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Reliability and maintenance excellence in every operation

An example of an Accuracy Controlled Enterprise 3T (Target
Tolerance-Test) Procedure withreliability standards to install taper
spherical roller bearings on adaptor sleeves in Plummer blocks with

taconite seals for 30mr250mm diameter conveyor shafts

Abstract:

Example ACE 3T (TargefoleranceTest) Proceduravith Reliability Standards Machine performance |s
totally dependent on human beings. To address the problémnmdin errorcausing equipmerfailure, an
Accuracy Controlled Enterprise sdtest pratice quality standards andses3T TargetToleranceTestwork
taskquality control that assures high qualitgrkmanshigfor high reliabilityresults. Their work procedures
are standardised so evengofollows the same methods pieoduce the same resyltkeir training teaches
people how to deraftsmanshipvork that creates outstandingly reliable plant and machin€hey create
the reliability they want and as a result achieve operational excellence.

Keywords: precision job procedures, maintenancekwuality assurance,

High equipment reliability requirggartsmade to precise sizes and assembleprégisionstandards Our
machines and equipment are dyhilelessobjects that cannot tell they are suffering and in trouble. They
cannot adjust #ir behaviour when stress and strain gets too much. They just brake and die. It is up to us to
make machines work properly by ensuring they are made well and kept hdaitleywant high equipment
reliability we need to use the skills, methods and gsses that produce high equipment reliability.

Maintenance work processes that deliver better thaigrBa quality accuracy (7 errors per hundred
opportunities for error) are uncommonindustry Most maintenance and repair work processes range from
2-sigma to 21/2-sigma, or 30 to 10 errorespectivelyper 100 opportunitiés You cartruly say that due to
human error maintenance destroys the equipment that it is meant to meafiedty. To address that
probleman Accuracy Controlled Enterprise etes high quality work procedurédl of doublechecks and
measurablégask qualitystandards that must be meAn example ACE 3T Procedure with wordliability
guality standard$or mounting spherical roller bearimgn shaft adaptosleevein Plummerblocks follows.

With an ACE 3T procedure high maintenance work quality is assured. It also brings many other wonderful
benefits to organisations that chose to become great at operational excellence. It sets standards that everyone
must adhere to, fromgeipment vendor to subcontractor to employee to professional engineer. It allows
workmanship skills to be trained for targetedliability outcomes. It drives continuous reliability
improvement as people reach higher and higher mvarishipquality standeds and become an Accuracy
Controlled Epert ACE 3T procedures are written at three levelsvofk quality performance The lowest

work quality levelis the best of current site practices i t i s 6 br onze .mkihethrdIévell e v el
is setat world classreliability standardsand tells everyone where they need to be dythvant to deliver

6gol d me ddidbility (Todes that goa takes training in precision maintenance skills, use of quality
control proof-tess and a mindsethat vdues high quality workmanship.). Hbetween is the intermediate

level, which is ahardstretch target above thest existind e v e | of work quality; it

Writing an ACE 3Tmaintenancerocedure takes a lot of reseaialo the fine technical detail®f what
delivers ultrahigh reliability, you need to appreciate andderstandxacting engineeringtandardandbe

able todecidce which applyin a situationit needs a good grasp tife reliability of a designandof materials

of constructionissues. It is the work dfechnically competent and engineering knowledgeable persons
working together with trade savvy peoptecreate a document that hetpshniciango do expert, masterly
work first-time, everytime.

Best regards,

Mike Sondalini
www.lifetimereliability.com

! Smith, Dr, David J., Reliability, Maintainability and Risk, Seventh EditAppendix 6 Elsevier, 2005
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Reliability and maintenance excellence in ever.

An example of an Accuracy Controlled Ente
Procedure toinstall taper spherical roller b

It is best to have a procedure for each shaft size because one
procedure for multiple sizes ensures that human error will happen at
some point. | have covered multiple sizes for the sake of giving you
an example of the ACE 3T method. In reality | would use this as a

master document and then create each shaft size procedure from it.

olerance-Test)
gson adaptor sleevesn

Plummer blocks with taconite seals foBOmm-250mm diameter conveyor shafts

NOTE: Thisis anexampleACE 3T procedureDo not use the procedure without exact details that apply to your
equipment. Each organisation must research, develop and appitbpeoceduresised on theiplant andmachines

Installation Procedure M0234

Work Order Number:

Description:

t o «250mm

Mounting sphericalroller bearing of C2, CN, or C3 internal clearance amaptorsleevein
a Plummer block with taconite seals 013 0

(i utleyshatts i v e)

Your Responsibility on this Jofhis procedure explains hote properlyinstall a spherical roller bearing
with a sleeve adaptor on a shaft. It is vital ftoe success of this operatitimat youdo qualitywork that
produces longeliable bearindife measured in decade¥ou are responsibler the work:you dand to use
the master craftsman skills such great performaeeels

This procedure igprovidedfor you to follow and to record your actions and findings as you do the job. The
completedprocedure becomes a record of the job and proof of workmaqahljty. It.is our current best

practice andncludes careful engineering detail gmce o p I"e s 6 |

ear ni

ng

and

exper.i

the best way yet found to do the job ridinst-time to top-class quality. Follow the taskslescribed in this
document and ask if you are not certiaiw to get the needed resultd/e want youdo expertwork and will

help you to do so If you have a problem that‘you cannot sobgrectly please seequr supervisor
immediately and do not progress with the job until the issue is properly fixed

If after you master this procedure you believe that you know of improvements, please bring them forward for

discussion. You can test your ideas and compam tb the procedure. #suggestion
it will become thenewway to do this jolthroughout the company

Necessary Parts, Equipment and Tools:

This information is used for
planning and to check what is
actually used on the job.

roves to be better,

No |de’:’l\32$k?éL0n Item Description - No for Job Sllj;?;ﬁgzj

1 Part ID number Beaing ,spherical roller, 22mm bore, 2?mm wide, 1:12 taper 2

2 Part ID number Adaptor sleeve, 2?mm bore, 119mm wide, c/w locking tab washer 2

3 Part ID number Plummer block, closed, capped end, ??mm shaft, c/w two Taconite seals 1

4 Part ID number Plumner block, open, ?2?mm shaft, c/w one Taconite seals 1

5 Part ID number Studs, lengths to suit Plumber block and support base thickness 8

6 Part ID number Spacer ring, gap type; ??mm bore 2

7 Part ID number M??mm nuts and M?? washers 16

8 Ring spannes NOTE: Dp not use adjustable shifters and pipe wrenches as they damage corners of bolt he As required
nuts making their removal dangerous and unsafe

9 Part ID number Shim Set, 316SS, each of 3mm, 2mm, 1mm, 0.6mm thick shims 2

10 Micrometer/Venier ??mm to ??mm

11 Feeler gauges Long series feelers, 316 stainless steel, 0.02mm thinnest 1

12 Grease / Oil ?? grade 1kg tube

13 Mounting Paste ?? 1 tube

14 Bearing‘remover Hydraulic oil pressure unit As required

15 Hydraulic nut To suit beaings size (for 80mm and over), Hydraulic oil pressure unit As required

16 C-spanner To suit bearing nut size As required

17 Marker pen Permanent Marker, 0.2 mm, felt tip, black 1

18 Marker pen Permanent Marker, 0.2 mm, felt tip, white

19 Precisionedge ruler Ruler, precision straight edge, 1 meter long 1

20 Precision level Level, precision, bubble, 1 meter long 1

21 Tape measure Tap measure, 5m long, 19mm wide tape, metric 1

22 Bearing restrainer Slotted bearing restrainer c/w bolt for shexfid to stop bearing flying off on hydraulic oil removg As required
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Job ProcessSummary

A summary of thavork procesdor doing the jolis shown below. Be familiar with the workflow when preparing to do the job. The fully detailed procedure follows.

Overview of the Process for Installing Spherical Roller Bearings with Adaptor

Sleeve in Plummer Blocks with Taconite Seals on a Conveyor Pulley Shaft

Prepare Safe Check Check Measure Measure Locate Mount Position Complete Align Lubricate Align Test,
for Job in Isolation Parts and Shaft Bearing Plummer Bearings Bearings Plummer Plummer Plummer Bearing Plummer Clean-up
Dirt-Free and Materials Condition Internal Base on Shaft on Shaft Blocks Block and blocks and Seals Blocks and and Hand

Work Area Handover and Clearance Plate and Place Seals Bolt Down Back
Tolerance Accuracy Pulley Assembly
Collect Make the Inspect each Check shaft Use long Measure Put adaptor Drive bearing Position Fit bearing Align the Partially fill Locate Test the
together all plant and individual dimensions feeler housing sleeves, into position. Plummer cap and shaft. Shim the Plummer Plummer pulley
materials, equipment item correctly at adaptor gauges to support bearings and Pack grease Blocks Taconite for vertical Block with Blocks with operates
tools, safe to work matches sleeve prove roller vertical rotating seal in voids of loosely on seals position. grease and correct pulley correctly and
instructions on. Isolate parts list and locations for to outer ring alignment, parts on both mounts Tighten fixed make sure alignment. leave work
and > and prove |P record P correct size internal »| levelsand [P shaft p| bearings |p| oriented (p bearing into |p| grease fully [p| Useturn of P place clean
information. the plantis quantities and clearance flatness meet correctly correctly. place then fills Taconite nut method and safe
Clean area safe to work- supplied tolerances meets standard Lower shaft tighten Seals in cross
of dirt and on standard assembly floating sequence
dust into place bearing into and tighten
place

C:A\UserdMike\Docume

The paper size used to print the
procedure can be up to A3 size.
should be easy to read text and to

record measurements and readings

It
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NOTE: Thisis anexampIeACE 3T procedureDo not use this procedure without the exact details that apply to your equipmenEach organisation must research, develop and approve all procedures used on their plant and.equipmen
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This flow chart does several things:
eof the b tbat aam be discussed with people
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1 It makes the job into a process that delivers a measurable output
1 You can now build performance KPIs into the process and measure effectiveness
1 It allows you to do Lean value stream mapping for efficiency improvements




Engineering and Accuracy StandardsFor This Procedure
ITEM DESCRIPTION STANDARD REQUIREMENT METHOD and TARGET TOLERANCE ON TARGET
Mountin Bolt Tension Bolt Tension Accuracy Tolerance on Turn-of-Nut
Bolts 9 High Strength Structurdllass 8.8 bolt and nut 220 kN (minmum) Use Turnof-Nut method: One twelfth turn over (3Pand nil
Half (¥2) turn from fully snug tight under half turn
. Hole (Bore Diameter) / Shaft (Diameter under Finely machined téSO 286 Stay within respective International
Fits H8/h9 L
adaptor sleeve) tolerance Tolerance (IT) Grade limits
Shaft A threedimensional geometric tolerance that contrd Defined in ISO 1101and identical to the Finely machined to IT5 Stay within IT7 tolerance
Cylindricity how much a feature can deviate from a perfect cylin maing part cylindricity tolerance [\ y
Measuring ltembs average body t ¢ 5C to 35C Measure item temperature- ] ) i i
Temperature measurement reading temperature is outss In this table you specify the internationally accepted

standards used in the procedure; you set the quality
standard for your site, you set the target and the outer
tolerance you will accept for each standard.

Follow this Detailed ProcedureExactly and Record What You Find and See

Matl, Tools N, . " — )
Task Step | Task Step - Lo Reliability and Quality Standards Reading / Action if Out of Sign
No Owner Name / Task Description C& Th.e." Test fORQEHECtNesS 7 Good Better Best Result Tolerance off
ondition rd
Person 4-5 words _Acludediagrams and pictures Inc diagrams and>”_fes
Technician | Prepare for ﬁﬂ/ j d Request and Planner arranged all| Plan S all items| Only start once all
1 the job face collect issued items ready for issue ’ adyfor use requirements are at
' i . . the job itemsfrom store from Store the job site
Specify the proof-test used to decide
whether the task is acceptable and is art, equipment and | All items are on All items onrhand & Immediately inform
Describe the task in full detail and includ completed correctly is present and every hand and visually all are precertified the Job Supervisor if
diagrams and pictures. You want to help em meets its engineering | inspected to specification. A the parts are wrong
. . ““satjgps and is in a random inspectj or they arenot to
people do great work. You use these columns to specify the quality specification

;tzn?a;dit?a:nvgllr?till\;er tf:e r:e!a:allltyyagd bestw This column is a record of what was In this column we tell people
- : - ) found and the standard to which the what to do if the minimum task
Plant Make Equipm which you may have to research to find. K ” d Elfty SEmerE i e e nly start when
3. | Operator workplace task was performed. quality / there isa safe
sde ———— | _doneto proceduré —_ i e — handover
Technician | Safe Contact Operations personnel responsiinié gace Danger Tags | Isolation procedure is Operator and Operator previously | Operator provides Only stat when
and Plant isolation personal danger tags at isolation points amigt accept correctly done angolations | Technicianwalk isolated plan& isolation point equip is proven safe
Operator and plant handover aftepproving isolations have denergised proven saféy testing process tagged isolations drawing& walks to work-on &
4 handover equipment and removed hazards identify, prove& with outof-service processwith handover procedure
’ tag isolation tag & proves to Technicianto show is properly
points Technician that the | prior tagged completed
isolation are isolations& prove
effective plant safe for work
Technician | Position Do Take 5 hazard analysis and address all risks over L{ 20T Crane, Task done safely. Task done safely | Task done safely and Task done safely, Report safety
equipment | \1ove and/or lift the pulley into a-safe and comfortable timber Equipment to be workedn restraints properly restraints properly concerns or removal
5. safely working position andhockit into place ErrLot:::rsblocks is firmly secured, unable to located L?r‘;e\‘/fi;gd tested to fg?]%lgn;i;erri?srgfge
If possible ensure a liref-sight between Plummer blocks fall even if heavily knocked
to allow easy measurement later. by accident
Technician | Match Before removing any items and stripping the assembly [ Tape Hand sketch showing Measure from Measure from Measure from
mark and a white marker to matetnark all parts for identical measure measurements from datum ¢ datum, record datum, record datum, record
6. measure reassembly. general assembly drawing | distances distances and doublg distances and get
assembly | Tare measurements and record the position of all bear] with site measurements check someo else to
centres from the ends of the shaft as a datum for marked on it double check
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Matl, Tools

Task Step | Task Step - : Reliability and Quality Standards Reading / Action if Out of Sign
No Owner Name Task Description & Th_e_|r Test for Correctness Good Better Best Result Tolerance off
Condition
reassembly.

Technician | Remove For 80mm bearings and above use hydraulic oil bearin¢ Hydraulic nut | Remove locknut safely Nuts removed and| Nuts removed and Nuts removed and Report safety
Plummer remover to pop the bearing off the adaptor sleeves onc{ remover and | without harm to people or Plummer ltocks Plummer blocks Plummer blocks concerns or removal
blocks thebearing restrainer is in place. C-spanners. | equipment removed safely removed safely and | removed safely. Old problems or damage

Follow the separate instructions for doing hydicau Markeri and retained parts| old parts kept for parts immediately to Job Supervisor
bearing removal safely and correctly. ! q cleaned Iater_ inspection and |n§pected for
i ) % thoroughly retained parts evidence of
For bearings less than 80mm use the correct size C aned thoroughly | problems and report
7. spanner to remove the lock nut once the bearing restra> _d\ ompleted.
is in place. Do attach other instructions, guides and procedures where clean
Match-mark all mating parts with the white or bla necessary. To include a description of hydraulic oil of bearing
marker for easy and correct reassentatgr. removal in this procedure would make the document too large. But
Keep all old bearings and DO NOT CLEAN them unti \there does need to be a procedure for hydraulic bearing removal.
after full inspection and reporting on condition _—
Technician | Recover Layout all parts to be reused in a «iee area in ordeyl All reused parts cleaned Parts are clean an{ Parts are clean and | Parts are clean,
usable fashion after cleaning thoroughly and safely with de spotless, inspected. for correct correct and tagged correct, tagged with
8. parts greasing agent and dryirgjf. quality to remain n service with part number part number and
Check part numbers are correct with parts list and part number identified a double checked for
correct with @rts list condition

Technician | Check With a micrometemeasurghe dimensions dhe shaft Suitably The section of shaft under | Use vernier Use vernier callipers| Use vernieccallipers Replace shaft with
Shaft location in three planes where the adaptor sleeves sit & sized ad the adaptor sleeves callipers or or micrometer to or micrometer to new if maximum
Condition checkthem for suitability. vernier simultaneously meets the micrometer to measure shaft measure shaft limits exceed
_eli_ntlj From the end of the shaft measure to where the adapte ca]llpers or rr::nlf;nu;n requwer’r&efnts for mleasure shaft tolerznce, tapgr, tolerz;nce, tapsr, fallomecitr%iwrement

olerance | gleeve will finally sit and mark the shaft with a black fel micrometer shaft tolerance and for taper| tolerance, taper, roundness an roundness an or shaft toerance,
9. tip marker at @ 45, 9¢° and 135 in the planes roundness and cylindricity. roundness and cylindricity are all cylindricity are all taper, roundness an

corresponding to the ends of the adapter sleeve and it
mid-way point.

The diagram belowhows the positionsnder the adaptor
to measurgalong with a table showirifpe required
tolerances thahe shafmustmeet.

grade

cylindricity are all
within tolerance
limits

within tolerance
limits and repeat
measurements to
confirm results

within tolerance
limits and get
another person to
check and confirm
the results

cylindricity
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The three standards, Good-Better-Best, need to be identified
and set for each task, along with the proof-test and the
corrective action should the test prove below minimum
standard results. Your technicians and engineers can help in

compiling the standards. You can also get information from
the manufacturer and from recognised international standards.

The
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expert in the organisation, as it is the standard the company is
striving for and against which everything else is judged.
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Task Ste Task Ste - Matl, T0.0|S Reliability and Quality Standards Reading / Action if Out of Sign
No Owner P Name P Task Description C& Th_e_|r Test for Correctness Good v B(?ettery Best Resul%J Tolerance ofgf
ondition
Basic Sizes (mm) International Tolerance Grades _
Measuring Tools Materials XL
over [Including | 1Tos | 1mos | 1moz | itos | 1moo [ im0 | m1 | maz | ma3 [ m1a 1O IT16 | IT17
Fits for parts in precision and general engineering Large Manufactu?r\ rication ’\
1 3 0.004 0.006 0.010 0.014 0.025 0.040 0.060 0.100 0.140 0.250 0.400 \b\ \j&
3 6 0005 | 0008 | 0012 | 0018 | 0030 | 0.048 | 0075 | 0120 | 0180 | 0300 | 0480 | 0.7B% . .
5 10 0.006 | 0.009 | 0.015 | 0.022 | 0.036 | 0.058 | 0.090 | 0.150 | 0.220 | 0.360 | 0.580 | 0.900 This reference standard is
10 18 0.008 | 0011 | 0018 | 0.027 | 0043 | 0.070 | 0.110 | 0180 | 0270 | 0430 | 0700 | 1100 | ™ needed for this procedure
18 30 0.009 | 0013 | 0.021 0.033 | 0052 | 0084 | 0130 | 0.210 | 0330 | 0520 | 0.840 | 1.300 | 2.10b_ because in covers sizes from
30 50 0.011 | 0016 | 0025 | 0.039 | 0.062 | 0100 | 0.160 | 0.250 | 0.390 | 0.620 | 1.000 | 1.600 | 2.500 30mm to 250mm. Reference
50 80 0.013 | 0019 | 0030 | 0.046 | 0074 | 0120 | 0.190 | 0300 | 0480 | 0.740 | 1.200 | 1.900 | 3.000 tables are normally appended to
10. 80 120 0.015 | 0022 | 0035 | 0054 | 0087 | 0140 | 0220 | 0350 | 0540 | 0.870 | 1400 | 2200 | 3.500 the back of the procedure but
120 180 0018 | 0025 | 0040 [ 0063 | 0400 | 0160 | 0.250 | 0400 | 0630 | 1.000 | 1.600 | 2500 [ 4.000 shown here because this is an
180 250 0020 [ 0029 | 0046 | 0072 | 0115 | 0185 | 0290 | 0460 | 0720 | 1150 | 1.850 | 2900 | 4.600 example of what to do to create
250 315 0023 | 0032 | 0052 | 0.081 0130 | 0210 | 0320 | 0520 | 0810 | 1300 | 2100 | 3.200 [ 5.200 ACE 3T procedures. If this was
315 400 0025 [ 0036 | 0057 | 0089 | 0140 | 0230 | 0360 | 0570 | 0890 | 1400 | 2300 | 3600 | 5700 an individual shaft size procedure
400 500 0027 | 0040 | 0063 | 0097 | 0155 | 0250 | 0400 | 0630 | 0970 | 1550 | 2500 | 4.000 | 6.300 (which I recommend you do) the
500 630 0032 | 0044 | 0070 | 0110 | 0175 | 0280 | 0440 | 0700 | 1.100 | 1.750 | 2.800 | 4.400 tolerance values would be
630 800 0036 | 0050 | 0080 | 0125 | 0200 | 0320 | 0500 | 0.800 | 1.250 | 2.000 | 3.200 | 5.000 selected, double-checked and
800 1000 0040 | 0056 | 0090 | 0140 | 0230 | 0360 | 0560 | 0900 | 1400 | 2300 | 3.600 | 5.600 shown for each task.
1000 1250 0047 | 0066 | 0105 | 0165 | 0260 | 0420 | 0660 | 1.050 | 1.650 | 2.600 | 4.200 | 6.600
1250 1800 0055 | 0078 | 0125 | 0195 | 0310 | 0500 | 0780 | 1.250 | 1.850 | 3100 | 5.000 | 7.800
1800 2000 0065 | 0092 | 0150 | 0230 | 0370 | 0600 | 0920 | 1500 | 2300 | 3.700 | 6.000 | 9.200
2000 2500 0078 | 0110 | 0175 | 0280 | 0440 | 0700 | 1.100 | 1750 | 2.800 | 4400 | 7.000 | 11.000
2500 3160 0003 [ 0135 | 0210 | 0330 | 0540 | 0880 | 1.350 | 2100 | 3.300 | 5400 | 8.000 | 13.500
Technician | Check Shaft Diameter Tolerance Form Form Replace shaft with
Shaft 0 mm h9 pm IT5 pm IT7 pm new if maximum
11 Condition over | ind | high | low | max | max limits are exceeded
’ and 18 30 0 52 9 21 Such tables are developed on any requirement
Tolerance . . : specifically for each procedure for shaft tolerance
% . 2 o . - so the technician on the job does and IT Grade (if IT
50 80 0 -74 13 30 / not have to stop and work the Grade is exceeded f
§ [ - . means the taper,
AU | o | o | o [ e [ s | s e e e dntul e o
. ' . p n cylindricity are not
s b g -1 L il \ work situations. The details they ri)(j]ht for tr¥e bearing
N . . 180 250 0 115 | 20 46 \ need are researched, doubled- to have a long and
A B c 250 315 0 130 23 62 checked to be correct and reliable life)
| —— - i ‘ provided in the procedure.
/ Thanks to Rod Bennett of Bluescope Steel and CBC Bearings, Australia for the methodnbear.com
q An example busing the table for a 150mm diameter shaft is shown below.
Provide examples of = o B Cvhad Evad
how to complete the e e
tables and do the > p 45 o 1356 Plane | Required 5 = o == Plane Required IT
analysis that needs to  M— ——— ——— - -'\.‘ cage Tolerance b9 i ) - o Average Grade 5
be made. | Plane A ! %f}) ug 149 4 149 5“5 :49 99,*‘: s L | PlaneA | 14998 149.99 14999 | 14999 |
PlaneB | 1499 14994 14998 14996 | 0.0001t0-0.100 Plane B 14997 14904 14995 149 96 0018
laneC | 14998 149 98 14995 14998 | I PlaneC | 14998 13998 | 14999 | 14998 |
[ Max-Min | 003 | 006 | 005 004 | -0.10 | | MaxMin | 001 | 005 | | 004 | 003 | 0018
Shaft tolerance is met Shaft is not sufficiently cylindrical
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Enter appropriate maximum IT value frohettable above in the two right hand side columns. e.g. IT5 of
0.018 and IT7 of 0.040 for 150mm nominal bore bearing

Record final measurements in the table above then subtract the smallest value from the largest value]

if O6Passd @sult@kman | 6 in the R

decimal place
accuracy.

Tolerance Grade
isupto IT7

up to IT6

Tolerance Grade is
within IT5

Matl, Tools - . ) _ )
Task Step | Task Step - Lo Reliability and Quality Standards Reading / Action if Out of Sign
No Owner Name Task Description ngr-:c:]i(teilt;n Test for Correctness Good Better Best Result Tolerance off
Technician | Evaluate - s o0e 135 Plane Required Tolerance Use vernier Use micrometer to Use micrometer to Replace shaft with
Fixed - o Average h9 calliper to measure the shaft measure shaft new if minimum
Bearing Plane A measure shaft tolerance is within tolerance is within tolerance is
Shaft - tolerance within h9 and double h9 and gets another exceeded
Tolerance Plane B h9 and double checks it again. person to measure
; - check it again. Measure to second | and douke-check
12 Plane C Measure to semd | decimal place values match.
’ Max-Min decimal place accuracy. Measure to second
—securacy. | decimal place
cy.
Enter appropriate high and low shaft tolerance value from the table above in the right hand side colunj .
0.000 t0-0.100 for 150mm nominal bore dxéng PFOYIde a place to record t_he
) ] findings and do the analysis so there
Record,flnal measyrements |n,the ta_ble aAbove'z then subtract the smallest value from the largest val is evidence it was correctly done.
if 6Pass06 or O6Fail6 in the Result Col umn
Technician | Evaluate * 450 90° 135 Plane |  Target Tolerance Use vernier roscmreromeET 10 | Use micrometer to Replace shaft with
Fixed ’ | ) = Average | 1T Grade 5 | IT Grade 7 calliper to measure and record | measure and record new made to IT5
Bearing Plane A measure and measurements then | measurements then tolerance if IT7
Cylindricity | record doublecheck it get another person tq Grade is exceeded
Tolerance Plane B measurements again that values measure and double
then doublecheck | match. Measure to check values match.
Plane C them again that second decimal plac§ Measure to second
13. . values match. accuracy. decimal place
b gﬂei?ritzjarleptlg Cseeconc Tolerance Grade is | &ccuracy.
Enter appropriate maximum IT value frqm the table apove in the twohiégid side columns. e.g. IT5 of accuracy. uptoIT6 Jvti)tﬁrnar-?g Grade is
0.018 and IT7 of 0.040 for 150mm nominal bore bearing Tolerance Grade
Record final measurements in the table above then subtract the smallest value from the largest value| is up to IT7
if 6Pass6 or O6Failodo in the Result Col umn
Technician | Evaluate " 45 o0 135 Plane Required Tolerance || Use vernier Use micrometer to Use micrometer to Replace shaft with
Floating - o Average h9 calliper to measure the shaft measure shaft new if minimum
Bearing Plane A measure shaft tolerance is within tolerance is within tolerance is
Shaft - tolerance within h9 and double h9 and gets another exceeded
Tolerance Plane B h9 and double checks it again. person to measure
N . check it again. Measure to second | and doublecheck
14 Plane C Measure to second decimal place values match.
’ Max-Min decimal place accuracy. Measure to second
accuracy. decimal place
' . > ' . accuracy.
Enter appropriate high and low shaft tolerance value from the table above inthe right hand side coluni
0.000 to-0.1 for 150mm nominal bore bearing
Record final measurements in the table above then subtract the smallest value from the largest value
if 6Pass6 or O6Failodo in the Result Col umn
Technician | Evaluate o 450 90° 135 Plane |  Target Tolerance Use vernier Use micrometer to Use micrometer to Replace shaft with
Floating § | ) = Average | 1T Grade 5 | IT Grade 7 calliper to measure and record | measure and record new made to IT5
Bearing Plane A measure and measurements then [ measurements then tolerance if IT7
Cylindricity | record doublecheckit get another person tq Grade is exceeded
Tolerance Plane B measurements again that values measure and double
then doublecheck | match. Measure to | check values match.
Plane C them again that second decimal plac§ Measure to second
15. . values match. accuracy. decimal place
Max-Min Measure to second jerance Grade is | 2ccuray.
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Matl, Tools

Internal Clearance Range i.e. C#7;

Minimum

Allowed

Bearing

Internal
Clearance:

(Located anywhere on bearing)

Maximum

must use.

in recording necessary
information that the technician

Task Step | Task Step - : Reliability and Quality Standards Reading / Action if Out of Sign
No Owner Name Task Description é‘):{:‘;‘ign Test for Correctness Good Better Best Result Tolerance off
Technician | Confirm See part number for internal clearance suffix. If no sufff New Part provided is identical to| Record bearing Record bearing Reawrd bearing If bearing is not the
bearingis [t he cl earance i s 0 nedeananted spherical listed part number including | number including number including same as on the partg
correct is special for the situation e.g. C3 clearance is one groy roller bearing taper and taper and clearance | taper and clearance list immediately
greater than o6nor mal d clearance designations designationand inform the Job
DENTIFY designations double check correct Supervisor
T
/\
16. \ \\/
B Use pictures and images to
Thanksto CBC Bearings, Australia faheimage make it clear W.h?t needs.to be
Www.conbear.com done and how it is done right.
Suffix K means 1:12 taper; Suffix K30 means 1:30 tape —
Record the bearing number including taped clearance
range designations in table below.
Technician | Confirm Calculate the bearing bore size bultiplying the last two | Steel ruler The bear i ngo s| Calculae bore and| Calculate bore and Calculate bore and If bore is wrong size
bearing digits of the part number by 5 and record the nominal b| with matches the calculated bore| record value. measure bearing measure bearing immediatelyinform
17 bore is in the table below. graduation size small end bore with | small end bore with the Job Supervisor
correct e.g. 23134 has a bore 34 x 5 = 170mm marks clearly steel ruler within steel ruler within
readable 1mm accuracy 1mm accuracy and
double check size
Technician | Identify Record the details of the equipment and bearing in the table below and record the minimum and maximum permitted cleesefnmen vaé clearance table
allowed
internal Equipment Number:
clearance
Bearing Location:
Bearing Number:
18 Bearing MNominal Bore (mm) Include tables and lists to guide
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Matl, Tools

clearance gap. For large bearings use two feelers toge]
and for small bearings use three together so they slip 0|
each other as they are fed between rollers and raceway
For example, o a 23134 K C3 bearing the internal
clearance shown in the clearance table below for a C3]
clearance allows 0:200mm to 0.260mm gap in an
unmounted bearing and you would select long feelers
as a pair, would fit that range, say start with a 0.1 and ¢
0.15 (or a 0.25) and test if it fits between rollers and out|
race, if not then use the 0.1 with a 0.12 and soWear
gloves when ércing feelersbetween rollers and race

Progressively increase the thickness of the feeler gaug
until the rubbing resistece makes it very difficult'to push
the feelers in and out of the clearance gap. Feed the
feelers into the gap-8mm at a time with your fingers.
The feelers have to totally fill the clearance and it requil
firm pushing of the feelers to get them thgbuto the other
side of the bearing. Under no circumstances rotate the

| 6 m

To get

teaching your
sensation that
measurement

trying
knows they have got the measurement right.

her e—m
6the feeld
brain what is the correct
equates to the proper
using feeler gauges.

t ake

Task Step | Task Step - : Reliability and Quality Standards Reading / Action if Out of Sign
No Owner Name Task Description & Th_e_|r Test for Correctness Good Better Best Result Tolerance off
Condition
Nominal bearing nitial Clearance B Required reduction
bare dameler (d) n radial clearance
A Norma 3 L& C
ove Includin . max nax L max This is another reference table better kept as an
0.035 150 0,08 020 appendix, but shown here to indicate where the
4 50 0.045 060 0.100 25 internal clearance information is found.
5 65 0.05 0.120 030
&S a0 0.070 150 &
80 100 ) DR ) 180 L5
100 120 0.10 0 50
120 0.120 60 0.260 06
160 0.130 180 00 T
160 180 0.1.0 0.200 0 080
180 200 0.160 220 0.090 The data in the table comes from the bearing
20 225 0 18 250 0L manufacturero6s catalog
22" 250 )2 210 .10 and bearing size.
280 0.220 0.300 0.120
Thanks to CBC Beargs, Australia for the tablesww.conbear.com
Technician | Measure Stand bearing vertical on a clean, dirsg, solid surface. | C| e a n- ¢ Measured initial internal Measure top Measure top Measure top If the clearance is
internal Ensure both rollers are linag sideby-side atthetopof | s er i e s d clearance is within tolerance| clearance betweer| clearance between | clearance between out of the range
clearance | the bearing and pinch them between the thambpointer | gauges free shown on standards table fo| rollers and outer rollers and outer ring| rollers and outer ring immediately inform
finger and firmly hold them. Measure top internal radia| of rust with bearing clearance group ring with feeler with feeler gauges with feeler gauges the Job Supervisor
clearance of new bearing with long feeler gauges by every feeler gauges accutaly accurately and repeal accurately. Get
pushing them axially between rollers and outer ring, as| in complete and record again. Record another person to
shown in the picture. shape and measurement measurement measure and double
every check values match,
thickness and record
identification measurement.
clearly
readable
Par of rollers #
“Ined wp*
Thanksto CBC Bearings, Australia fatheimage
www.corbear.com
19 Select feelers of a combined thickness that will fit the
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Matl, Tools

Task Step | Task Step - : Reliability and Quality Standards Reading / Action if Out of Sign
No Owner Name Task Description & Th_e_|r Test for Correctness Good Better Best Result Tolerance off
Condition
bearing to 6roll d feelerf g
Record in the table bel oV
measured with the feelers
Technician | Calculate Measured Show hand Show hand Show hand
fitted Internal Minimum TBQE“red Maximum possible calculationof | calculation of calculation of
internal reduction of internal X ) required reduction| required reduction required reduction
clearance Clearance with clearance (mm) fitted clearance (mm) range and double | range and double range, doublefeck
Feelers (mm) check check mathematics | with digital
mathematics is with a digital calculator
correct calculator
minus = Subtract values in
Subtract values in | Subtract values in boxes and note it in
Maximum required M boxes and note it | boxes and note itin | the space under the
reduction of internal Minimum possible in the space under| the space under the | boxes. Check both
dearance (mm) fitted clearance (mm) the boxes. Check [ boxes. Check both | results are identical
- both results are results are identical
identical Get a second person|
minus = f
20. to do the calculation
N independently and
Check Check \ confirm values are
Sublract values above Subtract values above same
Thanks to CBC Bearings, Australia for the calculation methagv.cnbear.com
Calculate the required internal clearance reduction when the bearing is correctly fitted. Use the requirt \
reduction values in the table below for the bearing size. In this case the technician has to calculate the tolerances they must
As an example for a bearing of bbng 180&mand work to. | would not normally do it this way but instead have one
clearance see that it must be reduced by between 0.080mm and 0.110mm. In other words the residul ;haft size and °.”e bearing type e_lr_]d II.St the required reduction and
clearance left in the bearing between roller and outer raceway after it is fitted and tightened on the ad fitted clearance just for that Speplflc circumstance. As soon as | see
sleeve is between: that people have to make decisions and select from tables as part of
0.260 ninus 0.080 = 0.180mm and doing the job, | know that someone will get it wrong someday.
0.260 minus 0.110 = 0.150mm
21.
Thanks to CBC Bearings, Austiafor the tablenww.conbear.com
Technician | Determine | From the table above read the axial displacement for a bearing mounted on a tapered sleeve to be prj
22. sleeve seated to get the required final fitted clearanakranord it in the boxes below. As an example, for a beal|
axial of nominal bore 170mm read across the row 6ov
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