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Tom tat:

Thong tin vé bién trang thai cd hoc rat can thiét cho qua trinh diéu khién va van hanh cac bd truyén
ddng dién ndi chung. Gia tri tc théi cla cac bién trang thai nay cd thé thu dugc bang cach st dung
cac cam bién hodc udc lugng tir cac gid tri do cd sén. Gidi phap sau thudng thu hat dugc nhigu su
quan tam trong ca nghién cru va i'ng dung khi giam dugc chi phi va tinh phic tap cta hé théng. Bai
bdo gidi thiéu mot irng dung ctia bd quan sat trong udc lugng moémen tai va toc do quay cua dong
cd dién mot chiéu (PCMC) kich tir ndi ti€p. Dua trén mo hinh phi tuyén ctia cia DCMC kich tir ndi
ti€p, mé hinh hé théng véi cdu tric dang phi tuyén chinh tic dugdc lua chon dé thiét k& bd quan sét
phi tuyén. Bd quan sét thu dudc cd dap ('ng nhanh va ¢ thé udc lugng dudc cac bién trang thai ca
hoc clia dong co theo dong dién phan (fhg. M6 phong trén may tinh cho két qua tot xac nhan tinh
hgp 1€ ctia bd quan sat da dugc thiét ké.

T khoéa:

bong ca dién mot chiéu kich tir ndi ti€p, udc lugng trang thai, quan sat mémen; quan sat téc do
quay, hé phi tuyén quan sat dugc déu cuc bo.

Abstract:

The knowledge of mechanical state variables is essential for the control and operation of electric
drives in general. Instant values of these variables can be obtained by using either sensors or
estimated by utilizing observers on the basis of available measurement. The latter solution has been
received much attention in both research and industrial application since it allows to reduce the cost
and complexity of the system. The paper introduces an application of locally uniformly nonlinear
observer to the observation of load torque and speed of series connected direct current (DC) motor.
Based on the nonlinear model of series connected DC motor, the system with a canonical form is
selected in order to design a nonlinear observer. The observer provides with robust responses and
ability of estimating motor mechanical variables on the basis of armature current measurement.
Computer simulation gives good results that confirms the performance of the developed observer.

Keywords:

Direct current motor, state estimation, torque observation, speed observation, locally uniformly
observable nonlinear system.
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1. AT VAN BE

Ngay nay may dién mét chidu van dong
mot vai tro nhat dinh trong linh vuc co
yéu cau cao vé diéu chinh tdc do nhu may
can, giao thong van tai, hdm mo, dau
khi... nhd cac vu diém vé médmen mé may
16n, dic tinh diéu chinh téc do bang
phing va pham vi diéu chinh rong. Trong
nhom cac DPCMC, loai ¢6 kich tir ndi tiép
pht hop véi cac tmg dung c6 yéu cau
momen 16n & téc d6 thdp nhu can cAu,
thang may, bang tai, khoan dau...[1]. Tuy
nhién, so voi loai cé kich tir song song
hodc kich tur béng nam cham vinh ctu,
loai may dién nay c6 md hinh phuc tap
hon do mdmen dién tur ty 1€ véi binh
phuong cua dong dién phan tng trong
vung chua bio hoa. Pay 1a 1y do can ap
dung kién thirc vé diéu khién va quan sat
hé phi tuyén cho PCMC kich tir nbi tiép
dé dap tmg duoc yéu cau vé diéu khién va
wdc lugng thong sd.

Trong cac nghién ciru vé ude lugng trang
thai cia DCMC, giéng nhu nhiéu hé
théng st dung may dién khéc, bd loc
Kalman thuong 1a mot lya chon phé bién.
Cac bg quan sat dua trén bd loc Kalman
mé rong hodc thich nghi da dugc dé xuat
dé ude lugng cac bién trang thai co hoc
cia DPCMC [2], [3]. Nhuoc diém chinh
cua cac bd quan sat ho Kalman 1a doi hoi
khéi luwong tinh toan 16n. Trong [4], b
quan sat tung budc (step-by-step) ung
dung phép sai phan trugt bac hai da duoc
phat trién dé quan sat téc do quay dua
trén phép do dong dién phan mg. Trong
[5], mébmen tai da dugc udc lugng sur
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dung trong bd diéu khién truyén thing
(feed-forward) thich nghi ctia PCMC cap
ngudn qua bd bién ddi tang ap DC-DC.
Tuy nhién d6i twong 1a DCMC kich thich
nam cham vinh ctru thudéc nhém c6 mod
hinh tuyén tinh nén trang thai c6 thé udc
lrong don gian hon truong hop mo6 hinh
phi tuyén. M6t nghién ctru kha day du véi
nhiéu loai bd quan sat khac nhau da dugc
dé cap té1 nhu bd quan sat co h¢ s6 hiéu
chinh 16n (high-gain), Luenberger, va
Kalman mo rong [3]. Cac b quan sat nay
dugc phdi hop véi nhau dé c6 thé ude
lugng trang thai véi muc tiéu 1a khir nhiéu
t6t dong thoi két qua quan sat du chinh
xéc dé co thé sir dung duogc. Tuy nhién chi
két qua quan sat toc do quay dwoc cong
bd va qua trinh tinh toan lwa chon mo
hinh va thong s ciia bo quan sat chua
duoc thé hién chi tiét. Gan day, bd quan
sat phi tuyén déu da duoc ap dung dé udc
luong trang thai cho may dién dong bd
kich thich nam cham vinh ctru [6]. Két
qua cho thay kha ning quan sat bién trang
thai co hoc rat tot voi yéu cau tdi thiéu vé
thong sb dau ra.

Véi y tudng md rong ung dung cia bd
quan sat phi tuyén déu cuc bo, bai béo
gidi thiéu két qua nghién ciru thiét ké bo
quan sat cac dai lugng co hoc bao gém
tbc d0 quay va mémen tai cia DCMC
kich tir ndi tiép. Uu diém cua bd quan sat
1a c6 ma trn hé sb h.':ing va chi dua trén
dau ra 1a dong dién phan tmg.

Bai bao duoc bd cuc nhu sau: Muc 2 gidi
thiéu mo hinh cia DPCMC va b diéu
khién tdc d6. CAu triic cua bd quan sat cho
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hé phi tuyén quan sat duogc déu cuc bd
duogc tong hop trong muc 3. Muc 4 trinh
bay két qua ap dung ctia bd quan sat phi
tuyén déu cuc bd vao ude luong trang thai
cia DPCMC, két qua mod phong va thao
luan. Cudi cung cac két luan cho nghién
ctru dugc dua ra trong muc 5.

2. MO HINH PONG CO MOT CHIEU
VA BO DIEU KHIEN

Trong nghién ctru nay, hé théng gdm
DCMC lam viée & ché d6 didu chinh tdc
do 1a dbi tuong dugc lwa chon dé ude
lugng thong s6. Toc do cia DPCMC duge
diéu khién théng qua dién ap dau vao voi
hai vong diéu khién sir dung bd diéu
khién kiéu tich phan ty 1& (PI): vong ngoai
diéu khién téc d6 va vong trong diéu
khién dong dién, xem hinh 1.

Trong do, toc do yéu CAU  ref duoc so
sanh véi téc do phan hoi do () trong bd
diéu khién tdc do. Tin hiéu dau ra cua bd
diéu khién téc d6 (iaref) duoc so sanh voi
tin hiéu phan hoi dong dién phan tmg (i)
dé dua ra gia tri yéu cau cua dién ap dau
vao dong co.

Phan tiép theo ctia muc nay gidi thiéu mo
hinh cia PCMC cung cac b diéu khién
toc do va dong dién. Mo hinh may dién
mot chiéu kich thich ndi tiép duoc biéu
dién boi hé phuong trinh sau [7]:

di, fdt=Sv- R L
L

do/dt=Si?_F gy Tn (1)
FRE R

trong do:

ia 1a dong dién phan mg; v 1a dién ap dau
Vao;

R, L tuong ung la dién tro tong va dién
cam tong cta cac cudn diy phan ung va
cuon kich tir; R = Ry + Ry, L = Ly + Ly,
vO1 Ry, La: thong s6 cua cuén day phén
ung, Ry, Li: thong sb cua cudn day kich tur;
w1a tde 36 cua dong co;

Lar 1a ho cam gitra cac cudn day phan ung
va cudn kich tir; J 1a hang s6 quén tinh; va
F, Ia hé s0 ma sat;

Tm la mémen co trén truc cua dong co.

B0 diéu khién toc do duoc mo ta bdi cac
phuong trinh sau:

iaref = kpw(o‘)ref _0‘))+ kiwzl

)
dz,/dt=wy —® (3)
Tuong tu, bo diéu khién dong dién cé thé
biéu dién boi:

Vier = Koi(laer —12)+K;iZ,

(4)

dz, /dt =i (5)

aet ~la

Pltéc |laref| PI dong [Vier| M6 hinh
d [—» dién | BCMC

2,(3) ’* (4),(5) (1)
?T K
Oref o)

Tm

®re

Hinh 1. So dd diéu khién téc do BPCMC

Trong hé théng, khau thira hanh thuc hién
didu chinh dién 4p dat vao dong co

dT,/dt=0 thuong c6 quan tinh nho so véi toan hé
théng (vi du: cac bo bién ddi dién tu cong
26 S0 15 thang 2-2018
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suat nhu bo bién doi ting 4p hodc giam ap
DC-DC) nén quén tinh ctia nd c¢6 thé bo
qua, khi d6 dién &p thyc dat vao dong co
c6 thé coi bang gid tri yéu cau, nghia 1a
V = Ver. Chél ¥ rdng hai bién dd duoc bd
sung dé biéu dién mo hinh cua cac bo
diéu khién 1a z; va z, dugc tinh theo gia tri
yéu cau va gia tri phan hoi twong tmg cia
toc d6 va dong dién thong qua (3) va (5)
va luén hoi tu. Hon nira dién ap Ve CO
tinh theo i, iarer VA Z, hodc c6 thé coi la
mot dau vao ctia méd hinh. Vi day 1a mdt
dai luong dién nén viéc do kha don gian
v6i chi phi khong cao. Do d6 dé don gian
phuong trinh (1) dugc chon lam mé hinh
toan hoc cua hé théng va ¢6 thé biéu dién
nhu sau:

X=AX+B=[F F, RJ (6)
trong do:

X = [X1, X2, X3]T = [ia; &; TMA]T;

a;, &, 0
A=l 0 a, -1
0O 0 O
7. . U I:v .
VOl & :_E’ a, Z_Tla’ ay :_T’
B =[bl, b2, O]T;

L
bl(u):%v; b, (u,x) = ;‘f i,2

L u=v
Trong muc tiép theo, hé (6) s& dugc xac
nhan vé kha ning quan sat déu cuc b, tir
do6 cho phép xay dung bo quan sat tuong
ung.
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3. CAU TRUC CUA BO QUAN SAT CHO
HE QUAN SAT BUQ'C BEU

Xét hé thdng dugc md ta boi phuong trinh
cé dang, [8]:

2=F(u,2)
{yzc.z 7

T X
Zq) la bién

n>n,>..zn,

trong do: z :(Z1 z,
z, e R",

n+n,+..4+N,=n, ula bién dau vao c6

trang  thai;
gid tri thudc tdp hop bi chan U e R" .
;
F(u,z):(Fl(u,z) F,(u,2) F, (u,z))
véi F (u,z),i=1,.., g-1 duoc biéu dién
dudi dang:
F(uz)=F(uz,72,..,2,),z € R" thoa
man diéu kién vé hang ma tran sau:
Rank (ﬁ(u z)] =N,

0z,

i+1

(8)
Yuel,Vvz
C 14 ma tran dau ra caa hé (7).

Néu hé (7) thoa man diéu kién toan cuc
Lipschitz va diéu kién hinh nén 16i [6],
[8], thi c6 thé thiét ké duoc mot bd quan
sat ¢6 hé s6 hing véi cau trac:

2=F(u,2)+A,K(Ci-y) 9)

trong d6 A, 1a ma tran duong chéo:
(10)

voi I, 1a ma trdn don vi kich thude

nex n k=1,2,...,9; «la thdng sé can diéu
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chinh ("tune").

K= Q'lCT, trong d6 ma tran dinh nghia
dwong dbi xing Q va cac hing sé duong
p,M sao cho véi moi (u,z) e (UxR"), ta co:

QA(U,2) + A(u,2)'Q - pCTC <7l (11)
trong do:

0 Ayuz) = 0
A(u,z)= 0 0 ; :

: : . AL, (u,2)
0 0 0 0

voi A (u,z)= o, (u,z) 1a ma trén
k+1

kich thudc nj x nj+; va | 1a ma tran don vi
v6i kich thudc phu hop.

Trong ndi dung tiép theo, ciu tric bd
quan sat da gioi thidu trong phan nay sé
dugc 4p dung cho hé théng mo ta trong
muc 2.

4. MO PHONG VA BAN LUAN

Trudc hét co thé thay hé (6) thoa man cac
diéu kién toan cuc Lipschitz va diéu kién
hinh nén 15i dé thiét ké bd quan sat co cau
trdc (9). That vay hé thong DPCMC 1a hé
vét 1y c6 thong sd 1am viéc hiru han theo
cac thong s6 dinh mirc nén diéu kién toan
cuc Lipschitz duong nhién thoa man.
Mait khac, tir hé phuong trinh (6), ta co:
oF Ll £
Ay (u, X):GTZ(U’ X)=-1, 1a hang so.

3

oF
A, (U, X ) = 8)(1

L .
(uX)=a,=- Lf i,

2

cling thudc tap hop bi chan, cu thé gia tri
tuyét ddi 16n nhat caa ap, ung voi gia tri
16n nhat cta dong dién phan tng. Trong
tinh toan c6 thé chon gia tri nay bang gia
tri dinh murc cua dong dién phan tmg. Viy
diéu kién hinh noén 16i cling thoa mén.

Do d6 diéu kién dé st dung bd quan sat
¢6 cAu trac (9) théa man.

Phan tiép theo gidi thiéu qud trinh tinh
toan ma trin hé sd K va céc héng s6 diéu
chinh:p, 1, va a.

Ma tran hé s6 K 1a 1oi giai coa phuong
trinh (11), 4p dung cho hé théng dang xét
ta cO bat dang thuc:

QA(U,2) + A(u,2)'Q - pC'C <7l (12)

trong truong hop dang nghién cuu, ma
tran C tuong ung véi phép do dong dién
phan mg, nghia 1a C=[1,0,0]. Chon =1,
p=1 dé giai ta co: K = [-65;215;-43]. M6
phong va diéu chinh (tune) thu duoc gia
tri a=5.

Tiép theo, tién hanh mo phong hé théng
va bd quan sat véi cac diéu kién dau nhu
sau:

i, o T./J z 2z,]=[0005/00];

oo T, 2 2

]: [510 1/31 -1];

Théng sé cia PCMC duoc cho trong phu
luc [6].

Céc két qua chinh cia m6 phong duoc thé
hién trén hinh 2 cho téc do quay (hinh
trén) va moémen tai (hinh dudi). BCMC
duoc khoi dong lam viéc véi mOmen tai

28
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bang 0,5N.m & ché do diéu chinh téc do
dén gia tri yéu cau bang 50rad/s tai t = 5s.
Hinh phia trén thé hién dap Gng cua toc
d6 quay (duong nét lién, mau xanh) theo
gia tri dat (duong nét chAm gach mau
den) cung véi dap tmg cua tbe dd quan sat
duogc (duong nét dat, mau do) ung véi hai
gia tri yéu cau 1a 50rad/s trong cac khoan
thoi gian (0-20)s va (35-40)s va 100rad/s
trong khoang (25-30)s. MOmen tai thay
d6i trong thoi gian moé phong nhu sau:
Tm = 0,5N.m trong (0-10)s; Ty, = 15,5N.m

trong (10-15)s; va | = 3N.m trong
(15-40)s.

nWUU— 1
ESO* —Vopong|

| —Gavidat

0 5 10 15 20 25 30 35 40
t(s)

20 5 10 15 20 25 30 35 40
t(s)

— Mo phong
===Uoc luong

0 5 10 15 20 2% 30 3 40
t(s)

Hinh 2. Két qua mé phéng quan sat téc do
(hinh trén), sai léch quan sat téc dé (hinh giira)
va moémen tai (hinh dwéi)

Uéc luong tde do & hinh 2 cho két qua t6t
trong qué trinh qua do va ché do xac lap
véi sai léch nhd nhu duge thé hién ¢ hinh
gitta. Trong hinh 2 (hinh duéi), két qua
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quan sat momen tai la duong mau do nét
dirt da hoi tu kha tét déi véi mémen co
md phong (dudng mau xanh, nét lién) cia

hé thong.
~ 20
E
Z 10 ‘ | 1
E | i !
= 0 Y '
0 5 10 15 20 25 30 35 40
ts)
= 30 y ——Mo phong
< 20’[_—_\__[~\ Usc luong 1
\:,, 10 |
00 5 10 15 20 2% 30 35 40
t(s)
~ 100F ]
4
T
& 50F p——
= —Mo phong
& 0- ~--Uoc lueng
0 5 10 15 20 2% 30 35 40

t(s)

Hinh 3. Két qua mé phéng
quan sat téc doé (hinh dwéi)
dwa trén dong dién cé nhiéu (hinh giira)

Trong thuc té, gidi han vé d6 nhiéu trong
phép do dién hinh ctia dong dién 1a 1%
[9]. Lap lai m6 phong trén véi phép do co
nhiéu 1% thu duogc két nhu trén hinh 3.
Véi phép do dong dién co nhiéu, udc
luong toc do quay va mdmen tai (duong
nét dut, mau do) trén hinh 3 déu hoi ty t6i
gia tri mo phong cua cac dai luong tuong
ung cua BPCMC.

Tom lai dap Ung ctia bd quan sat nhanh
trong qua trinh qué do va cé sai léch nho
trong ché d6 xac 1ap (ké ca trong truong
hop phép do dong dién phan tmg co
nhidu) nén co thé sir dung cho nhiéu muc
dich khac nhau, vi du nhu 1am phan hoi
cho cac bd diéu khién toc d9, déi chiéu
trong chin doan hu hong (vi du hu hong
cam bién toc d0), xdy dung dic tinh
momen - téc d6 cia PCMC trong céc ché
dd lam viée thuc té.
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5. KET LUAN

Mot tmg dung cua bd bd quan sat phi
tuyén déu cuc bo di duogc ap dung thanh
cong trong quan sat trang thai cia PCMC
lam viéc v6i b diéu chinh tée do.

Két qua mo phong cho thdy dap ung cia
bd quan sat tot, day 1a co so dé mé rong
két qua nghién ciru, str dung két qua wéc
luong cho cac muc dich khac nhau trong
qua trinh van hanh va gidm sat hé thong.
Vi kha nang quan sat thu dugc, bd quan
sat phi tuyén déu cuc bo phu hop trong
tmg dung udc lugng thong sé cua cac hé
thong phi tuyén st dung may dién.

6. PHU LUC

Théng sb dinh mic cia PCMC:

Uan = 220V, I = 15A;

wzm = 104,72rad/s (1000 vong/phat);
Tam = 27TN.m; Ry = 0,6Q; Ry = 1,8Q;
La=1mH; L;=220mH;

Lat = Kn*Ls (K = 0,12); Fy = 0,02N.m.s;
J=0.2N.m.s*:

Théng sb cua bo diéu khién toc do:
Kpw = 2; kiw = 0,2;

Thong s cua bo diéu khién dong dién:
kei = 3; kii= 150.
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