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Dynamic modeling of a drying cylinder in Paper Plants
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Abstract

This paper presents a linear model for heat transfer processes in the
drying cylinders and the web in papar mill. The PDE model, functions
include steam temperatures, wet temperatures, moisture constents, reel
speed and basis weight were derived from operation data.

The changes of wet temperatures and moisture contents in the drying
cylinders and wets could be described. The Transfer function can be
obtained through the state space model derived from the linearized PDE
model.

Stability of the drying cylinder model for paper plants and analysis of
characteristics of process responses for changes in input variables are

investigated.
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2. 485 9 vy

21 3z 349 3 249
2.2.1 AdA FA4
2.2.1.1 Unfelt—dryer
h A=y

2
Dc'Cc.x02§£=kc .—aT_"z
ot ox

D,: AAYUE (kg/m’)

C.: A 8% (keal/kg /° C)
X, A™¥d FA(m)

T.: AAELE(°C)

k.: A QA% (keal /m/kg/°C)
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b A=
oT

m,-C,-(\+H))-x, - —L=h,-U-x, (L.-T,)+h,-U-x,(T,-T,)

—-;—x-(V-Cjb-mp-Tf+V-Cw-mp-Hf-Tf)
_ﬂ.ﬁ:,.xp.(pf_gz)
m,: bone—dry(g/m?*)
h,: A39~34 AALAS (keal /m’ 1kg/° C)
h, - AL~37) dALASF (keal /Im* kg /° C)
V: &% (m/min)
AR AdEF(keallkg/’C)

c,:
H,: +83%(g/g)
A8} FA(m)
P A"2E(C)
F371L2(°C)
: AY Q8% (keallkg/° C)
: B A8F(keal kg’ C)
: 24 (keallkg)
B,: EARAGAS (kg/m’ /sec)
2.2.1.2 Free—run
eh A4

& EQ ‘aﬁ a3 N "’?

oT,
m,-C,-(1+ H ,)-x, -—at'i=2.ha -U-x,-(T,-T,)
d
—E;(V-Cﬂ, m, T, +V-C,-m,-H, -T,)

20,55, 7)
2.2.1.3 Felt—dryer
eh A4
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mp-cv-(1+H,)-xp-%7;£= h,-U-x,(T.~T,)+h,-U-x,(T,-T,)

—i(VC m,-T,+V-C,-m,-H,T,)

Ox
~4-By-x,-(R-PF,)
B, felt~AAze] EARRAS (kg/m’ /sec)
T,: felt2=(°C)
h,: felt~sheet @GS (kcal /m’ [kg /° C)
2.2.2 834 A4
2.2.2.1 Unfelt—dryer

Oh FEeF

OoH oH
A =—v-mp'—-ax—f+mv vex,-f3, -xp-(Pf—Pa)

mp-xp-

IV

o2t
I
Y
r-{m

57 4892.5]

P, = P (T,;)= 50104 x10° x exp[—
T,

o _ b1
P,—PS(TI)xexp|: K{H/ Hc)]

D XFe QAT EETFH(g/g)
: A8Ae} vaporEHF(g/m’)
D ZEWRYEE (pa)
3571949 (pa)
2.2.2.2 Free—run
oh RS
mp-xp-%]ji=—v-mp-%+2-mv-v-xp—Z-ﬂa-Xp-(Pf—Pa)
2.2.2.3 Felt—dryer
Ch 228
OH OH

m, %, —L=vm, =B %, (P,-P,)

ud
b

sl

FN
Hm

Vv E o
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2.2.3 A=A
2.2.3.1 Unfelt

orT oT.
-k —< =h(T-T , — < =h(I.-T) x,
“ox/x,| (L) “ox/x,| y(T 1)
oT, o7,
oaix) el TTIUE kg =h(T,-1)-U-x,
x,=0 Ple,=1
OH, OH
- =-8 -(P.~P)-x, , —2L =8 -(P..—-P)-
6x/xp . ﬂa ( S/ a) xp ax/xp ﬂﬂ ( f1 0) xp

x,=1

2.2.3.1 Free—run

k 67;’ h (I -T)-U k 67;’ h(T, -T) U
= —_— . X s = -—a- X

Paxix,| TP TR Pawdx| g

6Hf oH

- =8-(P.-P)x, , —<1 =B -(P,-P

)| AR gy AR,

xp=l
2.2 249 Ay3}
2.2.1 Unfelt—dryer®¥9 433}
T'—dT”'— H +aT +aTl +aV’ ‘+a.H'
p —-—‘—1;——01 fo+a2 p+a3 s +a4 +a5m +a6 f
dHfg ' ' ' ’ ’ (]
fo =7— =a,H;, +aT, +a,T, +aV' +a,m +a,H}
2.2.2 Free—run-¥9 433}

n! dTp' ’ [ 7 ' !
T =——Jt—=b,Hﬁ,+b2Tp+b3V +bm' +bH,

P
-~ dHﬁ) ' ' ! 4 !
H, ='—dt_=b6Hfo+b7Tp+bsV +bym’+ b H,

2.3 Multivariable system
2.3.1 Unfelt—dryer
b V. H,T = 938tz T % Aste 3¢
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H}o"’Gl‘H}o:Gz'T;I

G,-m'+G,-m'=G,-T' +G,-T,
b V,H, Te d3sa T, & das 3¢

H,+G,-H, =G, T, +G,-T/

G, -1’ +G,-m'=G,-T, +G,y-T,) +G,, - T,
eh ¥V, T,,T,& S48n H,% Hdste 3¢

H,+G -H}, =G, -H,

Gy’ +G,-m'=G;-H}, +G,, - H},
@) H,, T,,T,x 438x V& dste 3¢

HY\ +G,-H,, =GV’

G,-m'+G,-m' =G -V'+G, -V’

2.3.2 Free-run

(4] V,Hﬁ,Tp-‘:—; %133}37_ ];‘ﬂ’ HEls A
H!,+Gy-H', =0
Gy -1’ +Gy-m' =0
Wl A

W V., H, I+ 438z T,
H,+Gy-Hly =Gy T, +Gys - T,
Gy -1t +Gyy-m' =Gy T + Gy, T +Gy - T,
h vV, T,,T,= @43t H, 3 Aste 3¢
H}0+G21.H}0=G29.H}i
Gy 1t + Gy -m' = Gy Hpy + Gy - H),
& H,, T,.T,& dAstn V& WA= 3+
H_'fo +G,, - Hy =Gy, V'
Gy il +Gyy-m' =Gy - V' +Gyy - V'
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2.3.3 3H&3nd

X, A4, 000)\( X, B, B,0 0 T,
){2 045, 0000 X, | | By By 000 |
X, 00 4, 0| x, 0 0 B, B, ||y’
X, 000 4, ) x, 0 o0 B, B, H,
Y1 0004 "
(Y,)_(IOIO] X |, 6. G G’G T,
Y. = 101 X M1 e Fis HFao ,
: 0 } GS GJ GS GS V
X, '
fi

4. 2% 92 3%

Unfelt-dryerd ol X ZduidH HFste AYE Fig.1dA dsdte 3FE
B3k stAw AF YR FEo] FFEo dojx WEAY 2o & &
o FEL Qo] ol WFoR o)y gRFI FFds WL fR=
o] wAUstA Aol Free-run@ Jol A= Fig.2o1A4 HE vie} Zo] A7
g4 AP A 2x7} At we Fotslgrt dAhske %S 2. oA
< Aol 93 Aol JtdHm A™MEE AUt § AP FWo] gRex
FEs A9 iy 9 FEol wAurtas dAHog NP2 x9 Fed
Zes}7] WZolzt AR

State diagram®& FHFNEEZ AT F Y] digd FFHH AL @F
81t). Fig.3o1 A T2} T,9 unit step response® LopRW A|Zto] iz} <3t
Za BAFgE Bon Ve Hpol @8 Frlste 238 e 2id. 53 A8H;
Qunit stepell talA F8H,9 1989 5715 23U} Edzerot FE5HAX
ALS I & F AAdEd ole 2do] AAIS vl Aol
Fig4odlA & pre-dryer A A2 33L& JHo=2 Tso VE 322 m, H B
neural networkE o] &3t FHEDE Fafion HAl 28 do]E} neural

i)
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network modelolA #& gt@} vt ¢JoA JEHT F T, Hyel 4%
£ AT ofe F= gFE e 27|gE Fdsidan sHREA] 9E
o},

4. 4 &

2 dFddAME EFF A £Ae 2UeE Ax ¥ T3 229 L 5
Aolo] o}8d F d& AAHF EEE 7y st Y oA WL 407
AAGE A2 43I} pre-dryerd A HolHE Hlx E4sE AolAT nlA
o Wyt EAs dlolg o83 FAld EAMAARE &85t shte] HAdY
Alx=ge] A& pre-dryerd ¥ S w8t F2E& FAG. AdUH AxH9
A4 2 AL A5 FFd BHPAel EHHA LY neural network &
AR FA 12set] AF A vlo]El ¢} net modeld vlw A g A3 A&
24 s 5 I

Table. 1 Initial variable and parameter

z7] U™t 1 45.3%,

Z8gk © 45.29% (BAA 33k 3 §)
75C(FEUH)

38C(F=9H)

3 %7] %3k : 68.789T

g2 % :145m
AdY AF :1.82m

AdY A 40405 108 A)
Bone—dry : 53.2¢g

Add e FFAE :2.3m
Free—run: 1.5m

Web~-speed : 1209m/min
AdrelA 7tdsHE AR - 0.23s
Ad Z7) Y3k :98.538TC

249 %27] 983 : 102.48TC

A H
FEFE

2R E7]
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Tp{x,t)

Distance X/Xp

Time t

Figure. 1. Web temperature of unfelt—dryer

Tp(x,t)

Distance ratio X/Xc¢c

Time t

Figure. 2. Web temperature of free—run
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Step Response
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Figure. 3. Step responsible of unfelt-
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Figure. 4. Simulation of neural network using operation data in drying

process
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