6 1a
hé thong nang tau, hé thong dan hudng va hé thong
déy tau di t6i. Hién nay trén thé gioi co ba cong
nghé tau dém tur trudng chinh d6 1a cong nghé
EMS (ElectroMagnetic Suspension) cua Puc, cong
nghé EDS (ElectroDynamic Suspension) ciia Nhat
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Mo hinh tau dém tr trudong theo cong nghé
EMS duge md ta & Hinh 1. M6 hinh cia hé thong
nang tau bao g6m mot nam cham di€n, mét thanh
dan sét tir va bo didu khién vi tri (Hinh 2). Nam
cham dién va bo diéu khién duoc dat trén tau. Chirc
ning cua hé théng nang tau 1a dung lyc dién tir dé
nang tau 1én cach duong ray khoang 15 mm (vi tri
cén bang) va giif tau & vi tri tri can bang nay. Do
d6, can c6 mot bo diéu khién dé diéu khién dong
dién cap cho nam cham dién. M6 hinh hé théng
nang cua tau dém tur treong la mot moé hinh co6 do
phi tuyén cao nén cac bo diéu khién phi tuyén duoc
ap dung.
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Hinh 1: M6 hinh tau dém tir trwong theo cong nghé EMS

http://www.transrapid.de/

Céc cong trinh nghién ciru tdp trung vao giai
quyét van dé dua ra mo hinh toan hoc ciia cac hé
thong va mé phong sy tic dong qua lai giita cac hé
théng cua tau (Dai 2005, Boudali ef al., 2003, Lee
et al., 2006). Bén canh viéc dua ra mo hinh toan
hoc, ciac nha nghién cuu cling dua ra mot s6
phuong phéap diéu khién tir ¢ dién dén hién dai
cho hé théng nang tau (Barie and Chiasson 1996,
Mahmoud 2003, Hypiusova and Osusky 2010,
Kharaajoo and Rashidi n.d., Ko et al., 2009).

Dic biét trong bai viét “Sliding Mode Control
of a Magnetic Levitation System” cla tac gia Al-
Muthairi va Zribi (Al-Muthairi and Zribi, 2004) da
trinh bay thiét ké bo didu khién truot cho hé thong
ning vét trong tir truong va da giai quyét hién
tugng giao dong (chattering). Trong bai viét nay,
bén canh viéc thiét ké va moé phong bd diéu khién
trugt cho hé théng nang cua tau dém tr truong, tac
gia con ap dung bd diéu khlen nay vao mo hinh
thuc t& va kiém tra tinh 6n dinh cia hé théng dé
chimg to tinh hiéu qua ctia bo didu khién.

Noi dung cia bai viét duge tom luot nhu sau:
Phan 1 1a gidi thi€u chung, m6 hinh toan hoc cua
hé thong nang s& dugc trinh bay ¢ phan 2, thiet ke
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b6 diéu lghién trugt cho hé thong nang dugc trinh
bay ¢ phan 3, phan 4 1a két qua m6 phong va ket
qua thye nghiém cia md hinh va cu6i cung la phan
két luan va dé xuat.

2 MO HINH HE THONG NANG CUA
TAU PEM TU TRUONG

Hé thong nang ciia tau dém tir trudng theo cong
nghé EMS dugc md hinh héa nhu mdt mach dién
tr va dugc trinh bay ¢ Hinh 2.

Luc néng Freo(t) dugce tao ra boi hé théng nang
tau, nd gilt cho tau dugc nang Ién & mdt khoang

cach z(t) nhat dinh so véi duong ray. Fra(7) dugc
didu khién bang cach thay doi dong dién mot chiéu

Lo(1).
Biéu thtrc Iyc nang (Boudali et al. 2003):

L)
2(@0)

trong d6: C 1a hing sb luc tir, Fr.(2) 1a luc tac
dung 1én khung tau, z(#) 1a vi tri cia tau so vdi
duong ray (Omm < z(t) <20mm), I(t) la dong
dién kich mot chiéu.

£, (0)=C——= M
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Pudng ray
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B digu khién

Hinh 2: M hinh h¢ thong ning cia tau dém
tir truedmg

3 THIET KE BQ PIEU KHIEN TRUQT

Ap dung diqh luat thir 2 ctia Newton va dinh
lué}t Kirchhofflvé dién ap, md hinh dong hoc cua hé
thong dugc viet:

dz(t) (1)
dt
d 1,(1) 2
m—V:m. —C[e(j 2)
dt z(t)
RI,(1)+ d(L(Za)]Je @) =u(t)
t

trong d6 u(?) 1a dién ap dat vao nam cham, R 1a
dién tr¢' cudn day quin nam cham, L(z) 1a do tir
cam cua cudn day, m 1a khéi lugng cua tau can
nang, v(t) 1a van toc nang cua tau.

Do tu cam cua cudn day L(z) 1a ham phi tuyén
phu thudc vao vi tri z(?), va theo (Al-Muthairi and
Zribi 2004) thi L(z) dugc tinh bang cong thirc (3),
trong d6 L 1a hé $6 tu cam cua cudn day.

2C
L(z)=L+—. 3)
(1)
Dit bién trang thai va ngd vao diéu khién:
X = z(t)
XA = V(1
5 =v() ' @
Xy = 1,(1)
u=u(t)

Tu (2), (3) va (4) suy ra mo hinh khong gian
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trang thai ciia hé thong:

©)

R 2C| X5.X 1
- Xyt 223 +—u
L L X L

Phuong trinh khong gian trang thai (5) dugc
dung trong thi€t ké bd di€u khién truot cua
hé thong.

3.1 Thiét ké bd diéu khién truwot

Do hé théng ning cua tau dém tir trudong 1a hé
thong khong 6n dinh vong hé va co dic tinh phi
tuyén cao nén bo diéu khién truot (Sliding Mode
Controller — SMC) dugc xem xét nhu la mot lya
chon tét trong truong hop nay.

Dit x4 X24 va x34 12 cac gia tri mong mudn cua
X1, X2 va x3. Muc tiéu cua viéc thiét ké bo diéu khién
la dwa cdc bién trang thai x,, x2 va X3 vé cdc gid tri
Mong Muon X4, X24 va Xsq iwong eng.

bat
=X T Xy
Z, =X, (6)
2
Cl x
Z,=g——| =
m\ x,

Neéu z;, z,, z3 duge dua vé 0 khi +— 00 thi x; s€
hoi tu V€ x;4 x2 € hoi tu V€ x2¢ = 0 va x3 s€ hodi tu

g.m
“he e

vé X,
Mo hinh dong hoc ctua hé théng trong toa do
mai la
=2
22 =23 5 (N
2'3 =f(2)+g(2)u
voi
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f@=2Ag-zy)||1-— € 2K
z)=2(g-z - —
3 Lz -x ) )(z—x,) L .(8)

2
g(Z)_—i,/*(g 23)
L(z1 xld) m

Ham f{z) twong ung fi(x) va g(z) twong ng voi
gi(x) trong toa do goc:

2C 2C | x,x; Rl x ’
f'(x)_m[[l_bq] 5 U[xﬂ O

2Cx,
Lmx}

g(x)=-

Ngo ra cia h¢ théng trong h¢ toa do mai 1a

y=z=e=Xx—Xy,, (10)

trong do6 e 1a sai so vi tri.

Tt (7), (9) va (10), suy ra mdi quan hé ciia ngd
vao va ngd ra cua h¢ thong nhu sau:
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S=é+a.eta,e
=% +a.z+a,.z (12)
=z,+a,z,+a,.z,
V6i a;, a; 14 cac hé s6 duong thoa didu kién
Hurwitz.
Ap dung (6), mét truot S dugc viét lai theo cac
bién X1, X2 va X3:

2
Szg—g{ﬁJ +ax,+a,(x,—x,,). (13)

m\ x,

Vén dé: xdc dinh lugt dléu khién u dé duwa cdc
quy dao pha cua hé thong vé mat truegt va duy tri
trén mdt triegt mot cach bén viemg doi voi cdc bién
dong cua f(x) va g(x).

Léy dao ham mat truot S va u duoc chon sao
cho (Nghia, 2007):

S =—asign(S). (14)

=fi(x)+g (x)u. (1) T (11), (13) va (14), luat diéu khién u duoc
chon nhu sau:
Dinh nghia mat trugt
2 2
1 C|( x , C( x
u=——|fi+ta | g——| —=| |+tax,+asign| g——|—| +ax,+a,(x,—x,) ||, (15
g m\ X, m\ X,

trong d6 a 1a mot hang sé duong chon trude.

3.2 Giai quyét vin dé dao dong (chattering)

Trong thyc té, hién twong dao dong (chattering)
gdy ra cac hién twong khong mong mudn nhu: Phat
sinh sai s6 diéu khién, lam phat nong mach dién tu,
mai mon cac by phan co khi, kich dong cac mode
tan s6 cao khong mo hinh hoa lam giam chét lugng
diéu khién hodc mét diéu khién. Véan dé nay thuong
duoc cic nha nghién ciru giai quyét bang cach
giam bién d6 cua luat didu khién bang cach giam
hé sb o, hodc thay ham signum trong luat diéu
khién boi ham saturation hay ham tanh, hodc dung
logic mo,...

4 KET QUA MO PHONG VA THUC
NGHIEM

4.1 Két qua mé phéng

Cac két qua mo phong hé théng duogc thuc hién
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trén Matlab/Simulink va bd diéu khién truot sir
dung ham sign(S), sat(S) va tanh(S) dugc thiét ké
(nhu da dé cap ¢ phan 3) s& ap dung cho vao h¢
théng. Cac thong sb cua hé théng dung dé mo
phong dugc cho ¢ Bang 1.

Bang 1: Thong s6 cia hé thong diung dé mé
phéng

Dién tro diy quin R =19.2 (Q)

Do tor cam L =0.0614 (H)

Hang s6 luc tir C=0.011 (N.m%A?)

Khdi lugng tau m=0.52 (kg)

Gia toc trong truong g =9.81 (m/s?)

Vi tri ban dau 0.02 (m)

4.1.1 Sir dung bé diéu khién trueot véi ham
sign(S), xia = 0.015 (m)
Céc thong s6 ctia bo diéu khién duoc chon nhu

sau: a = 100, a; = 31, a, = 240. Két qua md phong
duoc thé hién ¢ Hinh 3.
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Hinh 3: P4p tng ciia hé théng sir dung SMC
Dua vao Hinh 3 ta thiy dap tmg vi tri tién vé
gia tri mong mudén cua né. Tuy nhién, dap ing cta
hé théng van con mot sai sd xéac 1ap nhd va xuat
hién hién tugng dao dong (chattering) ¢ tin hi¢u
diéu khién.

4.1.2 Su dung bo diéu khién truot véi ham

Sat(%), XxXa=0.015 (m)
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Truong hop thay ham sign(S) bang ham
Sat( %) da giai quyét duoc van dé dao dong,

xem Hinh 4. O hinh nay cho thiy, dap ung vi
tri cia hé théng tién vé gia tri mong mudn va
hién twong dao dong trong tin hiéu diéu khién da bi
loai bo.

4.2 Sir dung bd diéu khién truwot véi ham
tanh(S)

Truong hop 1: Khi tin hiéu dat c6 dinh x4 =
0.015 (m)
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Hinh 5: Pap wng ciia hé thong sir dung SMC véi
ham tanh(S)

Truong 2: Khi tin hiéu dat thay doi theo thoi
gian

Nhén xét: Van dé daor d(}pg ddi véi bo didu
khién truot duoc giai quyct bang cach thay ham

sign(S) biing ham sat( A ) hay ham tanh(S). Thay

ham sign(S) bang ham tanh(S) khong chi giup giai
quyét vin d& dao dong ma con gifp
hé théng dap ung tot hon. Vi vay, b diéu khién
trugt véi ham tanh(S) s€ dugc ap dung cho mo
hinh thyc.
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Hinh 6: Pap img ciia hé théng sir dung SMC v6i ham tanh(S) va tin hiéu dit thay doi
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4.3 Két qua thue nghiém

4.3.1 Mo hinh thuc nghiém
Mo hinh thye ma tac gia dung d‘é ap dung luat
dié}l khién da duoc ché tao bao gom: May tinh,
thict bi thu thap dir liéu (Card PCI 1711), board
diéu ché d¢ rong xung (PWM), cam bién do vi tri
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(cam bién hong ngoai RPR 220 két hop vdi bo xir
ly mo dé cai thién do chinh Xac), cam bién do dong
dién (ACS712), nam cham dién, khung tau, duong
ray, ngudn dién,... Thong sd cua md hinh thic
nghiém dugc trinh bay trong Bang 2 va vi tri ban
dau cua tau 12 0.02 (m).

Hinh 7: M6 hinh thyc nghiém h¢ thong ning cia tau dém tir trudong

Bang 2: Cic thong so ciia md hinh thue nghiém

S6 vong day N = 1320 (vong)
Puong kinh day dong ® = 0.45 (mm)
Dong dién t6i da qua nam chdm 0.63 (A)
bién tré cudn day nam cham R=19.2(Q)
D6 tr cam cudn day L =0.0614 (H)
Khdi lugng nam cham + Khung m=0.52 (kg)
Hé’mg $6 luc tir cia hé nam C=0.012
cham (N.m?.A?)
Kich thudc nam cham 48 x 45 x 30 (mm)
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4.3.2 Surdung bo diéu khién truot véi tin hiéu
dat x;4=0.015 (m)

Céc thong sb cua bo diéu khién truot v6i ham
tanh(S) dugc dung trong md hinh nhu sau: a =
5000, a; = 199, a, = 9900. Két qua dap tmg ctia md
hinh dugc trinh bay ¢ Hinh 8.

Tir Hinh 8 ta thiy, hé thong nang tiu nhanh
chong dua tau vé vi tri mong mudn (0.015 m) va
giit 6n dinh & vi tri nay va dién 4p cép cho cudn
day nam cham dién ciing luén 6n dinh.
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Hinh 8: Pap ing ctia mo hinh thye sit dung SMC véi ham tanh(S)
4.3.3 Su dung bo diéu khién truot voi tin hiéu nay cho théy hé théng ¢6 tinh 6n dinh cao, xem
dat xig = 0.016 (m) va co anh huong cia nhiéu Hinh 9.

0022

4.3.4 Sw dung bo diéu khién truot véi tin hiéu
dat thay doi theo thoi gian

Mb hinh khéng chi dap tng tbt véi gia tri mong
mubn bat ky ¢b dinh hodc ¢6 tac dong cta nhidu
ma hé théng con dép tng tot khi tin hiéu dit thay
d6i theo thoi gian, xem két qua dap tng & Hinh 10.

0oz : : .

I i
i 12 13 14 15 16 7 18 i) El

Thir gian (5) Khi tin hié¢u dat thay doi theo thoi gian, dap Ung

ctia hé théng bam theo tin hi¢u dat. So véi két qua

mé phong (Hinh 6), ta thay két qua thyc nghiém
Nhiéu ¢ thi nghiém nay dugc tao ra nhiam kiém kha t&t mac dit van co xudt hién sai so.

tra tinh on dinh cta tau. Khi tau dang ¢ vi tri can

bang (0.016 m) thi tic dong mot xung ngoai luc

theo hudng nang cua tau. Liac nay tau s€ bi dao

dong va nhanh chong trd vE vi tri can bang. Dicu
0.022

Hinh 9: Pap trng ciia m6 hinh khi c6 nhiéu

Nhén xét: Thong qua két qua md phong va mo
hinh thyc nghiém ta thay bg di€u khién truogt dugc
thict ké 1am viéc that sy hiéu qua.

Dap ung
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0.014 § ) —
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0 40
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Hinh 10: P4p rng ciia mé hinh khi tin hiéu dit thay doi theo thoi gian

5 KET LUAN VA PE XUAT dé cai tién hodc lam chu cong nghé. Trong bai viét
PO ndy, h¢ thong nang cua tau dém tir trudng theo

5.1 Ketlugn céng nghé¢ EMS da d‘u’Q‘C mo hinh’ hoa va diéu
Cong nghé tau dém tir truong da va dang duoc khién dugc vi tri can béng’ mong muon cua tau. Bo
cac quoc gia trén thé dac biét quan tam nghién clru dicu khién trugt duoc thiét ké khong chi dap ung
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t6t véi cac vi tri can bang mong mudn c¢b dinh hay
thay doi theo thoi gian ma hé thong con 6n dinh
khi c6 nhicu tac dong.

5.2 Dé xuit

- Xét dén dac tinh dQng h(_)q cua tau trong
treong hop tong quat (tau gém nhiéu toa, tac dong
cua moi truong bén ngoai,...).

— Tiép tuc nghién ctru va ché tao hé thong dén
hudng va day t6i d€ mo hinh tau dugc hoan chinh
hon va cé thé sém ap dung vao thuec te.
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