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THIET KE GIAI THUAT BIEU KHIEN PID THICH NGHI
CHO BO NGUON MQT CHIEU DONG - AP TICH HOP

THE DESIGN OF THE ADAPTIVE PID CONTROLLER FOR A DC CURRENT -VOLTAGE SUPPLY

TOM TAT
Bai bao gidi thiéu van de thiét k& mot bd ngudn mot chiéu tich hop hai chiic
nang nguon dong va nguon p trén cting mat thiét bi. Hé thong duoc thiét ké sk

.....

qua mo phdng da minh ching kha néng diéu khién vdi chat luong vieot trdi clia
cau tr(c va gidi thuat dé xudt.

Tir khéa: Mach giam &p mt chiéu; PID thich nghi; ngudn dong; ngudn p.
ABSTRACT

This paper introduces the problem of designing a DC power supply with
both current and voltage source functions. The system uses an adaptive PID
control algorithm to ensure stability with large changes of load and
improvement of control quality. Simulation results demonstrate the outstanding
control abilities as well as control qualities of the proposed solution.
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1. GIOI THIEU

Ngudén mot chiéu st dung mach giam ap mot chiéu
(DC/DC buck converter) dugce st dung kha pho bién trong
linh vyc cdng nghiép va dan dung vi ching cé kich thuoc
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nhé gon, cong sudt I6n va chat lugng cao [1, 2-4]. Tuy thudc
dién &p hay dong dién can duoc 6n dinh hoéc digu chinh
duoc, ta cé hai loai nguén mot chiéu la ngudn ap va nguén
dong. Tuy nhién trong thuc té cé nhirng trvong hop can co
bd ngudn mot chiéu co ca hai chirc nang clia ngudn ap va
cla ngudn dong. Vi du thiét bi sac acquy: giai doan dau sac &
ché do 6n dong, khi acquy day khoang 90% thiét bi chuyén
sang lam viéc & ché dd sac 6n &p sau do sac & ché do bu. Khi
dé, mot bo diéu khién PID ¢é tham s6 ¢6 dinh sé khong hiéu
qua trong qua trinh diéu khién va khéng ché mach cong
suat. Ngoai ra, néu nhu tai thay doi, mé hinh toan hoc clia hé
thong cling thay dai cling sé anh hudng dén dap (ng cla
hé. Mac du vé mét ly thuyét voi bo PID ¢6 tham s6 cd dinh,
sai s8 tinh clia hé van sé tiém can 0. Tuy nhién, chéat luvong
déng clia hé trong giai doan bién déng vé tai khod cé thé
kiém soat va duy tri tét [2, 3]. D& khac phuc van dé trén da co
kha nhiéu giai phap st dung nguyén ly diéu khién hién dai,
thong minh nhw: diéu khién mo/neural, diéu khién bén
virng, diéu khién thich nghi,... d€ diéu khién mach giam ap
mot chiéu. Trong bai bdo nay ching t6i dé xudt mot giai
phép st dung bo diéu khién PID thich nghi (Adap-PID)
hwéng t6i hai muc tiéu chinh:

- Diéu khién mach giam ap mot chiéu lam viéc & hai ché
dd: nguon &p va ngudn dong.

- Diéu khién 6n dinh va nang cao chat lvgng déng, chat
lwvgng tinh khi tai ctia hé thong khéng on dinh.

K&t qué diéu khién dugc ki€ém ching qua mo hinh mo
phéng vat ly roi rac trén phan mém Matlab&Simulink da
thé hién dwoc vu diém cla giai thuat Adap-PID khi diéu
khién mach gidm ap mot chiéu véi tai bién déng va hoat
dong trong ca hai ché do ngudn ap, ngudn dong.

Bai bao trinh bay theo trinh tv sau: phan 2 thiét lap mo
hinh hé thong, phan 3 thiét ké giai thuat diéu khién Adap-
PID, phan 4 md phoéng hé thong va cudi cung két luan sé
duoc duara trong phan 5.

2. MO HINH HE THONG MACH GIAM AP MOT CHIEU
2.1. Hé th6ng diéu khién mach giam ap mot chiéu

M6 hinh hé théng bao gom mach giam &p mot chiéu,
b6 diéu khién Adap-PID duoc cap nhat tham sé théng qua
khau tinh toan online céac tham s6 K, K; va K;. Tham s6 K,
K; va K, duoc tinh qua théng s6 mach dién va gia tri cac tin
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hiéu dién ap, dong dién V,,, V,,, | trong mach (hinh 1). Hé
lam viéc & ché dd ngudn dong/ngudn ap thdng qua khéa
chuyén déi K. Tham sd dién trd R c6 thé thay déi duoc dé
tao ra cac tinh hudng thtr nghiém mach cé tham s6 md
hinh bién déi.

DC-DC Buck converter

, SR AN
Bridge 14T L J_
220V/ | rectifier
D
50Hz > C
’_
Adap-PID r(k)
controller e(k)
S
< (K, KKd] i«
Calculator
2| ko kandk, |5 ,(k)

Hinh 1. M hinh thir nghiém giai thuét Adap-PID cho mach giam ap mot chiéu

Qua trinh hoat déng cta mach, dac biét & trang thai
dong dién 16n, dién 4p cao thi dién ap dau vao sé bién
dong (do tu loc C, khéng du Ién) dong thoi néu nhu tai
thay déi dot ngdt (m6 hinh hé théng thay d6i) thi cac dap
(*ng dau ra v,,(Kk), i(k) sé bi &nh hwéng. Sai s6 tinh va kha
néng 6én dinh nhanh cla hé bi suy giam. Cau tric Adap-
PID trén hinh 1 dugc ky vong sé cé khd ndang nang cao
chat lugng dong, chat lvgng tinh khi hé hoat dong &
trang thai nguén dong/ngudn ap trong diéu kién nguon
V,, va taiR khoéng 6n dinh.
2.2. M6 hinh toan hoc ctia doi twgng diéu khién

IGBT
I/in I/uut

Zow(:
______________________ 1(s)

14

i
1
i Vou/(s)
: 1
1

Hinh 3. So d6 khdi mach giam ap mot chiéu
M hinh clia mach gidm ap mot chiéu xét trong ché do
dong dién lién tuc duwgc mé ta trén hinh 2 va 3. Chang duoc
coi la hé SISO va ham truyén dat duoc xac dinh nhu sau [1,
2,5, 6]:
6V, () = 2
d(s)

rCs+1 (1)

Vin
Le| B tR g2 +rC+— BRC L 4
r +R r+R 1 +R
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v,(s)
out( )_ |( )

R (LCs+r,C)(LCs+L/r,) ©)

r+R
o LCs® + rC+ CRC+ L S+
rr+R r+R

L +R
r.+R

Tin hiéu diéu ché cho mach:

D=D+d @)

Trong dé: D, R, 1, C, r,, L va V;, lan lwot la do rong diéu
ché van IGBT, dién tr¢ tai, dién tré tu, dién dung tu, dién tré
cudn cam, dién cam va dién ap dau vao. Cé thé thdy mo
hinh hé théng phu thudc cac tham s6 khoé xac dinh chinh
xac nhu: dién tré tu dién r., dién cadm L va cac tham s6 bién
dong theo trang thai lam viéc ctia hé nhu: d6 rong diéu ché
D, dién tr¢ tai R va tham chi ca dién ap nguon cép V,, Cac
gia tri ¥,(s), V,(s) va ¥,(s) lan lugt déng vai tro la cac
thanh phan dao dong nhd, thanh phan xac 1ap va nhiéu
(phu thudc tai) trong mach. Néu coi: 1) dién tr& tu dién va
dién tré cudn cdm la vo cung bé (r, = 0, r, = 0); 2) anh huéng
cla dong dién tai Ién dap ing dién ap dau ra duvgc xem la
nhiéu; 3) chi xét vai trd clia ¥,(s) va V,(s) trong qua trinh
diéu khién; 4) V,, déng vai tro ctia mot tham sd bién dong
trong hé, tr dé hop nhat héa (1) va (2) thi ham truyén dat
cla hé & ché dé ngudn ap c6 dang (5).

V.. (S) R

G(s) =22 »V,

©) D(s) " “RLCS? +Ls+R ®)
Néu xét & ché dd ngudn dong thi ham truyén dat c6

dang (6).

I(s) 1
G(s) = ~ V.

©) DGs) " “RLCS? +Ls+R )
Tir (5) va (6) c6 thé thdy mo hinh ngudn ap va md hinh

nguén dong trong truong hop tai thuan tré c6 déc tinh
dong hoc nhu nhau. Tuy nhién hé s6 khuéch dai vong hé
cla ching la khac nhau. Tt (5), (6) m6 ta hé théng rat gon
dudi dang lvong tir hda nham muc dich thiét k& hé théng
du6i dang x& ly roi rac/xt ly s6, ta c6 md hinh déi tvong

nhu trén hinh 4.
l(t) vout(t)
=|| R }—b( +—

4.1“’” g
Kok A2
Vourl k) =5

T
Hinh 4. So do md hinh ddi tugng digu khién trong hé théng digu khién s6

S —

LCS" + (L/R)s + 1
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3. THIET KE GIAI THUAT PIEU KHIEN PID THICH NGHI
B0 diéu khién PID thiét ké theo phuong phap triét tiéu
mau ap dung cho ddi tvong ¢ dang (5) va (6) dwoc xac

dinh theo (7).
L 1
PID(s) =K| —+—+LC
(s) £R+S+ sj (7)
M0 ta (7) dudi dang roi rac vai chu ky 1y mau T
L Tz+1 z-1
PID(z) =K| =+ ——=+LC——
@= (R 271" sz ®)

Hé s6 khuéch dai K dugc xac dinh theo lvgng thoi gian
xac lap t, va hé sd khuéch dai vong hé cta déi twgng diéu

khién.
3/ ts\/anXD DA
3R/ t.V, KS K

s in

;voltage source

©)

;current source

Néu hé thong c6 mé hinh chinh xac, tai khong bién d6i
theo thoi gian (R = const) thi hoan toan c6 thé xac dinh
duwoc tham s6 bd diéu khién PID dé hé 6n dinh va co chat
lvgng dong, chat lvgng tinh mong muén. Tuy nhién trong
thuc té nhiéu treong hgp tai bién dong, ngudn cling khéng
cd dinh (ché d6 ngudn ap, ché dd ngudn dong) do vay
nhitng bd diéu khién PID truyén théng cé thé khéng dat
dugc chat lvgng dong va chat lugng tinh theo yéu cau. Dé
giai quyét tinh huéng trén, cé thé sir dung mang tinh toan
online cac tham s6 K, R thdng qua gia tri dién ap vao v;,(k),
dién ap ra v,,(k) va dong dién tai i(k) dé cap nhat cho bd
diéu khién PID nhu trong (10)

3/ s |n K;\'-/\D DA ;
3R/ s |n K;('f\D DA ;
R(K) =V, (1)/i(t >=(K;Dvm< ))/(Kioi(t)

T (8), (9) va (10) c6 dugc tham s6 bd Adap-PID cip nhat
trong mién roi rac véi chu ky T nhu trong (11):

voltage source

current source (10)

L)
Vou k)
3 Tz+1
S (e ; voltage source
ts m(k)KXDKDA 2 - 1
+LCZ—1
. Tz
PID*(z)= i) (11)
Vou k)
3V, (K) Tz+1 |,
——ou 7 |4~ = | current source
tsvln (k) (k)KZDKDA 2 z _1
actt
Tz

DaGi v6i cac ngudn dién, lwgng qua diéu chinh ctia dap
(*ng ra (dong dién hodc dién ap) can dugc giam sat va co co
ché khéng ché tham s6 nay dam bao an toan thiét bi. Trong
treong hop nay str dung cac giai phap nhu khéi ddong mém

Website: https://tapchikhcn.haui.edu.vn

va st dung cau chtic PID ¢é chirc ndng anti-windup dé han
ché lugng qué diéu chinh (hinh 5). Hé s6 phan hoi K, trong
so do PID c6 chirc ndng anti-windup dugc xac dinh théng
qua (12).

_ KRG

i(k) or vou(k)

VOUt (k)

Li(k)

r(k)

Hinh 5. B3 diéu khién PID c6 chirc nang Anti-Windup

4. MO PHONG HE THONG

Hé théng duoc moé phéng dudi dang md hinh vat ly véi
céu trlc diéu khién sb dé két qua mo phong tiém can véi két
qua trén hé thdng thuc t€, qua dé phuc vu t6t cong tac thiét
ké va hiéu chinh hé théng thic. Mo hinh mo phéng thé hién
trén hinh 6, 7 va 8. Tham s6 clia hé théng nhu sau;

- Mach dong luc: ngudén dién AC 220V/50Hz; tu loc
nguoén C, = 4.700uF; dién cdm L = 10 mH; tu dién C = 1.880
UF; gid tri dién tré tai R thay doi tiy thubc vao céc truong
hop m6 phéng.

- Mach diéu khién: thoi gian 1dy mau T = 0,0001s;
thoi gian xac 1ap duwoc thiét ké t, = 0,01s; tan s6 bam xung
foum = 40kHz; b0 loc khéi ddng mém la khau quan tinh béc
1 ¢6 héng s8 thoi gian 120,02s;

- Hé s6 lvong tr hda clha cac khau ADC/DAC c6 do
phéan giai 12-bit: d6i v6i khau dong dién Kj, = 4095/20;
khau dién ap K}, = 4095/350 ; khau diéu ché do rong xung
12-bit K, =1/4095

- Qué trinh m6 phdng sé so sanh két qua diéu khién
trdc gidi thuat diéu khién Adap-PID dwgc dé xudt va dap
(*ng clia hé c6 tham s6 PID ¢6 dinh. Tham s6 bd PID duoc
x&c dinh (ng véi tredng hop tai R = 25Q va V,, = 310V. T
(7), (8) va (9) c6 tham so bd diéu khién PID nhu trong (13):

63,83-127,472* +63,682°

e ;voltage source
PID(z)= S , (13)
1595,75—3186,75z ~ +1592,002°
e ; current source

] ()
<isel ]} [tvouy Vout(k)

1G] Udk(k)

>+
<Kz ) [isen Seledt

Hinh 6 Sodomd phong hé thong dieu kh|en mach gidm &p mot ch|eu
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1
) den(s)
(k)
—»
—»H>0
C2 ) Vout(k)
Vout(k) K(k)
3 ) i(k)
i(k)

4 ) P! Vin(k)
Vin(k) )
5 P! Select

Select

Online-calculating
Kand R

Hinh 7. B3 diéu khién thich nghi PID cho hé théng tich hop ngudn dong/ap
(2

. ] R(k)
| >0\
—b‘ 3/Kadi 1

=

>
() Kik)
ts » Kda <k

Vin(k) |

€D,

[}
D
@
2

Hinh 8. Mang tinh toan online hé s6 khuéch dai K clia d6i twgng va dién tré R
clatai
4.1. M6 phdéng hé thdng & ché do nguon ap

Fig.a Fig.b
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Hinh 9. Dap (rng ctia hé thang khi digu khién tai dién ap 100V

Fig.a Fig.b
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o
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Hinh 10. Dap trng clia hé thang khi digu khién tai dién ap 240V

Time (s)
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Hinh 9 va 10 la két qua mé phdng hé théng lam viéc &
ché d6 ngudn ap khi dién trd tai thay déi theo 3 murc: 20Q
(tir 0 dén 0,3s); 10Q (tir 0,3 dén 0,4s) va 6,67Q (tir 0,4 dén
0,6s) nhu trén hinh 9¢ va 10c.

Cé thé nhan thdy trong ché do diéu khién dién ap, dap
(rng qua dod cla hé dat lvgng qué diéu chinh 3%, thoi gian
qué do 0,1s (hinh 9d va 10d). Qua trinh qua dd khi tai thay
d6i clia hé Adap-PID tot hon so vai hé PID thong thuang: i)
thoi gian xac 1ap cla hé Adap-PID dat 0,1s so v6i hé PID
thong thuong la 0,6s; ii) sai s6 & trang thai xac lap clia hé
Adap-PID la 1V so véi 3V culia hé PID thdng thudng (hinh 9b
va 10b). Trén hinh 10 cho thay khi hé lam viéc & dién ap cao,
dong dién I6n (tir 0,4 dén 0,6s) do dung lugng tu C, khdng dd
I6n dan t6i dién ap vao V,, thay déi kha manh va lam thay d6i
hé s6 khuéch dai vong h& clia hé. Trong tinh huéng nay
phan &ng clia hé Adap-PID kha tét (hinh 10b), sai s6 tinh nhd
va khoang thoi gian bién dong duoc rat ngan.

4.2. M6 phong hé thong & ché dé ngudn dong

101

PID*

8

Current response (A)

o] 0.1 0.2 03 0.4 05 06 07 08
Time (s)

Hinh 11. Dap tng clia hé khi diéu khién & ché do dong dién 5A

30

PID*
L ST I T SR s S IR PID
< — — —R®3
$ 20
=
o
&
g 15 e
i= 1
o 10 i
E
&}
5
o R=500
0 . ; .
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8

Time (s)

Hinh 12. Dap tng clia hé khi diéu khién & ché do dong dién 15A

M6 phong ngudn dong dwgc thie hién khi tai thay doi
theo 3 mic 15,0Q (tir 0 dén 0,2s), 7,5Q (tir 0,2 dén 0,5s) va
50Q (tr 0,5 dén 0,8s). K&t qua diéu khién dap ng dong
dién & mic 5A va 15A thé hién trén hinh 11 va 12.

K&t qua mod phoéng cho thay & ca mién dong dién thap
IAn dong dién cao, hé théng c6 chét lvgng dong tét, thoi
gian xac 1ap ngén, mic do dao dong it khi tai bién dong.
bong thoi ddm bao sai s6 tinh tiém can 0 trong khoang
thoi gian 0,1s.

5. KET LUAN VA HUONG PHAT TRIEN

Bai bao da trinh bay dé xuat moét giai thuat Adap-PID
cho md hinh mach gidm ap mot chiéu lam viéc trong hai
ché dé ngudn dong va ngudn ap. Két qua mo phoéng trong
diéu kién tai thay doi, dién ap ngudn bién dong cho thdy
dién ap/dong dién dau ra van bam theo tin hiéu yéu cau.
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So sanh giai phap Adap-PID va PID truyén théng (tham sb
¢6 dinh) cho thay hé diéu khién theo cu tric Adap-PID ¢
chét lvong dong, chét lwvgng tinh t6t hon han (hinh 9b, 10b,
11 va 12). Bac biét tai cac diém chuyén déi gia tri tai qua
trinh dong cla hé voi cau trac Adap-PID héi tu nhanh véi
mic do dao déng thap. Nhu vay kha ndng diéu khién tich
hop nguén dong, ngudén ap trén mot mach giam ap mot
chiéu cda bd Adap-PID la kha thi. Buéc ti€p theo cla
nghién ctru nay la huéng téi phat trién hé théng diéu khién
dién ap/dong dién mach gidm ap mot chiéu co téc dd phan
(*ng nhanh va sai s tinh nhd.

LO1CAM ON

Nhom tac gid xin chan thanh gti 16i cdm on Treong
Pai hoc Cong nghiép Ha Noi da hd trg trong quéa trinh
nghién ctru.
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