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My aim is to take you through a fairly complex RCA (rare manufacturing

defect)

10 May 2011

and reinforce the following:

Rigorous analysis of causal factors and root causes is essential for
all failures. Each are in-play until proven not to be.

Involve OEM in RCA.
Ensure RCA actions are practical, understood and agreed too.

Check and document critical dimensions during assembly and
rebuilds.

Presentation Title



New 100Mtpa Port with over 47
conveyors, 200+ pulleys.

Issue with Phase A Mainline amd
non-mainline.

Rio cash register, reliability- RCM,
PMO, RCA.

Dampier Port Upgrade Project
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Leave room to remove!

-

e

Pulley supplied by Sandvik, subcontracted bearings

to NSK, subcontracted sleeves.
10 May 2011 Presentation

Adaptor sleeve
1:12 Taper




I Timeline of pulley failures

Pulley Failures at Parker Point

OJUL] OTY]

Undersized hausings
and ringfedder- Helix
dynamic modelling

Jan-06 Jul-0B Jan-07 Jul-07 Jan-08 Jul-08 Jan-09 Jul-09 Jan-10 Jul-10 Jan-11

10 May 2011 Presentation Title 5



2. Cause Map

NOTE: Read the Cause Map from left to right with
the phrase "Was Caused By" in place of each arrow.

Lock nut not
tight enough at
assembly

&

lnable to proveddisprove

\

Bath bearing
» sleeves had
spun an shaft

Shaft was badly
fretted beneath

Foor contact
between sleeve

hath sleeves

Mo defects obsened

107 tail Pulley

found just
before shut

Bearing was
naoisy and badly
vibrating

sign of brinelling

and shaft
& Unknown if Shat
= rachined
undersize

Good wear track alignrment

Outer race had
significant
spalling

¥

Mot expected after
very short service life
Should be designed
for 65 000hrs

-

Bearing under
designed for

ﬁ location?

Yery shor life

Lubrication
failure

Mot discoloured

Fitter said 0k

S \\§

Spalling has naot started from the raceway surface

Housing not
L supporting outer
race of bearing

The hard "spalls” have contaminated the grease
resulting in denting resulting in the mottled surface.

Supplied out of
round or flexing
during serice

Fretting corrasion adjacent to spalling

Late 2005 18/05/2007 4/06/2007 4/06/2007 18/06/2007 250652007 28/06/2007 28/06/2007 2/08/2007
Wibration Mot 1694387 Mot 1691827 Mot 1699827 Mot 1712747 Noisy bearing Urgent rapair
Pulley = Reported- CW order due to
iscioned 1 urvey Awkly Lube run Fwkly Mech Fwkly Mech Buwrkly Mech asked to check 109 GTU
EOMMMISSIONS completed inspection run inspection run inspection stop inspection .
| | & | | pulley lley failure
Lowe Severity 2905107 Mat'n “ibration Pulley not
(3)-Looseness 10744573 ta Took 55 days Took B2 days Took 55 days Took 28 days Analysis said overhauled to
at running lubricate to schedule to schedule to schedule to schedule to change out workshop
speed. bearings pulley standard
| ﬁ | I | |£i
B Carrick- no Matification Defect would Moderate Rush job- no Shaft reused, Rush job- Only
sigh of outer assighed to Bearing defect not be . Sevarity (2) measurements beatings 1 spare for 22
race wear in wrang planner not identified demc_te'j dur!ng Cuter race recorded locktited locations
spec|trum qroup stop inspection defect.
Spalling not
present at this
stage (41 days
priot to shut)
6

10 May 2011
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Locatio Failur | Equipment | Outcomes & Actions Owner Importanc | Due Date
n e date el- High
3- Low
Dampier 28/06/07 107P Pulley The bearing inner ring had spun on the adaptor sleeves and the outer race
No1 bearing contained spalling (rolling contact fatigue) that had initiated below the surface. CheCk Spares
Plan a detailed inspection program to ensure quality of DPU spare pulleys (housing
centres, housing OD and ovality, bearing OD, shaft OD and ovality beneath the adaptor
sleeve, bearing radial clearance, “ringfeder” bolt tension check, replace “SBE” ringfeder
bolts). All spare pulleys to be inspected by 1/3/08. If significant non-conformance to
standards are found then it will be necessary to plan changeouts of the most highly
loaded pulleys from the field (get list from Sandvik).
Dampier 28/06/07 107P Pulley This pulley was not overhauled to our workshop standards. 109P location number 6
Nol bearing needs to be removed and correctly overhauled as soon as possible. Replace P u I Iey— Stds
Dampier 28/06/07 107P Pulley There was only one spare for 22 locations. Steve Warwick has created a spreadsheet T I 1- Hinh I n1 0= 92002
No1l bearing to determine the pulley spares requirement for Parker Point (1 spare for 6 locations).
Recommendations have been made to Angus Pidgeon to purchase the spare pulleys for P U rChase SpareS
Parker Point. Tom to monitor progress and ensure adequate spares are delivered. I I
Dampier 28/06/07 107P Pulley PRM inspections and a mechanical running inspection 10 days prior to the shut did - -
No1l bearing not detect the spalling on the outer race. Discuss this failure with inspectors and I m pI’OVG |nSpeCt|0nS
ensure they report noisy bearings via the notification system. I I
Dampier 28/06/07 107P Pulley PMO01’s are taking too long to schedule. A KPI needs to be created and tracked. .
No1 bearing Improve Scheduling
Dampier 28/06/07 107P Pulley The outer race contained spalling (rolling contact fatigue) that had initiated below .
No1 bearing the surface. Get Helix to check the design of this pulley for this location. CheCk deS|g n- was
Dampier 28/06/07 107P Pulley Notification to lubricate the bearings was assigned to the wrong planner group. u nder
No1l bearing Technician now uses the correct planner group.
1

10 May 2011
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OEM Involvement

Indersized housings
and ringfedder- Helix
dynamic madelling

Jan-0& Jul-0B Jan-07

10 May 2011

Pulley Failures at Parker Point

DEM
irvvolved

Jul-07

Jan-08

Jul-08 Jan-09

Presentation Title

Jul-03

Jan-10

Jul-10

Jan-11
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2. Cause Map

"Was Caused By" in place of each arrow.

NOTE: Read the Cause Map from left to right with the phrase

54hrs
Production loss

Type: PP-18-11-ND

7hrs Production

loss $2.9M

Downtime minimised

by warning from
Vibration Analysis

Difficult to
change head

pulley added
38hrs to loss.

Unplanned

Ly failure of 101P —

head pulley

Helix modelling
showed pulley

adequately designed.

Approx 18mths in
service.

Normally take 16hrs

in breakdown
situation

21/11/2007

Deterioration of
109P No3 shuttle

Had to fabricate

Pulley change

to change out

A out procedure
No structure to not developed

» pull a pocket i i
into the belt Design did not
include ability

beams. pulley
No Vibration
deterioration of survey interval
bearing too long (6
detected mthly)

Survey 14/05/07- Satisfactory

Rapid failure
once

bearing/sleeve
spins (24 hrs)

Failure mode
never seen

before (sleeve
taper).

Bearing Inner

Bearing h
Sssrr‘lrc\)gz] t:g _|ring had fatigue been
adaptor sleeve cracked from adequately
inner bore supported

Bearing had not

é Adaptor sleeve

Shaft was fretted
beneath adaptor
sleeve.

Crack initiated from  Concluded by Sandvik

inner bore surface.
Propagated axially

across the raceway

releasing the hoop
stress holding the

bearing assembly

on the shaft.

and CBC reports.

Lubrication was good.

$» manufactured
to wrong taper

Con“-=--" by metrology lab
and

Sleeve manufactured by

and used in all DPU A Puileys.

Shaft diameter in spec.
Assembly records show
radial clearance in spec.

bend pulley

Type: PP-18-11-ND
Approx 20mths in
service.

Earlier VA surveys
showed no defects
15/05 and 9/11/07

Bearing had Bearing Inner Bearlrtm)g had not
spun on the ring had fatigue — | eer; I
adaptor sleeve cracked adequately
supported

ﬁ Adaptor sleeve

manufactured

Shaft was fretted

beneath adaptor
sleeve.

Crack initiated from
raceway surface.
Propagated axially
across the raceway
releasing the hoop
stress holding the
bearing assembly
on the shaft.

Concluded by Sandvik

and NSK

Lubrication was good.

to wrong taper

Confirmed by metrology lab
and NSK.

Sleeve manufactured by

and used in all DPU A Puneys.

Shaft diameter in spec.
Assembly records show
radial clearance in spec.
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Develop and implement actions

Pulley Failures at Parker Point

7/ Phaze A Pulley failures due to
incarrectly machined adaptar
sleeve taper $54M Loss

CIEM 2542008 Taper issue confirmed
involved |  |by metralagy.

air, we have 100 time-bombs

Wibe's
changed

Freventative C/0 Program

Undersized housings
and ringfedder- Helix

dynamic modelling

Jan-06 Jul-0& Jan-07 Jul-07 Jan-08 Jul-03 Jan-039 Jul-09 Jan-10 Jul-10 Jan-11

10 May 2011 Presentation Title 11
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21/11/2007

7hrs Production

loss $2.9M

Deterioration of
109P No3 shuttle
bend pulley

Type: PP-18-11-ND

Detected
during 6 weekly
VA survey

10 May 2011

116P No2 changed
during shut 5/07/2008
Type: P-009-19412

esentation Title

pd 0
14/05/2Q 18/09/2007 20/09/2007 17/10/2007 23/10/2007 8/11/2007
PPt Vibration 54hrs Vibration Surveys St&piovanlollP Stripdown report SenLlOl_P No2
Survey Production loss changed to 6 Wo(r)ksﬁop 3vith received from asse(:tgll?gs o
. weekl . Sandvik :
ARG y Sandvik Sandvik
No _ Visual exam Interim Sandvik had
deterioration of Unplanned failure of revealled conclusion- Burr CBC, NSK and
bearings 101P No2 head pulley damage, not on sleeve- Statewide do
detected cause flattened during inspection
Type: PP{18-11-ND service
Decision to send
Difficult to change gea:jmgksfto
head pulley added anavi tor
38hrs to loss. ex:;?:e;tion
I
Aﬁ_ — A
. Design d'.d. not Pulley change
include ability to
out procedure not
change out
developed
pulley
26/11/2007 11/12/2007 15/01/2008 19/02/2008 25/02/2008 28/02/2008
Stripdown 109P 109P No3 VA data reviewed- 109P No3 hD'ff'C“" |t|°
No3 at Nol CBC report on bearings sent to 3 pulleys ID'd for Metrology by change pufieys
Workshop with 101P No2 received Sandvik changeout Hoffmans prioritised for
Sandvik changeout
| N — | | A
Sandvik strip hi hI'Brﬁ rdept))ort . Delay sending 3P Nol 109P No3 had Spares holdings
report received '9 tlg de (ia;'lng from Nol 112P Nol incorrect taper on reviewed.
29/11/2007 not adequately Workshop 116P No2 sleeves Orders placed
| supported |
Reason for 112P Nol changed
. N(')'cause unsupported during shut Overhaul
identified- send pp »
bearing not 9/05/2008 order?
for expert exam g ;
determined- too Type: PP-18-8.5-ND
| much damage.
100t puller 3PdNo_1 chart‘nged Overhaul
repaired uring shut —— commenced
13/12/2007. 20/03/2008 Type: 21/07/08
109P No3 PP-18-8.5-ND
bearings
removed

16hrs

Production loss
$7.7M

22/11/2007

All spares to be
cycled through
workshop

QA checks
completed over a
number of weeks

Reset some radial
clearances

3/06/2008

NSK report on
109P No3
received

Deterioration of
115P No3 shuttle
bend pulleyType:

PP-18-8.5-NDA

Indicated flaking,
no root cause in
document

Detected by lube
technician (found
piece of labyrinth)

Bearing and
sleeve sent to
Sandvik

12
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9/07/2008
VA data

reviewed-3
pulleys ID'd for

changeout

116P Nol12
114P No4
101P No3

Type: PP-18-8.5-NDA
Type: PP-18-8.5-NDA
Type: PP-18-11-ND

16hr to change a pulley at 10,000tph= 160,000 tonnes
At $125/t = $20M

11/07/2008
109P No2 changed

due to bad vibration
signal

23/07/2008

Vibration survey
highlighted 2
pulleys bad

Changed during shut

Urgent changeout

- 101P Nol

no downtime 114P No3
Sleeve was cracked. Next shut
RCA Commenced. 109P No7

24/07/2008
101P No1l
changed due to

6hr shipping
break

Type: PP-18-8.5-NDA

113 pulleys at risk ie $2.2 billion

10 May 2011

Presentation Title

25/07/2008

114P No3 bearing
changed insitu

26/07/2008

Parker Point
Vibration survey
frequency changed.

Sleeve cracked in
half. RCA
Commenced.

Y

Mainline weekly
Non mainline 3wk
Phase B 6wk

Type: PP-18-8.5-NDA

13
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Locatio Failure Equipment Action Item Owner Importance Due
n date Date
Dampie 18/09/200 | PPt DPU-A | Excessive time taken to changeout pulley (54hrs)
r 7 | Pulley bearing | because no procedure had been developed prior to the Develop Change out
failures (Tefco | failure. A change out procedure should be developed for procedures_
sleeve) all PPt pulleys (new structures/beams may need to be
installed into the plant). | |
Dampie 18/09/200 | PPt DPU-A | Excessive time taken to changeout pulley (54hrs) ; ; HH
r 7 | Pulley bearing | because beams to pull a pocket in the belt had not been DeSIQn In ablllty to dO
failures (Tefco | included in the design of DPU. Update standards so that | 12Nr Chages
sleeve) all future conveyor designs address access issues and
include a procedure to change out pulleys (maximum of
12 hours).
Dampie 18/09/200 | PPt DPQ—A Bea_rings rapidly fai_l_once th(_ey _spin on the sleeve/shatft. Improve CM to provide
r 7 | Pulley bearing | Review other condition monitoring techniques that may .
failures (Tefco | give earlier warning of deterioration. some warning.
sleeve)
Dampie 18/09/200 | PPt DPU-A | Bearings rapidly fail once they spin on the sleeve/shatt.
r 7 | Pulley bearing | Increase the vibration survey interval to weekly for
failures (Tefco | mainline and 3 weekly for non-mainline. Increase Survey
sleeve) frequency
I I
Dampie 18/09/200 | PPt DPQ—A Bearings rapidly fail once they spin on _th_e sleeve/shaft. Implement preventative
r 7 | Pulley bearing | Develop a change out plan for all mainline (then non-

failures (Tefco
sleeve)

mainline) pulleys that have the same size adaptor sleeve
that has caused this failure.

changeout plan

10 May 2011

Presentation Title
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failures (Tefco
sleeve)

Pilbara Iron.

Dampier 18/09/200 | PPt DPU-A | Bearings rapidly fail once they spin on the | T Toledo 1- High
7 | Pulley bearing | sleeve/shaft. Implement the change out plan for all
failures (Tefco | mainline (then non-mainline) pulleys that have the
sleeve) same size adaptor sleeve that has caused this failure.
Dampier 18/09/200 | PPt  DPU-A | Shift fitters are not experienced in pulley bearing . : .
7 | Pulley bearing | change outs. Conduct training so that fitters can Train Shlft fltters
failures (Tefco | change bearings to an adequate standard.
sleeve)
Dampier 18/09/200 | PPt  DPU-A | Pulley bearing failures can take significant time to Put klt together MTTR
7 | Pulley bearing | recover from. A changeout kit to be developed to
failures (Tefco | ensure parts and tools are available to quickly change
sleeve) a failed bearing (include belt clamps, cummalongs,
bearings, hydraulic nuts etc).
Dampier 18/09/200 | PPt  DPU-A | Spares may not be available to support the volume of .
7 | Pulley bearing | breakdowns and changeouts. Determine and Review SpareS
failures (Tefco | implement spares holdings and reorder points to holdings
sleeve) ensure that we are not caught without a spare. | |
Dampier 18/09/200 | PPt  DPU-A sleeves were manufactured to the wrong Warranty
7 | Pulley bearing | taper. Pursue warranty with the supplier of the pulley
failures (Tefco
sleeve)
Dampier 18/09/200 | PPt  DPU-A sleeves were manufactured to the wrong .
7 | Pulley bearing | taper. knsure that sleeves are not used by Ban Supp“er and

improve ITP

10 May 2011

Presentation Title
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Tefco sleeve replacement program
Conveyor Pulley 1 Pulley 2 Pulley 3 Pulley 4 Pulley 5 Pulley 6 Pulley 7 Pulley 8
Mainline | Phase A Done Done Done Done Done Done Done
11/08/2008 13/08/2008 15/08/2008 01.12.2008 24.09.2008 24.09.2008 24.09.2008
PP-18-10.6-D
Mainline | Phase A 102P Done Done Done
02/02/2009 15.09.2009 15.09.2009 24.09.2008 24.09.2008 15.09.2009
Mainline | Phase A Done Done Done Done Done Done Done
08.10.2008 24.05.2009 25.05.2009 06.10.2008 29/10/2008 30.03.2009 22/08/2008
PP-18-10.6-D
Mainline | Phase A 121P Done Done Done Done Done
05.11.2008 11/08/2008 11/08/2008 11/08/2008 11/08/2008
Mainline | Phase A Done Done Done Done Done
20.07.2009 23.07.2009 11/08/2008 11/08/2008 11/08/2008
Mainline | Phase A 115P Done Done
15.02.2010 15.02.2010 15.07.2009 15.02.2010 15.02.2010 03.04.2008
Mainline | Phase A 116P Done Done Done Done Done
25.05.2009 5/07/2008 16.12.2008 16.12.2008 16.12.2008
Mainline | Phase A 117P
Mainline | Phase A 118P PP-12-6.5-ND
Done
24.10.2008
Mainline | Phase A SL2P —
Bearing Number Done % Done
I PP-18-8.5-NDA P-009-1033 Prok 04035 22230K 21 19 90.5%
PP-18-11-ND P-009-1031 Prok 04033 23160K 13 9 69.2%
R PP-18-12-D P-009-1028 Prok 4030 23160K 2 2 100.0%
PP-18-10.6-D P-009-1041 Prok 4070 23160K 2 1 50.0%
PP-18-10-DA P-009-1030 Prok 04032 23160K 5 2 40.0%
P-003-19412 Prok 999915 23164K 3 3 100.0%
46 36 78.3%
Hard to change
Moderatly hard to change
Easy to change
10 May 2011 Presentation Title 17
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Tefco sleeve replacement program

10 May 2011

Hard to change

Moderatly hard to change

Easy to change

Presentation Title

]
ConveyorlPuIIey 1 Pulley 2 Pulley 3 Pulley 4 Pulley 5 Pulley 6 Pulley 7 Pulley 8 Pulley 9 Pulley 10
3P Done Done TBA TBA TBA
13.11.2008 15.12.2008 2012 2012 30.10.2009
4P TBA Done TBA TBA TBA
2012 08.09.2008 2012 2012 2012
5AP Done Scheduled Scheduled Scheduled Scheduled Scheduled Scheduled
22.08.2008 1.03.2010 10.05.2010 19.07.2010 27.09.2010 27.09.2010 6.12.2010
18P Scheduled Scheduled Scheduled Scheduled TBA TBA TBA TBA TBA
8.02.2010 19.04.2010 28.06.2010 6.09.2010 2011 2011 2011 2011 2011
103P TBA Done TBA TBA TBA
2011 13.04.2009 2011 2011 2011
104P TBA TBA TBA TBA TBA
2012 2012 2012 2012 2012
106P TBA TBA TBA TBA TBA
2011 2011 2011 2011 2011
107P Done Done TBA TBA Done
14/07/2008 14/01/2008 2012 2012 18.05.2008
108P Done TBA TBA TBA TBA
06.11.2008 2011 2011 2011 2011
109P Done Done Done TBA TBA Done Done
22.08.2008  |11.07.2008 20.11.2007 2011 2011 22.02.2008 21.08.2008
112P Done Scheduled Scheduled Scheduled Scheduled Scheduled Scheduled Scheduled Scheduled
9/05/2008 15.02.2010 12.04.2010 12.04.2010 7.06.2010 2.08.2010 2.08.2010 27.09.2010 22.11.2010
Bearing Number Done % Done Remaining
I Fr-18-8.5-NDA  P-009-1033 Prok 04035 22230K 16 0 0 16
PP-18-11-ND  P-009-1031 Prok 04033 23160K 8 2 25 6
PP-18-12-D P-009-1028 Prok 4030 23160K 4 1 25 3
PP-18-10-D P-009-1029 Prok 4031 23160K 4 0 0 4
PP-18-10-DA P-009-1030 Prok 04032 23160K 3 1 33 2
P-003-19412 Prok 999915 23164K 12 3 25 9
I FF-18-85-ND  P-009-1032 Prok 04034 23140K 20 8 40 12
67 15 22 52

18
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Learnings from this RCA:

10 May 2011

Rigorous analysis of causal factors and root causes. Each are in-
play until proven not to be.

Involve OEM in RCA.
Ensure RCA actions are practical, understood and agreed too.

Need high Quality Standards, Quality inspections and
Tracability/record keeping. Check and document critical dimensions
during assembly and rebuilds.

Presentation Title 19



