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Hién nay, viéc tang cuong thiét bi phuc vu ddo tao va nghién ciru ciia khoa Pién-Pién tir, truong
Dai hoc Sw pham Ky thugt Hung Yén dé thuee hién muc tiéu dao tao theo dinh hu“ong ung dung la mot nhu
cau cdp bach. Pé cé thé xdy dung dwge cdc thiét bi do thi viéc nghlen cieu 1y thuyét va mé phong la nén
tang khéi dau quan trong. Trong bai bao nay, nhém tac gid cé dé xudt thuc hién “Thiét ké va mé phong
bé diéu khién PI 6n dinh dién dp cho b¢ bién déi DC-DC glam dp” nham xdy dung co so Iy thuyét dé xdy
dung cdc thiét bi thue nghiém vao mén hoc dién tir cong sudt, 1y thuyét diéu khién tw dong, vi xit Iy, plc [1],

[2]...trong cdc dé tai ké tiép.

Tir khéa: Pién tir cong sudt, bg bién d6i DC-DC, b diéu khién PID.

1. Mé dhu

Trong phan 16n cic nha may, phan xudng
déu c6 su gop mit ciia tur dong hoa. Trong cac day
chuyen san Xuat, may moc sir dung truyén dong
dién bang xung ap mot chiéu rat nhiéu [1], [2]. St
dung hé thong nay hiéu qua va d¢ an toan cao.

Trudce day cac phuong phap diéu khién kinh
dién da duoc sir dung rong rii trong cong nghiép.
Bo diéu khién PID c6 wu diém don gian va dé s
dung [4]-[7], tuy nhién né ciing boc 16 nhugc diém
khi ap dung vao diéu khién cac dbi twong phi tuyén,
d6i tugng ¢ tham s thay doi trong qué trinh hoat
dong, ciing nhu cac tic dong nhiéu loan bén ngoai
[10]-[13].

DPbi véi bo bién déi DC-DC giam ap co
phuong trinh toan hoc 14 tuyén tinh thi viéc ung
dung bo diéu khién PID dé 6n dinh 1a kha thi. Tuy
nhién bd bién d6i DC-DC giam é&p co tai thudng
thay doi dan dén dién ap dau ra khong 6n dinh va co
ton tai sai léch so véi gid tri dat mong mudn. Ngoai
ra tham s6 ctia bo bién d6i DC-DC giam ap ciing dé
bi thay ddi khi hoat dong nén khi thuc nghiém véi
b diéu khién PID can kiém tra cac truong hop trén.

Hién nay, do nhu ciu nghién ctru va giang
day ctia mot s6 mon hoc nhu: dién tir cong suét, ly
thuyét diéu khién tu dong, vi xir 1y, PLC...ctia khoa
bién-dién tu Truong Pai hoc Su pham KV thuat
Hung Yén vé diéu khién bo bién d6i xung ap mot
chidu. Nén, dé c6 thé xay dung duoc cac thiét bi
nay thi viéc nghién ctru 1y thuyét va mo phong 1a
nén tang khoi ddu quan trong. Trong bai bao nay,
nhom tac gia cod dé xuét thyc hién “Thiét ké va mo
phong bo didu khién PI 6n dinh dién ap cho bd bién
d6i DC-DC giam ap”.
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2. M hinh b bién d6i DC-DC giam ap

Bo bién d6i DC-DC giam 4p 1a loai mach
bién do6i dién ap mot chidu thanh dién 4p mot chiéu
thap hon. So d6 mach b¢ bién d6i DC-DC giam ap
nhu trong Hinh 1, [3].

Hinh 1. So do nguyén Iy bé bién doi DC-DC gidam dp

Nguyén ly hoat dong:

Kh1 M, dugc dong lai (nhu Hinh 2) tic 1a
nbi ngudn vao mach thi lac @6 dong dién di qua
cudn cam va dong dién trong cudén cam tang 1én, tai
thoi diém nay thi tu dién dwoc nap dong thoi ciing
cung cap dong dién qua tai. Chiéu dong dién duoc
chay theo nhu Hinh 2.
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Hinh 2. So' d6 bg bién doi khi van M, ddn

Khi M, dugc mo ra (nhu Hinh 3) tirc 1a ngat
ngudn ra khoi mach Khi d6 trong cudn cam tich liy
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nang luong tur truong va tu dién dugce tich Iy trudc
d6 s€ phong qua tai. Cudn cam c6 xu hudng gilr cho
dong dién khong do6i va giam dan. Chiéu dong dién

dugc chay theo nhu Hinh 3.
M, L
N

Hinh 3. So d6 bg bién doi khi van M, khéng ddn

Phwong trinh toan hgoc mo ta bo bién débi
DC-DC gidam ap:

Khi khoa M| dong: ép dung dinh Iy Kichoff
1 va 2 cho mach dién ta co:

V=520 ()
i =i.+i, 2)

Tu (1), suy ra:
&1 e 3)

Tu (2), suy ra:
TR @

Khi khoa M| m¢: ap dung dinh 1y Kichoff 1
2 cho mach dién ta co:
Ldi;,

Vo=—"1 5)
i =i.ti, (6)
Tu (5) ta co:
Ldi 1
=TT (7
Tu (6) ta co:
av, ¥,
=C +% (8)

T (3), (4), (7), (8) ta c6 hé phuong trinh
tong quat sau:

di 1 E

o =LVt T ©)
dv, i 1

@ ~C rch (10)

Vé6iu, = 1 khi M, khéa va u, = 0 khi van M| mo.
Chuyén hé (9) va (10) sang gi4 tri trung binh
ta duoc:

1 [T _ 1 [z |
7| wdt =7 [ 1di+ 7 [ 0di =

Tk' —u
(11)
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Phuong trinh (9) va (10) tré thanh:
[ __1 E

lL——IV;;'FTu (12)

ch cireYe

3. Thiét ké bd diéu khién PID cho bd bién ddi
DC-DC gidam ap
Goi dién ap dat 1a V, 1a hang so nén:

Ve=0,Ve=0 (13)
Goi sai s6 e = V-V, tirhé (12) ta c6:
_ o _ (1. 1
e=—Vc —_(?lL_ ﬁ%) (14)
e=—Ve :_EIL‘I‘FVC' (15)
S 11 E
e=—t-1rrTu) %o (16)
e=gele=Vat Vi)~ zcu—ge  (7)
e W E e
e="1ctICc Ic* ®C (18)
: Va E
RC+LC IC IcH (19)
tRctIC=Y (20)
Véi
Vi E
V:%—Tu (21)
Bo PID véi cac hé sO K , K, K;
v=—K,e—K, [ edi—K,e 22)
T (20), (21), (22), ta c6:
tpetTetKetK [edi+Ke=0  (23)
e+<F+Kd>e+<T+K)e-f—Kifedt:O 24)
(RC+Kd)e+<LC >e+Ke—0 (25)
Chuyén sang bién laplace:
1
s (Rc+Kd)s+<LC+KP>S+Ki:0 (26)

Dura theo tiéu chuan Routh (¢ Bang 1) dé tim
diéu kién K, K, K, dé hé thong 6n dinh vdi phuong
trinh dac tinh:

ays*+a,s*+a,s+a,=0 27)
Véi cac hé sb sau:

a=1,a = (Rc-l-Kd) LI—C+Kp,a3=Ki
Bang 1. Bang Routh

a, a,
al a}
(aa,-apa,)a, 0

Diéu kién can va du dé hé 6n dinh 1a
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RC+Kd>0
a, = LC+K >0
a; =K, >0
aay—adga; (1 1
—al _<RC+Kd)(LC+K> K, >0
(28)
(RIC+Kd>(LC+K)>1g (29)

V6ibo PIthi K, =0 va diéu kién tré thanh

Rl_C<L1_C + K,,) > K, (30)
4. Két qua m6’ph6ngr
Tham s6 h¢ thong dugc liét ké Bang 2:
Bang 2. Tham so hé thong

STT Tham s Gia tri
1 | Dién ap dau vao (E) 24V
2 | Pién 4p ra mong mudn V.0 12v
3 | Dong dién tai dinh muc (I) 4A
4 | Cong suat tai dinh muc (P) 48W
5 | Diéncam (L) ImH
6 | bién dung (C) 100uF
7 | Tan s6 dong cat (F_ ) 20khz
8 |K, 3x 10
9 K, 3x10°

Cac truong hop mo phong dugc 6 Bang 3:
Bang 3. Cdac truong hop mé phong
TH Tham s6
Tai dinh mutc (4A)
2 200% tai dinh murc (8A)
3 Thay ddi tir tai dinh mirc 1én 200%
(4A > 8A)

M6 hinh h¢ théng trén simulink:
So d6 khdi hé théng str dung bo diéu khién
PID (nhu Hinh 4):

L
1T ALLE~
—/ M1 Iy
+
+ L
E( - DA C mVe R
V.
-n_ E v ‘”"g\’ =

u PID Vg
Controller [€

PWM
Hinh 4. So d6 khoi hé thong sir dung bé diéu khién PID

- So dd mo phong hé thong sir dung bo didu
khién PID (nhu Hinh 5):
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Buck Converter
, feaml
ve
PID Controller T @
L=1mH =
Signal witch
=t00uF
c=100uF & -E] . %
Johms ohms
@ !
Hinh 5. So d6 mé phong hé thong sit dung bé diéu

khién PID

So db khéi hé théng khong sir dung bo didu
khién PID (nhu Hinh 6):

5
iH

PWM
Hinh 6. So' do khoi hé thong khdng si dung b¢ diéu
khién PID

So d6 mé phong hé thdng khong sir dung bd
dicu khién PID (nhu Hinh 7):

Buck Converter
jcall
sm‘-ﬂ—rm -
_.I.Il mH -
Signal witch
ib c=100uF 5 v
Ve Re £ R_ph
‘ Johms 5 % =3 ohms
i
Hinh 7. So d6 mé phong hé thong khong sir dung bo

diéu khién PID

Bang 4. Tham s6 ciia Mosfet trong mé phong
TT | Tham s6

Gié tri

1 | Dién tré Ron (Ohm) 0.1
2 | bién cam diot bén trong Lon(H) 0

3 | Dién trd diot bén trong Rd (Ohm) | 0.01
4 | Dién ap thuan diot bén trong VI (V) | 0.8
5 | Dong khoi ta Ic (A) 0

6 | Dién tré Snubber Rs (Ohm) 10°
7 | Bién cam Snubber Cs 00
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Bang 5. Tham s6 ciia Diot trong mé phong

TT | Tham s6 Gia tri
1 | bién tré Ron (Ohm) 0.05

2 | bién cam diot bén trong Lon(H) 0

3 | Dién ép thuan diot bén trong VI (V) 0.8

4 | Dong khdi ta Ic (A) 0

5 | bién tré Snubber Rs (Ohm) 500

6 | Bién cam Snubber Cs 250 ¢”

Két qua mé phong:
Keét qua mo6 phong hé thong str dung bo dicu
khién PI:
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Hinh 8. Két qud mé phong hé thong sir dung bé diéu
khién PI trong truong hop 1
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Hinh 9. Két qua mé phong hé thong sir dung bé diéu
khién PI trong truong hop 2
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Hinh 10. Két qua mé phong hé thong sir dung bé
diéu khien PI trong truong hop 3

Két qua mé phong hé théng khong sir
dung by dieu khién PI:
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Hinh 11. Két qud mé phong hé thong khéng sir dung
bé diéu khién PI trong truong hop 1
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Hinh 12. Két qua mé phong hé thong khéng sir dung
bé diéu khién PI trong treong hop 2
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Hinh 13. Két qua mo phong hé thong khéng sir dung
bo diéu khién PI trong truong hop 3

Hinh 8, 9, 10 chi ra két qua dang song ctia hé
thdng st dung bo diéu khién PI, trong khi do hinh
11, 12, 13 chi ra két qua dang song cia hé thong
khong sir dung bo diéu khién PI. Nhin vao cac hinh
nay, 16 rang nhan thiy dién 4p dau ra cua hé thong
(V,) trong truong hop str dung bo PI 1a t6t hon vi
thoi gian dap (mg nhanh hon, d¢ qué diéu chinh nho
hon, sai s6 tinh bé hon.

5. Két luan

Bai bao nay da thiét 1ap duoc phwong trinh
mo ta toan hoc cua bo bién doéi DC-DC giam ép,
ddng thoi thiét ké va chi ra dugc diéu kién cua cac
tham s6 PID dé hé thong 6n dinh. Ngoai ra dé ching
minh tinh kha thi ctia b diéu khién PI, két qua md
phong da dugc dua ra so sanh trong truong hgp hé
thong c6 va khong str dung bd diéu khién PI. Két
qua mo phong chi ra rang hé théng c6 sir dung bod
diéu khién PI dat duoc dap ung dién 4p nhanh hon,
6n dinh hon va sai sb tinh it hon.
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DESIGN AND SIMULATION OF VOLTAGE STABILITY PI CONTROLLER
FOR BUCK DC-DC CONVERTER

Abstract:

Now, the develope of equipments for training and research of the Faculty of Electrical and Electrical

Engineering, Hung Yen University of Technology and Education for the application training goal is very
necessary. For this, study of theory and simulation is important background. In this paper, the authors
proposed the project “design and simulation of voltage stability PI controller for buck DC-DC converter”
in order to built the theoretical basis for developing the experimental devices of the electronic power,
automatic control theory, processor, programmable logic controller subjects...in the next projects.

Keywords: Electronic Power, DC-DC converter, PID controller.
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