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SRS-003 Gear Reducer Overhaul

Gear Reducer Overhaul

This Standard Repair Specification deals with the quality rebuild of Gearboxes identified. Repairs are
to be undertaken to the drawings and technical specifications outlined in this document without

exception.

Reporting and quotes will be completed in typical fashion as shown in this document and returned to

Maintenance Services - Perth.
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SRS-003 Gear Reducer Overhaul

1  Technical Specifications

All repairs shall be carried out in a safe and tradesman-like manner.

If there are any improvements, questions, non-standard components or
modifications these should be referred to the Supervisor /Maintenance Engineer,
for clarification or discussion before the commencement of repairs. The MSP
Maintenance Engineer - Mechanical, shall confirm any deviations to this
specification in writing.

Refer to the engineering drawings for the type and model of gearbox under
overhaul and ensure that the drawing is current and correct for the task.
Measurements of components must always be undertaken and checked for
conformance with the drawing and repairs carried out to the drawing
specification.

Updated drawings can be provided on request from the Supervisor/Maintenance
Engineer.

Always dowel gear case halves or install fitted bolts before disassembly - (where
these are not already installed), at four points diagonally opposed to ensure
accurate realignment.

No shafts are to be hard chromium plated or weld repaired.

The (HVOF) process will be used to reclaim all bearing journals, gear seats and
seal areas using SULZER METCO 3007 to a hardness of 40 — 55 Rockwell “C”.
A second method is PTA and should be utilised where available please contact
MSP for further advice

The use of (Metco 40) for repair of seal areas only (is allowable).

The preferred suppliers of the HVOF process in Perth W.A. are WesTrac &
Brenco.

Maximum deposit of HVOF on diameter is to be 1.00 mm. +0/-0.

All repaired journals and gear seats are to be cylindrically ground. Surface
texture of the ground surfaces will be to AS-2536-1982, Ra 0.04 - 0,08.
Roughness Grade Number N5 - N6 for all repaired surfaces.

If the cost of any of the above process exceeds 70% of total replacement cost
then consult the PI Maintenance Engineer.

Welding, metal spraying or hard chromium plating cannot be used to reclaim the
internal bores of gears.

The gear-case is to be put up onto a Horizontal Borer and checked for base
flatness, bore alignment and parallelism. The before and after figures are to be
recorded on the inspection sheet.
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SRS-003 Gear Reducer Overhaul

All bore dimensions and shaft journals shall be measured at two positions
longitudinally and in four positions radially as with the examples below. The

measured fit for all bearing bores will be H7 unless noted by the OEM.
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All shafts and gears are to be inspected using magnetic particle techniques
(MPI).

All NDT testing shall be conducted by personnel certified to carry out MPI by
AINDT or an equivalent accreditation body. MPI shall be carried out in
accordance with AS1171-1998.

Any indication detected on a shaft or gear by magnetic particle inspection that is
consistent with the appearance of a crack shall be grounds for rejecting the shaft
or gear.

The high speed pinion shaft is not to be re-keyed under any circumstances. A
new shaft is required if the keyway is damaged.

Rejection due to spalling of the tooth flanks is dependent upon severity.

Some gears can be reversed to make use of the unworn flank (uni-directional
gearboxes). If this is to be done the profile of the unworn flank should be
checked to match the other gears. Modified gear tooth profiles are not permitted.
Tip and end relief shall be conducted on all gears and pinions.

New bearings (no poly cages ) and new seals must be installed on gearboxes at
overhaul. Where SKF “explorer” bearings are originally fitted, NO
ALTERNATIVE.

Bearings are not to be heated to more than 110 degrees C. All gearboxes
require C3 clearance bearings unless otherwise specified on OEM drawings.
Gear tooth and pinion contact is to be 75% across the length of teeth and 40% of
the tooth height - after test run. Engineering "blue" or similar reliable indicator
shall be used to display tooth contact areas for inspection.

Physically flush and clear all oil lines and lubrication pumps. Check pumps for
operation and condition, check oil volumes and levels against OEM
specifications.

Ensure oil level indicators are correct and operational.

Maintenance Services Perth Page 5 of 33
C:\Users\Mark\IMRt WA\4. Roundtables\24July2008\SR®3 Gear Reducers-REV.2.doc Revised 28/07/08

All printed copies are uncontrolled



SRS-003 Gear Reducer Overhaul

Replace all grease nipples and purge all grease ports, for inland sites use
Tecalemit T52 - T46 grease nipples and for Coastal use Tecalemit H48 - H29
grease nipples.

Install an oil sampling point 100mm to 150mm below the high oil level of the
gearbox and on the same end as the drain point.

Install or replace grease lines (use Aeroquip FC300 #6 hose and fittings or
equivalent) to all labyrinth seal locations and direct the lines back to a position
near the oil level dipstick location on the gearbox - (sample illustrations attached
to this document page 42).

All grease lines are to be mounted in STAUFF clamps or equivalent.

Grease lines are only to be installed for labyrinth seal lubrication and to prevent
dust ingress.

Do not install any bearing grease lines without written approval from MSP and
the OEM.

The top and bottom halves of the box are to be sealed using HYLOMAR gasket
seal material.

Painting will be undertaken as follows:

a) Degrease areas of oil or grease contamination to AS1627.1.

b) Abrasive blast to Class 2 ¥2 AS1627.4

c) 1st coat with International Interzinc 72 to 75um DFT,

d) 2nd coat will be International Interguard 475 HSE to 200um DFT.

e) 3rd coat will be International Interguard 475 HSE to 200um DFT.

f) Final colour coat will be AS2700-N64 Dark Grey International Interfine 629 to
75um DFT.

g) All exposed rotating elements shall be painted X55 Orange.

h) The joint faces shall be taped off after the application of the primer so that the
second coat is not applied.

i) Ensure all exposed surfaces are painted, including bearing end covers and bolts.
Unless otherwise approved in writing by the MSP Maintenance Engineer -
Mechanical all mechanical couplings shall be dynamically balanced by the
manufacturer/repairer in accordance with Australian Standard 3709 (ISO 1940).
The minimum balance quality shall be <G 6.3 for mechanical couplings and G
<6.3 for fluid couplings.

All gearboxes having an output speed > 25 RPM and an output of >45kW shall
be partial load tested prior to dispatch back to site. In N.S.W. this will be at DBGI
premises and W.A. will be at RCR Tomlinson. Test run the gearbox as close as
possible to the speed specified for normal operation, recording all temperatures

and gear train vibration for the gearbox. Use clean oil<5um filtered.

Maintenance Services Perth Page 6 of 33
C:\Users\Mark\IMRt WA\4. Roundtables\24July2008\SR®3 Gear Reducers-REV.2.doc Revised 28/07/08

All printed copies are uncontrolled



SRS-003 Gear Reducer Overhaul

Gearboxes should be drained of oil after testing and set up for long term storage.
The breather/vent should be removed at this time and be replaced with a plug.
The breather/vent is to be attached to the gearbox for installation on start up.
Long Term Storage/Corrosion Protection:

a) All internal surfaces, gears, shafts and bearings are to be sprayed with the
following mixture to provide a uniform coating -(use a spray that provides an
atomised spray pattern): Mixture: 2/3 by volume of Valvoline Tectyl 506, 1/3 by
volume BP solvent 13

b) Coat external unpainted surfaces and exposed shafts with Valvoline Tectyl 506
and wrap with Denso tape.

c) Blank off all flanged openings and fill tapped holes with grease.

d) Attach a metal tag stating "this gearbox has been prepared for long term
storage”. The date of treatment and next due date.

e) Input and output shafts are to be supported and locked for transportation.

f) A removable metal tag is to be affixed with wire tie as near as possible to the fill
point stating “NO OIL FILL BEFORE USE".

Overhauled and rust treated gearboxes are to be transported/stored on a
fabricated steel pallet to prevent damage to gearbox feet during
transportation/handling and corrosion of the gearbox feet during storage.
Approved Transport frame to be fitted to all reducers contact MSP for details.

A metal nameplate shall be provided or updated by the repairer upon completion
of work and engraved :- Repairer Name, Service Order Number (SO#), Date, Rio
Stock Number(STK #), and gearbox Mass weight.

The repairer is to forward a copy of all relevant overhaul documentation/records
within 10 working days to MSP for future reference.

There will be no deviation from the specification allowed without written approval
from the RioTinto. Workshops Supervisor. External repairers must seek written
approval for any deviation from the specification from the MSP Maintenance
Engineer.

A tag is to be affixed to the body as near as possible to the input shaft when
Viton seals are installed, wording to be; “WARNING high speed shaft fitted with
“VITON” seals. Never apply direct heat to seal.”

Exceptions for long term storage methods approved are;

Brevini, Flender and similar planetary units, where the atomised spray method is
impractical. These units are to be filled with the oil used at the designated site
and sealed. The box must therefore be labelled as such.

The correct ratio must be on the nameplate, revise if required.
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SRS-003 Gear Reducer Overhaul

2  Scope of Work

(To be completed in this typical format)

Following is the standard scope of work that must be followed unless otherwise requested.
Labour hours, rates and costs, parts and sub-contract costs are to be itemised against each
step.

2.1 Work Steps

a) Clean gearbox

b) Complete pre-strip report

c) Remove couplings or brakes, split and assess gearbox

d) Clean all parts

e) Complete preliminary reports for gearbox condition

f) Remove bearings and gears from shafts

g) Non Destructive Test all gears and shafts-(use MPI process) NATA cert required
h) Complete any remedial machining as agreed

i) Complete final reports on gearbox repaired condition

j) Reassemble gears, shafts and bearings

k) Reassemble gearshafts in gearbox and set end float and backlash as per OEM spec

2.2 Sandblast and Paint Gearbox

Note: Not all gearboxes will require new paint. Any decis ion to paint a gearbox must
have written approval from the Workshops Superviso r - or for external repairers
from the MSP Maintenance Engineer - Mechanical.

Information that may influence a decision to paint a gearbox::

a) Time since last overhaul.
b) Condition of existing paint.
c) Gearbox location in plant (coastal/inland)

d) Expected life of gearbox in plant.
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SRS-003 Gear Reducer Overhaul

3 Critical Re-build Issues

a) When LIFTING gearboxes, use the LUGS ON THE BOTTOM HALF OF THE GEARBOX
FOR LIFTING TOTAL WEIGHT. Lugs fitted to top half are for lifting the TOP COVER OF
THE GEARBOX ONLY.

b) Remove couplings and inspect shaft and coupling for damage.

c) Visual inspection of gear teeth is required. All gears will be tip and end relieved as
required.

d) Check all gears and pinion tooth backlash and gear run out on datum face.

e) Check gear fits on shafts.

f) Heat up gears evenly to 150 degrees centigrade maximum and press shafts out. Removal
of the gears is to be completed by pressing on the inner hub of the gear not on the gear
tyre itself.

g) Remove bearings from shafts. If the inner race requires cutting to remove, take care that
no damage is done to the shaft.

h) Bolt upper gear-case to the lower gear-case (install existing tapered dowels) and check
for gear case distortion using feeler gauges between flanges. Also check the lower
section of the gear-case for soft foot. Ensure that the gear-case is placed on a flat, even
surface for the checks (A machined surface is preferred).

i) With gearbox halves bolted together check alignment of bores.

j) Inspect bores and record results on work sheet.

k) Measure bore diameters, bore centre distances, joint face height and flatness of base at
the feet. These measurements shall also include the verification of all critical dimensions
including the mounting and hookup feet, faces, shafts etc. Record results and compare to
the drawings where possible.

[) Any parts used from another source such as interchangeable spares, must be measured
and compared to the original item. No size deviation can be evident check all dimensions
and record against original part and the OEM drawing.

m) The internal bore dimension of any hollow shafts ie (quill outputs) are to be measured for

accuracy and run out. These figures are to be recorded on the inspection sheet.

3.1 Machining of Gearbox Casings

If Required:
a) Machine 0.010” to 0.020” off gearbox mating faces (split line).
b) Machine base feet.
¢) Remove burrs from machined surfaces.
d) Bolt gearbox casings together, ensure bearing bores are aligned.

e) Machine bores to original equipment manufacturers (OEM) standard specifications.
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SRS-003 Gear Reducer Overhaul

f)  Machine side faces true to the gearcase bores.

g) Record bore sizes.

3.2 Replacement of Seals

a) Single lip Viton seals are to be used for the high speed shaft.
b) Viton seals are to be used on the intermediate shaft if a holdback is fitted.

c) Nitrile seals are to be used for the intermediate and low speed shaft.

3.3 Breather Filter Parts

Stauff SDB93 desiccant or approved equivalent for reducers with less than 450kwW

installed power.

Stauff SD121 desiccant or approved equivalent for reducers with more than 450kwW

installed power.

a) A 300mm long standpipe for a breather filter is to be installed. This pipe extension for the
filter is to be fitted via a drilled and tapped joiner/fitting screwed into the top of the
gearbox. The pipe joiner/fitting to the gearbox must be parted-off to the correct size so
that it does not interfere with the baffle on the internal surface of the gearbox when the
joiner/fitting is screwed into the gearbox-(there must be at least 6mm clearance between
the baffle and joiner/fitting when assembled).

b) Inspect the oil baffle on the inside of the gearbox and replace if necessary. Ensure that
the installation of the pipe does not restrict air flow in both directions. If the pipe has
excessive thread this can push the baffle off the inside of the box.

c) Filter adaptor plates are to be manufactured/installed to suit the filter type.

d) Referto Standard Gearbox Breather (all sites) - Drawing No. P-009-148.

3.4 Assembly

a) Use a bearing induction heater or oil bath to heat bearings.
Note: Bearings to be heated, to a maximum of 1100C.

b) Assemble gearbox and set spigot clearances as per the manufacturers recommendations

c) In all cases refer to Original Equipment Manufacturers guidelines/drawings for gearbox
assembly and set-up.

d) Check run out on all surfaces of couplings after they are fitted. No couplings are to be
fitted without this check.
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SRS-003 Gear Reducer Overhaul

3.5 Record all Technical Information

e) Backlash.
f) End Float and Spigot Clearances.

g) Contact Area of gear teeth.

3.6 Pre Delivery Testing

This applies to reducers with an input rating above 45kW.

This only applies to reducers with output of 25rpm or higher

a) Load testing of the gearbox shall be undertaken at a facility approved by MSP.

b) Measurement of temperatures and vibration signatures shall be conducted as follows:

c) Record all bearing temperatures every 15 minutes until the temperature stabilises and
then every half hour whilst the vibration analysis is carried out, minimum 4 hrs total.

d) Once the gearbox temperature has stabilised, carry out vibration analysis. The Vibration
Analysis acceptance criteria that is to be used is shown in section 4.9 ‘Vibration Criteria
for Acceptance Testing of Geared Reducers’ of this document.

e) Any non-conformances shall be referred to the MSP Maintenance Engineer - Mechanical
who would then discuss with RioTinto Condition Monitoring personnel as required.

f) The gearbox will be tested at full speed only. Testing at other than design speed may
result in bearing damage.

g) Complete work reports.

h) Weigh gearbox complete and record mass weight on information nameplate to be
attached to gearbox.

i) Test oil must be clean filtered <5um
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4 Measurement and Testing

4.1 Pre-Strip Report

ﬁ Input shaft | OEM Spec. | 1st Reduction

OEM Spec.

2nd Reduction

Backlash

End Float

Contact Area

Spigot Clearance

OEM Spec. | 3rd Reduction

OEM Spec.

4th Reduction

Backlash

End Float

Contact Area

Spigot Clearance

4.2 Preliminary Housing Inspection

Gearbox Rotable No.: Pl Maintenance Services Order No.:

Job No.:

Checked By: Date:
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SRS-003 Gear Reducer Overhaul

4.2.1 Preliminary Bore 6 Distance
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SRS-003 Gear Reducer Overhaul

4.2.2 Preliminary Bore 8 Distance
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4.2.3 Preliminary Inspection Report
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SRS-003 Gear Reducer Overhaul

4.2.4 Preliminary Base Distortion
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SRS-003 Gear Reducer Overhaul

4.2.5 Preliminary Joint Face Distortion

At Inspection
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SRS-003 Gear Reducer Overhaul

4.3 Final Report
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End Float
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4.4 Final Housing Inspection Report

Gearbox Rotable No.

Pl Maintenance Services Order No.

Job No.

Checked By

Date
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4.4.1 Final Bore 6 Distance
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4.4.2 Final Bore 8 Distance
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4.4.3 Final Inspection Report
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4.4.4 Final Base Distortion
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4.4.5 Final Joint Face Distortion

At Inspection
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4.5 Couplings
Hub OEMSpecs. Bore OEM Mating Shaft Comment
Description Dia Specs Dia
Checked by Date Signed
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4.6 Gear Teeth and Bearing Numbers

Gear Position

Number of teeth

Notes

Bearing Position Bearing Number

Bearing Manufacturer

A

B

Notes
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4.7 ldentification Nameplate

Repairer Name

Vendor Number

Pl Maintenance Services

Order Number
P1 Stock Number

Equipment Type

Date
Gearbox (Mass) Weight

Rotable Number
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SRS-003 Gear Reducer Overhaul

4.8 Vibration Criteria for Acceptance Testing of Ge  ared Reducers

All geared reducers, new or reconditioned, shall be vibration tested

before being placed into service or returned to warehouse stock.
Aims and Objectives
Vibration testing should also be carried out where a geared reducer is

removed from storage and is being made ready for installation.

This procedure details the minimum requirement for vibration
acceptance testing of new and overhauled geared reducers. The
details will include measurement positions and parameters, with an
outline of vibration acceptance criteria.

Introduction

Figures 1 and 2 show the measurement position layouts for typical
geared reducers. The measurement position is indicated by the
arrows labelled G1H, G1V, G1A, G2R, etc.
In this case :- G = gearbox

H = horizontal direction.

A = axial direction, usually velocity measurement
only

V = vertical direction, usually velocity measurement
only

Measurement Positions

Numbers 1, 2, etc. indicate measurement position location

Each bearing position of a geared reducer has a set of measurements
that is required to be recorded for analysis.

Four different types of measurement will be recorded in the horizontal,
Parameter Requirement vertical and axial directions.

The four measurement types are acceleration spectrum, velocity
spectrum, demodulation spectrum and velocity overall. Table 1 details
the analysis parameters for geared reducer acceptance testing.

The acceptance criteria outlined in Table 2, are to be used as a guide
for the analysis of vibration spectra collected from workshop tests.

Testing should take place when gearbox operating temperatures have
stabilised.

Acceptance Criteria Testing the gearbox with a minimum design load of 10% is preferable,
however if this facility is not available the gearbox may be tested in
the unloaded condition.

Any indication of a fault should be fully analysed and referred to
the MSP Maintenance Engineer - Mechanical who will then discuss
with H.l. Condition Monitoring as required.

A copy of the recorded test data will be provided to the Rebuilder or
Supplier for filing for future reference.

Reporting An additional copy of recorded test data shall be forwarded to
Maintenance Services -Perth for future reference and for storage with
the details of the Maintenance Service order relevant to the job.
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4.9 Analysis Parameter Set-up

Please refer to Figures 1 and 2 for typical measurement position location.

High Speed Shaft

(Shaft Speed > 1000 RPM)

Measurement

Filtering

TABLE 1

Frequency Span

Resolution

No. Averages

Acceleration
Velocity
Demodulation

Overall

10Hz High Pass

10Hz High Pass
2.8kHz High Pass
9kHz Low Pass

10Hz High Pass

Intermediate Speed Shaft

0 Hz - 10 kHz
OHz-1kHz
OHz-1kHz

10 Hz - 1 kHz

400 lines (min)
400 lines (min)
400 lines (min)

N/A

10 averages
8 averages
8 averages

10 seconds

(500 RPM < Shaft Speed < 1000 RPM)

Measurement

Filtering

Frequency Span

Resolution

No. Averages

Acceleration
Velocity
Demodulation

Overall
Low Speed Shaft

10Hz High Pass

10Hz High Pass
2.8kHz High Pass
9kHz Low Pass

10Hz High Pass

(Shaft Speed < 500 RPM)

Measurement

Filtering

0 Hz - 10 kHz
0 Hz - 500 Hz
0 Hz - 500 Hz

10 Hz - 1 kHz

Frequency Span

400 lines (min)
400 lines (min)
400 lines (min)

N/A

Resolution

10 averages
8 averages
8 averages

10 seconds

No. Averages

Acceleration
Velocity
Demodulation

Overall

10Hz High Pass

10Hz High Pass
2.8kHz High Pass
9kHz Low Pass

10Hz High Pass

0 Hz - 10 kHz
0 Hz - 200 Hz
0 Hz - 200 Hz

10 Hz - 1 kHz

400 lines (min)
400 lines (min)
400 lines (min)

N/A

10 averages
8 averages
8 averages

10 seconds
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FIGURE 1

Typical Helical Input Gearbox
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FIGURE 2
Typical Bevel Input Gearbox
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TABLE 2

Measurement
Parameter

Vibration
Component

Acceptance
Level

Recommendations

Acceleration
10Hz-10kHz

Overall RMS
Level

0.5G’s (RMS)

An overall RMS level of less than 0.5G’s is considered
satisfactory.

If the overall level is above 0.5G:

check for broadband friction components due to metal
to metal contact.
check for high frequency bearing modulation
sidebands.
check for natural frequency components.

If the level cannot be reduced to below 0.5G without the

cause of the vibration being identified and determined to
be acceptable, the reducer shall be rejected.

Demodulation
Filter Range
2.8-9kHz

Bearing Fault
Frequencies

N/A

Confirmation that the vibration component visible in
demodulation spectra is related to the bearing is
CRITICAL. This is to ensure accurate analysis of
suspected faults.

The demodulation spectra should be relatively flat with no
outstanding peaks. If peaks are present, the frequency of
any series is used to determine the nature of the fault.

If a series is detected:

the frequency of the series will be compared to
bearing frequency data to determine if the series is
bearing related.

if the series is bearing related, the bearing is to be
physically inspected to ensure sufficient lubrication is
present. If sufficient lubrication is present, the
indication shall be considered to be representative of a
definite bearing fault.

Velocity

10Hz - 1kHz

Overall RMS
Level

1 mm/s
(RMS)

A level less than 1 mm/s RMS is considered satisfactory.

If the level is above 1 mm/s:

check reducer has been placed on level footing.
check quality of alignment between reducer and drive
motor. If belt driven, check belt tension and
alignment.
further analysis may be required to confirm the
possibility of natural frequency components.
If the level cannot be reduced to below 1 mm/s without the
cause of the vibration being identified and determined to
be acceptable, the reducer shall be rejected.

Velocity

Appropriate
Span

Bearing Fault
Frequencies

N/A

If a bearing fault frequency series was present in the
demodulation spectra, the severity of that fault must be
determined according to the vibration level in the velocity
spectra.

If the series is detectable in the velocity spectra at all, the
fault shall be considered unacceptable and the reducer
shall be rejected.

Velocity

Appropriate
Span

Other Vibration
Components

20% of High
Speed Shaft
Running
Speed
Vibration
Component

No other vibration component present in the velocity
spectra shall exceed 20% of the high speed shaft running
speed component.

If any component does exceed this level, the source of the
vibration shall be determined and the reducer rejected on
this basis.
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5 Action Sheet

No.

" Must do" Action Items

Completed
Yes/No

Repairer Signature

Clean the gearbox

N

Compile pre- strip report

Dismantle, clean and assess gearbox and
components

Compile preliminary reports for gearbox condition and
forward to Maintenance Services

Ensure that the correct Engineering drawings and
specifications are available for the type/model of
gearbox being overhauled

Dowel and pin gearbox halves prior to disassembly (if
not already done)

Measurement of bore dimensions recorded as
specified

Magnetic particle (MPI) inspection of shafts and gears
conducted

All repaired journals and gear seats are cylindrically
ground finished to specification

10

Tip and end relief of all gears and pinions carried out

11

Installation of New C3 clearance/OEM specified
bearings

12

Installation of New seals as specified

13

Gear teeth contact as specified

14

Oil pumps/ail lines flushed and clear

15

Oil indicators installed correctly and operational

16

Correct grease nipples installed (coast/inland)

17

Oil sample valve installed as specified

18

Grease lines installed to labyrinth seals

19

Gearbox breather installed to specification

20

Magnetic plugs installed in oil sump at oil drain level

21

Gearbox tested as specified and Vibration Reports
forwarded as specified

22

Sandblasting/Painting of gearbox carried out to
specification

23

Corrosion protection applied as specified

24

Updated nameplate fixed to gearbox

25

Steel Transport/storage pallet fabricated

26

Gearbox prepared for long term storage

27

All measurement record documents completed
accurately

28

Copies of relevant overhaul details/records forwarded
to Maintenance Services

29

Invoice completed in detail and forwarded to Rio Tinto
accounts
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6  Lubrication Piping (Standard Examples)

Aeroquip #6 hose and fittings

Stauff clamps or equivalent

Grease nipple manifold/bracket
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