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Computer Control System of a Hot Strip Mill and Operation Results
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Takashi Minematsu

Synopsis :

Talkashi Mikuriya

The development of a computer control system of 80" hot strip mill at Chiba Works began in 1964,

and successfully completed in March, 1970.

The function of this system covers slab tracking from the furnace delivery to the coilers, mill pacing.
roughing and finishing mill set up, coiling temperature control, and data logging. Finishing mill set up

is the most important one, and strenuous exertion has been made toward developing the method of

predicting rcll force, A method based on R.B.Sims' equation, which is simple and that with good
accuracy, has been obtained. Standard deviation of xoll force prediction 18 3%. As for the gauge
accuracy, 5% of the first bars of lots, which wers rolled by computer zet up, fell within +=10C ¢ of
gauqge deviation at the leading end of strip. Advantage of the computer conirol is reflected on 13 t/h
productivity improvement, 0.1% rolling yield improvement, 0.15 % inspection yield improvement, 12

men saving and more stable operations.
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July 1971

Important date of dev elupme.-nt

Installatlon of TOSBAC 3300

Installatlon of F6 stand

Data loggmg, off lme data analy51s

Start of on- lme set- up cal:culatmn

First set up expernments

Installatlon of F7 stand

Decision made to instalt TOSBAC-7000

Second set up experlments

Removal of TOSBAC- 3300

Installation of TOSBAC 7000
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Table 2 Main speciﬁcatiuns of mill

oy b AR Yy 7L AOF R A F 4 bR

297

Reheatmg furnace 4% 250 t/h H-zone
R1 2- hlgh 2x 1850 kW, DC drive
reversing stand
Rougher R 2 2-high, 6000 kW, AC drive
R 3 4-high, 6000 kW, AC drive
R 4 4-high, 6000 kW, AC drive
Stand 7-stands
Main motor F-1 4500 kW
F-2 through F-6 5250 kW
F-7 4500 kW
Roll speed F-1 3L~ 81 rpm
F-2 52~-127 rpm
F-3 76~185 rpm
) F-4 110~275 rpm
Finisher F-5  150~-365 rpm
F-6 175~-430 rpm
F-7 200~~460 rpm
Roll 698 ¢ x 1524 x 2032 mm
Screw down motor DC 75/150 HP x 2
Ward Leonard Control
Finishing Thickness 1.20~16.0 mm
Finishing Width 610~1880 mm
leer Ix370kW, ]. X 525 kW
-0 1 Roll report
Card }-— CR - ~11 TOSBAC—-7000 7_{ r '@ Finisher pulpit]
— — ;3‘;25;“3 e @ uitial data
ab tracking o ype Ir [Pusher puipit]
(CRT ; Mill pacing _‘ ‘
L1 l’ushc[-]‘i , T Roughing mill set up f“ﬁ sz’:;:l::::]:-[)(:ﬂomj
C o | ijl,— Finishing mill se.t up 7‘77 1 X -—‘Q @ Quality data
Rougher | . Cuiling temperature control T : | [Computer raom ]
C:@; “'f“ Data legging y—T’!‘—J
[Computer | | - [
Next slab & O™ o L/L
discharge timing : .
dispray e — e
| e ] S
! AP(, H ‘L SensorsJ l( APC _ﬂ HSpray cnntrn‘l|_|
T 7 = L - ==
Furnace i /_____hﬁﬁj T — 1
By T2 [ |4 STl [ylafalalsfs[f] —— [,]§]s]
Rougher Finisher Seray Cailer

Fig. 1 Diagram of computer system and mill lay-out
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Table 3 Computer specifications

Cerult
Word
Arithmetic operation

Operation time

1/0 Channel

Instryction

Index reg:ster

| Capamty
Cycle time

; Multlplexer

Capacnty
Access Time

Level

speed 50 points/sec

average 10 msec

July 1971

Si1 solid state logic circuit
24 bits-+1 bit parity
binary parallel fixed point,
floating point with program
ADD 6.8 usec

MUL 15.98~26.18 p sec
DVD 30.9 g sec

6 channels

120, index and relative
adress modification
7-index using core memory

16,384 Words
3.2 usec
4 channels

131 kW

128, non-inhibitable 16 points,
inhibitable 112 points

12 bits+1 bit sign+1 bit error,

64 points, 20 bits/point

i
|
|
i 128 points, ADC cutput
]
|
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AC power

Selsyn 1
transmitter

Coupled to serewdown
mechanism

Selsyn
receiver

0.1mm/rev

Encoder unit

Code conversion

Zeroing unit

unit
Magnetic
brake
! —t
Fay

Fig. 2 Roll position sensor
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Measured value

Bar posmon

Table 4 Typlcal SENsors

Locatmn

Rolling lme

Rolling force

Bar temperature

"‘"Rll FLNFT

R, dehvery

Finisher entry

il lif’f @ %ﬂe & iﬁf' July 1971

Sensor spemﬁcatlons

25—mfra red HMD
load relays with load cells

Pressductor. 2x 1800t (each stand)

Photo electrlc pyrometer 800«1400“(3

Photo- electrlc pyrometer 600~1200°C

Finisher delivery

Coiler entry

Strip thickness

Strip width

Roll gap

Roll speed

F-3PG- Fi{_j_n_ishing

F-7

F-7

delivery

delivery

RI“"R-D Fl NFT

Fl“‘F7

P’reset counter

Photo-electric pyrometer 600~1000°C

total radlatlon pyrometer, 400~800°C

Raymike—600 X ray gauge, 0~16.00 mm

Infra-red width gauge, 600~2500 mm

Shaft position encoder with selsyn drive,
increment 0.0l mmn

Solid state digital counter with
electro-magnetic pulse generator

O <

F-4PG F-4 finishing

o——

|

I

I
F-77G -7 finishing
o—

600p/rev

lsolation amplifier

e 1t ]
deviation

2 712

Preset from computer

lp/m strip

Strip length pulse *

—

AND
Under-gauge pulse *

from X-ray gauge

Gauge torelance

set from computer

l . On-gauge pulse *
Comparator

T

*) These pulses are connected to API and counted with computer.

**) Pulse generaters are coupled to main motor shaft.

Fig. 3 Diagram of gauge classifier



Vol.3 No.3

Ty PATY YT

DL ETHRLTSHMATERL, EEOTREE
AL TCA, chy Sy —vr7v 7747 —
Lepy Fig, 3w r ORBELY =1,

# B fE kg% Table 4 R,

2) fEEHEEE (APC)

(TR R, FHTEY HEERS I L )
EEYSHC, v—AEER Y ONEREREY H
PCBETARETH D, REMLINET « 2
EADPTELLRD, THICILLTHES T v
AD % 7RIS R, BERC LA LR
ABh G, ChEBSCER IRy VIEE
FEEASER A, MEETERIRDALHET
IEDSE w il B ECEER AT, OIS
KRBT e FROHENETH D, MBI
Vr, MEHERSE A X v F e — i, o
4 VHRE, Ty e [, =y — 8 =K
RERIfRNS, ¥ ofh LEER T, = o R
po— L [DIEEE (NBEM AR DRIED, A YA

M!%lvﬂﬁl(ﬂfnvl%aﬁ%&%u
IIEBEOAME) fo XTI S, D5

s»@ﬂﬁﬁmﬁvzihtﬂﬁ%ﬁ

301

R2~Rde — A IR, HUEMESE X Ok LIF AL
A P R, EEERS, RL BITELE
o » — AR, BRI XS E N
#MTH %, Table 5 1= APC OHiEx ¥ & TR

3. KERL L, Z?frﬁrﬁtflﬂl,Z
SR F L 3 A ATEERE A T D O T, Fo4A
DEEMEH S LS FEL T E, AAEDLORE

EL

g2 APCHEBROEE Y — & v AN EEMY
Wiy PR OREY HBMCTR ) X5k
B, ErofEe APCi, £AAVFOD
BgEBC LD, FOAx Yy FOREED APCO
LA B X LA v FREAFRNE & - T
7. o oieshir, BERSECOVTL, Y
ke (SSRHD) :WICa@Es (MRHY &g
BEH L CRET D EAVTE A, ShIC X D
HENROEEE L, - TV A

Table 5 Automatic position control (APC)

Control Detector

Equipment
R, screw down ‘ 2><37 kW WL ' Selsyn
[ [ |
R, screw down ‘ 2% 37 kW Cp ‘ Selsyn |
R,., screw down ‘ 2>< 55 kW CP i Selsyn '
R,.. side guide 5.6 kW CP : Selsyn
= :
E,., edger - 2x37kW CP | Selsyn
‘ H
F,., side guide K I55kW  CP | Selsyn |
F,.; screw down | 2><55 kW WL ; Selsyn
F .- speed ;
(MRH)
F,.: speed Tacho
(SSRH) generator

24 Y T7b+727
1 HvIAv - FesTA
GG Ay TS TAYL, E=F-TRYT
Range . Increment | Remarks
0~ 300 mm 1.0 mm i3 pass set
L [
0~ 300 mm 10 mm
0~ 200 mm 0.1 mm |
e _ ! .
500--2.000 mm 10 mm " R 1 short stroke at 2nd
' pass
600~2,000 mm 2 mm ‘ E1 1st and 3rd pass set
2nd pass short stroke
600~2 000 mm 2 mm ! Short stroke
D~ 25 mm 0.0l mm ! Back lash compensation
S — - F— ,‘ — . .
60~100 % 5% i To use in case of zooming
F1 19~ 82rpm
 F2 32~126rpm i
F3 50~185rpm 1rpm MRH and SSRH are to
F4 70~215rpm | be controlled simultane-
FS 90~365rpm ously.
F6 190~430rpm -

F7

190~460 rpm
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Table 6 Initial Data

Cm! number Card or manual set
Customer Card
Strlp spec:ﬁcatxon E Card

Strlp th:ckness

Card or manual set

manual set

Card or

Card or manual set

Strip width Card or

manual set

Slab thickness

Slab width |

Slab ]ength

Card

Card or manual set

S]ab wmght

Gauge set Card or manual set
Gau_g;_torelancer 7. Ca.rd - -
C / B Card -
Ma g Ccard
Furnace -numlaer D/;anuai aét
 Steel grade '_"'ni;£;2i2227’ -
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Fig. 7 Accuracy of predicting roll force. Data were taken

when strips were rolled by computer set-up
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