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MO PAU
1. Tinh cép thiét cia dé tai

- Trong cac hé diéu khién ta thuong khong biét gia tri chinh
Xé&c cua cac tham sé cua hé théng, cac tham sé cua hé thdng bi thay
d6i sau mot thoi gian sir dung, hay khong c6 du thdng tin vé& cac
tham s d6. Khi dé cac phwong phap diéu khién cé dién khong é&p
dung duoc hoic cho céac két qua diéu khién khong chinh xac. Dé giai
quyét van dé nay, nguoi ta da xay dung ly thuyét diéu khién thich
nghi.

- Piéu khién thich nghi 1a tong hop cac ky thuat nham tu dong
chinh dinh cac bd diéu chinh trong mach diéu khién nham thuc hién
hay duy tri & mot mirc do nhat dinh chat luong cua hé théng khi
thdng sb ctia qué trinh duge diéu khién khong biét trudc hay thay doi
theo thoi gian.

- Nhiét do ta sy ddt bang dién tro 1a mot ddi twong c6 tinh tré
va phi tuyén, cac tham sé ctia qua trinh nhiét thay déi tly thudc vao
tai (khéi luong vat trong ta say).

- Thuc trang cac ta sdy tai cdng ty hién nay dang sir dung cac bo
diéu khién theo phuong phap On-Off, va cac phuong phéap hién dai:
P, PI, PID, PD. V¢i phuong phap On-Off, chat lugng diéu khién
thap. Vi phuong phap diéu khién PID, khi tham sb cua qua trinh
diéu khién thay doi thi cac thong s6 cua bo diéu khién PID can phai

duoc tinh toan cai dat lai.

- Céc thiét bi vé6i tinh nang diéu khién chinh xéc, chit lwong
cao, thi dong thoi gia thanh hé thdng ciing quéa cao. Bén canh do,



viéc lam chua cdng nghé 1a diéu can thiét trong thoi dai hoi nhap kinh
té thé gisi hién nay.

- Viéc nghién ciu tng dung mot phuong phap diéu khién hién
dai vao thuc tién, cu thé o day 1a dé diéu qua trinh nhiét cua ta say
duoc liéu, (trudc mét tng dung trong ta say cia phong thi nghiém) la
hoan toan can thiét va phd hop véi yéu cau cua cong ty trong hoan
canh hi¢n nay.

D6 1a 1y do t6i Iya chon dé tai:

“UNG DUNG PIEU KHIEN THICH NGHI TRONG DPIEU
KHIEN NHIET PO CHO TU SAY DUGC LIEU”.

2. Muc tiéu nghién cau

- Thiét ké bo diéu khién nhiét d6 nhim nang cao chit luong
trong diéu khién nhiét do tu say.

- Nghién cttu ndm virng luat diéu khién thich nghi.
3. Poi twong va pham vi nghién ciru
a. P6i twong nghién ciru:

Dbi tuong nghién ctru: 1a qué trinh nhiét do cua ta siy duoc
liéu loai nho dung trong phong thi nghiém, c6 kich thudc vo ngoai
40x25x25 (cm®), cong suat 1kW, dién &p 220 VAC.

b. Pham vi nghién cau

Nghién ctu ang dung phuong phap diéu khién thich nghi st
dung mo hinh mau — MRAS.



4. Phuwong phap nghién ciru
Pé tai nghién ctru dugc thuc hién theo phurong phap nhu sau:

- Nghién ciru vé Iy thuyét: tim kiém, téng hop céc tai liéu co
lien quan. Dung thiét bi ¢é do dac va tim ra ham truyén dat di
tugng.

- Sau khi c6 ham truyén dat, tién hanh tinh toan théng sb bo
diéu khién thich nghi cho ti say.

- Tir két qua tinh toén, sir dung Matlab d¢é md phong va kiém
chtng két qua.

5. Y nghia cia dé tai
Néu dé tai duoc thuc hién thanh cong:

- Nang cao chat lugng, d6 chinh xac trong diéu khién qua trinh
nhiét cua ta sy.
- Lam chu dugc cdng nghé diéu khién hién dai.

- Két qua thu duogc c6 thé duoc ap dung cho nhiéu thiét bi vai su
ma rong hon 1a ap dung cho cac ddi tuong 10 nhiét khac trong cong
nghiép, cho cac dbi twong quén tinh bac nhat c6 tré, quan tinh bac 2,
diéu khién va giam sat h¢ thong nhiét do nhu: diéu khién va giam sat
nhiét 46 phong lwu trit mau, phong san xuét thudc...

6. Bo cuc dé tai

Luén vin dugc trinh bay thanh cic phan va chuong nhu sau:

CHUONG 1: TONG QUAN
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CHUONG 2: PIEU KHIEN PID VA PIEU KHIEN THICH
NGHI

CHUONG 3: TiNH TOAN THIET KE BQ PIEU KHIEN PID
THiCH NGHI CHO TU SAY DUQC LIEU

CHUONG 4: MO PHONG VA KET QUA



CHUONG 1
TONG QUAN
1.1. HE THONG BPIEU KHIEN TU BONG
1.2. HE THONG PIEU KHIEN NHIET BO
1.3. LAM KHO DUQC LIEU
1.3.1. Phoi
1.3.2. Say
1.3.3. Lam khé trong tu sdy ¢ ap suat giam:
1.3.4. Bong kho

1.4. TU SAY DUOC LIEU

CHUONG 2
PIEU KHIEN PID VA PIEU KHIEN THICH NGHI

2.1.SO LUGC
2.2. BIEU KHIEN PID

2.2.1. B diéu khién ti 16 P

2.2.2. Bo diéu khién PI

2.2.3. Bo diéu khién PID
2.3. CAC PHUONG PHAP DPIEU CHINH THAM SO PID

2.3.1. Biéu chinh tham s6 theo phwong phap Ziegler-Nichols
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a. Phirong phdp Ziegler-Nichols thir nhdt

b. Phuong phadp Ziegler-Nichols the hai

2.3.2. Phuong phap Chien-Hrones-Reswick (CHR)
2.4. PIEU KHIEN THICH NGHI

2.4.1. Khéi niém chung cta hé diéu khién thich nghi

2.4.2. Biéu khién thich nghi truc tiép va gian tiép

2.4.3. Hé diéu khién thich nghi tu chinh

2.4.4. Hé thich nghi md hinh mau

a. So do chire ndng

b. Lugt MIT

c. Noi dung phwong phdp thiét ké MRAS

CHUONG 3

TINH TOAN THIET KE BQ PIEU KHIEN
PID THICH NGHI CHO TU SAY DUQC LIEU

3.1. XAY DUNG HAM TRUYEN POI TUGNG

Hé thng diéu khién nhiét d6 gdom c6 bo diéu khién va ta siy co so
dd sau:



Ngubn
} Mach . R Mach Diy
Dat Diéu khién Ding lyc dit
nhiét dé BK

Phén héi

Mach
Po v chi thi

e A\

Cip
nhigt dién

BO PIEU KHIEN NHIET

LO PIEN

Hinh 3.1 - So do hé thong diéu khién nhiét do

Vi quén tinh 10 nhiét thuong kha I6n, nguoi ta thuong dong

cit nguon dé thay doi cong suat dat vao 1o thay vi diéu khién dién ap.

Do d6 tir mach diéu khién s& xuét ra xung c6 do rong thay doi trong
khoang thoi gian T nhit dinh dé thay d6i cong suét cap cho 10:

i
10 20

a8
S0

Hinh 3.2 - Nguyén Iy diéu khién cdng sudt vao

Nhu véy trong thoi gian Ton ta siy duoc cap ngudn, thoi gian

(T-Ton) cat ngudn. Ung véi su thay doi cia Ton tir 0-T thi cong suat

cung cap cho 16 thay ddi tir 0-Pmax:
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Pcc=(Ton/T).Pmax

Ta st dung mé hinh ta sdy véi dau vao 1a phan tram cong suat,

dau ra la gié tri nhiét ¢ nhu hinh sau:

Nhict 46

% cong suat Ti sy
Wi =Sk " 5

Hinh 3.3 - M& hinh hoa tu sdy

Tién hanh thi nghiém dé lay thong so:

Tir so d6 nguyén Iy hinh 3.1, thiét ké bo mach sir dung vi diéu khién
PIC16F887 Iam nhiém vu thu thap di liéu nhiét do tir dau do nhiét
loai K va gui vé may tinh. Trén may tinh st dung phan mém Visual
Basic6.0 viét giao dién luu trit dir lidu vao Access, sau do xuit sang
file Excel. Sau d6 dya vao sé liéu ta v& dugc dudng do thi dic tinh
nhiét d6 theo thoi gian cua déi twong.

Giao dién thu thap dir liéu
[trén may tinh (luu vao co so
dir liéu)

V)

‘ \
= Khuech dai do luong k 51— Dau do loai K

Vi diéu khién PIC 161887

- Solid State Relay > Dién tré dot

x

v

Nguon dién luéi I'i say

Giao tiep va hien th LCD

Hinh 3.4 - So do nguyén ly phan cing thyec nghiém



So db lap rap md hinh thuc:

Hinh 3.5 - M6 hinh thuc té

Cai dat phan trim cong suat vao bang 25. Nhiét d6 ti sdy ting
dan va sau mot thoi gian nhiét d6 ta sdy s& dat gia tri bdo hoa. Ghi lai
gi tri nhiét d ctr sau mdi 1 gidy, luu s6 ligu trong file excel, sau do
dira vao s6 liéu ta v& dugc dudng dd thi dic tinh nhiét do theo thoi
gian nhu sau:

D5 thi nhiét 6 (dé C) - thai gian (s)

oBB8ELB3B8
N

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200

Hinh 3.6 D¢ thi nhiét dg - thoi gian cua tii say ¢ 25% cong suat.
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Trong do: T: thoi gian quén tinh
L: thoi gian tré.

Tir d6 thi hinh 4.6, keé tiép tuyén véi d6 thi tai diém udn, ta co:

T=1300(s)

L=100 (s)

K=y, /%Ccs=210/25=8.4

Dit phan trim cong suat dau vao & cac gia tri khac va tién hanh thi
nghiém twong tu, ta thu duoc cac thdng so:

Bang 3.1 Cac thdng sé theo ting phan trdm cong sudt dau vao

Phan tram cong K T L Nhiét do
suat(%) xac lap

(°C)

5 8.8 1400 120 44

10 8.6 1350 110 86

20 8.5 1320 100 170

25 8.4 1300 100 210

30 8.37 1250 90 251

40 8.3 1200 90 332

Nhan xét:

- Céc thdng s6 nay duoc do khi khong tai (ta siy chwa

c6 san pham).
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- Nhu da dé cap trong muc 3.1 caa phan Mé dau, cac
thong s6 K, L, T cua ddi twong ma ta biét duoc 1a
khéng chinh xac, c6 thé bi thay d6i va gia st nam
trong mot pham vi:

K=K+AK
L=L,+AL
T=T,+AT

- O dai nhiét @6 1am viéc xéac 1ap cua ta sdy (tr 80-
200°C), phan tram cong suét cip vao khi hé kin xac
lap nam trong khoang 10-25%. Bé thuan loi trong
viéc tinh toan thiét ké bo diéu khién, ta chon cac
tham s6 cua ham truyén dat d6i tuwong ung Voi
khoang trén.

Chon K, T, L theo thdng sé & 25% cdng suit, ta c6 ham truyén dat ta
say:
8'4.e'lOOS

P(S) ™ —— 3.11
®) 1300s +1 (311

3.2. XAY DUNG BO PIEU KHIEN THICH NGHI

So d6 nguyén ly diéu khién thich nghi PID cho d6i tuong ti

say duoc liéu nhu sau:



12

M5 hinh mau Ym

A4

l

Co cau hiéu chinh |

Tham s Kp.Ki, Kd

1/

Bo diéy{chiénpm .| Péi tuong Yy

|4

Hinh 3.8 So do nguyén Iy diéu khién thich nghi PID ap dung cho
doi twong
Trong do:
-X: gia tri nhiét do dat
-y: gié tri nhiét do ta say
-Ym: 0id tri nhiét d6 mong mudn ¢ dau ra.
-e=y-yp: sai s6 can diéu khién

Khéi md hinh mau: tao gié tri nhiét &6 ra mong muédn 12 y,,
tuong tng voi gia tri dat x

Bo diéu khién PID: c6 céac tham sé Kp, Ki, Kd dugc cap
nhat boi co cau higu chinh.

Co ciu hiéu chinh: day la thanh phan quan trong nhat cua
bo didu khién thich nghi, khéi nay s& tu dong cap nhat cac
tham sb Kp, Ki, Kd cho bo diéu khién PID.

Déi twong: ddi tuong can didu khién chinh 1 ti siy duoc
liéu, v6i dau ra la y: gid tri nhiét do

Mb hinh déi tuong:
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K
—> 0%( -+
%ot T.s+1 i
Transfer Foni  17ensport Tpl
Delay1
27
Gia tri dau

Hinh 3.9 M6 hinh doi tuwong
Ham truyén dat bo diéu khién PID:

C(s)= Kp+Ki.%+ Ky.S (3.13)

O >
= o P A
2 Product +
Kp
— % 1 7
D pl X R e
Ki Productl |ntegrator Saturation2 3
I—’+
@_ _r X |—pw{dusdt
Kd Product2 Derivative S
Tp
Hinh 3.10 So do khéi bé diéu khién PID
Ham truyén dat vong kin gdm C(s) va P(s):
_ C(s).P(s
G (s) = (5)-P(s) (3.14)

1+C(s).P(s)
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M& hinh vong kin:

Constant

100 —=—plx
C P Kp
Kp3 -C- P Ki %cs P %cs1 Tpt y P I I
ki3 | C B Kd
Tu say1 Scope3

Kd3 ¥
Rs_PI2

Hinh 3.11 Hé kin véi bg diéu khién PID.

Mo hinh mau cua hé thich nghi phai c6 bac da thirc tir va mau cling

bac véi hé kin, do d6 ta chon:

= C,(s).P,(s)
1+C,(s).P,(s)

G, (s) (3.15)

Ap dung luat hiéu chinh MIT bé sung, ta c¢6 luat cap nhat céc tham
s Kp, Ki, Kd caa bo diéu khién PID:

dKp _ % 1
d—tp—-a“;.e. e oY (3.16)
Pl %
dKi de 1
—— =-Ze . 3.17
dt T AKi [Je ]2 (3.17)
174
IKi
&
KAy ® 1 (3.18)

dt ¢ IKd [()‘e ]2
a+
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pit:
Kp
p
2=|Ki | va ¢=—§9
Kd
Két qua:
%
d7_ G
8=l fefurs| 22 (g2,

dt&g . | GO

Tim ham truyén dat md hinh miu G,(s):

C,(s).P,(s)
1+C,(s)-P,(s)

G, (s) =

- Chon:

> (3.43)

(3.44)

Cm(s): 1a by PID dugc tinh theo phuong phap C-H-R téi

wu theo nhiéu khong c6 d6 qua diéu chinh.
Pm(s): dbi twong duoc Xap xi:

K, 1
st1 L s+l

Pm()—

Trong Matlab Editot soan code:
Kp_PIDm=19*Tm/(20*Lm*Km)
Ti_PIDm=2.4*Tm;

Td_PIDm=0.42*Lm;

(3.45)
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Ki_PIDm=Kp_PIDm/Ti_PIDm
Kd_PIDm=Kp_PIDm*Td_PIDm

Dé tinh cu thé ham truyén Gm(s) va Gm(s)/Cm(s), trong Matlab
Editor soan:

syms s; %khai bao bien s
Pm=Km*exp(-Lm*s)/(Tm*s+1); %ham truyen doi tuong
Cm=Kp_PIDm+Ki_PIDm/s+Kd_PIDm*s; % bo dk PID
Gm=Pm*Cm/(1+(Pm*Cm)); %ham truyen mo hinh mau
GmdivCm=Gm/Cm;

Gmf=factor(Gm) %day la ham truyen Gm

GmdivCmf=factor(GmdivCm) % ham truyen Gm/Cm
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CHUONG 4

MO PHONG VA KET QUA

4.1. SO DO MO PHONG

Hé thong diéu khién PID thich nghi:

yellow

P x ym
ym
Gm
Kp ym
PID
« Ki v]
LI,
Kd x
d
CO CAU HIEU CHINH
= |1 ]
100 »{x
x Ko
K %os —pe{sest ot
el K =
P e Tu say
¥
Rs_PID_MRAC
Nhieu he thong
1
——
300s+1
Step
P x
[« f=—> -
Kpmi1 Ki %os —e{ st Tpt +
m | © Kd
im Tu say1
Kdm1 ¥
Rs_PIDm_CHR

L]

DAP UNG HE THONG

Hinh 4.1 - So do khoi hé thang diéu khién PID thich nghi
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™ de/dkp
Kp o
.
L gama kp3
-0.9e-3)
] de/di__
Ki 7 -
<
s
u2 <
— gama ki3 1y -
-3.566) EEVVIE
] i hid
de/dkd P dufdt
Kd 7 <
- X
: w2 ()

<+
T gama kd3

Hinh 4.2 - So do khéi co cdu hiéu chinh

4.2. KET QUA MO PHONG

DAP UNG HE THONG

100

Time (Seconds)

6000

PID MRAC

PID CHR

8000

27
1000

Hinh 4.3 — Ddp ting hé théng ban dau T=1300, L=100
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DAP UNG HE THONG
s
100 T e
/i
/
|
—  PDMRAC
{ __ PDCHR
|
|
/
|
|
/
27
0 7400 5000 3000
Time (Seconds)
Hinh 4.4 — Pdp ung hé thong khi T=1700, L=100
DAP UNG HE THONG
e
100 2 e -
/
{
| ————  PDMRAC
| s PID CHR
!
[
i
/
|
|
/
o7
T80 5000 3000
Time (Seconds)

Hinh 4.5 — Pdp g hé thang khi T=2000, L=120
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DAP UNG HE THONG
X 937;
Y:108.7
R
- — —
100 —
/
[
| ———  PDMRAC
/ sy PID CHR
i
I
{
|
{
/
27
0 1280 5000 3000
Time (Seconds)
Hinh 4.6— Dap 1ung hé thong khi T=2500, L=120
DAP UNG HE THONG
R
100 T T .
/ Y:1048 e
// ——  PIDMRAC
! —__  PDCHR
/
/
|
)
/
/
|
b
7 1280 6000 8000
Time (Seconds)

Hinh 4.7 Pap vng hé théng khi T=2900, L=150
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DAP UNG HE THONG

X 9693
Y:1162
1928

X
Y:1062
— ___  PDCHR

PID MRAC

100
/

/
8000

/
5000

Time (Seconds)

1330

Hinh 4.8 — Ddp iing hé théng khi T=3300, L=180

NHAN XET:
Qua két qua mo phong ta thay:
Trudc sy thay doi cia thong sé ddi twong, hé kin PID théng

thudng khong dép tmg duoc yéu cau.
Hé thich nghi PID tu dong cap nhat cac thdng sé bo diéu
khién PID vong trong lam cho hé déap tng tét trude su thay

ddi céc thdng s caa dbi tuong.
Khi thay d6i T, L, 6 qua diéu chinh caa hé PID thuong vuot

xa hon so v&i hé PID thich nghi.
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KET LUAN VA KIEN NGHI

1. Két qua nghién ciru ciia dé tai:

Dé tai di chi ra duoc viéc thanh 1ap ham truyén ddi tuong, tinh
toan thiét ké bo diéu khién PID thich nghi.

Dé tai da thuc hién viec md phong va so sanh két qua giira bo
diéu khién PID thong thuong va b diéu khién PID thich nghi theo
mod hinh mau MRAC.

2. Huéng phat trién caa deé tai:

Dé tai da tinh toan dugc bo didu khién thich nghi PID cho ddi
tuong. Tuy nhién con han ché 1a chi méi dung lai & md phong trong
Matlab Simulink. Do d6 huéng phét trién cua dé tai 1a dwa vao kit
diéu khién dé diéu khién trén dbi tuong thuc.



