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Table 5.3. Change in maintenance methodology.
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Table 5.4. Execution flow and technological development of equipment diagnosis.

Work flow of equipment diagnosis

T
1971

-
1981

Rough diagnosis
(Find-out and classification of
failure)

Precise diagnosis
(Determination of location and
degree of failure)

(Instruction of repairing method)

Diagnosis by maintener who carrying
portable instruments such as machine
checker, etc.

Diagnosis of rotating machine etc., shall
be done by specialist handling batch-
processing type precise instruments
Through the use of time-serise signal
processing technology, such as FFT,
only specialist identifies the location of
failures

Execusion of maintenance

L

-

By maintener, the result of diagnosis
reflects to maintenance planning
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Automatization of rough and/or precise
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Print-out l
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(a) Flow-chart of (b)
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Fig. 5.45. Expert system for diagnosis of rotating
machine.
FL, STERICEOEHENICF -5 2INEL, BT 2%

ITOERMEW v R 7 a¥EfEnB L 51D,
iz 27 LR AW Z F2,

& 5N 60 FELHIC S 5 &, FE2MICHER LA IEH
TAHFEMNEZ D, BECEEEZH T+ 25— F v 27 AP
By —REBRMW L+ 25— b v 2 F A ERERLEI N
7o

REZHIc BV TIE, REe~ v ORBRPHRIEILICZ L
WHEREAFHE S 3 2155 WEAMH 258, MET¥%
IBRAT 3 Eicky, TOSEMBICTERT 3 k%2 RV
Lt SOXDIBHBRT AN U BWEm IR, HEsg
FLOFHEPLLHT « TRNEE D) b, FBEAFEOXEBICE
LETHRERLTE .

VNI HETHZISH U, Bl 0B WiEH o Bl %4
NT B,

(2) ClEEEHEEZHTIERNN— O XFA

Fig 5.45 ZEEEMZM =+ 2/~— v 25 4 (LI FES
Eit9) O—HFIT, Fig. 5.45(a) IZEESZHBOZH 7 0 —%
RLTV3, HIBREOHERYY v F 2o H—DF— 5 %
AT UELHEREE & BE L RB L 07 — ¥ 0L

a2 WX



Il 390 #k &% Vol. 81 (1995) No. 4

[¥y — v DEE» S, BEVITIT>TW5a, FiHaa il
27— 5 &L 5, BAMNR/NFELIC X FRIIRZ K
BDTW5B,
BEZWOZHK 7 0 —% Fig. 5.45(b) IZ/RF, [BlEHEK
» T AIREE, MEES L CEEO " >OYE THlE
L, JEEEksy, ZRABEoOKRKES, #hEE s ORHO G
L, BHTEEMSANEN S, ES BEIECATERICESLS
bigiEL: BEE—ND 740 = b Y v 7 Z%(ED, Dem-
pster-Shafer DHEF/IZ L D BWiT 5,
(8) BRBRBHMEEBERXTA

BIE DRI  EREREAITOR S v P TIE, ERANC
T BgPEE, BRI S bIcEIRT )i, EME#
HML-BRHREY v %2, BT TRET 5D —
BHITH B, T TIFNT B0, REEBIMLR2< Y
T Thd, WEOHEIOMSAMRER R F V7 ) —fLEFEBL,
THITELCHRES L T EEEBRE —piicEBhEE
L, BB VEHEAEHEICT 5 & &b, WEEIHEE
ofgRm LbAfEIc LT, REEEHE 104405 36 Hich
BLLFICTH B, DY RF LD % Fig. 546 1283,
O kPEEIHAEEROES

REEBH L R e~< v of-o, RRNEAEFIE Mot
#, BIRFNEE E, 2L 0, Rex vHRicL-T7
o—Rlg 37— TAVBIOMGEICEESh, M7 -5 N—

E @ Knowledge aquisition and construction of data base.

O

ZIRIFEENS, O, AOEBRERBICT A0, &
EZENP <=2 T VERIES N, WEEIEEEITTORIC, &
BItBBRLBRT L EMTE S,

@ HET — 5 -2 & BHEEINEE

Be< Vi3, UETHEOMBAEEL L R— 7 TR E
Fi- CEBICHEIT %, HIETR, R—7 T AEREMFEL
WS, 1AL —h o IERe, EHRMICHA
SNLFTREBDOERNE, ToMOHFERRERRICAL
35,

E—F TR, 47y ba&FERICEIELENS
ATV, RICHE T NEXHERCBEOFIEL Eim bick
AL, Bl B> THERINEELTRL TV
o TOBEA v 7y b EINIAEHP, BEEEIEEEO TR,
HEEIHERERE L TRES L S,

® HEko%E

s HEEEREBET A EIck D, BH0BEDLE
M ABB R ED b - 725G, ThoXREL, ®HETS
TEMTE S, '

@ REFtE~om

R IHFEER IS, TN Ov— 7 LAN 2 L The
Y R FAICEOND, T TREBOMREEISIER S
h, BMRECELNCEERRIC L D EFEIHES NS,
F R E N % OMBERFEEREBIT 52 &tk D,

E@.., I

Equipment managing
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—&{_ Optical loop
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Cassette MT
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: aintener sk Treatment steps for * Flow-from knowledge.| !
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i @ Practical use of knowledge databa
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Laptop PC

Laptop PC

:: @ Modificdation of knowledge.

Settled WS. |

Diagnosis regeneration E
function. H

Laptop PC

Execusion of repair task from failure E
in communication with PC. H

Fig. 5.46. Electrical equipment repair supporting system.

Table 5.5. Example of process diagnosis in iron and steel industry.

Ironmaking and steelmaking plant

Rolling and surface treatment plant

» Operation support for blast furnace

» Diagnosis for blast furnace condition

« Quality diagnosis for continuous casting

« Breakout prediction for continuous casting

» Gauge diagnosis

» Winding shape diagnosis

» Chattering diagnosis

» Welding condition diagnosis

» Furnace operation support for C.A.P.L.
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< Input signal > < Diagnostic flow>

Final gauge —>r Judgement of gauge inferiority I
Strip speed —Pl Judgement of abnormal section l
of each stand l
Operating data —>’ Calculation of characteristic indexes '
» Tension I
* Rolling load
* Foward slip I[Judgement of starting point ofabnormality]|

-+ etc.
total 500 signals

equipment data " Judgement of sensor abnormality "
» Oscillation of [
drive system
+ Electric eu,.ryent of " Judgement of cause of abnormality "
servo valve l
* Response of

- et control system I Determination of optimal action ||
Diagnostic result '
[ ForRAN | [ ar
Fig. 547. Flow-chart of process diagnosis (gauge
diagnosis).
Function Actual "
Job Standard { Planning | Execution |record Analysis Ce d system
{Object Ul
Equipment
specificaton (function non-exist)
- - General-
Standard | Maints Lrslspectlon & diagnosis ::;;I:;:ss'; Monitoring system
Repair work | tration  [ss Maintenance work ss 22?.‘3:’:21°2y§‘{:ﬁ'"
Materials Maintenance materials control ss Synthetic Purchasing system
evaluation -
Budget Maintenance budget control ss aﬁm‘;’;ﬂsﬂyﬂsg;“m
Trouble Trouble ss

Fig. 5.48. Job and function of subsystem (ss) in
maintenance management system.
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To be entered for each piece
of equiment and each part

Basic data Computer

Specification for a minimum of
total cost

+Estimated downtime —_—

*Duration of state of defective quality
*Maintenance cost
YcCost of parts required for PM
¥¢Cost of replacement required for PM
YrCost of parts required for BM
YrCost of replacement required for BM
-Life of parts
YrMean life
YrShortest life
- Apparatus for inspection and diagnosis
«Conditions for defect detection
= Inspection cost

Calculation of repair cost
Calculation of inspection cost
Calculation of production loss
Calculation of quality loss

Calculation of the total cost
for each type of mai

Repair cost
Inspection cost
Production loss
+) Quality loss

Total cost

Selection of a type of maintenance
that is most economical

Optimum intervals of inspection
and checkup

Prediction of MTBF
(mean time between failures)

Prediction of MTBR
(mean time between repairs)

To be entered collectively

AM data for each line

N Cost
*Data on production loss

*Production efficiency in t/h

Total cost
minimum A type of maintenance
in which the total cost is minimum

+Unit price after quality loss

* Inspection cost
YrCost of inspection device
e Inspection time

= Unit price of work cost

* Probability of defect detection

is selected.

N\,
—a—~
Total loss™ .
due to N Maintenance
troubles ~ cost
~—e

Specification for maintenance

Fig. 5.49. Outline of logic for selecting type of maintenance.
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