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I olE ulge® 3t AFuA ¥4 BddFAo PHE At HIZE
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A7 AA AAFZY AFuA LAdolHE dHlm AU dE HFEA
olAZA = s} gkd 47FA] W<=(thick stock, filler flow, speed, steam
pressure), 18|31 ¥ W4Z A 3712 W4 (basis weight, ash content, moisture
content) & IL#HIHCY, output trajectorys= 1z} AGETF o7 Flof
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AFAA Aol grotAn Bt kA oz AHdE o2 AL &4 F UM
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In this work an integrated model for paper plants combining wet—end and dry
section is developed and a model predictive control scheme based on the plant
model is proposed. Closed—loop process identification method is employed to
produce a state—space model. Thick stock, filler flow, machine speed and steam

pressure are selected as input variables and basis weight, ash content and
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moisture content are considered as output variables. The desired output
trajectory is constructed in the form of lst—order dynamics. Results of
simulations for control of grade change operations are compared with plant
operation data collected during the grade change operations under the same
conditions as in simulations. From the comparison , we can see that the proposed
model predictive control scheme reduces the grade change time and achieves

stable steady—state.
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AR ZRANN AFAE AA BAF gy 2n|Ae] Q7 E AH3] FFAA
F7] 98 I5HA YA 24 F9 shfolnh, AARA AAFTHY AFEA Aole
39 71exd dd % LA Ay WAog ojFojx ex Utk By
thokst Atge] AAd AFuA Ao APor AFwA Aol A1
HEEE £A0F Ag MAA As 9 Aaugol FriEE A Fol ovlHx
At

olgf3t o skx Aoz dte] AANFE AF AFmA A2®e FLAol
od ARE gD Ak 2 AAFTEY Aole AHAFE Ao I A
ot ol]d} basis weight$ ash content @ moisture content® FAlel 12jste] ok
7] 2o A wAEAA AL Yol AFE mASE FAdde B2 olgeol
=3 ok

1990 RE] AXFA A=Al wHE AL 7] G A77F olFA
93 9t} Piipponen® RitalaV= PI #Alo}7]o] Smith predictorg F7}3t wet—
end FE9] stock¥ fillere] 9k, retentiong ZA 3 basis weight X ash content®]
A EAE AFEUTE AT o] AFE AA Aa" AoolA Slo] dry—end
HBo gz zolaol slT F 23 output H4Q moisture contentd AAE THFEA
orgttt= @A kX1 gUth Makonen, Rantanen®& retention& ©]§% A 7HA
Aol71¥ (PI+Smith predictor, IMC, GPO)l digt H5& AR HLIHAT. of&d
Bozin®} Austin®¥& DMCE o] &3lo] basis weight®} ash content®] Aol A5&
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Frkeodnh o]l F AFodNE F AY outputd FAY AolEA gxm AEFHo=
set—pointell step WEHE Fo| AE FAHSGPEH, HA FHMXE moisture
content7hA] EFE 3709 outputE FAle] AojEzE Aol HolWo ¥
Fu$} Dumont¥® 2—-input(stock flow, filler flow) ¥ 2—output(dry—weight, ash
weight) 8] black box R 9ol GPC(General Predictive Control)E o] &% A&
GFAed olg 9A AA ALY Aolet moisture content®] A ojell disiA =
oA g1 Ao

Kuusisto®} Kosonen®-& 3—~input(thick stock, filler flow, steam pressure) 3 3—
output(basis weight, ash content, moisture content)? WFE AR
npddEAolo] digt AFE 3 gt 12} speedd WIS mHIA
Aojo]7] o] AA FANAY AL APt & 5 vk

2 AFdAME HA AN AL F EE 4-inputthick stock, filler flow,
speed, steam pressure) ¥ 3—output(basis weight, ash content, moisture content)
A|2go] tiale] AFE FF AATPYE ol g3l HA AFuA 34 24dS 73
F olE EdE &3 AFTuA FAY Ao A& BAE I ARE FdE
A ZdAA @& A dolE 9 vlm EH s

2. ZdASA Y

sl SAlE 39 depyel Hatel Rdg TH & 33 WAE AZsm o
29g JEoE Acistt Mot on dkd HATYY Al U§Hel
438 A7 %9 shtoln.

Fig. 1& Z29FA09 g B Zolt. ¥4 ZAE o] 83t mh&3t kollA

N (prediction horizon)®ll thdt vl&| 2] outputd &}t €F % output ;(t+k|t)

k=1, 2, 3, - , N dAAL tA4A Y £FE output data W FELE input}
o129 input u(t+klt) k=0, 1,2, - ,N-1)ol) wet z¢dch
A" outpute] mlg] HAE FE w(t+k) (reference trajectory) & We7t=s
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at7] Hstol g AaE 54 F+E H4s Fo2H ugol FHL&H input #FE
Axett, BEAEEE 54 152 output® wt+k) ol quadratic #59 T%JE}]E
Ztet

21 33 299 A5
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Ye+k1D= gau(t+k—iy+n@+k|1)

i=]

—Zg,Au(t+k—t)+Zg,Au(t+k 1)+n(t+k|t) (2]

i=k+1
2] & (disturbances)©] 4Astttn 7HA g
n(t+k|0)=n(t|5)= y, () -yt 1) (3]
ol& 4[2]° Ag3td T Zo] Uehd 4§ o

We+k|f)= Zg,Au(t+k l)+Zg,Au(t+k +[y, () - Zg,Au(t ]

i=1 i=k+]

= Z gAult+k—i)+ f(t+k) [4]

it
AellA f(t+k)x AlA" free response2A] vl o] Ajojzt-& 3= Fasic],
f+k)= ym(t)+2(gk+i — &) Au(t i) (5]

FAo] set—pointdl] H2E4E AFACFT £t N sampling time 3o} AA 3t
% 4%EL veddd g, —-g i~0 (>N)ol H 1 free response: T2 2o=
Aarg o},
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N
f@+E)=y,(O)+) (8. —&)Au(t—i) (6]
i=1
A= WYk = 1, 2, ~p A WO BE outputd AT A m AL L
7+ 3hE

Y +1[0) = g Au(r)+ f(t+1)

We+210 = g, Au@) + g Au@t + D)+ f(t+2)
A

We+pln= Y gbu@t+p-i)+ f(t+p) (7]

i=p-m+1

Dynamic matrix G& 53 o] o).

g, 0 K 0
g, & K 0
M M O M
G=\8, 8. K g (8]
M M O M
Er &pa L 8 p-m+1

olF o] g3t 2[7]2 g5 Zol £ F U4

y=Gu+f 9]
EER

u=[Au(t) Au@+l) L. Au(t+m-D]" {101
y=Dye+115 ye+21) L ya+p|of [11]
olt}.
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2.2 Ao} ¢ F

=5 = output® trajectory®? o7} AAZF H7 98 thLe olx =3
gt Aok 7HAA B

P A m
J =D+ j10-wt+ )+ AAu@+ j-DF [12]
J=1 j=1
=e'e+Au'u [13]

e : dF HYd mE oY 2xpe] WY
u ;U Aol =R oT FAY W
A9 19 1A wlEE 0% T4

u=(G'G+AI)"'G" (w-f) [14]

°of Hi FAelt w o A WA Ah Au(r) wol AgET T A AL
d&=E outputd

Y= +UDL 3¢+ p)L 3y @ +11DL 3, @+ py D [15)
ug Aole] NFE

Au =[Au,(t),L ,Au,(t+m —1),L ,Au, ()L ,Au, (t+m, ~1)]" [16]
¥ free responses T 2oz Aodr

f=UAC+1L [+ p DL L f, ¢+ DL, £+ D, DT [27]

Output 7 °lA9] free responsetr ¥, o FAAHUFH EE Aoz A
oEste] Axtdnt. ol Tl dld dynamic matrix GE th&3 2o] Ao
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Gll G12 K lnu
G21 G22 K 2nu
G = M M O M [18]
Gnyl Gny2 K Gnynu
4zt G, jolMY inputel A-&3h= 09 step SR AFE TFIUTH
2.3 Ao} A=
2 dFME g ZE Aol FFer AXNFH AFEA Ao REAE

T

Input ¥4 4708} output WMy 7S HAS & HIZ T AY7IHE o839
g 34 2dE e

Sampling time& A3 AFn(AA7IM+= 30%) F4 AFel HAAEE prediction
horizon, control horizon, input weighting factorZ A% g},

3709 outpute] ©igt Z+Z}e] output trajectorys EFEHE output®e 2z

Fol7l 98l 1A AGsgs Fue g3 2 oz HASFAT.
Basis Weight = Koy [19]
s+1
KAS'H
Ash Content = —22— [20]
1.5s+1
/ KM isture
Moisture Content = —222re [21]
S5s+1

K, : basis weight®] gain
K5, :ashcontent® gain

K

Moisture

W} sampling timew}tt 1 AlZkol AFEH = trajectory’t AFHA 24 sty

: moisture content® gain
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A AAZTFANN dA&EA 63 AFIAI o|FAAE Hee H
AFuA7L o] FolAE 37HA4 F+-E vlm BA 8 B

ZFEAAA d4FA 2 basis weight 61.5 - 51.5 —» 63.5 - 66.5 — 57.5 —
72 — 51(g/m? W3stel g THZLE Fig. 3~Fig. 4o Yehldth 61.5 g/m® A
APsel 7S & d"olEgt AAAN F BAE FHEH (prediction
horizon : 50, control horizon:5, input weighting factor{2 4 7 3])

Fig. 3°I4 stock flow? ¢ EAF e A dolEg ZE 4FFE vehix
Ak wE AFaA Foe g FPLHE Uehded ols RddZAe wE
HAA QARE AAFE= Holgt & 4 Ut} Filler flowolAdE 2AF Axrp 3
tolelntt FAs 1 27t overshootE YEM T Ut o] ash content?
Halgo] & Ao gt A 2o filler flow?e] FZ% W3 E vty Wz
Aot TR & Fa27t g HdFA Ay & 5 o Speed= 3 ©lolH
B wzie] ZFol Ay FAE WHE e dHIE AAFL JY. Steam
pressure] 95 AA A dolE A= Z1 FAYHE v BA AFE
Yt 2 o

Fig. 494 basis weightt & 1§ flo] LA Zeoln NEFeA A7 =28
o & vk Zd FAGH Jelx e wstyh mnlEites Ae % F AUtk Ash
content? 7% ¥k &£E & @A A dolEl g u|&EA AAE el £
RE B+ 9}13]'. Moisture content? 3¢ 73 do]g g ”15}%% 1.5~3.8%2 AA
Vel A T 24 A3 2~2.7% A AF Qo] WEtEE 02 v

Fig.5~Fig.102 AFuA7t &3 dAE 2359 &4 doleg =i 234E wud
a#Zoelth, 00] He ARl AFmAY AAHoln, AH5IHF wWAR 27
dERFE 7 dolE g dA AU F AAE FHEAT. £ F 14 Zo]
Zyztol AN FEu A2 Aste] AAE prediction horizon, control horizon, input
weighting factor& 44 3t

Fig. 59 6& basis weight7} 51.5-53.5(g/m®) 2 W3 o 22 dHolels} vl
Jejzolo,

_4

-237-



Fig. 59 input trend? 2 &4 dolEHRT AP A AR ghe AAStE Qo)
£ A dolegdE 24 AA 00 He €FH 471 inputellA] FAIQ WEE
dogle AE B F Utk Stock flowsd speeds 4 dlojelgl Aol v|sd AAE
Uehdz Atk 9t filler flowe] A$ <k overshoot® ROl FHl:
Fe7t 9% A9 uuld wsigolt, &8 AFuA Fol operation data® THE
AAAHE AAFL Qe ol HAstE AHE AAStE Fold & & Urh

Fig. 69 output trend® 3%, AFHA F2 A A= &3 dolgHn wax
AAH AAAHE BAFT 9t} Basis weights 58 AE w2 wh-gE A Fs}o]
Ao AFol AEdA YA =23 RE & 4 Utk Ash content:=
d53AF AR g8 2gRisRg 9o =g veves RS E & ok

Fig. 73 8olME 72 g/m? — 51 g/m® 22 AFaAA &4 dolelg vag
UERd Aoltp, 4 dlole e A AF @A A7Fo] basis weight 7]1£2 3 ¢F 258
o} £2Q251 Uth. oldf wiste] EALF A= 156~208 AECA HA gtol Edste
RAE E ¢ Yok ol &d dolgHrog F4E SHolztn & §
Moisture content®] ¥} HAE A4I3] ZA ebsch

Fig. 99 109X+ Fig. 58 6X.t} basis weight’} 11 W3t =
— 73 g/m® AFIAE JYehdn Yok JFHEFY speedE LHdOIHY AS
ATt S & ZAAAAEC o2& Aztel 60% AEIE ALHARE
HAt A= FAAEd 22 Alzke] 158 AxE AQHE e B
E8ds 9A &3 dolgrg wE AFuAst o]FoiAm, AFAA FEol

et Ae B 4 U

HT

oty
32
+
5
g

5. &

2 dAFodAes #HEX 3 AYIIPE o] &3 state—space REE T F
2ddEAo] 7[HE ol &8 AFHA AE AT Ed WS E 4—input? 3-
output 24 31, output trajectorys 1x AGJ¢ 2oz o FHL3
AL 27t 4 dolHE nladte] £ A AFuA Aztel 47 @F 51314"-,
output trend® Z-¢ W3 Fo] zm AKIHA AFHoE AAGHCA =B
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AL o & 4 AT AFRLA ©]F, input trendolA] ZAF Aol & glolgs}
Az g8 48 AL veEhlzn Qed, ol HAIE Al d¥Hs
A A sk Aolgr & 5 Qo
JAEF3H
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Table 1. AF¥E Ao =4

prediction control input weighting
horizon horizon factor
51.5 g/m? — 53.5 g/m® 50 5 [25103]
72 g/m? — 51 g/m® 75 5 [5 39 5]
57.5 g/m®> — 73 g/m® 50 5 [2 34 5]
F
r
"
~ yE+k|D)
w —r—
(1) ult+ k|t)
u(t)
- —
t-1 t t+1 t+2 @ -ee--- t+ k + N
past now future

Fig. 1. ZddZAlole] 7
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