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Synopsis :

This paper reports on the development and application of Kawasaki Steel’s equipment
diagnosis techniques. The equipment control in the iron and steel industry, where
production heavily depends on equipment performance, has been changing largely in
the form of modernization of equipment with a view to cope with highly sophisticated
quality control and multifarious production. In terms of assurance of equipment for
desired production, an equipment control technology backed up by engineering has been
more strongly demanded. Developed to bring the capacity of equipment into full play
are the machinery/equipment diagnosis techniques used as predictive maintenance and
process diagnosis techniques for product quality assurance. The above two techniques
are being further developed into an equipment control system techniques. Since there
are many phases where human judgement is needed, attention has been paid to the role
of human support for highly efficient and sophisticated maintenance work in order to

establish an equipment diagnosis techniques.
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Synopsis

This paper reports on the development and application of Kawa-
saki Steel’s equipment diagnosis techniques. The equipment control
in the iron and steel industry, where production heavily depends
on equipment performance, has been changing largely in the form
of modernization of equipment with a view to cope with highly
sophisticated quality control and multifarious production. In terms
of assurance of equipment for desired production, an equipment
control technology backed up by engineering bas been more strongly
demanded. Developed to bring the capacity of equipment into full
play are the machiverylequipment diagnosis techniques used as
predictive maintenance and process diagnosis techniques far product
quality assurance. The above two techniques are being further
developed into an equipment control system techniques. Since there
are many phases where human judgement is needed, attention has
been paid to the role of human support for highly efficient and
sophisticated maintenance worl in order to establish an equipment

diagnosis techniques.
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Role of Equipment
Management
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——J Framework of Diagnosis Techniques }-—

(1) Equipment failure and performance deteripration
mechanism analysis technigues
Physics of failure —Analysis of failure—
fatigue, creep, wear

To keep equipment function and
performance at a desired level
and improve them, as necessary.

Concept of Equipment
Management

4 Relaticnship between equipment and
product quality —Analysis of cause

Transfer mechanism

Advantage of Equipment

Diagnosis Techniques  }—

(1 Eqquipment function and

{1) Proper plant engineering and management
{a) Accurate monitoring function of equipment
(b} Equipment management using scientific and
engineering approach for assured function

(2) Equipment condition identifying techniques
Inspection and
measurement tech. | Sensing tech.
— Nondestructive
inspection tech.

(3) Deterioration and failure prediction technique

Deterioration trend management techniques
Abnormality diagnosis and service life forecast
Reliability engineering

and performance of equipment

serviceahility assurance

(2} Product quality assurance

(21} Equipment construction and
repair assurance

(2) High level computerization in equipment
management that permits-information
collection, analysis, judgment, .selection,

(1) Equipment ahnormality and evaluation

4) Total plant condition monitoring system
analysis technology

Monitoring technique :
Man-machine-interface technique
Netwerk technique

Operation abnormality monitoring system :
Compound function monitoring

Evaluation and anzlysis support system :
Expert-system, data control

—_AﬁL Diagnosis Techniques }’“

"Techniques for monitoring current conditions to examine
abnormality. failure and performance deterioration, including
degrees and causes thereof, thereby predicting and
forecasting influences on service life as well as deciding on
required maintenance practices”

{3) Theoretical approach based on failure
anaiysis and equipment control using
analytical model of relatianship between
machine condition and product quality

Hestructuring of
Production Process H

11 Upgrading product quality

(2) Contimualion and synchronization

{3 Aulomatization and labor saving

Direction of Equipment
1 Manawement Progress | —

[EEEELEEEE R Equipmentf---=-----,
(1} Equipment that assures stable Stress Operation
production of high quality products
[

Transfer
mechanism|

!
|
.
pi |Performance
deterigration
mechanism

(21 ILiggh level advance of equipment
antomatization . Material

(3 Equipment management systen of v
mutmum chozen staff for maximum

““'t""‘“'i‘ area Diagnosis Function
! Equipment management structure that Detecti
assures continuing total cost reduction Ce getion
- ~ . ause
31 Equipment management group with Degree
plant maintenance technology Effect
Prediction
Estimation
Countermeasure
Evaluation

Fig. 1 Concept of diagnosis technology
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Table 1 History of plant management

~1950 1950's

1960's

1970’s ’ 1980°s

Preventive
maintenance

Breakdown
maintenance

History of plant
management in Japan

Productive
maintenance

Total productive
maintenance

Predictive
maintenance

Type of maintenance

Time-based maintenance Mion-based maintenance

Kawasaki Steel’s Establishment

history

Reformation
of maintenance
organization

Introduction
of concept

for productive
maintenance

Development of
diagnosis technique
and equipment

Development of contral system

quality maintenance
for product

Development of
total quality

. mainten
Introduction of enance

diagnosis technique

Planning of equipment
control system
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Table 2 Diagnosis techniques at Kawasaki Steel

1970°s 1980’s
Items
2nd half 1st half 2nd half
+ Diagnosis of roller and motor by + Diagnosis of low speed rotating - Diagnosis of chimney and torpedo
vibration method machine car by thermoview
Development + Crack depth measurement + Diagnosis of oil film bearing by AE | . Diagnosis of hydraulic valve by
of diagnosis technique |- Stress analysis of structure method ) ) vm_bratmr_l analysis
for failure prediction + Insulation diagnosis of high voltage | - Analysgs of gas pipe corrosjon + Diagnosis of hot-run roller by
p cable « Analysis of mi!l spindle torque current analysis
+ Diagnosis of grease system » Insulation diagnosis of rotating - Diagnosis of piunger pump
machine
- Performance and diagnosis of oij « Analysis of ree! rolling + Non-touched measurement method
and hydraulic system - Diagnosis of hydrostatic bearing for checking alignment
Development + Diagnosis of hydraulic AGC system | - Mold oscillation performance and

of diagnosis technique
for performance

- Diagnosis of cutting performance
during machining
+ Measurement of roll load at CC

break-out prediction at CC machine
+ Performance diagnosis of A.J.C.
« Analysis of chatter and gear mark

assurance « Strip gage analysis of roil
» Detection of nozzle clogging + Performance diagnosis of H. A R.P.
+ Performance diagnosis of welder
- Vibration analyzer - Portable vibration analyzer - AE analyzer
- Roll gap sensor for CC - Handy vibrometer - Expert system for rotating machine
Development » Vibrometer for on-line system + Local station for LAN system
of instrument for + Handy terminal for maintenance
diagnosis management system

+ On-line megger for DCM
« 5CR checker
+ SCR BO/BD detector

Introduction to main
plant of on-line
diagnosis system

» Continuous casting machine
+ Continuous annealing line
+ Tandem cold rolling mill

« Continuous pickling line

« Hot strip mili

» Sintering plant

» Blast furnace

« Electrolytic galvanizing line
- Continuous galvanizing line
+ Wire rod mill

Education and training

» Monthly meeting for introduction
and spreading
- Established organization

.

Education and training for key
person

« Concentrated diagnosis training by
using test machine

| e |
I Coke oven ! [ Sintering plant |
]
"1 T
)
I Blast furnace ] T Vin future
L

| Converter E
RE—

l installed

Continuous casting machine ]

[
r [Fot strip mil} —|
l

I Continuous pickling line |

|

‘ Tandem cold rolling mill ]

|

Continuous annealing line —|

Fig. 2 Main process and introduction of equipment diagnosis
system at Chiba Works
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Table 3 Major items in on-line diagnosis systems

=T Plam

. . . Continuous . . Continuous | Tandem Cold | Continuous
I[em\_ Sintering Plant Blast Fnrnace Casting Machine Hot Strip Milt Pickling Line | Rolling Mill | Anneating Line
- Blower, pump |- Bell-less device | - Lubricant system - Mill drive - Looper « Mill drive - Hearth roll
+ Vibrating » Conveyor « Hydraulic oil system |- Pinion stand | separator « Mill motor | - Fan, blower
screen pulley fevel « Mill motor, |- Tension » Pump, reel
Failure » Belt conveyer |- Hydraulic - Grease system pump device - Hydraulic &
nure - Lubricant system . Fan . Fan, blower | Lubricant
prediction system » Tuyere - Mill spindle | - Hydraulic oil| systems
+ Blower, pump - Hydraulic & | system
- Break-out Lubricant
prediction systems
+ Drive motar - Gas seal of + Break-out prediction |. Automatic |- Welder - Strip gage - Tension
load balance charging device| - Roll gap gage control | - Strip position| analysis leveller
+ (yas seal - Roll alignment system control « Chatter
performance - Roll load . Automatic system analysis
of pallet - P/R pressure system jumping - -Detection of
Performance | - Pallet - Water spray control control nozzle
assurance movement system system clogging
analysis - Valve sequential - Hot-run
control system rolls load
- Slab marker balance
- Mold oscillation
system
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