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ABSTRACT 1t is very useful for the design and operation of the heat and treatment furnace to

analyse precisely the process heating charge and to obtain the temperature-rise chacteristics of charge,

heating element and furnace wall and the heat efficiency of furnace. Author has proposed a mathemati-

cal model for analysing the process of giving heat to charge.

In this paper, he gives a more precise mathematical model in which some changes are made in modeo

ling of heating element.

He proposes a new furnace temperature control system in which at first the controlled variable is not

the temperature inside the furnace but the surface temperature of the charge computed by a micro-

computer in the real time and after it reaches a set temperature, the controlled variadle is the temper-

ature inside the furnace.

He ascertains that the new temperature control sysytem enables the heating time to be considerably

reduced and the heat efficiency to be remarkably improved accordingly to the measurements made for

an experimental furnace.
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HEFBED 2~ 3L uls » — SEEIR 600°C
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CIEHEDFNZERIREHMEOBE, 600°C1tF + —
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HEEHEOBE, ¥+ — UIMBIHIED X 51784
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UBDIL, F»—v—nt20~25cm LI EFEDORE
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T 5 BN RO b LIEF e ha vz &
Pahh (Fv—vRENMBEECETS L O
PHRIE WTho HES ERERESHRL LA E—%T
%), LiiioT, F4— UERENMBMBECE Lk
L&, PRWEEI TR L VIEVF v — S INBERD
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o, ZoOWRDOUMENRARLBERL K
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c.Fr—, t . BREE ThHY, FuliiFoj
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ERLUGIELTH ZoBBRERCINIWEDLE
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2 Ay !
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Mk %?&fi/dm
(a)
z2=0
[T T 0
I:_j‘ 13.58.5 I’”
L -

4 N i
Az Fr— r\A
- 15 ——t—10 —h— 15 —of 135
l
i (b) by

MIEQ1 TEEERE Fi O EEFA

(Frw) ZRDDBHE, REEIL6BEOEEOF LWIE
FR G TH5H, Zoho 1ECER LELR
X, chr AiHETS. AEOREFREL
IaR, —HOmIbOoRBMGELY RTH50T, A
HOFHEOHEBEY A £T5. A HAMLRAZMO
REEETIL, PARMB LERGHO 1H, ROER
LTHET % ATHTH D, AHEFTHEY A BER
THEOFDO1EE A &35, AAHOREE A2 K
O A & OHREEREEY Th X Fo, Fis & Thid,
KA LD Frn BRDBIS.

Fuu=6 (A1Fs+4A\Fi5) [ An, (An=124:; FEBY

fheFEt, Ai=27"{cm”]) (Ff 2)
Lichi»T, R Fip ZEHET5.

Fi; % k» 584, BR120002X51 A 0
AL (RORBE) o TEZ T I, R 1(b)
CEWT, B/NE dA 5 A, AERS &, z Off
Brc, Fr-IRGTFORTRENLTETRL
B, FhUREE, F+—URboidffhPUeh
25, LoTET, A ORHERE A DF v —PIY
Fohtre bbb TETL2TRAZTS MRl
i A EFT) LOMREREERDS. ZOHRE
FfE F 2T

13.5 8.5 13.5
Fl:Jo f1d$1+J° fzdxl—'[s.sfadxl,
T et

40 1( Xy >+ x1
Tt VAt

y - 27
X tan 1(-::)}
VA0 + 2.2 /s

L

_ 40 . ] 8(8.5—x,) }
27 tan { 200

8(8- 5—'Z1)
5

+\/402+{ SE 5= |

-1 27
X tan {\/402—*-{ 8(8.55—11) }z}]’

VT )
___go tan_,{s(x, -8 5)}

8(z;—8.5)
3

+\/402+{ 8(:::138.5) }2

X tan~ {J402 {8%11 85)}}] (Bt 3)
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DA ETD. ZhiE, A DR2HFL, A D
BB X > T RIDH, HHEEHT BT,
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MRt EDF - DEALB, C, D, F, G,
HD A, P (222 VH) ~OBEESEThZh B,
C, D, F,G, H LTI (A, ESXRZT),
F o —PORERIAR2 (c)D X315,
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o (R 2 (c)BB) ED FhFho B FEE R
», MzALBIXG)EE A B OBREREMN
REY, KAD XS5 5.
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8.5 18.5 .
dzz-l-Io dx,Ls dzlj dxzj 1, 2,

21 zz)dzz‘} (B 4)
ao=(68—3x,)/5 , ay=(148—52,)/3 , a,=(68
'—5.’)31)/3 N da=(148“’321)/5 » d4:(296“‘1621)

{zy— (68—3z,)/5}/(136—16x,) + (148 —32,) /5,

as = (68—3z,) /5 —{(68 — 32,) /5} {(136 —16x,)/
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(Fff 5)
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1 13/3 2
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2)dz, (¥ 6)
13/3 68/3 7
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13/3 68/3 as ag
+j dxlj dﬁj dxzj f (xl, Za. 21, 22) d72i|
18.5 0 ao 0
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1 8.5 27
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+J13/3dxljss/ad zljaa a’:czjmf(x], o 2 Zg)de:I
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—321)/5 ,
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+ (148—32,)/5 (¥ 9)

1 8.5 68/3
F(:) Z?[J dllj dzlj' dﬁzj f(xls X2y 21,

13/3 18.5
25)d 2z,
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+J dle dzxj dxzj f(z1, 23, 21, 22) d2s
13/3 18.5 ao 0
85 68/3 27 a8
+J dxlj dzlj di:}J fz1, z2, 21, 22) dzz]
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8.5 13.6 27 a0
+J dxlj dzlj dsz f(z1, 23, 21, 22)dze
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0 13.5 ao
85 13 6 az ay
+J dxlj dzlJ dxzj [z, x2, 21, 22) d2s
0 13.5 ao a3
8.5 13.6 as ag
+J’ dxlj dzlj dfzj f(zy, 2, 21, zz)dzz:l
0 13.5 ao aio
(Bff12)
T
ayo=(68—521)/3 (FfF13)

13. 4 27 27 27
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13.4 27 ap ay
+J dxlj dz| dxs| flzy, zo, 21, 72)d2s
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13.4 27 27 ag
+J dl‘1j dzlj dxz'[ f(xl, Lo, X2y Zz)dZZ:I
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25)dzs
+J‘I3 sdxlj j dxzj :f(xl, Z3, 21, %2) A2

13.5 27
13.4

ag
L]f(xh Za, X1, 2p)dzs

13.5 27 2 s
+13.‘dx1L.5dzlLudsz.o flzy, 2221, Zz)de]
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a,=(148—5z,)/3 (Fft16)

F vy =-}?U::d:t E dzlj dxzj f(zy, z2, 21,
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