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Tém tit

B inh ngung trong nha may nhiét dién c6 vai trd quan trong, dung dé ngung lugng hoi thoat tir tua bin ha ap
thanh nudc ngung cung cip cho chu trinh nhiét. Vi sy thay ddi ctia cac thong s6 nhu nhiét d6 nude, ning

luong dién phat ra lam cho anh hudng dén hiéu qua kinh té, k¥ thuat cia viéc san xuét dién. Bai bao trinh bay

thiét ké bo diéu khién ap suat binh ngung sao cho c6 duoc bo thong sb diéu khién phu hop nhat véi su thay d6i

clia cac thong s dau vao. Bo diéu khién da thiét ké dugc mo phong trén matlab simulink cho thiy bo diéu khién

dap ung tt véi dau vao thay doi.

Tir khéa: Bg diéu khién PID, binh ngung, diéu khién dp sudt binh ngiung.

1. Pit van dé

Binh ngung trong nha may nhiét dién
dung dé ngung lugng hoi thoat tir tua bin
ha ap thanh nudc ngung cung cap cho chu
trinh nhiét [1 -2]. Muc dich cua viéc ngung
tu hoti la dé tao chan khong sau trong tang
canh cudi cung cua tuabin ngung hO‘l 0
mdi mot ché do van hanh khac nhau vé diéu
kién bén ngoai ciing nhu bén trong hé thdng
binh ngung, lam sao cho c6 dugc mdt bo cac
thong sé dé duy tri ma d6 1a mot bo cac thong
s6 thich hop nhat vé ca mat ki thuat ciing
nhu mit kinh té trong qua trinh san xuat dién
nang [3]. Pi v6i binh ngung, dé dam bao
ché d6 van hanh hiéu qua kinh té ciing nhu
an toan cho thiét bi thi hai tham s chinh 1a
ap suat binh ngung va mirc nude binh ngung.

*Email: duythai42tdh@gmail.com

Thuyc té, hau hét cac nha may nhiét dién
ngung hoi ctia nudc ta di c6 déu dung nguon
nudc 1am mat 13 nude song theo so do ha,
vi du nhu: Nha may Nhi¢t dién Pha Lai 1
dung nudc song Thai Binh, Nha may nhiét
dién Uong Bi dung nudce song Udng, Nha may
nhi¢t dién Ninh Binh dung nudc song Day [4].
Diéu kién khi hau, nhiét 46 nudc dao dong
tr 15 dén 32°C [5]. Diéu nay lam anh hudng
td1 qua trinh truyén nhiét trong binh ngung
va do d6 1am thay d6i ché do chan khong
binh ngung. Bén canh do, phu tai dién dugc
phép phat cung thuo’ng xuyén phai thay doi
do phan 16n cac nha may nhiét dién déu phai
dap ung phan phu tai nira ngon hodc phuy tai
ngon trong do thi phén phoi phy tai chung
ciia Qudc gia [6]. Ché d6 van hanh thuong
xuyén bi thay doi do do dao dong 16n ciia d6
thi phu tai lam thay d6i phu tai nhiét ctia binh

95


mailto:duythai42tdh@gmail.com

TAP CHI KHOA HOC VA CONG NGHE

Ha Duy Thdi va Nguyén Van Quyét

ngung. Neu ché d6 duy tri chan khong va che
do cung cap nudce lam mat khong dap ng tot
thi s& 1am glam hi¢u qua kinh t€ ctia qua trinh
san xuét dién ¢ cac nha may nhiét dién kiéu
tuabin ngung hoi nay [7]. Hi¢n nay, cac day
chuyen san xuét nhiét dién thuong duoc nhap
khau tir nudc ngoai voi cong nghé kem theo.
Vi vy, can nghlen ctru, thiét ké dé co thé lam
chu duge cong ngh¢, van hanh, stra chira, bao
dudng hé thong 1a diéu hét strc can thiét.

Bai bdo trinh bay thiét ké bo diéu khién
tu dong dap ing yéu cau on dinh ap suét cho
binh ngung dé dam bao ché d van hanh cta
hé thong dat duoc hiéu qua cao nhét. Trong
pham vi ctia bai bao chi dé cap dén ddi tuong
nghién ctru 1a cac nha may nhiét dién d6t
than dung tuabin ngung hoi v6i binh ngung
kiéu 6ng c6 nude lam lanh di bén trong.

2. X4c dinh ham truyén dat cia doi
twgng binh ngung

2.1. Cac phwong trinh dong hoc ciia binh

ngung

2.2.1. Phwong trinh cdn bang ning lrong

Phuong trinh cin bang hoi vao va nudc
ngung.

Q=EA (1)

Trong do:

Q 12 cong suat nhiét [W];

F. 1a luvu luong nudc ngung [kg/s];

A 12 nhiét an héa hoi & nhiét do bao hoa;

Phuong trinh méi lién hé tdc do truyén nhiét:

Q=UAAT, (2)

Trong do:

AT, la d§ chénh nhiét d0 trung binh,
trong tinh todn nhiét nguoi ta thuong s
dung cong thuc:

T -T,,
inte ™ Teu

T.-T

c

AT =

m
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A la dién tich bé mat lam lanh nudc binh
ngung;

U 1a hé s6 truyén nhiét trong binh ngung;

Phuong trinh can bang luu luong nudc
va nhiét:

TP p 1y Q5
dt M, M., C,
Trong do:

F., 1a luu lugng nude lam lanh [kg/s];
M,, 12 khéi lugng nudc lam lanh [kg];
Phuong trinh thuc nghi¢m

1 _ -0,8

ﬂ_al' o T, 4)

Trong do: a,, a, 1 nhimg hing s6
2.2.2. Phirong trinh cdn bang khoi leong

dP_RT
dt Vv

(F—F) ©)

Trong d6: R 1a hang s6 chit khi cu thé.

Mdi quan hé giira nhiét d6 nudc ngung va
ap suat:

T.=aP+p (6)

2.2. Sir dung Matlab ident tool box dé nhin
dang ham truyén dat ciia binh ngung

Dé thiét ké dugc bo diéu khién ap suét cho
binh ngung, trudc tién nhom tac gia s& tién
hanh xac dinh ham truyén cua binh ngung.
Viéc xac dinh ham truyén binh ngung s&
duoc thyc hién trén rng dung Matlab ident
tool box ctia phan mém Matlab 2018. Matlab
ident tool box la mot ing dung cho phép tim
dugc ham truyen dat thich hop mé ta gan
dung nhat d6i twong thuc. Trong nghién ciru
nay nhom tac gia sir dung cac sb liéu ctia
binh ngung tai Nha may Nhiét dién Pha Lai
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1. Céc s6 lidu nay duoc lam dir ’liéu dé ung dung Matlab ident tool box tim dugc ham truyén
dat phu hop v6i binh ngung nhat.

Bang 1. S6 liéu van hanh cia binh ngung tai nha may dién [6]

STT Fe (kg/s) T, (°C) T (°C) P (kPa)
1 1151 20 35 7,8
2 884 21 37 6,4
3 955,3 20 36 6,5
4 960,5 22 39 6,8
5 789 21 39,5 7,5
6 899 21 31 8,5
7 1.130 21 31,5 7,9
8 1.114,5 21 31,5 8,9
9 1.200 21,5 33 9
10 110,5 21,5 33 9
11 1.207 22 33 9,5
12 1.355 22 34 9,4
13 1.345 22 34,5 10,1
14 1.300 22 35 10
15 1.200 23 36,5 10,9
16 1.465,7 23 37 11
17 1.460,4 23 37,5 11,8
18 1.500,3 23,5 39 12
19 1.836 23,5 39 11,8
20 1.918 25,5 39,5 11,7
21 2.280 25,5 39,5 11,6
22 2.395,7 27,5 39,5 11,8
23 2.466,5 28 40 11,7
24 2.553,8 28 40 12
25 3.133,5 29 40,5 11,5
26 3.757,5 29 41,5 11,9
27 3.884 29 42 12,6
28 3.901,5 29,5 42,5 12,6
29 4.025 31 43 12,8
30 3.326 31 43 14,6

Trong do:

Few 13 Iuu lugng nudc 1am mat cap cho mot binh ngung [kg/s];
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Tew la nhiét d6 nudc lam mat dau vao mot
binh ngung [0C];

T 1a nhiét d6 nudc lam mat dau ra mot binh
ngung [0C];

P 14 ap sudt bén trong binh ngung [kPa].

Qua trinh nhan dang ham truyén dat binh
ngung duoc thyc hién qua cac budc sau:

Budce 1: Nhap dir liéu bang 1 vao Matlab
thong qua Inport data va kiém tra dir liéu nhap
vao trong khdi Wordspace.

Budc 2: GG 1énh Iden:[ vao ctra s6 Command
window xuat hién cura s6 System Identification
Tool —Untiled.

Tai ctra s6 System Identification Tool —
Untiled ta kich chudt vao 6 Import data va
chon Time doman data, khi d6 trén man hinh
xuat hién ctra s6 Import Data.

Tiép theo ta phai khai bao bién dau vao vara
cho 6 Workspace Variable. V6i 6 Input ta khai
bao bién Few 1a bién luu lwong nudc lam mat.
Con 6 output khai béo bién P 1a ap suat binh
ngung. Khi khai bao bién vao va ra xong ta
kich chuot vao Import va Close thoat khoi cura
s6 Workspace Variable.

Sau khi dir liéu da khai bao matlab tién hanh
tinh todn va xac dinh dugc duong dac tinh (my
data) nhu hinh 1 ctra s6 System Identification
Tool — Untiled.

Tai myc Estimate (nhan dang mo hinh) trong
ctra s6 System Identification Tool — Untiled.
Véi muc Estimate c¢6 nhiéu dang mo hinh
nhu 13: Transfer funcition Model (ham truyén
mod hinh); State Space Model (ham khong
gian trang thai); Process Model; Polynominal
Model; Nonlinear Model; Spectral models;
Quick Start. Ta 1an luot tim cac dang mo hinh
phu hop véi duong dac tinh cia dir li¢u da cho.
Qua trinh nay dugc thyuc hién ¢ budce 3.

Bude 3: Lya chon mé hinh ddi tuong cé
ham truyén phu hop véi dic tinh coa dir liéu
da cho.
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*) Lua chon 1: Transfer function Model
trén man hinh xudt hién cta s6 Transfer
Functions. Ta chon Number of Poles: 2 va

Number of zeros: 1 kich chon Esimate nhu
hinh 2:

Két qua thu dugc trén Command window
nhu sau:

>> ident

Opening System Identification Tool .......
done.

MH, =

From input “ul” to output “y1”:

(0.0002916 +/- 7.95e-05) s + (1.474e-05
+/- 1.141e-05)

"2+ (27.39 +/- 0.04489) s + (0.01833 +/-
0.002256)

Name: MH,
Parameterization:

Number of poles: 2 Number of zeros: 1
Number of free coefficients: 4

Use “tfdata”, “getpvec”, “getcov” for
parameters and their uncertainties.

Status:

Termination condition: Maximum number
of iterations reached.

Number of iterations: 20, Number of
function evaluations: 173

Estimated using TFEST on time domain
data “mydata”.

Fit to estimation data: 90.13% (simulation
focus) (hinh 5)

FPE: 0.07139, MSE: 0.0536

More information in model’s “Report”
property.

*) Lua chon 2: Process Model xudt hién
ctra s6 Polynomial and State Space model:
ta chon Structure : ARX hoic ARMAX
nhu hinh 3:

Két qua thu duoc trén Command window
nhu sau:

Name: MH,

Sample time: 1 seconds

Parameterization:

Polynomial orders: na=2 nb=2 nc=2
nk=1

Number of free coefficients: 6

2 (13 2 (13

Use “polydata”, “getpvec”, “getcov” for
parameters and their uncertainties.

Hinh 4. Polynomial and State Space model
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Status:

Termination condition: Maximum
number of iterations reached.

Number of iterations: 20, Number
of function evaluations: 262

Estimated using POLYEST on
time domain data “mydata”.

Fit to estimation data: 87.77%
(prediction focus) (hinh 5)

FPE: 0.08246, MSE: 0.05922

More
“Report” property.

information in model’s

Két qua thu dugc trén Command
window nhu sau:

*) Lua chon 3: Process Model, Xuét

hién ham truyén trén cira sO Process Hinh 5. Pic tinh ham truyén dat trong ciia s6 Model Output

models nhu hinh 4.
MH, =
Process model with transfer function:
1+Tz*s
* exp(-Td*s)
s(1+Tpl*s)
Kp =2.2213¢-05 +/- 5.8165¢-05
Tpl =0.44692 +/- 6.3693
Td =0 +/- 19.883
Tz=-1.4848 +/- 16.552
Parameterization:
‘P,DI1Z°
Number of free coefficients: 4

b 1Y

Use “getpvec”,
and their uncertainties.

Status:

getcov” for parameters

100

Termination condition: Maximum number
of iterations reached.

Number of iterations: 20, Number of
function evaluations: 160

Estimated using PROCEST on time
domain data “mydata”.

Fit to estimation data: 23.1% (prediction
focus) (hinh 5)

FPE: 1.122, MSE: 0.2353

More information in model’s “Report”
property.

2.3. Moi quan hé dpng hoc ciia binh ngung

Dua vao cac phuong trinh dong hoc (1),
(2), (3), (4), (5), (6) ciia binh ngung trinh bay
trong muc 2.1, nhom tac gia da thiét l1ap duoc
moi quan hé giita chiing dudi dang so do nhu
hinh 6.
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Hinh 6. So d6 khoi mach vong diéu khién ap suit binh ngung

2.4. Ham truyén h¢ thong

Vi phuong phap thyce hién nhu muc 2.2,
dua vao két qua cua phuong phap thuc hién
nhu hinh 5 ta nhan thiy rang MH, c6 ty 18
phan trim cao nhét 90,13%.

0,0002916s +1,47.10

Nhu vay, nhom tac gia sé chon MH, la
ham truyén dat cho binh ngung. Ham truyén
binh ngung dugc x4c dinh la:

0,0002916s +1,47.10°° (7)

MHI ==
52 +27,39s+0,1833

3. Thiét ké bo diéu khién theo

phwong phap modun tdi wu

Panh gia ham truyén ciia binh ngung theo
(7) ta thiy rang, quan tinh c6 bac khong 16n
hon hai, nén ta a4p dung phuong phap t6i uu
d6 16n dé tim ra cac théng sb cho bo diéu
khién [8].

Ham truyén dat chuin theo mé dun tbi wu
la ham c6 dang:

1
27282 + 215 +1 )

Wi (8) =

~ (s +27,3833)(s+0,0057)

bic diém ctia ham chuin mé dun t6i vu 1a
hiéu chinh lai dic tinh tan s chi & ving tan sd
thap va trung binh. Sai léch tinh va cht lugng
dong cua ham mé dun tdi wu rat t6t [8]. Vi
ham truyén dat d6i twong 13 MH,. Ap dung luat
didu khién md dun tdi uu. Ta thiét 1ap mach
vong diéu khién nhu hinh 7. Trong d6: WH(s)
1a ham truyén dat cia MH,; WHC,(s) 1a ham
truyén dat ctia bo diéu khién can tim.

Tu so do hinh 7 ta x4c dinh duoc ham
truyén dat ctia hé thong kin nhu sau:
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WK (S) — WH (S)'WHCI (S) (9)
K.(1+ Wy (8).- Wy, (8))

Theo phuong phap mé dun tbi wu ta co W, (5) = Wy (s)

Hinh 7. So d6 khéi mach vong diéu khién ap suét c6 phan hoi -1

Hay Wi ($) Wi (8) 1
K.(1+ W, (5).W, (5))  27°° + 215 +1

(10)

Bién ddi ta duoc:
K

Wie () = W e+ ) (11)

Thay biéu thirc (7) vao (11) ta duoc:

K.(s+27,3833)(s +0,0067)
21s(1+ 15).(0,0002916s +1,47.107°) (12)

Wia(8) =

Vé6i hang s6 ti = 0,0002916 < 10 coi khong dang ké bo qua nén:
K.(s +27,3833)(s + 0,0067)
2ts(1+ 1s).
 K.(s+27,3833) (s+0,0067) (13)
- 2ts © (1+71s)

Wi (8) =

Ham truyén dat Wy, (s) c6 2 khéu vi phan bac mét, 1 khau tich phan, 1 khau quén tinh,
1 khau khuéch dai, dé hé thong c6 chat lugng dong tot, ta chon cac thong so K va T nhu sau:
K=0,01 t=1/0.0067 Thay vao (13) ta duoc:

0,01.(s+27,3833) _, o5 9,17

W, (s)=
e (5) 298.5074.s s

(14)
Nhu vay, b diéu chinh ap suét 1a bd ty 1€ tich phan (PI) trong do:

Heé s6 ty 1& ctia bo PI 1a Kp=3,35;

Hé s tich phan ctia bd PI1a KI=9,17
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4. Ké',t quia mo phong dac tinh ap

suat binh ngung

Mo hinh mo6 phong dugc xay dung nhu
hinh Hinh 8. M6 phong dugc thuc hién véi
cac diéu kién sau:

Bo diéu khién c6 Kp=3,35; KI=9,17,

Khéi Fs (lvu lugng hoi vao binh ngung)

dat trudce 20 (kg/s);

Khéi Few (luvu lwong nude 1am mat) dat

trude 700 (kg/s);

Khéi Tew (Nhiét do nude 1am mat dau

vao) dat trudc 25°C;

Ap suat dat cua binh ngung p = 10 kPa.

Hinh 8. So' 46 md phong mach vong diéu khién ap suit binh ngung trén Simulink

Chét luong cua hé théng diéu khién duoc
danh gi4 qua chét luong ¢ qua trinh qua do
cta hé thong va dugc danh gia qua cac chi
tiéu nhu: Luong qua diéu chinh d%, thoi gian
qua dd: t (s), sai léch tinh St(%)... [8, 9, 10].
Theo so d6 md phong hé théng diéu khién
hinh 9. Qua4 trinh qua do cua hé thong c6 do
qua diéu chinh: d% = 19%, thoi gian qua do
t=200s.

Vi sai Iénh tinh:

M.IOO%:2%

S, % =
Céc gia tri d6 qua diéu chinh, thoi gian
qué dg, sai Iénh tinh cua hé théng dam bao
trong ngudng cho phép cia mot hé thong
diéu khién. Do vay, cac thong s6 cua bo diéu
khién PI theo thiét ké & trén la: Kp=3,35; KI
= 9,17 1a cac gia tri dugc chon dé lam thong
sé cho bo diéu khién PI.

103



TAP CHI KHOA HOC VA CONG NGHE

Ha Duy Thdi va Nguyén Van Quyét

Hinh 9. Dic tinh qua d ap suét binh ngung trén
min mém Matlab Simulink

5. Két ludn

Nghién ctru di tién hanh thiét ké bo diéu
khién ap suit cho binh ngung bang viéc st
dung cong cu Matlab ident tool box dé tim
ham truyén va phuong phap modul t6i uu dé
x4c dinh tham sb ctia bo diéu khién. B¢ diéu
khién cua nhom tac gia thiét ké cho két qua
sai léch cua éap suat dat va ap suét thuc 1a
2%. Nhu viy, bo diéu khién da dap ung tot
yéu ciu cong ngh¢ dat ra. Viéc thiét ké bo
diéu khién murc nudc thay vi gia tri dat s& 1a
hudng nghién ctru tiép theo ciia nhém. Qua

d6 bo diéu khién s& c6 tinh kha thi cao hon
de trién khai trong thuc te.
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DESIGN OF CONDENSER PRESSURE CONTROLLER
FORTHERMAL POWER PLANT

Ha Duy Thai', Nguyen Van Quyet

'Falcuty of Engineering and Technology, Hung Vuong University, Phu Tho

Abstract

he furnace is a device that is difficult to control because the transfer function is a function of two components

including superlative inertia and hysteresis. Therefore, some traditional control methods often still have
some difficulties for the control system designers. The article used the feedback method combined with the
relay stage to overcome some of these disadvantages. With the proposed method, it is possible to automatically
detect the PID coefficient of the controller, making it simpler to calculate the design of the furnace control. The
simulation results of the algorithm on matlab software show that the algorithm can be applied in practice

Keywords: Autotuning of PID controller, heat system, PID controller.
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