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Transition of the Krosaki Harima Sliding Nozzle System
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1 FU®IC 1 Introduction
ATA45 477 X (SN) L, SRsiiER Nowadays, the Sliding Nozzle/Slide Gate (SN)
L2 B TR A= & OIS\ S 7 S B System is well known as an indispensable molten steel flow

control system in the steel making process. The original

LTHBNT %0 IRLGHD, MOTIOTATT idea was appeared almost 130 years ago and it takes a total
ZHIS Lo SN0k, S5 205 130 L ESaio of 75 years till to be used practically. This system, consists
ZEThotr, FIL FOERILETEI TS FEDD of mechanism and refractories, has been grown to be one

of the Krosaki Harima’s core business. Our first SN system

EHEZELI-OTH b, 4%, KIVATLIE, BE

has been launched out in 1970 and our SN business will

BEORBEIAZAD—2LL 4 -oTHEY), HIZIE mark the 50’th anniversary in the year of 2020 (Fig.1).
1970 FE 12U 1 52 I E DB LT B4 4ET In this column, we would like to state the history of
50 FEEA 2 5L LCna (K1), Sliding Nozzle, its relationship with our company and the

future prospects.
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DAVID D. LEWIS, OF JOHRXETOWH, PENESYLVANIA,

STOPPER FOR LADLES.

- H i " g 31 SPECIFICATION foaming part of Lattars Patanh Fo. 213,002, dated Pabroary 14, 1833,
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Fig.2 US Patent 311,902.

N | Schematic in the Patent 311,902 Present
R
Fig.1 1'st Krosaki SN at 1970. Fig.3 Schematic in the Patent and that of
present SN.
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2 Firstidea

The first idea of sliding flow control system has
been appeared on the US patent” as a title of "STOPPER
FOR LADLES" issued by David.D.Lewis in 1885 (Fig.2).
It is very interesting that the main elements shown in the
patent schematic diagram are identical to that of the
present system (Fig.3). We suppose that this idea might be
received as a quite epoch-making at that time. However,
this idea was not realized. We guess that there had been no
refractory suitable for this idea in terms of refractory
manufacturing technology or material, consequently, it
takes a long time before it is put into the practical use.

3 Implementation

It is said that the first place, where this SN system
had been put into the practical use, was German Steel
Maker in 1961. Since then, the SN had gradually become
popular with many advantages over the stopper, which was
mainstream of molten steel flow control at that time.

Operators had to change stopper refractories after
every casting. On the other hand, all refractories used in
the SN are available for multiple castings and the refractory
changing time is much shorter. Above all, the stable molten
steel flow control and safety are main reasons (Fig.4).
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Fig. 4 Conventional System (1960'th).
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Fig.5 SN Supply record and CC ratio in JPN.
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Around the same time, continuous casting process had
been widely adopted in the steel making process and this
might lead to accelerate the SN application due to its
superior characteristics compared to that of the stopper
system as mentioned above (Fig.5).

4 Relationship with our company

In Japan, the first SN system was introduced in
1968 by the European supplier. On the other hand,
Nippon Steel Corporation, called Yawata Iron & Steel at
that time, had already started the development of their
own SN system, said pure domestic system firstly in Yawata
of Japan, where our company head office is located. Krosaki
Harima, called Kurosaki Yogyo at that time, participated
soon into this development as a refractory supplier. Then,
in Feb. 1969, the sales and manufacturing agreement of
the entire SN system was concluded between both
companies. Thus Krosaki Harima began to supply the SN
mechanism and refractories as a package. Krosaki Harima's
supplying manner has been proven quite effective for sales
promotion of the SN system in the global market, in which
mechanism sales and refractory sales had been usually
promoted by different companies at that time. This new
supplying manner has been one of the advantage of Krosaki
Harima SN business and this manner may boost up our
company as a successful SN supplier. After conclusion of
the above agreement, we dispatched several engineers to
the Yawata Steel works to learn the technology of the SN
for a few months, then we have started the development of
our own SN system. Then, our first SN has been put into
actual service at Nippon Special Steel in Mar., 1970
(Fig.1).

After that, much experiences and technical know-
how have been accumulated through the actual projects,
Krosaki Harima SN technology has been grown up
rapidly. In 2006, we have acquired the SN mechanism

SUPPLY RECORD OF KROSAKI SLIDING NOZZLE
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Fig. 6 Krosaki SN Supply record including Sumitomo.
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Toggle Flap Mechanism

business of Sumitomo Heavy Industries Himatex, who
had been our competitor at that time, after realizing joint
business between both companies in 2004. Nowadays, we,
Krosaki Harima has been grown up the biggest SN system
supplier in Japan, also the 3’rd supplier in the world. The
cumulative supplied quantity of SN mechanism has been
over 10,000 units, including Sumitomo, as of 2019 (Fig.6).

5 Improvements & Developments

We have continued various developments and
improvements so far, however, its basic elements are almost
the same as those of the original idea.

We have been aiming for the more user friendly SN
system in order to meet and satisfy customer’s requirements
while maintaining or improving the safety. As a result,
various SN models, such as YP, YPH, YPN and so on, have
been developed and put into service till now. In 1994, the
FF model has been developed under the concept of the
workload reduction i.e. tool free by the semi-automation,
in which, newly developed mechanism had been
incorporated, one is toggle flap, which converts the thrust
force of actuator to the force to compress coil springs, and
the other is Quick Fit-in Plate (QFP), with which, plate
can be fixed in the frame by the single push in action,
consequently, all tools used for these operations had been
eliminated (Fig.7). Following the FF model, AL and EHS
have been developed under the same concept and received
favorable reputations from customers by contributing the
labor savings and improvement on the safety performance
(Fig.8).

6 New Technology and the future prospects

The newest model is the R (represents Robust,
Reliable, and Rational) developed in 2010. In this model,
“Tear drop shape” has been applied for the plate brick
design by FEM. all mechanism and structure have been
simplified and downsized. Consequentially, operator
friendliness and safety of the system have been improved
by these new designs (Fig.9).

Fig.7 "FF" Series Model.
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Fig. 8 Transition of Krosaki main SN model.
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Fig. 9

"R" Series Model (Newest).
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Fig. 11 Conception of Krosaki Refractry Cloud
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We thought that the general purpose robot can
operate the R model due to its superior operator friendliness
and could eliminate the individual differences among
operators. We have already started the actual field trial
with the cooperation of the mini mill in Japan since the
beginning of 2018 and the trial is ongoing. (REX-ROBO :
Refractory Exchange Robot system combined with slide
gate) (Fig.10).

In near future, new technologies such as image
could be

incorporated in this system and enable to judge refractory

processing technology, Al, IOT, and etc.

service life, monitor the entire SN system, and avoid any
break out incidents and resulting in realizing our mission
the No.l
worldwide” in our SN system (Fig.11).

statements “Provide value to customers
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