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TOM TAT

Bai bdo trinh bay thiét ké va diéu khién 16 nhiét theo tiéu chuan ISO384. Mot sé gid thiét ban
dau dwoc dat ra cho bai toan thiét ké két cau 16 va bai todn nhiét. Ham truyén hé théng dwoc xay
dung tur két qua thuc nghiém. B diéu khién hé bdc nhat c6 thoi gian tré, bé diéu khién truot cé xét
dén sai s6 hé thong va bé diéu khién PID truyén thong dwoc thiét ké cho 1o dot. Két qua mé phong
chitng minh tinh kha thi cia gidi phdp dé nghi.

Tir khoéa: ISO 834; TCVN 9383:2012; Lo dot.
ABSTRACT

This paper study design and control of gas furnace with ISO384 standard. Some assumption
is made to design the furnace including heat design. The furnace transfer function is derived from
the experimental measurement. The controllers for the first order system with time delayed, sliding
mode control for system with uncertainty and conventional PID controller are designed. Simulation
results show the possibility of the proposed solutions.

Keywords: /SO 834, TCVN 9383:2012; Gas furnace.

1. TONG QUAN chay cua vat liéu, san pham st dung trong xay
dung.

Phong chdy chita chay luén 1a van

dé 16n va duge Nha nudc quan tam, dac biét
d6i voi thoi dai phat trién hién nay. Theo quy
chuan, cac nha may va cac cong trinh xay dung
luén phai ddm bdo an toan trong phong chay,
chita chay theo quy dinh. Piéu d6, din dén nhu
cau cua viéc kiém tra kha ning phong chdng

Céc vt liéu khi kiém dinh kha ning chiu
chay dugc thir nghiém véi cac tiéu chudn khac
nhau, tiy theo g dung. C6 hai loai 16 d6t thong
dung dugc st dung, phan thanh 2 loai 1a 10 débt
chéng chay doc (vertical type) va 10 d6t chong
chay ngang (horizontal type) nhu Hinh 1.
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Nhiét trong 10 phai dugc didu khién
theo cac ti€u chuan: Cellulosic (TCVN
9383:2012, 1S0O384); Hydrocarbon curve;

Modified Hydrocarbon; RABT ZTV; RWS
(Rijkswaterstaat) va dugc thé hién trong trong
Hinh 2.

b) Horizontal Type
Hinh 1. Fire Resistance Testing Furnace
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Hinh 2. Buong cong nhiét do test quy dinh theo
cdc tiéu chudn khéc nhau

Nhiéu nghién ctru vé van dé nay dugc
trién khai ¢ nude ngoai. Tuy nhién, tai Viét
Nam, nhom nghién ciru chua tim thay cong b
nao vé van dé nay, c6 18 do mét s 1y do: Nhiét
do rat cao, d0 tré hé théng cao, can kinh phi rat
16n @é thuc nghiém, ... Trong nudc cling chua
thiy don vi ndo nghién ctru thiét ké ché tao cac
san pham twong tu.

Bai bdo nay tap trung trinh bay nghién
ctru va thiét ké 10 d6t nham kiém tra kha ning
chdy cua san phém dang tdm nhu véch, ctra,
kiéng,... theo tiéu chuan ISO 834 [5] (TCVN
9383:2012).

Bai todn thiét ké:

Thiét ké 16 dbt co kich thudc long 10
3mx3mx1,5m. Nhiét do va ap suét trong 10 dot
phai theo tiéu chuan ISO 834. Nhiét do khi thai
trong 6ng khoi thép khong vuot qua 400°C. Lo
dbt dap tmg cac chi tiéu 6 nhiém mai truong.

2. THIET KE LO POT
2.1. Phwong trinh dwong cong nhiét

Phuong trinh duong cong nhiét d¢ theo
ISO384.

T=20+345log(8t+1) (1)
v6oi,  T: Nhi¢t do trung binh cia 10 dét;

T,: Nhiét d6 ban dau cua 10 dt;

t: Thoi gian, phat.
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Hinh 3. Duong cong nhiét do test theo 1SO384
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2.2. Gia thiét thiét ké
Mot s gia thiét cho bai toan thiét ké:

- Véch bén trong 10 dbt duoc co do buc
xa la 0,2+0,3, khi gas 12 0,8;

- H¢ s0 quan sat cuia mau thir va tuong
v6i nguon nhiét duge gia surla 1;

- Vach va mau duoc gia su l1a vat xam,
nhié¢t dd phan phoi déu trén bé mat;

- Hé s6 truyén nhiét d6i luu trong 10 1a
h =50W/m*K;

- Nhiét @6 vach 16 va mau nho hon nhiét
d6 khi gas tir 10°C + 100°C;

- Nhiét do khong khi ngoai 10 1a 27°C;
- Kich thudc cua 1o dbt;

+ Chiéu day 16p cach nhiét ban dau:
b=300mm;

+ Chiéu rong 10 dét W=3.000m;

+ Chiéu cao 16 ¢t H=3.000m;

- Khi gas chi tac dung truc tiép nhiét
mot phia ctia bire tudng nén co thé xem tudng
12 mot vat rdn ban vo han;

- Vat liéu cach nhiét duoc chon la

ceramic fiber board 1.600 c¢6 hé s dan nhiét &
=0.21W/mK.

e

Hinh 4. Lo dot thiét ké: 1) Buong dot;
2) Béc dot; 3) Quat day khoi;
4) Buong gom khi; 5) Ong khéi; 6) Cira lo dot

Gia su nhi¢t d§ ¢ vach trén, dudi cling
nhu vach bén phai, trai gan nhu gidng nhau. Do
d06, khong c6 sy truyén nhiét qua lai gitra cac
mit tudng nhung cd su trao doi nhiét giira bé
mat trong va ngoai cia burc tuong.

2.3. Tinh toan nhiét

Nhiét d6 s& duogc truyén qua dbi luu va
btic xa tir béc d6t dén bé mit trong cta tudng va
mau. Nhiét do bé mit trong nay tiép tuc truyén
nhiét qua dan nhiét voi mit ngoai cua 16 dbt.
Téng nhiét luong tao ra trong 10 bing ton that
nhiét luong do ddi luu va blic xa

QTL: QLR + QLC
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Trong do,
Nhi¢t luong ton that do doi luu:

QLC - Hc Af (tg - tf) (4)

Nhiét luong ton that do buc xa:

LR —
l + l -1 l + i -1
E'g Ef Eg Ef
QLR= hr Af(Tg'T) (%)

Hé s6 truyén nhiét doi luu:

Qrr

_ . ur 6)
Ap(Ty —Tf)

h,

Phuong trinh trao ddi nhiét tong quat
trong 10:

Mt CpdT

HRR —
dt

= mquLCng + HCAf
JAF(T;‘ — Tj‘)
o te 1

Tong hé so trao doi nhiét:

h=h+h ®)

Giai thiét nhiét truyén theo mot hudng,
ta dugc phuong trinh sau:

Tuem o Tx - arfe () 170

k

Vi, T, : Nhiét d¢ vach trong cua 16:
a: 0= 2.61 x 10°m?/s

0:0=5.67 x 10 W/m?K*

dt: Thoi gian 1dy mau

3.THIET KE BQ PIEU KHIEN
3.1. M6 hinh héa hé thong

Ham truyén téng quat ctua hé 1o nhiét
bac nhat co do tré cho boi:

T(s) Ke ™
Q(s) 1+471s
voi,  T: Nhiét 3o 1o, °C;
Q: Nhiét luong cung cap, kW;
K: Héng s0;
©: Hang s6 thoi gian;
t,: Thoi gian tré (deadtime), sec.

(10)

3.2. Thiét ké b diéu khién hé bac nhit co
thoi gian tré (first-order-plus-deadtime), [8].

Thoi gian tré, e'o*, ¢ thé duoc xap xi
bang khai trién bac nhat Taylor

e foS (11)
14 tys
1—0.5¢t,s
hoicPade: e f05 nx — — (12)
1+ 0.5t,s

Trong diéu khién qua trinh c6 do tré, ca
hai x4p xi trén déu phu hop cho hé bac nhit c6
d6 tré. Trong bai bao nay, xap xi Taylor duoc
sir dung. Str dung (2), ham truyén (1) duoc viét
lai:

T(s) K
0(s)  (1+1)(A+ tos)

(13)

Bo diéu khién cho qua trinh bac nhat
c6 thoi gian tré duoc str dung trong nghién ciru
nay dugc gioi thi¢u boi O. Camacho (2000) va
duoc tom tit nhu sau:
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Goi sai s6 gitrta nhi¢t d0 mong mubn T J
va nhiét do 10 T.
e=T,-T (14)

Chon ham mat truot:

t

S:é‘l‘AIE‘l‘ADJ‘Edt (15)

]
V6i A, va A, dugc xac dinh boi:

A= (L, D/(t,T) (16)

A= 0.2512 (17)

B diéu khién trugt cho hé thong:

a/l
u=—(5T+AGE)+KD

K |s] + & (18)
Vi a, K va 8 dugc xéac dinh boi:
a=tr (19)

Ky = 22 (1)0'?6 (20)
IK] \to
0=10.68 +0.12]K|K A, (21)

3.3. Thiét ké bd diéu khién truot cé xét dén
sai s0 hé thong [5]

Xét hé thdng dang:
i"‘(_t) = —f(T.t)+ bu(t) + d(t) (22)

biét ATt), b>0, d(t) 1 sai s6 hé thong bao gom
ca sai s0 do mo hinh hoa, d <d <d,.

Sai s6 bam quy dao:
e=Ty;—T,e=Ty—T (23)
Chon mat truot
s=ce+te (23)
voi c: Héng s6 thoa diéu kién Hurwitz, ¢ > 0
—»$=cé+é=c(Ty—T)
+(Tg+f— bu—d) (24)
Theo nguyén Iy mat truot:

$=—¢gsgn(s)— ks, k=0,£=>0 (25

Tir (24) va (25)

C(Td—T)+(f'd+f—bu—d)

26
= —esgn(s) — ks 20

va luat diéu khién truot cho hé thong:

u(t) = ,l[esgn(s) +ks+c(Ty—T)

+Tq+ f —d] 27)
voi, d,
_dy+d, dy—dqd;
=— > sgn(s)

4. KET QUA MO PHONG VA THUC
NGHIEM

Lo d6t duoc thiét ké va ché tao véi kich
thudce lot long 3mx3mx1.5m nhu Hinh 5.

Mo hinh ham truyén hé thong 10 duoc
lay tir thue nghiém nhu sau:
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Hinh 5. Thie nghiém dap vmg ndc cia 1o dot

Tir s6 liéu nhiét d6 tir ddp ung nic cua
16 dot, ta c6 ham truyén 10 nhiét:

T(s)  7167e73%
Q(s) 1+ 344.2341s

(28)

4.1. B di¢u khién hé bac nhit c6 thoi gian tré
Luat diéu khién (18) duoc sir dung, véi

t,=35;%,=0.0315;1,=2.4769 x 10*; K ,=4.0434
x10% 8 = 0.6910; t, /K=0.2809; t T = 296.8434

4.2. B§ diéu khién truot c6 xét dén sai s6 hé
thong

Luat diéu khién (27) dugce su dung, voi:

HEE R AR

r T_fo Tty
1 T+t ..
f=—T+—2F
Tty Tty
K
pb=_—
Tty

Ngoai hai luat diéu khién trén, bo didu
khién PID kinh dién duoc thiét ké dé so sanh
hiéu qua diéu khién nhiét 1o d6t. Két qua mo
phong cho béi Hinh 6.

Két qua mo phong cho thiy, b diéu
khién (27) cho két qua bam theo duong nhiét
tham chiéu t6t nhat, du thoi gian tré cua hé
thong 1a khé 16n (35s).
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b) Pdp iing nhiét lo dot thoi gian ddu
Hinh 6. Két qua mé phong nhiét voi cac ludt diéu
khién khdc nhau

Két qua trén dugc thyc hién véi dau vao
1a nhiét lugng cung cap cho 10 d6t. Trén thuc té,
béc ddt gas chua dugce dé cap & day. Bai toan
thiét ké bo diéu khién bao gdm ca hé béc d6t
gas dang duoc trién khai tiép tuc tai DCSELab,
Truong Pai hoc Bach khoa.

5. KET LUAN

Bai bao trinh bay van dé diéu khién 10
nhiét theo tiéu chuan ISO384. Mot sd gia thiét
ban dau duoc dit ra cho bai toan thiét ké két
cAu 10 va nhiét. Ham truyén hé thong duoc xay
dung tir két qua thyc nghiém. Bo diéu khién hé
béc nhét co thoi gian tré, bo diéu khién truot co
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xét dén sai s hé thong va bo diéu khién PID
truyén théng duoc thiét ké cho 1o dét. Két qua
mo phong cho thdy bo diéu khién c6 xét dén sai
s6 hé thong cho két qua diéu khién 1a t6t nhat,
du thoi gian tré cia hé thong 1a kha 1on. Két
qua nay chimg minh tinh kha thi cta bo diéu
khién dé nghi.
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