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Synopsis :

At Kawasaki Steel, a scientific and engineering computation system has been developed,
from the earliest utilization of management science, through its applications ranging
from the heat transfer analysis, structural analysis and control system to the analysis
of a large scale model by supercomputer such as the fluid flow analysis. This paper
describes the features of main applications which include the heat transfer analysis of
blast furnace hearth, molten metal flow analysis in the continuous casting mould, stress
analysis of the work roll shift mill, and simulation of hot tandem mills. The scientific
and engineering computation system was developed on the basis of FACOM VP-50
supercomputer by using the corporate network. Additionally, a user supporting system
which was very powerful and useful in the scientific and engineering computation was

developed, and it is also summarized here.
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Synopsis:

At Kawasaki Steel, a scientific and engineering computation system
has been developed, from the earliest utilization of management sci-
ence, through its applications ranging from the heat transfer anal-
ysis, structural analysis and control system to the analysis of a large
scale model by supercomputer such as the fluid flow analysis.

This paper describes the features of main applications which in-
clude the heat transfer analysis of blast furnace hearth, molten metal
flow analysis in the continuous easting mould, stress analysis of the
work roll shift mill, and simulation of hot tandem mills. The scien-
tific and engineering computation system was developed on the basis
of FACOM VP-50 supercomputer by using the corporate network.
Additionally, a user supporting system which was very powerful and
useful in the scientific and engineering computation was developed,

and it is also summarized here.
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Table 1 History of scientific and engineering computation at
Kawasaki Steel

Phase Main application Methodologies of analysis
I Capacity estimation + Management science
(1962~67) of factories | . Qperations research

« Matrix method
+ Finite element method

Evaluation of strength

I
(1968 ~74) of equipments

+ Simulation for continuous

Factory automation systems

it
19756~82 d high productivit
( )| and high productivity - Modern control theory

High qualitization - Nonlinear analysis

v
(1983~ ) of products

+ Fluid flow analysis
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g. 1 Trend of CPU time ratio for scientific and engineering
computation

Table 2 Application software

iﬁe;:fé Internal development
Structural MARC, KBsD#*t,

analysis | NASTRAN | GYK series (2D FEM programs)

Heat transfer BACCAS*?, CHANCE®#®,

analysis MARC GYE series (2D FEM programs)
Fluid flow | PHOENICS | NEXT-FLOW*
analysis
. SAS, DAGRAS*,
Data analysis BMDP GYA series (Multivariate analysis)
GPSS,
Simulation SLCS IV,
CONPAK
Mathematical g GYC series (LP programs)
Programming Prog
ESHELL,
Al LISP MARC-EXPERT#6
CAD system for piping,
Graphics E}CS‘%D’ SGZ series (Utility subroutines

for graphics)

GYM series {Mesh generation

Pre/post proces-
FEMAS and plotting programs)

sor for FEM

Guide system for users of scienti-

Guide system PFD fic and engineering computation

*1 Kawasaki Stee] blast furnace structure design system

*: Binding application for CAD and computation analysis of
solidification

* Capacious heat analysis computation for engineers

*t Numerical experimental tool for flow analysis

*5 Data acquisition and graphical analysis system

* MARC-EXPERT is the expert system designed to assist the
preparation of MARE input data.
(The name was approved by MARC Analysis Research Cor-
poration)
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Table 3 List of typical application examples
Iron making Steel making Rolling

Structural
analysis

Structural analy-

sis for construc-
tion and relining
of blast furnace
(Ex. 1)

Stress analysis of
rolls in the K-
work roll shift
mill (Ex. 6)

Heat
transfer
analysis

Estimation of
refractory wear
and solidified
layer distribu-
tion in the blast
furnace hearth
and its applica-
tion to the oper-
ation {Ex. 2)

Prevention of
melting of clad-
ding metal in
enshroud clad
ingot casting

(Ex. 4)

Fluid flow
analysis

Structural de-
sign for the dust
catcher of the
cokes dry

quenching (Ex.3)

Three dimen-
sional analysis
of molten metal
flow in continu-
ous casting
mould (Ex. 5)

Simulation

Simulation of
non-steady roll-
ing phenomena
in hot tandem

mills (Ex. 7)

Fig. 2 Displacement analysis for the blast furnace supporting
frame using Kawasaki Steel blast furnace structure de-
sign system KBSD
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(2) BMAEFCHETLEAKE

Fig. 3 Distribution. of principal stress in blast furnace top
shell using KBSD
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Velocity distribution of gas flow obtained from a sim-
ulation model using PHOENICS

Fig. 6
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Fig. 7 Calculated solidification pattern of 23-t stainless steel
ingot with varying thickness of cladding metal, I
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Fig. 8 Maximum temperature on the top of cladding metal
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Photo 1 Bird-eye-view of velocity vector visualized from com-
putation results
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Fig. 9 Finite element model of the roll of work roll shift mill
for 3 dimensional contact analysis

Fig. 10 Distribution of von Mises stress in the work roll and
back-up roll using roll analysis system
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tion of non-steady rolling phenomena in hot tandem
mills
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Fig. 13 Computer system for scientific and engineering computation by using the corporate network
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