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XAY DUNG MO HINH HOA PONG CO
DC SERVO VA KET HGP CHAY MO PHONG
BANG PHAN MEM MATLAB

® PHAN THE HIEU - LE THANH TUNG

TOM TAT:

Pong co DC va dong co bude von 12 nhitng hé hdi ti€p vong hd. Khi cap dién dé dong cd quay
nhung chiing quay bao nhiéu thi ta khong biét, ké ca doi vdi dong co bude 1a dong cd quay mot

gbc xdc dinh tily vao sd xung nhan dugc. Viéc thi€t Ilap mot hé thong diéu khién dé x4c dinh
nhitng gi ngin can chuyén dong quay clia dong cd hodc lam dong cd khong quay ciing khong dé
dang. V6i dé tai “Xay dung mo hinh héa dong co DC Servo va két hgp chay md phdng bing phan
mém Matlab” dugc lua chon d€ thuc hién khio sit véi muc tiéu dua ra cic dé xuit va cic gidi
phdp nhiim gidi quy€&t vin dé néu trén & dong cd DC va dong cd budc.

Tir khéa: dong co budc, diéu khién, chuyén dong quay, Matlab.

1. Dit van dé

Pong co servo dudc thiét k& cho nhitng hdi ti&p
vong kin. Tin hiéu ra clia dong co dugc ndi véi mot
mach diéu khién. Khi dong co quay, van toc va vi
tri s& dugc hdi ti€p vé mach diéu khién nay. N&u c6
bat ky 1y do nao ngin can chuyén dong quay cia
dong cd, cd cAu hdi ti€p sé nhan tin hiéu ra chua dat
dugc vi tri mong mudn. Mach diéu khién ti&p tuc
chinh sai 1&ch cho dong co dat dudc di€m chinh xic.

Pong cd servo c6 nhiéu ki€u ding va kich
thudc, dudc st dung trong nhiéu mdy khéc nhau, tir
mdy tién diéu khién bing may tinh cho d&€n cic mo
hinh méy bay va xe hdi. Ung dung méi nhit cia
dong co servo la trong cic robot, cing loai vdi cac
dong co dung trong md hinh may bay va xe hai.

Cic dong cd servo diéu khién bing lién lac vo
tuyén dugc goi la ddong co servo R/C (radio -
controlled). Trong thyc t€, bin thin dong co servo
khong phai dugc diéu khién bing vo tuyén, né chi
ndi v6i mdy thu vo tuyén trén may bay hay xe hdi.
bong co servo nhan tin hiéu tor may thu nay. Nhu
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vay c6 nghia khong can phai diéu khién robot biing
tin hiéu vo tuyén bing c4ch sit dung mot dong co
servo [1].

2. Tong quan nghién ciru

2.1. Cdutao dong co DC servo c6 chéi than

DPong cd servo dong mdt chiéu DC chdi than
gdm 4 thanh phin cd ban: cudn day stator, nam
cham vinh cttu, chdi than, c§ gép. Stator clia dong
cd DC 1a mdt nam cham vinh ciru, cuén diy phan
tng 1dp trén roto. Trong qué trinh hoat ddong tir
trudng dugc sinh ra tf nam chAm vinh ctru gin trén
stator tuong tic v4i dong tir trudng sinh ra tir cudn
day trén rotor khi c6 dong di€n chay qua né. Qué
trinh tuong tdc d6 sinh ra momen tic dong 1én truc
rotor. Momen nay biéu dién theo phuong trinh:

T,, =K, *0*I *sin0 (1)

- Momen ctia dong co ty 1& thuin véGi dién dp
phin @ng bdi hiing s6 K, khong ddi:

T=K*i

- Stic dién dong cdm Gng ty 1€ thuén véi dao
ham vi trf clia ddng co v4i hé s6 Ky khong dai:



KHOA HQC - KY THUAT

E=K,*6

- Cong thic (1) trén cho thdy phan tif sin® dnh
hudng t6i momen trén truc ddong co. Hinh 2 chi ra
quan hé giita vectd tir trudng c6 dinh va vecto dong
qua phan ting. Momen trén truc ddng co ting dan tir
0 = 0° va 16n nhat khi géc 0 = 90° ¢6 nghia Ia khi
vecto tif trudng ¢d dinh vudng géc véi vecto dong
phan fng, momen trén truc ddng cd 1 16n nhat khi
va khi 0 = 0° vecto dong phan tng, momen dong
phin ing song song vdi vectd tir trudng cd dinh, tai
d6 momen trén truc 12 nhd nhiat. P& diam bio
momen trén truc dong cd ludn dat dugc gia tri 16n
nhat cin thi€t phai diéu khién chuyén mach cip
dién cho cudn day rotor sao cho vectd dong phian
trng 1udn ludn vudng géc véi tir trudng c6 dinh. V6i
cdc diéu khién qud trinh cip dién nhu trén momen
dong cd sé bién thién ty 1& v6i dong cAp cho cudn
day phan ting [2].

Hinh 1: C4u tao déng cd Servo DC
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2.2. Xdc dinh mé hinh ciia ham truyén

Hinh 2: Mach tuong duong déng cd Servo

L R
+ b o /-\
wn) T *L% i1
: \ s
— ) (1), A1)

JLE(t) + (Lb + RDE(L)
+RbO(t) = Kpv(t) (2)
Véi trang thdi ban dau 0 (0)=0
Tir phuong trinh (1) qua phép bién ddi laplace,
ta co:

JL[(5%6(s) — 526(0) —S6(0)] + (Lb + RJ) = [$%8(s) — S6(0) — 6(0)] +
Rb = S6(s) = Kr = u(s)

= JLS36(s) + (Lb + R]) » S26(s) + Rb » SO (s) = Ky = u(s)
= 0(s) * (JLS® + Lb = S% + R] » S> + Rb = §) = Ky » u(s)
6(s) B Kr
u(s) (JLS3+Lb+S2+R]*S2+ Rb*S)
IO Kr

u(s) bS (LS +R) +52] » (LS +R)
4(s) _ Kr
u(s) (8% +bS) =(LS+R)

= G(s) =

= G(s)

= G(s) = )

Dua vao biéu thic trén, ta ¢c6 mdé hinh ham
truyén sau day:

Hinh 3: Mé hinh ham truyén

u(s) 1 1 I K | 6(s)
LS+R T S?] +bS !

2.3. Xdc dinh mé hinh khong gian trang thdi
ctia dpng co Servo [3]

{J'c(t) = Ax(t) + Bu(t)
y(t) = Cx(t) + Du(t)

Trong do:
x1 (1) uy (1)
x() = | [;u) = [u(8) [; y(©) = 6(8);u(t) = v(t)
x3(t) uz(t)

Hinh 4: S0 dé mé hinh khéng gian trang thai

1=

u(t) Hé thong y(t)
X1 (), x2(1), x3(t)

Dit cdc vector bi€n trang théi:
x(8) = [ (®), %0, x:@1 = [60,60),60)]".

vector dau ra y(t) = 0(t), vector dau vao u(t) = v(t).
Ta co:

x(t)=0(t)  (%(t) = 06(t)
%) = 6() = 15,0 =6t)  ©)
x3(t) =6(t)  \X3(t) = 8(b)

Ké&thop biéu thite (1) va (3) ta dudc:
EAGCEEA0!
Xp(t) = x3(t) 4)
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JL = X5(t) + (Lb + R]) = x3(t) -
+ Rb * x,(t) = Ky » u(t)

Tir biéu thitc (4) tadwoc: %, (t) = x,(t)

%, (t) = x3(t)
(Lb+R]) *

: (1) = KT, - _
X3(t) = m u(t) T x,(t) m x3(t)
Viétlai du6i dang ma tran:
x1 (1) 0 (1) (1) x (1) 0
% ()| = anl [®]+ 2] u®
L] o -2 -G |
X, (t)
y=0(t) = x,(t) =[100] » | x,(©) [+ [0] *u(t)
x3(t)

3. Sit dung MATLAB mo phong dong co servo

3.1. Thuc thi moé hinh khong gian trang thdi
trong Simulink

Dya vao md hinh khong gian trang thdi § hé
phuong trinh (4) ta xay dung trong Simulink nhu sau
[4-5]:

Thé vao biéu thic (4) ta dugc:

x1(t) 0 1 07 [x®] o
X ()| = [0 0 1 I * | () [+ [O =u(t) (5)
Lo lo —2 =31 [xo] L2

Béng 1. Céc tham sé vat ly

cla ddéng co DC Servo
Th ia
?,m Gia Ponv) Téen
s tn
Kt 2 Nm/A | Hang s6 momen
1 H Dién cam phén (ng
R 2 Q Dién tr6 phan ting
J 1 Kgm? Mﬂomen quan tinh cua truc
dobng co
b 1 Nms Hﬂe sO suy giam/ma sét clia
déng co
x,(8)
y=0(t)=x(t) = [100] = |x()| + [0] = u(t) (6)
x3(t)
01 0 0
A=[O 0 1];B=0]; c=[1 o 0] : D=]0]
0 -2 -3 2

Dua vao md hinh khong gian trang thai da thiét
lap bing phin mém Matlab Simulink ta c6 két qué
nhu sau:

Nhan xét: dd thi bt ddu ting & toa do (0;1) va
ti€p tuc ting tuyé&n tinh & toa do (5;6.5).

Nhan xét: dd thi ting & toa do (0.2;0.2) va ti€p

Hinh 5: Thuc thi mé hinh khéng gian trang thai trong Simulink

1 pl ]
x1 x1(t)
— ] 1 pl ]
P P+ X2 x2(t)
L~ < IIN(Em
-(R*D)YI(JL) »
y(®)
—»K/\/ >+ » 1 |-
-((L"p+R*J)JL) X3 x3(t)
[ K—\ [
Ll / L
u(t) ktlJL -
Add

358 S6 9 - Thang 4/2023



KHOA HQC - KY THUAT

Hinh 6: Két qud mé phdng véi trang thai x1

Hinh 7: Két qua mé phdng véi trang théi x2

tuc ting tGi toa do (1;5) thi bdo hoa & toa do nay.

Nhan xét: d6 thi ting ting & toa do (0;0) ti€p tuc
ting tSi gid tri dinh (0.5;0.8) va sau d6 gidm dan vé
(0;0).

3.2. M6 phéng ham truyén trén Matlab

TU nhitng tham s& trén chay phAn mém Matlab
dong co servo c6 dang dic tuyén clia ham truyén
nhu sau:
_Os) 2

GO)= s) = 54352+ 25)

Ts=2;

ms=[1320];

Gs = tf(ts,ms)

Hs=1

T =feedback(Gs, Hs)
step(T)

Transfer function: 2

N3 +3sM2+2s
Hs=1
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Hinh 9: Két qud mé phdng véi trang thdi y(t)

Transfer function: 2

SM3+3sM2+2s+2

4. Két luan b

Vi dé tai: “Xay dung mo hinh héa
dong co DC Servo va két hgp chay mod
phéng bing phin mém MATLAB”
nhém tdc gid da thi€t 1ap mo hinh todn

cho mot hé théng va cich xay dung PR
mo hinh khong gian trang thdi tng Eﬂ

dung chay mo6 phdng trén Simulink

clia phan mém Matlab. M6 hinh héa b

thay th€ do6i tugng gdc bing mot mod

hinh. Ly thuyé&t xdy dyng m6 hinh va 02\

nghién cttu md hinh d€ hi€u biét vé

doi tugng gdc. Néu cic qua trinh xay

ra trong mo hinh ddng nhit véi cic

qu4 trinh x4y ra trong d6i tugng goc thi

mo hinh ddng nhat véi d6i tugng. Liic nay c6 thé
ti€n hanh cic thuc nghiém trén mo6 hinh dé thu
nhan thong tin vé ddi tuong.

Ngay nay, vdi su trg gitip hitu hi€u cia khoa hoc
k¥ thuat, nhat 1a khoa hoc mdy tinh va cdng nghé
thong tin, cdc phuong phdap mo hinh héa cho phép
xay dung cdc md hinh ngay cang thuc tién hon,
ddng thdi viéc thu nhan k&t qua dugc nhanh chéng
va chinh xdc. M6 hinh héa 1& mdt phuong phap
nghién citu khoa hoc ma tit cd nhitng ngudi lam
khoa hoc, dic biét 12 cac k§ su déu phai nghién ctu
va ting dung vao thuc tién hoat dong clia minh
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Hinh 10: gt tuyén ctia ham truyén déng cd Servo

Step Response

Time (sec)

Tl cdc k€t qud nghién citu va thuc nghiém trén
ta thdy: K&t hgp mo phdng Matlab va dong co
Servo ¢6 thé thuc hién tot viéc thu thap dir li€u,
tinh todn va diéu khién trong hé thong diéu khién
tu dong.

Ngoai ra, thu vién Matlab Simulink 1a thu vién
ngudn md nén ngudi diing hoan toan cé thé chinh
stta, thém b6t cdc cong cu cin thiét cho tirng dng
dung cu thé. C6 thé khai thac khd ning tinh todn
manh mé va phic tap cia Matlab d€ diéu khién cic
hé thdng tv dong phic tap va yéu cau lugng tinh
todnlén M
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DEVELOPING A MODEL OF DC SERVO MOTORS
AND USING MATLAB SOFTWARE TO TEST THE MODEL
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ABSTRACT:

DC and stepper motors are inherently open-loop feedback systems. When these motors are
powered, they rotate but we do not know how much they rotate, even for a stepper motor which
rotates at a certain angle depending on the number of received pulses. It is not easy to set up a
control system to determine what prevents the motor from rotating. This study is to develop a
model of DC servo motors. This model is simulated on the Matlab software in order to find out
solutions for solving the above-mentioned problems of DC and stepper motors.

Keywords: stepper motors, control, motor rotating, Matlab.
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