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“Maintenance personnel in half of U.S. plants spend 50% of their time fixing problems
instead of preventing them.”
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Preventive.MqinTen.qnce WHAT IS PM?

Predetermined Maintenance
Predictive Maintenance

Proactive Maintenance
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Predictive Emergency
(1970 4a2)
== s Maintenance
Action Plan

Predetermined |
(1950 4»2)
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EM : Fix it after it breaks

PI M - Fix it at Predetermined Intervals (Calendar / Use Based)(1950)

PdM : Don’t Fix Unless it’s Needed(1975)
A HL A S0 (S gwosd
PM: Fixitbefore it breaks
Sgu S 3 4!  Jd (S gk
PaM: pon't Just Fixit, Impreve it(1990)

oW Sgagd (S gwotd daid
PMO :Don’t just Improve it, @ptimize it.(2000)
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MAINTENANCE

TROUBLE SHOOTING

PAGE
GuUIDE 1aEk

TYPE OF EQUIPMENT

Heavy Duty Refrigeration Compressor

EQUIPMENT NO

12/23/2024

DEFECT SYMPTOM

POSSIBLE CAUSE

REQUIRED ACTION

Compressor will not start

Power off

Control power/control air off
Leaving gas temperature control
set too high

Suction damper dual pressure
switch set too high

Starter overload switch open
0il safety switch open
Dirty contacts

Loose electrical conmection
or faulty wiring.

Compressor motor burned out

Liquid solenoid valve closed
No hydrocarbon gas flow

Condenser fan not in operation

Check main switch, fuse, wiring.

Check switch, fuses, supply
air pressure.

Reset temperature setting.
Reset pressure setting.
Check if stop valve is open.
Reset motor overloads.
Reset switch.

Clean all control contacts.

Tighten connections, check
wiring and rewire

Check and replace if defective.

Check for burned holding coil,
replace if defective.

Check gas flow through gas
chiller.

Check condenser fan, fan motor
fuses and overloads. Restart.
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Before a detected fault After a detected fault

PREVENTIVE MAINTENANCE CORRECTIVE MAINTENANCE
Carried out at predetermined intervals or Carried out after recognition and intended
according to prescribed criteria and to put an item into a state in which it can
intended to reduce the probability of perform a required function
failure or the degradation of the
functioning of an item

DEFERRD CM
That is not IMMEDIATE CM
C B Predctermined immediately That_ is carried out
M Maintenance carried out after without delay
(Predictive Maintenance) (1950s) fault detection after a fault has
(1970s) but is delayed in been detected to
accordance with avoid
given unacceptable
SCHEDULED, maintenance consequences
CONTINUOUS OR SCHEDULED rules
ON REQUEST
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Required by : 1 —
Safety
Condition Confirmed failures
Servicing = Uncwla;:d t}'a‘llmc»
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Gain access
Fault isolation

Common PM Actions
Gain access

Perform CM
Perform PM Confirm fault corrected
Confirm functionality Close up and secure
Close up and secure CM J,‘,\,‘.’,‘ ol
s"M "";",;‘;,‘ -en;-_g%s S irar
-s;.hs...m f“m‘gw,.o .? L..Ea.),.»
o0 Fptan

Uncon.ﬁrmed failures result from false alarms in the built-in test, intermittent fa11utes or test equipment failures.
Unconfirmed failures will trigger some unscheduled maintenance actions, ranging from confirming no fault exists ( attributed to false
alarm or Cannot Duplicate ) to removing and replacing the item only to later find ( at another level of maintenance ) that the item is good

( Retest OK )
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Equipment Failure Statistic
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23% Of Equipment Failures Are Due To Dirt And poor Clean-Up Habits
37% Of Equipment Failures Are Due To Poor Lubrication Management
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Temperature and Motors :
In some electrical motors the useful life is cut in half for every 10 degree centigrade temperature rise
above design operating temperature.

Temperature and Wiring :

A 50 degree C temperature increase causes approximately a 20% increase in the resistance of
annealed copper.

Temperature and Hydraulic Systems :

For maximum oil life, the temperature of the oil should never be over 140 degrees F. Percent of oil life
expectancy has a 50% loss for every 15 degree increase in operating temperature above 140 degrees F.

Bearings and Heat :

52100 bearing steel can be operated at temperatures as high as 250 degrees F. Standard seals have a
useful temperature range of -70 degrees F to a maximum of 225 degrees F.
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Fig. 4.3 Efus Attached on Minor Defects Uncovered

TPM TPM
Jishu-Hozen Step No. Jishu-Hozen Step No. naana

Location of minor _ Location of minor
defects detected Red.cha defects detected

Equipment name: Equipment name:
Control No.: Control No.:

Date of detection: Date of detection:
Detector: Detector:

Description of minor defects Description of minor defects

This sheet should be attached to equipment

This sheet should be attached to equipment.
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Tightening Torques,

Nuts for Terminal Board

Kgm
0.12
0.20
0.30
0.65

1.35

Tightening Torques,
For Screws

M6
M8
M10
M12
M14
M16
M18
M20
M24

Ft-Ibs
7
16.5
35
58
94
137
195
275
470

Kgm
1
2.3
4.8

Tightening Torques, Tightening Torques,
For Hexagonal Ring Nuts For Weight Screws

M13x1

M15x1

M20x1
M25x1,5
M30x1,5
M45x1,5

Ft-Ibs
22
36
72

123
246
360

Kgm
8
5
10
17
34
50

M8
M10
M12
M14
M16
M20

Ft-Ibs
28
57
97

157
231
463

Kgm
3.9
7.9
135
21.8
32.0
64.0
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Lubrication

e Water

—.03% to .2% = 50% to 17% life expectancy

— 1% = 6.3% of life expectancy

— 2% = 4% of life expectancy

—With Mineral Oil, 20ppm of water, the roller bearing life is reduced by 48%
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W hy lubrication? adhesive wear

W hy lubrication? abrasive wear

VW hy lubrication? extra heat
seneration

W hy lubricatiom? Mmoisture
cCorrosion

64



w5l ekl o s s B a1 | iFisakod

il e il aiany By 2l Gdab gy astis
e Ayt

e g ey e

51 dlgianl s pg 25 s B2 il raalad
0051 B 1D Zplowsd o o300 4l
Siaps Kiaja JAI guapS I dde 039230 Jud asle

& Ay S pe e Ko B i idalad

R B T e ]
ol o bl i louze

0 (5 sl e

T T PPPREEQNE SRTEC

s gy pelad Kl o s IA1S i idakeh

aF 3 e sk o bl iy b Ay 1850k
30 Glisl U assla

A o i i b agag il il el 5 ARl e
Sy g 5 e

areg e Sy g Ko 13 il ialel
P . LR VR RO R

020l Bl 1D Zadouny Jouta (53, (o i ) 14l
o o Fadgis JA1S a8 13 Re 39930) JudS dsls

G s asley lpln gl el b Dol isale
a0 a3y (g ek

12/23/2024

MBS K sl sl rdakad
Jouwy waoand (590 S 51 0 uld G b Sdugyailis
JER PRV REN P

sl aSby Ky s 9 S GBI i Ak
23 3kle 00013 L gaauls (pal B Casngaas e
sl o b bl A1S lf pekaas by s

bl s A srade

ﬁ - G
o ) o6 & ® oo

51 Ak ks 1 5 s ABLS Juk s dnlad

R PR T T PR VNI PO K PSP R o WY
Shad (oo Fykous doUs oy dwdd ol b

o3 5 Ty s

e alokiba Ko e S 1D uiFiaalad
o b S eIl ol il
Rk (5 R 23 |l 0 Bt sl panihs

&l danly guled Ko Jb o8 A1 uiFidakad
P s s S eI (ol
ol (5 UL 5 3 il & Sukdulas il paneade

el i g S S tankod
sl S mhoan (53, (o 3ud pg pidsliss

a5l ey s ke

B s T 58 g i alad
O gt 3 ) peloas bl g B9 3 pansic Al
s g 5 pelons (59 dwsadh ) o 2kl dn alsliapd 3

o3l 5 ey rle

6 Ay sy 190 D ALY yuiSaalad
AR i s 59 peaime o Sy praslin
e S pgins

83 (5 ey ) nade

il J5iis 5 o)y praalad
el @ 3B SIS 39 0 o 5T o (595 (o e kil
P8l (5 My ke

65



W Ay i M3 K A1 i raaled
g i s o mlow 590 G820 S ailis

oy atte L peales Ko s il idalkod
1 dagl Jomag s a) gmloas 59 825 B ailis
33901 Pl (5 0L s lakiisle

O Jal 4 g gisale

R

.ff??%§§ 

ol 33 oy e Ky s 230 K3 55 0 dalas
Sl Al gl a3 d Pl 105 R SR 05 0 aadad
e e e TR L P

0 SISl Lo plg 08 3 s 590 S S I sl
B3 ubS (5908 250 o ikl (ot @ Stk Sl o stk
3l g apme ey Bl g ety alle

Abl (5 MLEg s ol pats

Poor lubrication

Aol ot v 99 Sl ey 15 S
cbiloso ineo (5409
is the reason for

of premature

bearing failures

(e e el ot 48

66

12/23/2024



12/23/2024

36% of all premature bearing failures are related to

poor lubrication

Poor grease lubrication can be:

Incorrect intervals

® under-greasing
e over-greasing

Incorrect lubricant selection

e poor quality lubricant
e |ubricant type is unsuitable for the application

Contamination

e impurities can mix with the lubricant
e poor handling (e.qg. dirt on grease fitting)
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Contamination Control

S ! Sledld 35 51 9 ¢ FogT J S
-l o (Proactive Maintenance) ailuiod gd (g 31vgsd

5 2% of ALL bearing failures

caused by contamination of
the bearing oil

48% from

particle contamination

426 from corrosion
caused by liquid
contamination

Particle Contamination 48%
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Effect of Water in Oil on Bearing Life
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R o
‘= 200 0.0025% = 25ppm |
‘® 0.01% = 100ppm
= E \ 0.05% = 500ppm
d:o 150 0.10% = 1000ppm ___|
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-'_—'l E 0.25% = 2500ppm
= 100 0.50% = 5000ppm |
.s I \
)
m 50
ag | \“—-‘.——'—\_‘_“-

o 00(.325 O:OI + : o,:os ¥ ¥ y : O.!O 0‘!5 \ 0‘25 O.‘50

% Water In Oil
Effect of water in oil on bearing life (based on 100% life at .01% water in oil.)
Reference: "Machine Design” July 86, "How Dirt And Water Effect Bearing Life” by Timken Bearing Co.
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Plant description: S ton E.O.T. Crane-pendant control.
Locations: No. 2 warehouse, iron foundry.
Plant nos.: 7309, 7310.

Long travel drive:

Check motor for noise. vil ion and

Check security of motor mountings.

Check security and condition of motor leads and carthing.
Test brake for correct adjustment and check lining wear.
Check security of drive shaft bearings (3 off)

Inspect condition of reduction

Check carriage wheels (4 off) for wear, scuffing and security.
Inspect gantry rails and check security.

Check security and condition of rail joints.

Inspect downshop leads for correct tension and slippers for wear.

Oross travel drive:

Check motor for noise, vi and 1
Check security of motor mountings.

Check security and condition of motor leads and earthing.

“Test brake for correct adjustment and check lining wear.

Inspect condition of reduction gears.

lntpecl catenary assembly for damage and check for free operation

Hoist unit (integral motor type)
Check motor for noise, vib and ab 1
Check security of motor leads and earthing.

Test brake under load for correct adjustment and check lining wear.

Inspect condition of reduction gears.
Check gearcase for oil leaks.
Check unit wheels for security, wear and scuffing.
Inspect rope for wear and fraying.
Closely examine rope sheave and hook for any signs of damage.
Establish correct openuon of top and bottom limits.
Gveck condition of wmng to mp and bottom limits.

and di control.
Oiodt cable, wiring and push bullom on pendant control
Controller:
Check condition of all wiring and security of connections.
Check for correct llld I'ree opﬂnlhn of all rehyL Replace if nec.
Check

of o in Elliso
Check setting of ovel'lold.l at 108 amps. Repcr( if different and
readjust.
General:

Report on condition of lubrication
Report on general of machine.

Date: 12/9/73
Issue No: 1

Spec.
frequency

M/W
M/3M
E/3M
M/3M

M/3M
M/3M

Figure 3.4 and trical dul

2wwn -

¢ ® N

"

12/23/2024

Wt E NUMHI‘ Kb o
JOB SPECIFICATION 1
Plant Aknnplun Ston EOT. crane e
R R : MM
Location Tron foundry il
[ uemr e pits S - 108
Specul tooly. | Gauge EOTc § 274

Operation number

Long travel:

Check security of motor mountings.
Test brake for correct operation and check lining wear.
Check security of dnve shalt

nngs (3 off)

. Inspect condition of reduction gears.

Cross tuaxcl,

Check security of motor mountings

Test brake for correct adjustment and check lining wear
Hontunit

Test brake under load for correct adjustment and <heck lining wear, using Gauge EOTc 5.
Check gearcase for vil leaks

Inspect rope for wear and Iraying,

Ganeral.

Keport on condition of lubsication

Report on general cleanliness of machine

ssses REPORT ANY OTHER DEFECTS NOTICED DURING INSPECTION **=**

Note on office copy only Tradesman: | Mate. 1. Estimated Time: % hr.

Figure 3.5

Job specification.
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B " 3k 155 eS8 O -
3 asiio INSPECTION REPORT Ilob Spec. No e M't’ce Code | Plant Number
e | ' 1 7310
Ston EOT crane 2549073
i a5 i 3h 35 e S| iRas daly 0 ta 10l pl | dton foundry L i —Cost Cenvre [ A/C Number |
DEFECT / CAUSE / ACTION TAKEN 108 274
telianss o yloud el et S Adjuoked but Wnug & wesrmg amd wilk requine |
- - — replacing next tume
axbly oo o [ Gale | cans gu A5 ot 23 b asdaB 0B s s
w33l 9590 =
% | Howr | Bad leak on geavbox — drive ond ol sexld |
~7
10 [Lubc'n | Stutsfadoy — but Uewm B _requves ORGENT
—|adine — “Gearbox topped up. |
. Sl i 005 |
1 | Cleam|luness — —fain . Pusth _buttom contrat g uul
clearng . Stop bution tfemds fo_shck fun" due ||
o um”deposit:
e T [
Treae s T e [ B T o oo [
| coae “Signsture i on | o Hrs.  [Mins. | Number
— I Broum 262|220 | 1o.16 4|43
= S rzms 25/0 | TS | o5 S [7z]o
ol AT Wy T lu..xe TR T ey
L Pl ke o 3 25 =
TNt ] — e eat ] S| e g Sl g check Mqﬁg brake stwes e otton
e s
[ Pt he=: 2det: Kot
Figure 3.8 Inspection report.
satie o ylads 15 pled u b RIS 3 yeas I Eanw yt o0 slikal Jona
sl o 1ot 530y AUyt iy eoUhianl )80
sl oles U5
s 3 bl

Ratio of Preventive Repair Man Hours to Preventive Inspection Man Hours.
« A measure of preventive mspection effectiveness
5 3 2 P i R ir M H
Formula Preventive Inspection Effectiveness = revctl ve cpal-r an onrs
N Preventive Inspection Man Hours
—  Preventive repair man Itours is maintenance that is performed as aresult of a preventive mspection.
—  Preverntive inspection ma Iours is work performed that originates from equipment maintenance
strategies: ie. planned services and inspections.

+ Preventive inspections are effective.

+ Inspection frequency to low.

+ Preventive inspection conducted effectively.

Interpretation

Preventive Inspection Effectiveness
e

+ Preventive inspections are ineffective.

+ Preventive inspections are conducted ineffectively.
+ Inspection frequency to high.
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ectiveness

eventive Inspection

Ratio of Preventive Repair Man Hours to Preventive Inspection Man Hours.

« A measure of preventive inspection effectiveness. [OWRE PRI WPy R R TSV Y I FOVE TS N

G Sy ppoi Cacl i

Preventive Repair Man Hours
Sy gl Cuslos i

Formula preventive Inspection Ef fectiveness =
P P ff Preventive Inspection Man Hours

—  Preventive repair man hours is maintenance that is performed as a result of a preventive inspection.
2l (00 Sy (il I B o ¢ Gl peSiby o 1 glii

Preventive inspection man hours is work performed that originates from equipment maintenance strategies; ie. planned services and

inspections.
P 3§30 Wb S il 9 B Gurg e diilo sug2s S sl 5l I A6 SLelaBl ¢ LSy el i 1 gt
2L (g0 e 9 03299007 g MR 35le Sy Gl b 9 Sl pels> 0 (ime Sleaw il Joli

« Preventive inspections are effective.
Wkt g0 il Sy Gl (o34

« Inspection frequency to low.
Sl 30 4Ry il 5 281

Interpretation - Preventive inspection conducted effectively.
el s gy Sl sl

Preventive Inspection Effectiveness

oot
o ) i 5ign 61Ky 518 50
« Preventive inspections are conducted ineffectively.
. ol Siyn iy o3t 5 2815
« Inspection frequency to high.

« Preventive inspections are it

ol 33 ¢ g3 e Slasi
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MTBF 7.8+

0.5 MTBF YA

0.2 MTBF yA
% MTBF= 0.17 MTBF AV

0.1 MTBF yA T
0.02 MTBF 7.8%

s 34530 Alauly) ot S & ol 2 98 550 0B &5 TySiled
o 20 45 Canl 155 il Sl S 3336 w39l 0499 b il

¢ (Priority / Criticality) jeod Caglel & (sSimd 3 i 39 AiS 4 Cunlus>
il W19 (Risk priority No.) s 8 90 (3139 SHleSE E9dg S

Ratio of Preventive to Breakdown Maintena

Ratio of Preventive Man Hours to Breakdown Man Hours.

» A measure of planning / scheduling process effectiveness and its influence on
breakdown maintenance.

Formula Fagc‘ Ufkgfe"e’;v‘li"_et Preventive Repair Man Hours + Preventive Inspection Man Hours
= a o Breakdown Maintenance =

Breakdown Man Hours

—  Preventive repair man hours is maintenance that is performed as a result of a preventive inspection.

—  Preventive inspection man hours is work performed that originates from equipment maintenance
strategies; ie. planned services and inspections.

—  Breakdown man hours is unplanned corrective maintenance that must occur due to a defect causing
equipment (or plant) to be taken out of service during scheduled operating time (NOT corrective

maintenance man hours).

« Over maintaining equipment.
 Preventive maintenance practices / strategies are too
effective and should be optimised (optimise costs).

Interpretation Ratio of Preventive to Breakdown Maintenance = 16 I

« Preventive inspections are ineffective.
« Faults not being reported.

« Preventive maintenance practices / strategies are ineffective 180
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Ratio of Preventive to Breakdown Maintenance
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.
(mean) it — & :(standard deviation) jLas 1 2l —Y
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n n-1

Keep it Clean
Keep it Dry
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To standardize doing maintenance jobs ,
Don’t forget preparing Job Specification cards

culle plut sloaat

12/23/2024

24
28

Flush out all fuel and lubricating ot

Renew connecting rod boits

SR ... Running Maintenance
S/D 1Ll Shutdown Maintenance

2.14 Maintenance schedule for a diesal engine

NANCE SCrEl
tion of Facility Loostion Identification No of Facility JOB SPECIFICATION No 73
[BM- 15 kW Alf Cooled Diesel Engine Pump House 16-52-3
Fet Drawing Nos Schpdule Rt No “Withdraw and clean pistons, check that rings are free and the wesr is within the
= e Originated 25, Apill 1973, "
Seryics Manuals — el Now Dete Origlomies 23 200 7 TO WITHORAW PISTON
e = }: femove cylinder heads . . . . Job Specification No 70
Amocleted Equipment Olavaior Na 1¢=60=% 2. Uncouple cennocnng rou big end and bearing. Job Specification No 79
3. Lift piston a rod fr 5
= e 4. Remove gudgeon pin.
:::n Job Description To assist piston in hot oil, or stand piston on
< hot
ey T TO REMOVE PISTON RINGS
1 Check level of fuel in sexyice tank,  + R Lub"™ Op* 5. Soak piston assembly in paraffin to soften carbon deposi
2 | Check tevel of lubricating oil in sump. R Lub” 0p* SEA. 20 8. Soring opan Fings and Insert thin metal strins betwaen the "¢ings and piston at
. four different points.
Weekly - “B" Se s e 7 v sliding them over the metal strips.
3 | Ciean oil bath air filter and top up with oil (o the as Lub™ Oy’ tre A 8. clean pistons a rings. Flush through oil holes and passages with
Tmarked level. S svringe using paraffin.
4 | Drain fuel pump chamber o drain pot 1 |Lwop
s and, if necessary, uu:-unl-‘nnan S/D Lub™ 0p°| 330 mins CHECK DIMENSIONS OF ALL MINGS
i and the portion of the shas on which
| R e i ek St S i o La®0p] 9. Check gap. (Pressure and Scraper rings similar.)
Eacr: ng Must be checked and measured in the same cylinder bore from
7 23 Men S mins h it was remo:
Monthty e case of rings RIS Snts e be made in the cylinder tha
e S s ot |iama S cing will eventually occu,
8 | tnspect fuel fiter elements. Renew sary. ] G Check gap at UAWorn POFON of the liner.
5 | Renew lubricating ol fiter elements. P P thsert ring sauarely in cylinder bora.
10 | Dreain ubricating oil sump, clean stainer, and refi o | ss 10 Litres S.E.A. 20 Use Jig No 1082 to locate.
ith new
11 | Cloan Wubeicating oil filler gauze. 5 10. Measure gap with feelers.
12 | Grind in the vaives. e Designed gap size 028 mm _ 0-38 mm
o
= = 0.010" 0.018"
@ Renew ring when gap [ 0:76 mm
reaches 1 0.03"
Four Moniy D S 11. Replace each ring back into its ongln- piston groove.
13 | Remove injectory clean injector flterand test weay. | S0 | 60 |Mech | 20m Use the thin metal stripa 10 slide rings over piston.
:;’;“"’m Mz ':"'""" Wapeay B mtataciory. Lo 12. Check clearance between plton ring groove and piston ring edge.
onthty — “E" Service -
P bl Sl St ot Designed clasrance {o-ozs mm  0:073 mm
15 | 1f engine shows signs of koss of power, remove cylinde Moch 001" : ¢
._2"‘...1 pum"?umhtm;& o |} s Fieier Q00 003,
raximum wear
¥ eniine 1 performing miMlsciory DO NOT DISTURD. Re ring when 0-2 mm i
PPy clearance axceeds 0.008
16| Remove cyindec heads, examine inkt and exhause 70 | Mech LDOTE: I Sesigned clearance cannot be obtained with new standard ring.
Taives, decarbonize, §rind in va i Pen Qut groove and 1t over-width ring.
17 WAI)::::: and ehn nhm“" d'«i (h. lolr‘ free ” :‘::' CHECK UDGEON PIN AND SMALL END BUSH
18 | Checkand .q... ..»-.r.a .......pruu ppet chearances| ) S/D 7 Mech 13 Dmsigned clesrance 0:04 mm  0-064 mm
Fieier o
19 [ Examine arse end bearings and check cankpins fox Lo e 0.:0018”  0-0028
vty a1 Fitter
7
20 Check fuel wmp ‘operating gear and govermor for signs Mech Renew when clearance [ O 1 mm
| a5 |Fiee exceads | 0-004"
i oo g 58 Aan
e Fitvee REFIT GUDGEON PIN AND CONNECTING ROD TO PISTON :
2 Yearly — “G" Service 80 14, _Ammersa piston in hot oil or stand on hot plate to ease insertion of pin into
22| Examine main bearings amd check cankahatt for £ S piston. :
Svaliey and » Fitee
23. [ Remove and examine Mbrscuting ol pasep. REPLACE PISTON
s/

16. Smear lubricating oil on piston piston and liner.
piaton ring oae
1058 o ol in piston rings, siide piston into liner.
Job Spec

s
17, Using Jip N
itication No 79

Sauple connocnng rod big end and bearing.
19. Aeplace cylinder heads. Job Specification No 70.

2.18 Job specification No. 73
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et HS-FR- 09/00 - - i
[ ) 0 [ s [ e ITEM
FACILITY JOB DESCRIPTION -
TR . oy - DESCRIFPTION
1ajle ] SAyenas St L ] J " o PR =
vy — ri e st =009 dafns STEAM STOP VALVE OVERHAUL OF STEAM STOPF VALVE
s et
ol on, NP P LOCATION :— ALL TRADE :— FREQUENCY :—
ol . = R STEAM LINES ON SITE MECH FITTER ANNUALLY
et e ““':““ Pt f oS PR NS e A i 0.5 AR i Ak a3
o
e
o | 3. ONTADN Pewm-to-wosk.
= 3. e ol e e Seanem ey Vilves om each side of valve ® be oveshauied. Securs tn the clesed
8 ottt ettt Sk amd <ha b
3. Allew sime fer line sveam produre to drop o sere.
a 4. Memove valve from line. Fit blasks to ande of 1ine i 2o replacement valve i avedable.
o 3 Remove Setdge cover s and withhew cover, > amd vaive 1.
o € Dimamis gland, wiaed pesking, Mamiviacl, piefie snd vaive 1A-
- 7 Memimn the folloving Sompomen.
g By e g e
= o o
o 3 BRIDGE COVER scraw thraad for wass and with valve spindle for fit amd movent.
o | VALVE 155> FACE for scoring and pitting. machine i nee.
o bttt ek e, b e et S TS amtn.
VALV TEAT PACE fov seoring nt piing, machine Lf mecemry.
VArve e Comdiatom and
e e e, ive 10k, mad mptmile it mamlacemr dravrings.
gty e oo e e baek e deering o -
e ot vatvn i o Swine vrediing prosrer.
e AR S ey Sk S SAAS Vraiins peaamre.
R Remove blanie amd roplace vaive b tas.
22 —move chaine end locks on adjscent stop valves.
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EN ISO 14224:2006

Twelve categories of maintenance activity are idertified in Table B.5 together with related codes to be used in
e

1 g £ olai 51 805 paani U g daladl S Uy el S g | 3l Ll el g i GG ok gai databases for both corrective maintenance and preventive maintenanc
Table B.5 — Maintenance activity
5 Repair St 03 ol a3 ol ppani 5SS bl e B 04y gy s i
s o ATy G 4 e e 9 oyl b4 Vel s ] Nﬁ;a:" Activity Description Examples. Use
aalnd o b o s b i ek b G g e i gad R 1 Replace Replacement of the item by a new or|Replacement of a worn-out bearing c.P
- " il s o5FngS b 5B #lygn i e scneni refurbished item of the same type and make
Modify Yol aiel oglica ol o b Sy b i 31 g b
A4 Sl e 4 a3 B by e Sy ga 2 Repair Manual maintenance action performed to|Repack, weld, plug, reconnect, remake,| C
= O g pedesd g il i cadlad Ko Slpie 801 = restore an item to its original appearance or | etc.
o 1S 53 3 e 39 o g S Ygano b 23 afl state
3 Modify ® Replace, renew or change the item, or a part|Install a fiter with smaller mesh| C, P
PR Y G 038 5 of it, with an item/part of a different type, | diameter, replace a lubrication oil pump
¥ Jasei Bl &5 Jases ol b sl o i e i 3 0355 - “:‘;”' make, material or design with another type, reconfiguration etc.
0 i gl a Adjust Bringing any out-of-tolerance condition into|Align, set and reset, calibrate, balance | C, P
tolerance
Refit Sl 2y g MBI g s SR s paoad o8 By 29l 15 b 302 M B Refit Minor repair/servicing activity to bring back l’—‘cl:sh cloan;grind; peink cosk; kibe, ol cp
& " = e P 3 Sl an item to an acceptable appearance, |chal
S o o Ll A S e S s Sy ey g )y, internal and external
TR 3 n = 6 |[Checke The cause of the failure is investigated, but|Restart, resetting, no maintenance| G
& L g 03903 33 Pl et altdl b Lol o Ty il e Al g i i ke g 3Ty no maintenance action performed, or action | action, Particularly relevant for
5 s it S st iy e Yl U g so3ged gk o i e 8 3 i is deferred. Able to regain function by simple [ functional failures, e.g. fire and gas
SR oy oy o 5k a3, oAl bl A 3 s S0 e 3, 0 actions, e g restart or resetting detectors, subsea equipment
) iy ¢ 7 |service Periodic service tasks: Normally noleg  cleaning, replenishment of| P
ey o 2 S g 3 531 (ol ayp tf ol jurad 8 Uiga) dismantiing of the item consumables,  adjustments  and
s, IRPERCAIPRT calibrations
sl pma ilyl Sl o, o
Service dair gty e pgle s gl 8,98 g e gl Culad e e e 8 |Test Periodic test of function or performance Function test of gas detector, accuracy| P
v —— el Ol g oS test of flow meter
(3,03 3,2, Wil sy <0 53 Gt} ®  [inspection  [Perodic inspectionscheckc & careful scnminy[All types of genersl check inciudes| P
iter or without| minor servicing as part of the inspection
Tkt o Gual g :“‘A""" 381t Cusk dismantiing, normally by use of senses task
A 5L 3 Sles glaype o
Bl : 10 |overhaul Major overhaul Comprehensive inspection/overhaul with| C, P
(3, a,ulna,ﬁ....g ;3 Udag)
- - of items as specified or required
S alsli. 13 Sl gl iy Slas | ke s S
Inspection E 703 8 i S S et | S g e b Sl 4 11 | Combination | Several of the above activities are included |If one activity dominates, this may| C.P
q G il a9 b 39 om il S 3 50 SUid U Jadgrs il aaall S S alternatively be recorded
O] z -
ARy il ) 03l Anele 9 (313 32,18 & 8ty S 3 Gtns) 12 |Other Maintenance activity other than specified | may dominates. c.P
Overhaul : e g b g 5 i [+ C: used typically In comective maintenance; P: used typically in preventive maintenance.
1 (1) o] Sl / Aol
gl 29  omin ke s g 3 Sty > net defined a: stegery. but is often performed by persons trained in the maintenance disciplines.
Modification to & major extent can have nluence on the operation and relabilty o an SqUIpMENt unlt
kbt wartly 1P 5 gl a S < “Check” includes the circumstances both where a fsilure cause was revealed but maintenance action was considered either not
" NS S 390 pn JoLS 1y Wl 53 803 3l ol Culled 1 golass b T 5 s 61, iy Y not possible to carry out and where no fallure cause could be found.
w5 . o -
N S G | P et 3 5 )
= For nce, this he type of restoration action that was performed. In
Other KLUBER ASONIC 7 ssldat |1, o7y ganaral, the pradominarit restoration aciivity should be ooded when several activities are involved. The code
"w S b il AN b3 Mg 33 3 e U Canllad MDLE Uy gl BORY Jlake & CHY 72 categories “repair’, “replace”, “overhaul’ and "modify” should have a priority relative to the code categories
o o 55y, DE i 1 908 “refit” and “adjust” when a combination of the two categories are involved (e.g. repair consisting of “repair” and

RS

Restoring

MC

Machining

“refit” should be coded as “repair). If there are several repair activities involved, none of which is predominant,
the code “combined” may be used

o2 g (551N SLculed gol> o oS

Slaist

S 7

oz

DC Disconnecting electrical N IN Inspectlon ‘sﬂ)ﬂ

conmections 5 SYLail 0 )5 alad CL Cleaning S5 a0
RD Research oliawios LB Lubrication S Slg
WL Welding S ASies AR Adjustment , Reset &1 | 53! o9 (adlid 30 ¢ palai

2 Restart Sase
AS Assembling sLige >
LD Leak Detection o] RS-+

DA Disassembling idges p— e r——r— i AT
i Motor Rewinding T 19990 RP Minor Repair o lw ! pud yuoi
MD Modify & sl CA Calibration gl eudlS
AT Amperage Test R TRe O] RL Replace -TPe ]
vT Voltage Test g G VM Vibration Monitoring s gl )

Meger Test

G99 S

CcT

Clearance Test

oA 55 0 0

MC

Motor Circuit Signature

3 foo 3JGT
Analysis 35990 sle 5
CH Charge 55U po 3 &g 53 g a3l
DA DeAir S5 lgn
cp Cooperation with .
Purchasing el e T
ET Etc. Pl

OA

Oil Analysis

AL Alignment Silw 950 pi
TG Thermography s &3 3| >
OH Overhaul wswlu! puoni

FT

Function Test

DC Dyeing & Coating S gl g S
Cli Corrosion Inspection 5995 Wb
SE Software Editing 21591 p 35 )Mot

Direction Reversing
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Figure 3.7 Weekly planning progranme.
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Weeks

Mean Time Between Failure

The average amount of operating time between consecutive breakdowns for an item of

equipment (or plant).

Formula

12

10

Operating time is productive time plus production delays.

MTBF =

(G515 L) Ol aganijl S a Jalase sl (5581 IS o

Operating Time e gl o
Number of Failuresor Breakdown Events 1 «=loa Sl

2 Slles Oloj aSile

Number of failures or breakdown events is the number of failures on an item of equipment (or plant).
Wil (0 A 45 1 end S (T 5 1 Olado Slaad ¢ b (> Slui

Interpretation

Maintenance effort required |s decreasmg

6 sl g, 9 b 55l
Maintenance practices / mechanlsms are effective.

Wil (50 L6 b O S0 43LO1 43 30 J5 o SFlbes loj e
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« Failure frequency is decreasing.
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Hours

RCM-kpPI

Mean Time To Repair

» The average maintenance time required to keep an item of equipment (or plant)
operational. Gl U 3090 SIS b e Sy 03905 ot 1 & Gloj D30 5Sle
Down Time
Number of Failures or Breakdown Events ) Gl s sleillad el

Oy e

Formula MTTR =

— Down time is the total time equipment (or plant) is down for maintenance work (preventive and corrective).
—  Number of failures or breakdown events is the number of failures on an item of equipment (or plant).
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.  Poor clean up (work preparation) practices.
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MTTR

+ Maintenance practices / mechanisms are effective.
S 590 & 518 dig) 3 1o (g3 yius]
+ Clean- up (work preparation) practices effective.
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