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Temperature Patterr Control based on Simplified Mathematical Models

by Katsutoshi MINE, Tomuzi MIYOSHI,

Tsutomu FuriMoTro and Minoru YAMASHITA

Abstract

In the industrial field, there are many demands to produce a specified pattern of the surface temperature

distribution.

In thjs paper, the pattern of surface temperature of steel plate is measured with a number of thermo-

couples. The pattern is mathematically modeled after the modified Gaussian and the exponential types.

Control procedure is an optimizing method in which the manipulatable control variables are the position

of burner and the flow of city gas. Using a small computer, the above control procedure is simulated

with the pairs of mathematical models and performance indices of generalized norm type.

The results confirmed that even the simple mathematical model is effective by using adequate perfo

rmance index for the model.
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Table 4.1 Reference Temperature Pattern measured with N=8] thermocouples

x [(m)
\\\\\\ 01 | 02 | 03 | 04 | 05 | 06 | 0.7 | 08 | 0.9
0.1| 45 | 41| st | ss| sm| ss| s so| 4
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Table 4.2 Summary of results for the Temperature Pattern Control

Mathematical Optimal Control Number
Xbpc 1 of maxilr | Sxmax/r
models k(Q +Xbpc| xb, yb trials
I1 465 16 136 3.29x 105
Modified I2 465 16 132 3.19
Gaussian o | Is| 45 | o5 o 18 | 130 | 2.87
models Is 390 21 | 158 | 2.00
Is 395 21 186 2.45
I~ 445 16 76 1.53
Is 440 16 90 2.39X104
Is 475 13 56 2.92
I 450 15 130 | 4.16
Is 465 14 110 3.17X103
Exponential | 41 | T, 450 0.5, 0.5 15 108 | 2.48
" models Ie 470 13 | 108 | 4.35
Is 470 13 134 0
T4 470 13 98 0
57 | 1e 465 0.5, 0.5 14 | 156 | 1.59x10?
Iv 470 13 102 0
Is 470 13 132 0

BkhElebltls & Is OB B> TS T
Lid, BREDFFHRE RS 5V & 315 DEN
DRE S~ R SRR 22 TV & 2w
UTw3, ziudFig. 3. 1ieisnTh, I8k Is,
Le BEFL TV B EIREBEEZLS, UL Iai
Fig. 3.1 DA CHAT Fig. 4.4 05511, T2 i
BUTESEL T3 2 A XN 5.
EESTERIZ, h & lBXol & IidZUungs,
HIHHFERE max Ic 13 Table 4. 21393 L5 I & 1o
Tk Lo OB L, B I & 1s Tk La 055
W, F7-Isid maxilc pli~Is OFRTIE—FEH» <,
2o Fig. 4. 4p 0820 ER I, Lot I
RIiC b b BIF 23BN A B, R R ATEIERIC
BT AEREDNZINC E 2AME T 2853, T2 28
A3hizdu, Inid maxlc BN ek EXh
3,

@ Fig. 4.5, #EESHETACHT S 18, L,
Ie & In DR ZF{LU T3, Is & 1o D% Fig. 4 .
4 & EeNTHTH Ts b B 0HHBE R E OB NI K
LTnak5ictRA %, chix, Fig. 4.4 Tidrp50.25
UEDILTIs & 1s DHIRRDSEL - T W3 DITHL T,
Fig. 4 .5 TN T3 itk 3EE4 3. T72b

SRR SR P T

% 150,25 YTz Fig. 32X o mink 5icit
B AOEEDETH S 1 —HOEAD MDY, LA

L OEADENE EEHACLILL 2EEA BN

3,

D X ICFEEER N 22 MRS To 13 1o DHEMR L (2 IS E S
2 TED, Inidls EEFL T B, 22T Tabled . 2
I max Ir ZIe WRIEHS I BREIEN. XoT
L X5 nBEA2~Y 2HEOE 23T %, ItDE
iz Is AL B L0, '

(8) Fig. 4.6k, Xoc » 5TTORENT =7 ried
T35 Is, I, I, It 5 X Is ODFIESR 7L T3, 3F
PEO L FHEE=FATHL TEERO L 20T E
BRE —~ TR FEEHEDIZNE VR B, Lithio
T max It QM Tad 3003 17 28HT 5 - B e
WA B, ~ : .

4) TOBREE—vHEITIISOFEIC L b
PHIBEHFUTVS, L-T max Iv itk h JEEM
HBEVZBDT max It OF/NDO D EERD L DIT
DNTEET 3,

Table 4 .2 & W MG ETT A Xpc=0, Is A max
It SS6THR/INTDH B, o 1ZFRAERM 2L BIETH 3
129, BEDO X0 BNXN EhERE— e Xt 2E

WI5T MAmagE T 8



22 7B SR E R B IlE X

AVEFITHL TS ph b, X5 EHFOFHA»S
Witk B L DE 2EICEBCHTE EAB» 2D
max Ir BE/NCT/E 510 EBALN S, LUTHL THE
DSz Fig. 4 . 4k Fig. 4.5 XY k(Q %%
A THHEEFIIAL TEDL 22U,

OFRABIET Y 25F5EFr Xoe=0, Is DEEHS
max It=186TEKTH 5. Isix Fig.3.1 kb K&
e U TR ESEBAP»» ZFMEERTH S, LA
MBETHRIzX5iC Fig.4.4Xb k(Q) 2FATH5EH
HIEOSWEBORING E A EED S 3B DML
DREA 2~ PEDLBDATH B, T DNV OH
FEFEHRIEDA 2N DT 60 BRIV E» bbb TE
BB, Tiabb k(Q) OFLLS ¢, DE
ITHEL T Isid X XTI max It R E < 2
1LEEASB.

() FEFMELT 1 iCONTO2RMERD S &
max It OED, ZFNCHL TBIEFY A mE7T AT
12105~108, Felifses 1 Xpe=0 Tit 104~105,
Xpc=41Ti2103~104, Xpc =57Tix103 LU DT
FEEH-TWNAB,

BEEFEE T ACET A8/ SXmaxle k25 I HMEIR
FY 25F2FA T In, 88O HEETA+T Xoc=0
»3I3, Xpc=41»514, Xpc=57H31s THH, EEMIT
1 Lo S RIF B E WAZ S TH S, UL, I8
Bofserrd Xoc=0 Tid Ia R BORVER S
n3.

5.8 3 U

FADIRIFEUIBEICY LTSV T 2RTGRE %
— s BB VDR B 3 v~ v RIT ST
MEOBIIBETRIZEE D TH A, LHRBH
iR EFIR TR TO L it 5.

1) zokdEEZ—vHETE, BRSHEER
%~y OFPRICEE D S B I5E & FIAREE 280 <
ULIzWEE EDEA BN S, L b DESRITH L THil
NEBOFEE T F MG 12RO REE 21T/8 5 &
RN E Db oz, Ulchi-> THRERINELRE
DHETHEETADEDLB LI R T r AT, HE
127 m w ADREERITSV. % ORERIC X - TAHEHBIRL
PEFETHHER E S NHBINENL S,

() ¢ TIREEESOD 2 KTTIRE DTS 2 NRYFIET
PIURERE &~ & RV TRERER 24— %
18, X 5IMFEEL CAHMmBIRE L T b, Cosl
W —FEOHEATER & 3L 83 2DMEFTHL T

Res, Rep, of Ube Tech,

BT 40 2R HET 5.

(3) EHEEABOBEEICIHNTIE, I b DFEEE
& - TEHRBELRS 2 AICHET 2 B8V S 3.

@) BEEZEREE LTI 70— Ak (108D Bid
DB Ehd 5. CCTRIED—>THEATy 7
TE(REER S B TR 2 A v T BRIk L T
B, BERONTR, T TO7 0w HRHmEERC
U T Bl CRICBERETO X, y BiicdL T3 2R
HE G TE 3DT, COBEERERBRE L THA
U 2 02 IR T ISR EERR M 3 b b ik
BidAELE L v E» <73, UhL LOBEERRMEL
THAEERERASEREAT 3 &, ASRE X O HIERRH
DBELBLI>TH 5.

BT, R fFSEE N T 5 EE AR TR
B2 B ONCIEAEERS L OVEANIRE D& AITEE L R
ML, SEEE (FACOM 231) % THED
Tl AR SEE R OBIRE, HZHREWIITLTREE
HEILIRERS b N BN R U E T

& £ X M

1) EBHEELEIED * THEORE | Z—~ OFHHICET %
WhgE « HElE HIE, Vol. 4, No. 12, PP, 828~
47, (F440—12)

2) R. Bellman : Adaptive Control Processes (A
Guided Tour) ; PP. 120~1, Princeton Univ.
Press, (1961)

3) N. J. Nilsson : Learning Machines ; P, 2, Mc
Graw, (1965)

4) A. G. Butkovskii & A. Ya. Lerner: The
Optimal Control of Systems with Distributed
Parameters ; Automat. Remote Control, Vol.
21, No. 6, PP. 472~7, (1960)

5) A. G. Butkovskii, A. I. Egorov & K. A.
Lurie : Optimal Control of Distributed Paramefer
Systems (a Survey of Soviet Publications), J.
SIAM ControL, Vol. 6, No. 3, PP. 437~76,

(1968)

6) P. K. C. Wang : Control of Distributed Par-
ameter Systems in Advances in Control Systems,
Vol. 6. edited by C. T. Leondes, PP. 221~316
Academic Press (1968) -

7) D. M. Wieberg: Feedback Control of Linear
Distributed Systems, Trans. ASME, J. Basic
Eng. Vol. 89. No. 2, PP. 379~84, (1967)

Coll., No.15, July, 1972



RN eF ek ARE 2 —> Fif 23

8) MR, GREL, MK BIEEVEMINCEHRL TS
& OAMEECROSEHIME, HETS, Vol. 14,
No. 3, PP. 131~7, (FH45—3)

9) I, BE, JHE : RERERHAVWS 7o 25
(LA (2 A7 0w 2D 8BE), HET2, Vol
4, No. 4, PP, 215~23, (FEf145—4)

10) BREEE « HIAITREOTH 2 3 <3, EHEl& A,

Vol. 9, No. 1, PP, 41~52, (fH45—1)

1) v av 4 FAE, B, LEIHEER : SR & B
Z2f, P. 81, HHENE, (HH43—6)

12) &, i, : BEEI¥ e 2O, PP.174~85,
HEHE, (FH40—12)

13) EATE®E, P, 21 & P. 217, OAKRES,
(FH40—3)

(FHFO474: S B 1 BIRZEE)

FRIRARSHIEEH RS BI55 BMAE T H



