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Creating Proceduresand Check Sheetsvith the Quality that
Improves Reliability

Abstract

Creating Proceduresind Check Sheetsith the Quality that Improve Reliability. Ultimately
reliability is in the hands of the people these,build and rebuildequipment. Highequipment|
reliability requires precision workmanship arsteady, considerat®peration (known as
Degradation Management)Both equipment operator and equipmenaintainer need to be
precise, they need to know exactly what to tdoalways produce great reliability. Most
proceduresand check sheetare so poorly written that they cause equipment to be failed.
Standard operating procedurean createreliability if they ensue thatusers meeminimum
quality standards World-class standard operating proceduses not only aminimum level of
quality, they also set a hightlevel of quality that when achieveddeliver amazingequipment|
reliability .

Keywords: precision maintenance, work quality standards, work quality asswutagcadation
management

For a long time now | have wondered whky manycompanies around the world suffer poor
operational equipment performance. | think backemgan appentice fitter and machinisih

t he mi dandih@e atné moblems that hounded us back then with our equipment condition
still hound us today. I remember as an app
about the failures and errors whichppened to them twenty and thirty years earlier. For at least
70 years that | know ofoperational and maintenance errors and failures have wrecked our
machines andusinesses. | suspect tlitahas always been that way. rmhanow of the mind that

we have serious systematic problems with the design of our busiresddsisiness processes,
and with our managementtradespeoplend engineéng education processes. fdar thatwe

have created processand systems thatnintentionally, yet withcertainregularity, destroyour
machines and fail our businesses.

Reliability is an outcomeg/ou design andhen create You get reliability aftermeeing the
quality requirementshatproducetheintendedreliability. You specifythe quality of engineering,
manufactureassembly, installatigroperationand maintenanceeeded for a level of reliability.
Quality is an exact numbemnd it is measured in indisputable engineering valuess not a
happy state of mind andrace feeling from seeing somethirgp well. Thatmay have happened
totally by I uc k . T h e rodactar $n creating qulality cakdy reliability. You make
reliability happenintentionallyi you desigrthe business processasd practicesacross the life
cycle to produceit on purpose. Unless your sandard operating proceduréSOPs)and check
sheetscontain measurablguality values thatare met when the work is performedthey will
destroy your machineendequipmenbecause thework by luckinstead of providing sure way
to producehighreliability.

In this articlewe reviewseveral common styles sfandardoperating proceduresecord sheets
and check sheetsised in industry We highlight their inherent dangers artbw they can be
improved to preventhe operating and maintenance disasthatthey will undoubtedly causié
they are usedTo address thproblems and limitationsaused byhe example SOGf¥a new style

of SOP based on the Accuracy Controlledterprise3T (TargetToleranceTest) procedure
format is discussed If you want high equipment reliability you need to make sure your
managers, engineers, operators and maintakmens exactlywhat to do tadeliverit, and can do

1



.
=

Lifetime Reliability * Solutions

Website:

www.lifetime-reliability.com

Email:

info@lifetime-reliability.com

it exactly You do thaby installing and usingnly thosebusiness processasdwork practices
thatintentionally produce the reliability you needery time they are done
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May 2009
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Figure 1- Copy ofa Service Report Sheet from Air Compressor Mainten&ubeontractor

The style of service report in Figurddr an air compressor and air dryer inspectonommon.

A tick-thebox plus freehand comments method of feedback is quick and simple for the

technician. Unfortunately he report contains little of value regarding tbendition of the
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equipment and itikely future reliability. All 1 can discernrbm the report is the technician
looked at the equipment, did someerall vibration measuremertheckedhe machinevas in a
@oodenougld condition tocontinuerunning and left site after seeing someone to sign his time
sheet. If the equipment ownerdpt using service reports like that of Figuréolmonitor the
machine thdr air compressor will fail catastrophically before they will ever know there is
something seriously wrong with it.There is no information in the report to prove the air
compresspand dryerare able to continually produce quality compressed air and will deliver
long-term, highlyreliable operation. The better approach is to-deaft the report withclear,
unambiguous descriptiorendbr photographs otipper and lower acceptee limits for each
item inspected. Theibration values recorded have no meaning to anyexeeptthosethat
know the Sentinel Vibration Monit@ystem The vibration analysis results need to be presented
on a trending control charfThe vibration readingseem tdbetotal vibration, whichareno use

for diagnosing bearing condition and budding reliability problenrstating equipment

Inspection AcceptanceForms

New/Rebuilt Motor Vibration Test Form (0- 20 HP)

Scope

This form is to used to record the shop test data taken on motors running solo in the shop.

Setup

* Motor to have a % key installed.

¢ Motor to be placed on rubber mat at least %" thick.

* Where possible motor to be tested at full service speed.

¢ Maximum line amplitude is the amplitude value of the highest discrete frequency component
within the stated frequency range in any direction (HVA).

e Scope of this criteria is 2, 4, & 6 pole motors.

Equipment ID:
Acceptance Criteria Vibration Test Data
0-20 HP Motors New/Rebuilt Motors
Max Line
‘ Frequency Range Amplitude MOV Miv MOH MIH MIA
ips pk
‘ Sub-harmonic (< 1x RPM) 0.02
\ 1 x RPM 0.03
Lower Multiples [
(1x RPM — 10x RPM) 0.02 \
Higher Frequencies 0.01 \
(10x — 50x RPM) : | |
Overall Acceleration g pk 05 [ i
(0- 20kHz) ¢ |
Measurement locations
MIV MOV MIH MOH

MIA

[ [Sesview ] |

Figure 2- Copy ofVibration Records of Electric Motor Baseline Vibration

Figure 2is abaseline check sheet for a new electric motat first glance itseems to look the
part. It has g@od images with clear indication of where to position the vibration detector. The
vibration values are selected to detect a range of probleMsg. big conern is that the
acceptance | i mits aThe retlli means ghat dhperfoenancalsigohyét t y p €
60 bad e nameg Wulditaot befantasticto haveanother colummshowingworld-class
vibration result8 Theneveryone knows whatuperb vibration performance iand canook for
ways toproduce it Theonesided acceptandemit used in Figure 2s a trap. You only know
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0 b a d dPedple usikgsthéolm ok Fegure 2will tend to accept mitorsthat argust
outside the lintibecause of theanwantedhassle and cost of getting themwerked The one
sided acceptance lets théiink that they are saving the company money and ifirties result is
0 cl os e, batinofactgwinal they really do k&ing future failures into #business. Once
you create a twesided acceptance limit thaicludesworld-class performancenobody can kid
themselves, or anyone else, as to hibv equipment igeally performing. A onesided
acceptance limit shows people how bathings can be. But a twesided acceptance limit
shows them how good timgs need to be tadeliver world -classperformance.

Unfortunately theform in Figure 2is designed and promoted by a welkdading maintenance
consultancy. Theyive all their clients theséorms. Theyteach people around the world to
write forms just like Figure 2t is a tragedy for industryTo me this explains a lot of the reason

so many companies around the world have operational equipment problems.
systematically wreckintheir equipment through ignoranaadmisunderstanding

Equipment Condition Inspection Forms

Equipment
Number

Work Order
Number

Date

Pump description

Running Hrs

Machine History Clearance # Isolation Points
Checked ? Valves Breakers
Pump Pump Size
Manufacturer
Reason that Work Order was Written for Pump
Inspection Section
Pump Foundation & Piping

Item Condition | Comments
Grout/Foundation Good | Bad | Not Checked
Anchor Bolts Good | Bad | Not Checked
Base Condition Good | Bad | Not Checked
Pusher Bolts Yes No | Not Checked
Suction Piping Strained Yes No | Not Checked
Discharge Piping Strained Yes No | Not Checked

Pump Coupling
Coupling Spacer Good | Bad | Not Checked
Coupling Flanges Good | Bad | Not Checked
Coupling Hubs Good | Bad | Not Checked
Key Length Good | Bad | Not Checked
Lubricant Condition Good | Bad | Not Checked
Pump Bowl
Impeller Rub Yes | No [Not Checked
Corroded/Eroded Yes | No |Not Checked
Gasket Leak Yes | No [Not Checked
Plugged in Suction/Discharge | Yes | No | Not Checked
Wear Ring Condition Good | Bad | Not Checked
Pump Impeller

Impeller Rub Yes | No [Not Checked
Corroded/Eroded Yes | No |Not Checked
Impeller Gasket Condition Good | Bad | Not Checked
Cavitation Wear Yes | No | Not Checked
Impeller Tips Bent/Worn Yes | No [Not Checked
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Rear Cover

Backplate Corroded/Eroded Yes | No [Not Checked
Stuffing Box Corroded Yes | No |Not Checked
Gland Gasket Leaking Yes | No [Not Checked
Mechanical Seal
Seal Leaking Yes | No |Not Checked
O-rings Good | Bad | Not Checked
Rotating Face Good | Bad | Not Checked
Stationary Face Good | Bad | Not Checked
Seal Flush Operational Yes | No [Not Checked
Shaft
Sleeve Yes | No |Not Checked
Fretted Yes | No |[Not Checked
Grooved Yes | No |Not Checked
Corroded/Pitted Yes | No [Not Checked
Threads Worn Yes | No [Not Checked
Bent/Broken Yes | No |Not Checked
Cartridge
Front Bearings Good | Bad | Bearing Manuf. & #
Rear Bearings Good | Bad | Bearing Manuf. & #
Qil Seals/Isolators Good | Bad
Qil Level Good | Low
Oil Contaminated Yes | No

Figure 3- Copy of Pumplnspection andConditionReporting Form

You see tk format and content stylef Figure 3for inspectingequipmenteverywhere in
industry. | believe it causes far more equipment failures than it prevents. My guess is that it is
written by a technician with years of experience inspecting and repairing centrifugal pumps, or
by a professional engineer with long yeargpomps ancpumping system experience. No one
else could possibly hope to understand it, much less use it effectively. Like the air compressor
service report of Figure 1, this form wiéit the pump fail catastrophically before you will ever

know there isomething seriously wrongwithiThe reason i s no , @m@dd&no
oyesd6 or 6énob6 |l ooks 1ike. Such measures ar
parameters to decide if a thingis,oris,ipp od or bad. fPea Theyrcanna@ r s 0

be adjusted depending on circumstanc&s.inspectionform needs to telyou what worldclass
results ardor every inspectionpalong with what is the worst performance acedjefore ding
something about it.For each inspectiogou must know how to conducit to ensurethe test
performedgives correct results angrevens badresults. Furthermorehé formmusttell you
exactly what to do when the performamngéaddin order to return it to excellent condition

Imagine handing ik work order tothe typical naintenance tradesperson and telling themao

the inspectiondéisted Take t he first i nspWhatcoubamadtéantert / F
tradesmanpossibly know about worldlass pump base grouting and foundations? @nly
experienced pump foundation and base plate design and installation engineer would know what
they had to look for to decide if the pump base grout and foundation were in good or bad
condition. You might be lucky and the tradespelisamghly knowledgeble in pump bases and
grouting. If that happened it would be the luckiest day of your life. The same applies for every
other inspection. How can you competently deémtecachinspectorwh at i s 6égoodé
is O0Obadd when t heaueangasge suohtdécisiong? by whi ch vy

This form like that of Figure 2 was designed and promoted by a wedddding equipment
maintenance consultancy. They give all their clients these forms and they are teach people to
write inspection forms just like Figure 3These forms are developed with all the best of
intentions but theycause failure, because they cancreiae high rdiability. People will use the

form and think they are providing a good maintenance service to their company and its
machinery. Yet they areterribly wrong. Inspection forms withouipper and loweacceptance
criteria anda repeatable prodést to confirm the quality levetannotdeliver reliable machines.
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Visual ManagementBasedInstructions
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Bundle Wrapping Instructions mest performed on a flat surface like a beq)

Figure 4- Copy ofVisual Instructions for Folding Clothes

Figure 4shows how to fold clothes. It contains few words and great attempt to keep things

simple while getting the message acrosslumans get 75% of their information through their

eyes. Imagine trying to explain wordswhat theseesight pictures say on one page. Yeould
haveseverapages of description and stilb the folding wrong. | bea supervisor in charge of a

group using a descriptiveolding procedure would be workeaff their feet explaining and
showing people the right way to do the foldingd supervisor of a group using the visual
procedure wouldakea dayto train their peopleand then everyone would get it right. There is a
trap in the visual met hod o f makewsure geople gnéet thper o ¢ ¢
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minimum standardvhile encouraging them to be wortthss There are no standards noted in
Figure 4. There should be measurements showing upper and lower limits of lotattoa
tolerance for positioning thelothing | would alsolike to see both a teplass result and a not
acceptable result shown during the training program for those people who fold clGihexsit

of you way to provide detailed visual procedures and checklists andio not use detailed
descriptive procedures and checklists The next exampl e shows you

Descriptive BasedAcceptance Criteria

Figure5 - Copy ofWelding Acceptance Inspection Criteria

The weld acceptance criteria in Figure 5 are correct in detail and conunt.it is so full of
confusingtext and convoluted explanations thatuymustbe a welding expert to understand
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