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Synopsis :

To rationalize the manufacturing process of materials for longitudinal products and
achieving synchronous operation between CC and rolling processes, a new billet mill has
been constructed with the aim of modifying of No.1 and No.3 bloom casters at Mizushima
Works. This paper reviews the outline of the sophisticated quality assurance system for
the mill. The system whose functions are automatic designing of production
specifications, on-line quality judgement with advanced NDI installations, and piecewise
tracking and control forms a complete on-line quality assurance system. Since its
commercial commissioning in February 1984, the full functioning of the system has
greatly contributed to the smooth rating up of the mill and to the production of high-
quality round and square billet, which has resulted in the significant improvement in

the ratio of qualified products in the succeeding processes.
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Synopsis :

To rationalize the manufacturing process of materials for
longitudinal products and achieving synchronous operation between
C C and rolling processes, a new billet mill has been constructed with
the aim of modifying of No. 1 and No. 3 bloom casters at Mizushima
Works.,

This paper reviews the outline of the sophisticated quality
assurance system for the mill, The system whose functions are
automatic designing of production specifications, on-line quality
judgement with advanced NDI installations, and piecewise tracking
and control forms a complete on-line quality assurance system.

Since its commercial commissioning in February 1984, the full
functioning of the system has greatly contributed to the smooth
rating up of the mill and to the production of high-quality round and
square billet, which has resulted in the significant improvement in
the ratio of qualified products in the succeeding processes.
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Fig. 1 Schema of quality assurance system
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Fig. 2 Tracking area of bloom and billet
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Table 1 Main items of quality judgement on continuous
casting operation

Process [tems

Tundish 1) Temperature of molten steel in tundish
2) Weight of molten steel in tundish
3) Type of air sealing between ladle to tundish

4) Type of refractory lining in tundish

Mould 1} Casting speed

2) Deviation of metal meniscus
3 Type of mould powedr

4) Type of immersed nozzle

5) Oscillation cycles and pattern

Secondary 1) Flow rate of mould spray water
2) EMS conditions (Amp. Hz)

3) Roller apron gap

cooling and
pinch roll
zone

Torch cutter 1) Bloom weight

discharge line 2) Bloom cutting length

Table 2 Main items of quality judgement on billet mill
operations

Process Item

Furnace 1) Total heating time

2) Holding time on high temperature of bloom

" surface

3) Holding time on high temperature of bloom
core

4) Maximum surface temperature during heating

5 CO concentration in waste gas

6} O, concentration in waste gas

Break down 1} Bloom weight

mill line 2} Bloom cutting length

VH mill line 1} Billet weight

2) Billet cutting length
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Fig.5 The position of the hot surface defect detectors in the quality assurance system

Table 3 Defects to be detected by optical method in delivery

line in No. 1 continuous c¢asting machine

Travelling
device

Defect

Detection target I

{minimum size} "

1
—}.

Travelling
device

=
Rough surface 100 mm length :EE T I
Scab 50mm diameter " ‘: b device
1 I
Crater 20mm length i!i ] = Bloom — Faf
|
Depression 100 mm Tength I Head Head
Cavity 200 mm diameter
Transverse corner crack 2 mm depth, 30 mm length
Scratch 1 mm depth, 100 mm length
Blowhole 3mm diameter T "
. T, n
Longitudinal crack 30 mm length , it ;e‘iﬁcé ]
Operationalli-
Cross crack a0 mm length desk
{local)
™nr
411
ult
E:” Monitor
Table 4 Specifications for hot surface flaw detector at the !‘,E':
No. 1 continuous casting machine il B
Operational desk
Item Specifications m
1
Iis]
Line speed 22 m/min S ] ]
g . Electric| Sequence | Signal Inter
Image sensor inear array image sensor source | controll processing | face
1024 elements unit ing unit unit unit
Scanning period 2ms
Field of view 400 mm

Signal processing
Image display speed

Image enhanced
Y ~1time as fast as
line speed

Fig.6 Schema of hot surface defect detector for bloom
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Fig.7 The output characteristics and the dimension of detection coil (by artificial defect}
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Fig.8 Relation of the signal intensity and the angle of coil and defect
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Fig. 10 Front view of hot eddy current testing device
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Fig. 11 Detectability of hot eddy current testing device
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Fig. 13 Analog output of hot eddy current testing device
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Fig. 12 Analog cutput of hot eddy current testing device (after phase detection}
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i Fig. 14 CRT display of the result of hot eddy current testing device
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Table 5 Specification of defect detecting device by magnetic | [ID
S Fr T
_ leakage flux testing method ] : | CRmot oo ) .
L I Litlet ;
Item specification i E } ' —
Detection method Magnetic leakage flux testing method Calibration

umi
Magnetizing method AC magnetizing (3 kHz)

Detectability 0.3 mm{depth), 5 mm{length} for scabs Fig. 15 Front view of magnetic leakage flux testing device

and longitudinal cracks
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Detecting device Hall element B F P/CIT{E L, e (o U3 K40) EHiEnfi % 2 e
Distribution of Pitch: 5 mm JCITHEH LT il Az riﬁt'\’ v Tt ﬁfhk LTw5, Photo2iZ
device detecting Number of device: 24 (on each head) FG— T, Loy b AREFL S 2 1, 2 y,o1E

Direction: longitudinal direcvtion of billet Tz 4 908 (A, B, C. D) L7 4o 1 pifid sl
Detection coverage 120 mm/rev. Twd, SOy 7HEICE T, 2 PR 2
Rotating speed of 0.5 m/s-1.2 m/s AR WNE T 5728, By b LN & o e s
turning roller TN —2 5 (b 3 mm = k& 200 mm ot BHEHI L 2+
Capacity 80 000 t/monch m?)%EvVFhknéﬂﬁ FRAEENCE Y 5 b N
Marking on defects Three level (large, middle, small) PERINLTvd, hitie— 7 RAGHEE LT, A% o 2l

PRI (d 40, DHAE & FTOREE (friftes &

Table 6 Specifications of magnetic particle testing device

nc

Item Specifications -“133” EZ\ 7. n;"g! 1 ?,?.’2%,
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Axis plod method

Method
Encircling coil method #ﬁT
- 2 mm {depth). 5 mm (length) for scabs
Detectability L
and longitudinal crack
6000 A for axis plod method
Magnetization L 10000 AT (Ampere turnt for encircling

coil method

Automatic position

control of ) )
4 step due to diameter of billte

contacting rollers

felectric poles) Photo, 2 An example of defect map
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Fig. 16 Detectabillity of magnetic leakage flux testing
device
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Fig. 1T Influence of immersion nozzle type on the distribution
for depth of hair crack
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Table 7 Comparison of surface defect of round billet and content of improvement about quality

Source Surface defect Billet mill Wide flange beam mill Improvement on billet mill
Surface defect of Longitudinal crack No crack Occurs on high tension Improvement of immersion nozzie
hleom steel type in continuous casting

Hair crack and scab Average Average Improvement of immersion nozzle
10 number/billet 14 number/billet type in continuous casting
Transverse crack No crack with bloom of Occurs on medium Decrease of transverse crack by
small cross section corbon, Nb content, ot reduction of ¢ross section area on
V cotent steel bloom
Rolling Scratch No defect Average Continuous rolling
0,35 number/billet
Over lap No defect Average
0.04 nuraber/billet
Overfilled No defect Average
0.03 number/billet
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Table 8 Comparison of surface defect of round billet for

mill (investigation term 59/2-7)

Table 18 Nonconformance index of surface defect of

seamless pipe (investigation term, 59/2-7)

Nenconformance index of round

Mill

Nonconformance index of surface
defect of pipe

Wide flange beam mili

100

Billet mili

Mill
' billet
Wide flange beam mill 60
Billet mill 6
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Table 9 Conditioning index of surface defect of seamless
pipe (investigation 58/2-7)

Ml Conditioning index of surface defect
' of pipe
Wide flange beam mill 100
Billet mili 48
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