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Synopsis :

Machine condition diagnosis technique is closely related to and largely depends on
instrumentation and control techniques. Not only the detection and processing of
signals from the equipment concerned, but also judging or diagnosing algorithms are
given by control techniques, including knowledge engineering. This paper describes the
roles of instrumentation and control techniques in the machine condition diagnosis and
general situation of the diagnosis systems around the instrumentation and control
devices or systems at Kawasaki Steel, with some actual examples. Among them
explained are an expert system, one of the knowledge engineering techniques, applied
to a hydraulic rolling mill control system, and a monitoring system for a y-ray thickness
gauge in very severe circumstances. The probability is also suggested that physical and
operational conditions of a production line can be diagnosed using, as diagnosis
parameters, the information of the product quality and the overall performance of the

line.
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Synopsis :

Machine condition diagnosis technique is closely related to and
largely depends on instrumentation and control techniques. Not
only the detection and processing of sig:_:als from the equipment
concerned, but also judging or diagnosing algorithms are given by
control techniques, including knowledge engineering. This paper
describes the roles of instrumentation and control techniques in the
machine condition diagnosis and general situation of the diagnosis
systems around the instrumentation and control devices or systems
at Kawasaki Steel, with some actual examples. Among them ex-
plained are an expert system, one of the knowledge engineering
techniques, applied to a hydraulic rolling mill control system, and a
monitering system for a y-ray thickness gauge in very severe circum-
stances. The probability is also suggested that physical and oper-
ational conditions of a production line can be diagnosed using, as
diagnosis parameters, the information of the product quality and the

overall performance of the line.
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Reference Knowledge Table 2 Instrumenta?ion .techniques commonly used in ma-
value for diagnosis chine condition diagnosis
i . i *
o - J Tode Diagnosis : : Detection Force, acceleration sensor
¢ *lorocessing ment algorythm |~ Piagnosis - Temperature (pattern} sensor
+ Acoustic (sound) sensor*
- Displacement sensor (ultra-sonic*, etc.)
e / + Color sensor
Machine condition menitoring . Time monitoring
S — Signal processing |+ Frequency analysis*
Machine condition diagnosis « Filtering of various kinds
Fig. 1 Machine condition diagnosis and monitoring Judgement . Statistic control
- Pattern matching
. Diagnosis - Expert system®
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RBEER O 3 ERBECOVT TRE L0 s Table 1Y ¢35,
CARELIEHER A HEBRT S L, Table 20 L5 1wis, =
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+ Model reference

- Arrow-oriented network diagram

* Techniques frequently used at Kawasaki Steel
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Table 3 Number of the machine condition diagnosis systemns
introduced to the two works of Kawasaki Steel

Nao. of the machine condition diagnosis
systems (No. of the systems applied to
instrumentation and control equipment)

Year

Boh. TTERFREFFATHALL, ARELLLDOLE Y,

Works 1984 1985 1986 1987 1988
Chiba Works 10 (0) 15 (0) 12 (1) 16 (1) 24 (2)
Mizushima Works 5 (1) 10 (0 15(1) 11 (B 4 (O

Table 1 Major elementary techniques used for machine condition diagnosis

Failure
detection

Identification
of failure causes

Failure
prediction

Applied
techniques
-

Basic
techniques

MSA {Mechanical Signature Analysis)
Diagnosis of rotating bearings
Diagnosis of rotating machines

Lubricant analysis

Insulation diagnos

Leak detection
Non-destructive testing

Acoustic emission
monitoring

Sensing techniques
Signal processing
Chemical analysis

is

Knowledge engineering
Pattern recognition
Systematization theory
Control theory

Fuzzy logics
Multi-variable analysis

Matersal life prediction
(fatigue, creep, corrosion}

Failure physics
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Table 4 Examples of the machine condition diagnosis/moni-
toring systems at Mizushima Works (1984~)

Diagnosis of unloaders

Diagnosis of No. 2 blast furnace body

Diagnosis of low speed bearings in CC

No. 2, 6 CC roll gap sensors

No. 2, 5, 6 CC machine conditicn diagnosis
Slab CC roll condition monitoring

Plate mill hydraulic AGC diagnosis*
Plate mill back-up roll diagnosis
AE diagnosis of plate mill bearings

Hot strip mill machine monitoring system
Hot strip mill spindle monitoring system®

Machine monitoring system of block mill for rods
Continucus anealing line machine monitoring system

No. 2 cold rolling mil! machine monitoring system

EGL machine monitoring system

No. 2 cold rolling mill hydraulic control system diagnosis*

CGL machine monitoring system

* Systems applied to measurement and control equipment
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Table 6 Recent tendency and prospective techniques for ma-
chine condition diagnosis

Detection - High resolution ITV

« Audible sound monitoring®

- Holography

« Monitoring of action time interval*

- Optical fiber (temp. distribution moni-

ability) functions for instrumentation equipment toring etc.)
Sensing - Automatic gain monitoring Signal processing - FFT*
- Automatic calibration + Image signal processing®
. - Computer tomography technique
Data way « Error frequency monitoring

+ Circuit reliability control

« Double circuit coincidence check

Power supply « Power deterioration monitoring

- Power failure diagnosing

Arithmetic unit |- Error frequency monitoring

- Majority decision system

— 23—

Judgement/diagnosis | - Expert system®

algorythm + Fuzzy theory*

+ Neural network*

« Simulation techniques of various kinds
Others . Application of robots (including remote

existance}

* Items being developed with emphasis by Kawasaki Steel.
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identification
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Removal of cause

Fig. 2 A model flow of total process monitoring/control system
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Fig. 10 Schematic structure of pipe-end facing machine

il

il

Feed force (kg)

A
e

Pipe dimention:177.8 ¢x30.0¢t

Feed speed  :0.46 mm.s
Rotating speed 280 rpm

Fig. 11 Feed force data during facing
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Fig. 12 Change of condition on feed force
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