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THIET KE BO DIEU KHIEN TRUGT CHO HE TRUYEN DONG
RADA HANG HAI SU DUNG DONG CG PMSM

DESIGN SLIDING MODE CONTROLLER FOR MARINE RADAR SYSTEM
USING A PERMANENT MAGNET SYNCHRONOUS MOTOR

TOM TAT

Bo diéu khién tdc do cia rada hang héi ¢6 vai trd rdt quan trong trong 6n
dinh chat lugng tin hiéu thu - phdt. Bai bao nay trinh bay két qua xay dung bo
diéu khién trugt cho hé truyén dong rada hang hai st dung dong co ddng bo nam
chdm vinh ctu. Cc két qua ki€m nghiém béng mé phéng trén phan mém
Matlab-Simulink cho thdy b diéu khién nay dam bao dugc do chinh xc trong
diéu khién; on dinh dugc toc dd ngay ca khi c6 nhiéu manh.

Tir khéa: Diéu khién trugt, rada hang hdi, toc g, dong co déng bé.
ABSTRACT

The speed controller of the marine radar plays a very important role in
stabilizing the quality of the transceiver signal. This paper presents the results of
building a sliding mode controller for a marine radar transmission system using a
permanent magnet synchronous motor. The test results by simulation on
Matlab-Simulink software show that this controller ensures accuracy in control;
Stable speed even in the presence of strong interference.

Keywords: Sliding mode controller, marine radar, speed, synchronous motor.
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1.PAT VAN BE

Rada hang hai trang bi trén tau hai quan, véi nhiém vu
phat hién cac tau, chudng ngai vat trén bién nhu da ngam,
cac tdng bang trdi, gitp tau di chuyén trén bién, tranh cac
va cham c6 thé xdy ra [1]. Ngoai ra, rada trén tau hai quan
con phai quan ly cac muc tiéu trén khéng nhu may bay, tén
Ia trong méi trudng mat bién bién ddng lién tuc. D€ dadm
bao kha nang dé hé truyén déng clia rada phai hoat dong
chinh xéac va 6n dinh.

Hién nay, mét s6 hé truyén déng cda dai rada trén tau
hai quan da qua nhiéu nam st dung, thiét bi xuéng cap, bé
diéu khién lac hau, rat can nghién clu nang cap, hién dai
héa dé dap ung t6t hon nhiing yéu cau cda chién tranh
cong nghé cao. Hudng nghién ctu chinh cla bai bdo la tap
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trung vao xay dung bo diéu khi€én mai cho hé truyén déng
rada st dung dong cg déng bd nam cham vinh clu
(PMSM). Bay la dong co cé cau tric don gian, trong lugng
nhe, cong suat cao va kha nang truyén dong manh mé. Tuy
nhién, chat lugng diéu khién vi tri va t6c do cta hé théng
PMSM bi anh hudng I6n béi tinh phi tuyén tinh cta hé
théng nhiéu tai bén ngoai [2, 3]. Vi phuong phap diéu
khién tuyén tinh hién c6, hé truyén déng chua thé dap ung
t6t chat lugng diéu khién.

Dé& khic phuc van dé nay, nhom tac gia dé xuat st dung
b6 diéu khién truot. Day la bo diéu khién c6 tinh bén viing
cao, cau tric don gian, ddm bao dé chinh xac khi hé théng
c6 tham s6 bat dinh va nhiéu bén ngoai [4, 5]. Qua khao sat
cho thay bd diéu khién trugt tdng hgp dugc cho két qua tot
ngay ca khi co cac yéu t6 phi tuyén tac déng.

2. MO HiNH HE TRUYEN DONG RAPA HANG HAI
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Hinh 1. M hinh hé truyén dong rada hang hai
M6 hinh todn hoc ctia hé khi xét dén cac thanh phan bat
dinh cia hé théng [3].

qu ) )
u, = R, —|—¥ iy +(erd)|d +we (1)
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Phuaong trinh mé men dién tu cda déng co dugc tinh:
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T = %Pn (@0, +(Ly — Ly )i, 3)

e

Mot cach gén ding c6 thé coi L, = L, nén cé:

3 .
T = EPn(pm i 4)
Phuong trinh can bang mémen:
dw
T —TL:Ew +i—' (5)
¢ P " P dt

Trong do, iq, iq, U4, Uq la dong dién, dién 4p truc d, q
tuong Ung; R, L, @m, P, 1an lugt thé hién dién trd cla stato,
d6 tu cdm, tir thong ctia nam cham vinh ctiu va s6 cap cuc;
J, T, Te, B 1an lugt la mémen quan tinh, mémen tai, mémen
dién tir va hé s6 ma sat nhaot.

Tur @6 rat ra mo hinh toan hoc hé truyén déng:
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3. THIET KE BO PIEU KHIEN TRUQT CHO HE THONG
PMSM

Thay (4) vao (6) co:

3P20i PT
' 2) J J 7

Sai sO6 téc d0 gilta truc dong co va téc do6 dat:

w

e=w, —w.bao ham sai s6 va thay (7) vao phuong trinh
co:
e= ubd — Cur
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Chon mat trugt nhu (9)
s=e 9)
Tin hiéu diéu khién dugc chon sao cho § = 0
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TU(11) rdtra

. PT B
w,+"—+-w
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Tk

bt u,, =1 , day la thanh phén gilf cho cac bién trang
théi nam trén mat truot.

Thanh phan tin hiéu dua bién trang thai tién vé mat

3P k s

——m< >0, trong do k. la
2)

hang s6 dugc chon dé diéu chinh su &n dinh va toc d6 tién

vé mat trugt cla bién trang thai.

trugt uy, =K, sgn(s) vai Ka =

Cudi cung tim ra luat diéu khién c6 dang:

1. PT
u:uquruN:Eder n L+%wr +K, sgn(s) (12)
Chung minh:
Chon ham Lyapunov: V = %sz

V =s5=s(—K, sgn(s)) = —K (13)

S|

V6i K, > 0 thi V < 0véi moi s, vi vay diéu kién 6n dinh
cla hé ludn ton tai.

Thai gian dé cac bién trang thai ti€n vé mién n dinh la:

ds

s=—=—K,sgn(s) ds =—K_dt

 dt sgn(s) (14)

Lay tich phan hai vé cé:

ds
fsgn(s) :—fKadt

K&t qua co:

s.sgn(s)+¢, =Kt +¢, & |s| =Kt +¢;

Véi ¢, = |s(0)| tl d6 xac dinh dugc t = |s}i_0)|

Do thdi gian téi t; ty 1é nghich véi d6 16n K, nén K, cang
3P%g k

m C

2)

I&6n thi thoi gian dap tng cang nhanh. DoK = vi
thé c6 thé diéu chinh K, thédng qua hang s6 k..
4. MO PHONG VA DANH GIA KET QUA
4.1. Tham sé mé phéng

M6 phéng danh gia chat lugng cta bd diéu khién bang
phan mém Matlab-Simulink véi cac tham s6 co hé dugc cho
trong bang 1.

Bang 1. Cac tham s6 clia co hé st dung mé phdng

Ky hiéu Tham sd PMSM Gia tri
Py (Cong suat dinh mic 0,75kW
Wy Toc do dinh mic 3000vong/phit
P, S0 cdp cuc 2
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Iy Dong dién dinh mic 53A
Om Tirthong clia nam cham vinh ctiu 0,109Wh
L Do tu cdm 0,177mH
Rs Dién trd Stator 1,80

J Momen quén tinh 5.10%kg.m?
B Hé s0 ma sat nhét 5.10°Nm.s

Téc dg [vang/phut]

4.2. Két qua mé phéng

Kiém tra chat lugng cla bd diéu khién théng qua dap
Ung téc do cla hé truyén déng trong cac trudng hgp khac
nhau.

+ Truéng hgp 1: Téc d6 dat 1a 700 vong/phut, véi
momen tai ban dau Ia 3Nm gidm xuéng 1Nm tai thdi diém
0,04 giay.

Téc d6 [vong/phut]
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Hinh 2. Dap (ing t6c do ctia dong co chdp hanh trudng hop tai giam
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Hinh 3. Cudng d6 dong dién trong cdc cudn day pha trudng hop tai gidm
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Hinh 4. Dap ing momen ddng co trudng hop tai giam

+ Trudng hgp 2: Téc d6 dat 1a 500 vong/phut, véi
momen tai ban dau l1a 2Nm tang Ién 15 Nm tai thoi diém
0,04 gidy.

Website: https://jst-haui.vn

. I . I .
0 0.01 0.02 0.03 0.04 0.05 0.06
Thdi gian [giay]

Hinh 5. Dap ting toc d6 cta ddng co chap hanh trudng hop tai ting
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Hinh 6. Cudng dd dong dién trong cac cudn day pha trudng hop ti tang
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Hinh 7. Ddp ting momen ddng co trudng hgp tai tang
Véi hai trudng hgp trén, khi momen tai thay d8i, khong
c6 nhiéu, téc d6 dap Ung cta hé nhanh, dao déng nho, do
qué chinh 0,7%, hé én dinh.
+ Trudng hgp 3: Téc dd dat la 500 vong/phut, véi
momen tai la nhiéu ngau nhién trong khoang 2Nm.
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Hinh 8. Dép ting t6c do cla dng ca chdp hanh trueng hop ¢ nhiéu

Vol. 58 - No. 3 (June 2022) e Journal of SCIENCE & TECHNOLOGY | 37



CONG NGHE P-ISSN 1859-3585 | E-ISSN 2615-9619

&
o

=

on parameters auto-tuning for velocity control of permanent magnet synchronous
motor. 1SA Trans., 51, 649—656
.30 [3]. Huang J,, Li H., Teng F., Liu D., 2012. Fractional order sliding mode
controller for the speed control of a permanent magnet synchronous motor. In
8 S W e oRe %% Proceedings of the 24th Chinese Control and Decision Conference (CCDC),
Taiyuan, China, pp. 1203-1208.

[4]. Ke Z., Xiao-guang Z,, Li S., Chang C,, 2011. Sliding mode control of high-speed

0 F— i PMSM based on precision linearization control. In Proceedings of the International
Conference on Electrical Machines and Systems (ICEMS), Beijing, China, pp. 1-4

20 1
[5]. Liu Y., Zhou B., Fang S., 2010. Sliding Mode Control of PMSM Based on a

r Novel Disturbance Observer. Proc. Chin. Soc. Electr. Eng., 30, 80-85.
ol »,, "M"*"""‘ W"‘WH"‘MV"'WW*M‘"M" MM,,,)MM,MM 4 A

<

e b TAI LIEU THAM KHAO

g “ [1]. G. Rechard Cury, 2009. Radar system performance Modelling. Artech
R i House.

£ o | [F“M’”‘%:WW*M‘;*’WWM%W?W%% [2]. Zhang B., Pi Y., Luo Y., 2012. Fractional order sliding-mode control based
810} |

£

]
o

-40

Hinh 9. Cung dd dong dién trong cac cudn day pha trudng hap o nhiéu
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Trudng hop cé nhiéu hé dao dong manh, nhung 8n
dinh sau 0,005 gidy, d6 qua chinh 20%; sai s6 xac lap 0,5
vong/phut.

4.3. Nhan xét két qua

Qua két qua mo phéng ta thay, bo diéu khién truct da
dap Ung t6t yéu cau cta hé théng, dé la tinh tac dong
nhanh, 6n dinh dugc t6c d6 trong cac trudng hop khac
nhau. Qua trinh diéu khién ém ai, khéng c6 d6 qua chinh,
chéng rung tot.

5. KET LUAN

Bai bao da trinh bay két qua xay dung bd diéu khién
trugt cho hé truyén déng rada hang hai trong tau bién dan
su va quan su. Phan trinh bay dugc bat dau tu viéc xay
dung mé hinh co hé, téng hop bd diéu khién, mé phdng
bdng phdn mém Matlab-Simulink. Céc két qud kiém
nghiém cho thay:

- Thit nhét, viéc sir dung bo diéu khién truot lam ting
tinh 6n dinh clia hé théng, ddm bao d6 chinh xac khi diéu
khién.

- Tha hai, phuong phap nay da giup giam t6i da sai s6
va hién tugng dao dong trong diéu kién hé théng chiu anh
hudng clia cac yéu t6 phi tuyén, nhiéu loan vé tai trong qua
trinh lam viéc & moéi trudng bién.
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