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Synopsis :

The computer control system came into operation in April 1972, with the main purpose
of controlling the annealing temperature with high accuracy and less personnel by the
centralized control of the annealing furnace. A full utilization of the system permits an
effective operation of the furnaces. The main characteristics of the system are as
follows; (1) An optimum heating curve for each charging coil is selected by this system,
to obtain high annealing efficiency, less deviation of heating time and stabilization of
product quality. (2) The process state of each furnace is indicated by CRT display. (3)
The charging conditions of coils are checked. (4) The heating and cooling time can be
estimated so that the subsequent works are scheduled easily. (5) Process abnormalities
are alarmed instantaneously. (6) Automatic data logging and output of process control

data.
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The computer control system came into operation in April 1972, with the main purpose of controlling the

annealing temperature with high accuracy and less personnel by the centralized control of the annealing

furnace. A full utilization of the system permits an effective operation of the furnaces. The main

characteristics of the system are as follows:

(1) An optimum heating curve for each charging coil is selected by this system, to obtain high

annealing efficiency, less deviation of heating time and stabilization of product guality.

(2) The process state of each’ furnace is indicated by CRT display.

(3) The charging conditions of ceoils are checked.

(4) The heating and cooling time can ke estimated so that the subsequent works are scheduled

easily.

(5) Process abnormalities are alarmed instantaneously.

(6) Automatic data logging and output of process control data.
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Fig. 2 Single stack coil annealing furnace
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Table 1 Specification of the annealing furnace

Type | Dlrect fu'ed %mgle stack r Direct fired multiple stack
Maker ‘ Kawatctsu ‘ Kawatetsu
Max cuter dia. (mm) ! 24(}0 2140
Ceil P e - e e B ——em -
‘ Max. we:ght (t) | 40 20
EHectwe chargmg helght {mm) 5030 4025
Max. charging weight (t) 120, 160 ‘ 400
Arrangement 8x 2 stage, 6x 3 stage 28 % 1 stage
|
Burner : R — S
Fuel ‘ Light oil ' LPG
WInrfr cover(dla X helght) . g gggﬁﬁgig ggg::ﬁ' B ‘ 2 380mm¢57x4 810mm
i ” 30kW x 950rpm,
oo | BT | I3W L 450rpm
Pedestal fan| Capacity (N ma/mm) l 400, 500 | 300 at room temp.
Pressure (mmH,0) 175, 200 80 at 15°C
Factory name ‘ No. I No.2 No, 3 No. 4 factory | No.4 factory
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Table 2 Specification of computer system

| DDP-516

Type |
. Main Type Ferrlte core
internal Cycle time 0.9%us
memory Word length 16bit + parity
i Memory cap. 16kW
Type Fixed head
i ! magnetic disk
Auxiliary Access time 8. 5ms{mean)
MEMOTY | Word length 16bit+ parity
Memory cap. 294kW
Central [ y __P___ N L
processing Operation Add 1.92ps
unit speed Multiply 5.28us
Divide 10. 5645
——
| Address modification
Lo relative actual
Instruction indirect indexing
Number of instruction 72
Memory lock out
Additional High speed arithmetic
" function Real time clock
DMA (1 channel)
PICA
Process Input Digital input 657 points
interface Analog 1nPut 328 points
controller Interrupt input 20 points
Output Digital output 206 points
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Table 3 Reference table of cycle numbers

T T i == = S
Group No. ' Thickness group; Width group ‘ Weight group | g:::lll:all\}gg
| 23t= 1 16
1 100mm = - — ‘7 J— _
23t 7
0.7mm > | _ -
k
<0.9mm 23t= | 6
1 100mm > A e
03 23t> 7
23t \ 16
0.9mm =
1100mm = - . _
=<1.2mm . ‘ 5

s No. 235 — 7 bkt s, Table3 i

44 7 No #EgET—7 L%,

Soaking condition

Table 4 An example of annealing cycle

Table 4 Z B2

G 7D PRI,

RIEHGA D 5t o A LG ER 1 2 2 No.
Tl i LTEBRCEM T 5 & X ORREH LT
%fegEy 4 » 1 No. &eihes 2, HEE - 7 4 No

Annealing Heating ES0EER - T, HARBECRY A 2 4 No. &
cycle No. Fem(perature‘ '(I"in;e pattern o LT AT A E A O 5 — .
ey o thy b _ : j
16 ; 675 ‘ 24 } BTV A, Table 5 V\:%C’J“gu ("‘i”f 7
I oy
— T — - — - No. 1~8 3 -, feEH+ 1 20 Nook
o . o5 | g A 9 FC)wmT, fWEH L7 X
- — i e e e - UHESRTEOF = v 7 O Fik#% Table 5 © A
[T S O S REBCLTHET 5, ¥FH V-2 0 Lo
Table 5 Standard for charging condition between cycles
T A ' Cycler No,
B —— —_— - y g Cycle table in computer
e 1 ‘ 2 3 4 ‘. 5 l 6 ‘ 7 | 3
IO®X®‘><®!®ix11010110
2 |®o | x &) x| ®|® \x 01 0 1 0 1 1 0
3 X X ‘]O box @& x | ox x 6 0o 1 o 1 0 0 O
4 ® ®‘ X | O x ® | ® X } 0 0 0 1 0 0 0 0
Cycle No. |— ' — e e e
5 X X ® | x | O % x X | o 0o 0 0 1 0 ¢ O
6 ® | ® | x ® X ‘ O] ® X | ¢ 0 o 1 0 1 1 0
7w | @] x|@®|x | ®lox]o 001 0010
‘ ] X X ‘ % ‘ % l‘ X, ! X i x ‘ O o o o0 ©0 ¢ 0 ¢ 1
Pattern type A A ‘ A \ A ‘ B C ‘ C | C ‘l

O
: Charging condition is not allowed

X
®
® :

Charging condition is allowed unconditionally

— 62

Charging condition is allowed if annealing is made in A side cycle No.
Charging condition is allowed if annealing is made in B side cycle No.
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A Noo i No. 1, 4,6, kikoirktanr, a8 @%@,mxvﬁfﬁ%ﬁfawNaL XD ME
BTaf A e T 20y 24 Noow EhICOBREL S O&GE L LICKRIE BB T

y PHEZR, BOROOE ., FORBEAY LG, REFAPEIRTCEDL AT -7 fbE Ty
FEEORYTLE y P2 Ch BIUTHEAGY %, Table 6129 % — VIO 70O FEINE K
Wc‘: L, tudaml k43, $fREvr1o0
REEOKR T Lt 05 HLESOL Table 6 Factors and levels for pattern selection
ﬁ%f&x*ﬁk BEgli+ 1 2 - No. i 7 . HEOD = -:-"'Fa;m = ‘ L:e\;l— E
JBJ\J?LZ&L_;]—;“BLO —— - e e —
44 7 A No.1---11010110 Bell group number B
4. 00010000 Outer diameter of bottom coil (m) ‘ 3
6----- 000310110 “’-I:c;al chargmgi;;elght (t) ‘ é o
- s 60010000 bu;{;ﬂg tex;_p_e;;re 77777 7 _I__IG -
LROFEEND 3D = A VAL
G, AFEBEHY 24 Noo b4 Libs, #AEFiwl, TableTioHE T » 75 nipiET —

Fokit, BE e 2T A NEBERE OIS
Lo No. 0k L, %4 0% No. 49 2 LT50
MEEHIL D,

42-2 AT DT FTLY—» No. ©
ROA
FET e 7T LS g i, MEE-— AT

Table 7 Reference table of program pattern

e B 1D ‘ 2D~3D
el T " U ‘ ‘ T 0T |
w G ] 1T | 2T 3T‘4T 5T 6T |7T|8T|9T| ¢ |1T
L R 16T _
16 50}24‘21(19 17‘10 12| 2 2|0/50
26 b0 [ 22 [ 18 16 14| 8| 9 | 1] 1] o s
1 W 3G 50 | 24 2 | 18 6 w0l | oz 2] ofso
4G 50 22i18‘16|1418‘9 1|1f0 50
5G o o] ol ot o] ol ol o o] o] o
,,,,, L e Lo
1G|‘50|24‘22 20 | 18| 1 13 3l 3] o s
2G 50 | 22 f 19 ! 7 5 8 ‘ 11| o ER
2W 3G‘50‘24i21’19i‘17 10 |12 ] 3] 3] o] s0
_ i g
4G 50 ‘ 22 | 19 B ‘ 15 ] 8| 10 a1 ‘ 1] o | s0
56 0;0‘ 0‘ 0’0‘ o o o ol o 0| -
"1G 5 7}’725 T 2§_w 21 ‘ 0| 12 15[ 5 5 0 . 50 l -
IW~8W : S g C : ‘5 -
R R O R [ - ‘ _
W Charging weight 0-50 Kmd of program pattern No.

G : Bell group number
T : Soaking temperature (cycle No.)
D : Coil diameter
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Table 8 Condition to grasp the process state

4-2-6 TEEZOTFE

Remarks

Process step No. Process state Input
Discharge ;
1 Furnace is empty
R Change over the « Field
Charge completion field switch to switch
2 Waiting for purge charge completion
— ——,} Change over the %
Purge start field switch to
3 During purge purge start
K » Input analysis
Purge end . Waiting for end on CRT
heating start
T Input by opening
Heating start
5 Heating the shut off valve
e o U when the temper-
. | ature has reached
Soaking 6 Soaki the soaking temper-
ng ature
. — 5 ' Input by closing
Soaking end 7 T i the shut off valve
. ] " e —
K= Change over the %
Rapid cooling start _U_%o '_8. field switch to
8 B3 “ cooling cover on.
SR
] ] &R
Temperature has
Cooling end reached the coolng
9 Waiting for
J discharge enthirrjE
— Change over the | %

Discharge

field switch

to discharge
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o
(2) FevARBFHLLLO Ts RELL/BASE
desipgnation is made?

{a) TREGRTR S —
(b) ENENHIE

() ET o372

) ~fEEE

(3) EFEB A7 AORE

No
@) CPU o

H AL
(b) A/D &ﬁ/[\ﬁ Ne.l CRT Which of No.l, No.2, and No.J

(C) RNy I S gV CRTs is used for display?

1s group designation
is made ?

Na

is SORT required?

Select
SORT KEY

No.2 CRT
Set No2 CRT button

(€ T4 AT T~
Set Nel CRT hut_l_(_)ﬂ

FEREET I sk —aF AL LTV
TERIRENTODE T —PIEL, kk, 80K -

- . No : .
21703 I 7/bkCOL\f®ﬂﬁﬁ?ﬁ@iﬂfé?§1téhf Push SELECT setting OK?
LA RESET hutton

@ a7 20 —2)F 4 25—
No.3CRT

Set No.3 CRT button

Yes

4-2-14 CRT IL&3FER [ Press call buston

CRT
Display
stard

CRTIIh 7 o ADELrOREYRREX
, TV OBGNERS DV LERYTS,
CRT RBZ3EH-TIFO3BO1IRTET
—H0AY 7w VEITH, RIGE, A ¥IE

End
L

Fig. 9 Flow chart of display action

Table 9 Table of furnace state display formats

No.2B | No.3B | No.4B ‘ No. 9B | No. 108 | No. 11B | No. 12B | No. 13B |Nn.14B‘ No. 15B
: ; | ’ Waiting Soaking __;[Caoling
; Cooling . . for heating] Waiting lend is end is
Bﬁ‘:‘f Blslul | cover Cﬁg ‘ {uTr?tZ Scheduled . start for dis- ischeduled ‘scheduled
: Cd | ace ! during charge ' within 9 within
| 1 purging hours B g hours
Factory designation (No. 1 factory----- No. 5B No. 3 factory- - No. 7B)
y desig No. 2 factory.  Na. 6B No. 4 factory-- -~ No. 8B
Format No. F-22 | F23 ! F .2 | F-25 | F-26 F-27 ‘ F-28 | F-29 ‘ F-30 | F-31 | F 32
i
. ! R e e .
No.19B| Base No. | x O i 0 t ] ‘ @] @] ‘ O Q | x N
No.20B | Bell No. ‘ O X x @] b3 | x % | x N x x
Index - - E E -
Cooling : i
key No.2IB| 0 No. @] ‘ X % '-Q . % e I3 x | % - x ‘ % 1 x
No.23B| State time | O 1 o ! o o x B « ok Lo o O
Temperature| - [ : o - | ’ i B ' _|f
No. 248 | No | O Lo L oj o * * < | o« o x| O
: Plan for T | i
No.z6B| Pan for | | 0 | o | x x | x ‘ Skl 1 O o | <

Example of calling
Which bell in No. 1 factory is scheduled to be reached soaking end ?
Qperation Sequence the pushbuttons are pressed
No. 5 B—-No. 20B——No. 13B.-. -CRT select------Calling
Remarks % ------No display
(-~ -Displayed after selection and combination are made
FASKEE Always displayed

— B8 —
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