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•BASc, P.Eng., CMC, CMRP, CAMA, MMP
•Principal Consultant, Conscious Asset and Conscious Reliability
•Mechanical Engineer, University of Toronto, 1977
•40 year career in Maintenance and Asset Management. 
•Wide variety of industries hands-on in technical and in 
managerial roles. 
•Consulting since 1995; Director (Associate Partner) in PwC 
Consulting / IBM
•Conscious Asset founded 2004

–Specialist consulting firm ensuring the delivery of value 
from physical assets. 

•Thought-leader in Reliability, Maintenance and Asset 
Management. 

–Columnist and regular contributor to several 
publications. Frequent public speaker.
–Blogger: www.consciousasset.com/blog
–Author:

•"Uptime - Strategies for Excellence in 
Maintenance Management", 3rd edition
•“Reliability Centered Maintenance – Re-
Engineered: Practical Optimization of the RCM 
Process with RCM-R®” 2017 
•“No Surprises” 2016, “ISO 55000, What’s Not to 
Like” 2016, “Uptime Made Easy” 2009, “Reliability 
Centred Maintenance: A Key to Maintenance 
Excellence” 2000 

•2016 – awarded PEMAC’s prestigious Sergio Guy Award for 
significant contributions to the profession
•2017 – co-founder of Conscious Reliability
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What is RCM?

Per SAE JA-1011:
For the operating context:
1. Functions and performance 

standards
2. Functional failures (failed states)
3. Failure modes & their causes
4. Effects
5. Consequence designation
6. Proactive tasks (PdM, PvM)
7. Defaults (depend on 

consequences)

A method to determine the most 
appropriate failure management 
strategies for any physical asset in its 
present operating context.

Outputs include:
• Predictive maintenance tasks
• Preventive maintenance tasks
• Detection (failure finding) tasks
• One time changes

• Training
• Procedures / practices
• Design

• Run-to-failure



RCM-R® Decision Diagram



Electric Distribution Utility

SF6 Gas Insulated
Transformer
High Voltage

130 MVA



Why GIT?



Comparison
GIT / OIT

GIT appears more complex
Includes gas piping, heat 
exchangers, blowers for SF6 
internally, cooling fans for air 
flow over exchangers.

Use SF6 gas – a known 
green-house gas and toxic.

On surface expected 
maintenance requirements 
to be greater than OIT’s 
currently in use.



• 45 Functions were identified
• We found 155 plausible failure modes

– Typical oil filled transformer has about 100
– 10 were hidden (all 4 with safety implications were hidden)

• Simple tests and visual inspections were sufficient to deal with these

• Failure modes were generally less “critical” in terms of effects 
when compared with AIT designs
– Analysis confirmed the design was largely “fail-safe”
– Safety consequences due to structural failures (floor settling, external 

damage to piping and resultant leaks) and failure of micro-switches in 
sudden pressure relays (which prevent normal operation under fault) had 
to be dealt with

RCM Analysis



• Several predictive and preventive maintenance tasks
– For gas leakage, floor settling, external corrosion on grounding, 

SF6 gas sample testing (for contamination), small component 
replacements (contacts, gauges, switches), fan and blower 
bearing lubrication, heat exchanger cleaning

– Task frequencies in “years” (varies by task)

• Overall maintenance requirements were less than those 
for AIT despite the appearance of increased complexity

Maintenance Program



• Even though design is proven with hundreds of 
installations world-wide
– Testing of sudden gas pressure relay required potentially 

harmful release of SF6 gas to simulate fault conditions 
(testability needed in design)

• This was new to Toshiba (manufacturer) and they are improving their 
design as a result

– Transformer vault needs improved ventilation due to potential 
for SF6 leaks that could harm personnel

• Vault designers had “bought into” manufacturer claims about benefits 
and not provided enough ventilation

Significant findings



Electric Distribution Utility

SF6 Gas Insulated
Breaker

Medium Voltage



Major components



Benefits of SF6 Breakers



Space savings due to compact 
design



Inherently safer



• Switch provides 15 functions
• We found 45 plausible failure modes

– 7 were safety related (winding faults, CTs replaced with incorrect size, SF6 contamination, 
grounding, maintenance leaves covers off)

• All dealt with using specialist and refresher training of personnel

– 4 hidden failures (grounding lost - inspect, SF6 contamination - sampling, gauge calibration –
regular checks, anti-pumping relay – functional test)

• Overall the new design is safer and less maintenance intensive than existing air 
insulated breakers

• No “surprise” problem areas were identified except need for additional training 
and acquisition of minor test equipment
– Had the analysis not been performed the utility would have been far more 

dependent on manufacturer for a more extensive / expensive maintenance 
program

RCM Findings



Public Transportation

Subway
(Metro) 

Infrastructure

Track
Switches



Railway switch function
“To redirect a train”

The operation is simple enough but maintaining is complicated by the robust operating 
environments. 
Weight of train causes track and switch “pumping”, high vibrations when trains pass over joints 
and gaps, exposure to weather (rain, snow, ice, road salt, debris).
Despite their simplicity and robust construction, the set-up of these switches is a precision 
maintenance activity. 
Failures in switches cause significant numbers of long delays in service.



Switch moves track “points” to re-direct 
train



• On command from signals (control), DC motor turns gear-set 
• Gear-set moves “comm bar” to unlock the switch allowing it to move
• When unlocked, a yoke creates left / right push / pull on a “throw bar” to move 

the track points to redirect train
– Movement must be enough to fully open and close the rail points or derailment is 

possible
• When points move a “detection bar” moves electrical contacts and re-locks the 

switch
– Detection bar must move the contacts and locking bar enough to send the correct 

electrical signals and engage the lock (so the switch can’t move)
• When movement completes its cycle the DC motor has a dynamic snubbing 

feature to prevent over-running

Model 5 Switch



• Mis-alignments
– Horizontally due to loosening of 

setting bolts and locking nuts
– Vertically due to distortion of track 

layout / rail bed ballast and tie 
deterioration

• Movement blocked by ballast rocks or 
debris

• Freezing (snow, ice build up, failure of 
heaters)

• Parts coming apart (disconnected) or 
broken internally

• Excessive friction (lubricant washed 
away)

• Loose wiring 

• Current maintenance
– All units receive 6 monthly 

“maintenance” (greasing, 
cleaning, testing, 
adjustments)

– Re-furbish at 10 or 15 years 
depending on light / heavy 
usage

– 25 / 15 years replacement 
cycle (lower/ heavy usage 
locations)

Known problems with switches



• Defined 6 functions (divert train, lock in position, detect position of switch, 
keep dirt and debris out, allow manual operation, prevent operation if switch 
not in correct position)

• 72 failure modes identified, 13 were hidden, 10 with potential safety 
implications

• 30 failure modes could be allowed to Run to failure (low consequence)
• A number of failure modes were due to human error (dealt with using training 

refreshers and enforcement of existing procedures)
• Newer technology (vibration and shock recording, track geometry readings) 

enables RR to identify troublesome locations before they fail
• Maintenance routines could be fine tuned eliminating excessive work on 

switches that see little use. Efforts become more targeted.
– Overall reduction in maintenance requirements with expectation of fewer in-service failures

RCM findings



• If alignments are “off” (vibration, pumping, loose components), then switch 
may not be able to lock even though all movements are completed 
– This failure, is hidden 
– There are two redundant detection systems operating independently but failure of 

either stops trains
• If switch is unlocked it’s position is “unclear” and all train movement stopped 

until it is confirmed
– Correcting alignment is a matter of simple adjustment

• There is a simple ¼ inch test of alignments that can detect this failure before it 
occurs (saving a lot of service disruption)
– Test used to be done every 6 months
– Calculations showed it was needed every 3 days for heavily used switches, every 2 

weeks for low use switches

One significant change to maintenance to 
avoid service delays



Public Transportation

Subway
(Metro) 

Infrastructure

Train Stop



• To trip the automated braking system on a train if the train passes 
through a restrictive signal (stop light)
– The trip arm is raised by a spring. 
– In event of loss of power, the trip arm raises (fail safe position)
– Trip Arm is driven down against the spring and held in place electrically 

• At running capacitor creates phase shift to drive the motor, connected to a 
sector gear. At the bottom of stroke, a drive contact opens, a holding capacitor 
and resistor are inserted into the circuit creating a stall torque to hold the arm 
against the return spring force (in the “clear” position)

– A control circuit detects trip arm position via direct mechanical 
linkage, making and breaking contacts

Train stop function



• Broken sector gear teeth and 
ratchet gear teeth

• Burned out drive motor
• Keeper loop (to hold trip arm down 

for maintenance) is left in wrong 
position after work completed and 
vibration causes it to shift and hold 
the trip arm in the “clear” position 
(unsafe)

• Jamming of mechanism due to 
movement caused by ballast 
tamping

Known problems



• 9 functions: 
– to enforce signals (stop trains), 
– to allow them when permitted, 
– to return to trip position on power failure, 
– to operate in a specified cycle time, 
– to return to “danger” after each clear cycle, 
– to permit manual operation, 
– to keep debris and dirt out, 
– to be visible to train operators, 
– to provide trip arm status to signals

RCM Findings



• 78 failure modes identified
– Only 2 were hidden, both with safety implications (potential train collisions)
– Total of 18 failure modes with safety implications

• Some seasonal maintenance required before winter and after heavy snowfalls
• 17 failures could be dealt with by targeted inspections (condition monitoring)

– Some required identification of high vibration locations using new track monitoring equipment

• 7 preventive restorations (cleaning, tightening, gear unit replacement and re-
painting of trip arm to make it visible)

• 5 preventive replacement (relays, fatigued spring in control unit, sector gear)
• 1 failure finding task for a hidden failure (jamming of the unit) that tends to 

appear after tamping activities

• Significant change was in “who” could do most of the work. Track patrol crews 
could be assigned work formerly assigned to signals technicians

RCM Findings



• RCM works well for both old assets and new ones
• Can produce design and maintenance program changes
• Can produce “surprises” even for assets that have been in service for many 

years
• Optimizes maintenance programs

– Reduces excessive task assignment
– Targets failure modes 
– Assigns the best resource to execute the tasks, redistributing workload (often to 

lower skilled employees)
• Excellent learning opportunity for employees
• Excellent collaboration opportunity among departments

Conclusions
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SI TIENES PREGUNTAS  
O COMENTARIOS…
¡No dudes en acercarte!

Insertar puesto actual
Nombre del conferencista
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