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Functions – Functional analysis
Module 02.2en

The bedrock of RCM analysis
Function

Failure

Failure Effects

Failure Mode

Failure Consequences
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RCM – 7 Question process
A process used to

determine what must be done

to ensure that a physical asset continues to do what

its users require it to do in its operating context:

What do its users require it do (Functions )?

What specific performance losses can occur (Failures)?

What event causes the failure (Failure mode)?

What happens when it fails (Effects)?

Why does it matter (Consequences)?

Can you predict, prevent or mitigate the failure consequences (Maintenance task)?

What if no mitigating task can be found (Default action)?
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The objective of maintenance

• The objective of maintenance is to ensure that 
physical assets continue to do what their users want 
them to do …

• So the development of a maintenance program  must 
start by defining what its users want the asset to do in 
the current operating context.
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Users?

Shareholders Managers, 

SocietyOperators

Maintainers

“What do the users really want?” 
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what its users want the asset to 
do in the current operating 
context.
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RCM may be thought of as a 
formal language that narrowly 
defines various terms and 
concepts that we need to 
establish a maintenance plan.
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Function statements – Five attributes

1. Function statement structure

2. Performance standard(s)

3. Primary and secondary function categories

4. Types of performance standards

5. The asset’s operational context
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The function statement is grammatically structured ….

2. The verb usually has an object.

3. There should be at least one performance standard.

Example: 

To pump beer at a minimum rate of 500 
liters/minute

1. Begins with the infinitive form of the verb. (In English 
the statement starts with “To”.)
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The function statement is grammatically structured ….

2. The verb usually has an object.

3. There should be at least one performance standard.

Example: 

To pump beer at a minimum rate of 500 
liters/minute

"Not to"
"Able to …. if …."

1. Begins with the infinitive form of the verb. (In English 
the statement starts with “To”.)

"In the presence of"
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Functions  - Performance standards

RCM distinguishes 
between two different 
types of performance 

standard.

DESIGN PERFORMANCE
(Maximum as new condition)

DESIRED PERFORMANCE
(The user requires this minimum 
performance)
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Functions – Design versus Desired

Design

Desired

Operational 
requirement: 800 lpm

A

Pump A’s nominal 
capacity: 
1000 lpm
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Functions – Degradation margin

12

Design

The Maintenance 
department agrees 
to deliver this level 
of performance.
“The objective of 
maintenance”

But "Maintenance" 
can not delver 
more than this.

(Design - Desired )= 
Margin for degradation

Desired

The 
degradation 
margin must be 
“adequate”
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2.2.1 QUIZ 1 FUNCTIONAL ANALYSIS

https://forms.gle/YqkxgdXXyVQYbixa8
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Functions – Two categories

I. Primary

II. Secondary

Illustrative example:

The domestic 
automobile

"Why we purchased the asset"

"Additional requirements that 
the asset must fulfill"

“Secondary”, in the language of 
RCM, by no means implies “less 
important”.
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To get from A to B at speeds up to 85 mph? 

while traveling along paved roads. 

To get a driver and up to 4 passengers

Primary function describes why you bought the car

The secondary functions are all the other necessary requirements, 
for example, safety standards.  (Secondary does not mean “less 
important”.)
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To get from A to B at speeds up to 85 mph? 

while traveling along paved roads. 

To get a driver and up to 4 passengers

Primary function describes why you bought the car

The secondary functions are all the other necessary requirements, 
for example, safety standards.  (Secondary does not mean “less 
important”.)

Secondary functions mnemonic
1. Protection

2. Environmental integrity

3. Appearance

4. Control/containment/comfort

5. Health & Safety

6. Economy/efficiency

7. Structural integrity / Superfluous functions
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Example: Space shuttle arm

18Copyright © 2013 LivingReliability All rights reserved.

A primary function describes the reason the asset exists

Office chair

Product 
Milling 
machine Beer bottle filler

Your home’s exterior walls

Supermarket 
sign

To support a person 
up to 200 kg 
comfortably seated.

To fill 740 +1-0 g of beer 
into cans 5 times a 
second without 
exposure of the product 
to oxygen.

To indicate to a normally 
sighted person from up 
to 30 meters the name 
of the business.

1. Support the upper floors and 
roof

2. Isolate the occupants from 
the weather
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Secondary functions – office chair

Examine the parts of the chair. 
What functions to they suggest?

Secondary functions mnemonic
1. Protection

2. Environmental integrity

3. Appearance

4. Control/containment/comfort

5. Health & Safety

6. Economy/efficiency

7. Structural integrity / Superfluous functions

20Copyright © 2013 LivingReliability All rights reserved.

Superfluous functions:

Old ductwork
New Gas Heater

Was 
120 
psi

Now 
80 
psi

80 PSI Reqd
3 steam turbines

Secondary functions mnemonic
1. Protection

2. Environmental integrity

3. Appearance

4. Control/containment/comfort

5. Health & Safety

6. Economy/efficiency

7. Structural integrity / Superfluous functions

19

20



02.2enRcmFunctionalAnalysis 6/7/2021

LivingReliability 11

21Copyright © 2013 LivingReliability All rights reserved.

Avoid superficial analysis
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What if maintenance is regulated by government agencies?
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Over stress tests.

Avoid them. Use NDT, CBM, …

2.2.1 QUIZ 2 FUNCTIONAL ANALYSIS

https://forms.gle/cKqCf4oYwCWh9YbQ7
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Functions – Performance Standards

Can encompass one or more of the following types of standards:

1. Multiple

2. Quantitative

3. Qualitative

4. Absolute

5. Variable demand

6. Upper and Lower limits
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1. Multiple performance standards

“To heat up to 4 metric tons of oil and additives while 

mixing at a rate of 13 rpm to a temperature of
110C in 2 hours”

Multiple performance standards 
specifying mass, speed, temperature, 
and time.
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2. Quantitative performance standards ...

Performance standards should be quantified where possible. 
For instance, do not say:

To operate at maximum speed” or “To meet  
production target”. 

(Specify the target or 
what the maximum 
speed is.)
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3. Qualitative standards

Occasionally a quantity cannot be expressed in a practical way. 
For example 

To look "acceptable" to board of directors 
when they visit the equipment location.

The involved parties should carefully reach an understanding of 
exactly what the appearance expectations of the board are.
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4. Absolute standard

If a quantitative standard is omitted it often implies an absolute 
performance standard, For example

To contain hydrofluoric acid

Implies that the user in fact demands zero leakage.
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5. Variable performance standard

“To lift up 
to 400 kg”

Use the highest load 
that the asset will 
encounter.
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6. Upper & lower limit standard
To pack 250 +5-3 g of 
peanuts at 40 bags per 
minute

Desired
Upper Target 

range 252
to  255 gm

Desired
lower 

maintenance 
target range 247

to  248 gm
Use the Upper and Lower Specification 
Limits as the operative maintenance 
standard. The Control Limits are the Design 
performance
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Typical Protective (Hidden) Functions

• E-stops
• interlocks
• shear pins
• check valves
• rupture discs
• gas detectors
• warning signs
• stand-by plant
• pressure switches
• vibration switches
• over-speed switches
• pressure relief valves

• temperature switches
• ultimate level switches
• life rafts and parachutes
• emergency medical equipment
• over-current circuit breakers 

and fuses
• emergency clothing and 

breathing apparatus
• secondary and tertiary 

containment structures
• fire detection, fire warning 

and fire fighting systems 

Protective devices provide five types of actions:

1. Warn users of an extraordinary or dangerous situation

2. Shut down equipment when a critical component has failed

3. Eliminate or relieve danger resulting from a failure

4. Take on the impaired role lost due to failure of the asset’s 
principal operating components.

5. Prevent a dangerous situation or occurrence.
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Function statements with Operating phases

The function statement should also include all relevant operating 
phases.

1. Seasonal

2. Start up, running, shutdown

3. Etc.

Example: 

To supply hot water with a temperature between 50C and 55C to all taps within 
15 seconds of opening the tap in summer and in winter in the presence of a full 
stand-by heating capability.
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Turbine exhaust system

33
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The functional analysis process

1. Document the asset’s operating context at the start. 

2. List the functions (suggested by components) as function 
statements.

3. Refer to all helpful documents (drawings, schematics, manuals). 

4. Recall individual experiences while listing the item’s functions.

5. Specify one or more quantitative performance standards. (Actual 
requirements, not design capacity.) 

6. Devote special care to hidden functions.
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Example: Air-conditioning 
pack in the Douglas DC-10
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Operating 
context and 
functional 
analysis
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Distributed control system

Item description: 
Distributed control 
system (DCS)
Redundancies and 
protective features 
(include 
instrumentation):
Built-in test 
equipment (describe):
Hidden functions: Yes, 
UPS 
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Example: Passenger rail car truck (bogey)

Using the following images and documentation, perform a 
functional analysis as a set of function statements. 

Examine each component and associated text and ask: What 
function does this component suggest? 

1. Include one or more quantitative specifications in your primary 
function statement.
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Each passenger car 
weighing up to 53 T 
is mounted on two 
four-wheel trucks 
(also called bogies). 
Each bogie supports 
1/2 the weight of 
the passenger car. 

Hint: Consider the 
primary function “To 
support …” under 
typical operating 
regimes” 
1. The general state.
2. A specific (typical. 

high load) state: 
Traveling along the 
rails at 120 kph.
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Example: Passenger rail car truck (bogey) 
Primary suspension

The primary suspension consists of rubber/steel 
chevrons which mount the axle box to the truck 
frame. The inherent damping within the chevron 
assemblies avoids the necessity for supplementary 
dampers in the primary suspension. The axle box also 
houses a rubber bump stop, which serves to prevent 
direct contact between the truck frame and the axle 
box under severe bounce conditions. 

The arrangement of the primary suspension shows 
the tie bar arrangement under the axle box.. The tie 
bar arrangement consists of a spacer tube, tie bar, 
locating rings and suitable fasteners. The tie bar 
serves two purposes, it ensures the wheel arch 
structural integrity and also allows the truck to be 
lifted from its wheel sets. The load of the wheel sets is 
supported by the tie bars via the axle boxes, when a 
complete truck is lifted.
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Example: Passenger rail car truck 
Secondary suspension (vertical damper)

Vertical oscillations are 
damped by two hydraulic 
shock absorbers, one each 
side of the truck adjacent to 
the secondary suspension. The 
dampers being mounted on 
brackets on the truck side 
frame at the one end and to 
the air spring top plate at the 
other end. 
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Secondary suspension (air spring)

A leveling valve mounted on the car controls the air 
pressure in the air springs and maintains a constant 
floor height independent of passenger loading. 
Passengers stepping into or from the car at each 
station should not experience any difference in 
elevation between platform and car floor.

The air spring is a component of the secondary 
suspension insulating passengers from bumps on the 
rails. It is connected to the car bolster by an air spring 
top plate. These plates can only be fitted in a certain 
manner (Figure) and serve as both the mechanical and 
pneumatic connection to the car. The lower sealing 
face of the air spring seals onto the top of the layer 
spring assembly. 
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Secondary suspension (Layer (compound) spring)

The layer spring consists of a 
series of rubber and metal 
elements bonded together. A 
plate on the top of the layer 
spring serves as the sealing face 
for the air spring and as a housing 
for the emergency spring.

The layer spring is held in 
longitudinal position by a bolt 
with split pin protection. The 
layer spring keeps the top plate 
centered longitudinally with 
respect to the center pivot 
through which the entire forward 
driving force is transferred. 
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Secondary suspension (Emergency spring)

In the event of the air spring 
being deflated, the car will 
rest on emergency springs
which are located on top of 
the layer springs. The 
emergency spring comprises a 
metal/rubber assembly and 
has a low friction surface 
fitted to its upper surface. This 
low friction surface allows the 
use of a vehicle in service with 
a deflated air suspension, 
albeit with a reduced quality 
of ride. 
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Traction Link 

Tractive and braking forces are 
transferred from the truck frame 
to the traction center by two 
traction links. The traction links 
house resiliently mounted bushes 
in each eye, so that the forces are 
transferred as smoothly as 
possible. 

45
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Torsion Bar & Turnbuckle Assembly 

A torsion bar passes through one of 
the lateral tubes mounted in the 
transom and through holes in the 
side frames, adjacent to the bearing 
housing brackets. 

Roll of car body relative to truck is 
controlled by an anti-roll torsion bar, 
which is housed in the truck 
transom and connected to the car 
body by a turnbuckle linkage. 
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Lateral stops, Lateral dampers
The lateral bump stop 
assemblies limit the 
possible lateral body 
movement relative to the 
truck. Each bump stop 
assembly consists of a 
bounded rubber/steel 
bump stop and a fixed stop, 
such that any lateral 
movement is unrestricted 
until the center pivot 
comes into contact with the 
bump stop; further 
movement is then resisted 
by elastic deformation of 
the bump stop until the 
fixed stops are met. 
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Example: Passenger rail car truck 
Brake actuator

All trucks are fitted with disc 
brake equipment. 

Actuators for the wheel 
mounted discs are mounted 
on each headstock. The 
actuators on the trailer trucks 
are not fitted with parking 
brake facility. 
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Example: Passenger rail car truck 
Axle auxiliary spring

is located on each axle 
box and strike plates are 
screwed onto the wheel 
arches

49
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Example: Passenger rail car truck 
Lifting lugs

Four towing points are 
fitted, two to each side 
frame, in-board of the 
wheel arches. The points 
can also be used as lifting
points, when handling 
individual trucks. 
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Tie bar

The arrangement of the primary 
suspension shows the tie bar 
arrangement under the axle box.

The tie bar arrangement consists of 
a spacer tube, tie bar, locating rings 
and suitable fasteners. The tie bar 
serves two purposes, it ensures the 
wheel arch structural integrity and 
also allows the truck to be lifted from 
its wheel sets. The load of the wheel 
sets being supported by the tie bars 
via the axle boxes, when a complete 
truck is lifted.

Tie bar

51
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Lateral bump stop
The lateral bump stop 
assemblies limit the car's 
possible lateral movement 
relative to the truck. Each 
bump stop assembly 
consists of a bonded 
rubber/steel bump stop and 
a fixed stop such that any 
lateral movement is 
unrestricted until the center 
pivot comes into contact 
with the flexible bump stop; 
further movement is then 
resisted by elastic 
deformation of the bump 
stop until the fixed stops are 
met.
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Split pin

Prevents the traction 
link retaining nut from 
coming undone.
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Wheels, axle
Wheels of BR-PB profile of mono-block constructions, are shrunk onto solid one piece 
axles which run in double roller bearing axle boxes. The wheel specification being to BS 
468 class D oil hardened and tempered. 

The axles are manufactured from low 
alloy steel conforming to the BR 
specification 109A. The wheels are 
shrunk onto the axles and the wheel 
set is balanced in accordance with BR 
specification 163.  To effect removal of 
the wheels, the hubs are drilled with 
two diametrically opposite oil injection 
holes. The gearwheel is also fitted with 
an oil injection hole to assist removal. 
The axle ends are suitably center 
drilled to allow wheel turning on a 
wheel lathe.
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Example: Passenger rail car truck 
Axle box

The axle box is a forged aluminum alloy body fitted with a shell 
liner which provides the housing for two self aligning bearings 
which are directly mounted on the axle. 

Machined on each side of the axle box body is a mounting to 
carry the primary suspension, each chevron being retained to 
the mounting with two bolts. At the top of the forging is a 
machined circular housing to accommodate the axle box rubber 
bump stop.

A sealing collar is abutted up to a shoulder on the axle, and open 
cover fitted over it. Labyrinth grooves in the collar and cover 
prevent leakage of grease from the rear of the axle box. The 
front of the axle box is sealed by either a front cover or the 
housing of a frequency generator via an adaptor plate. The axle 
box is lubricated with a lithium base grease such as Shell Alvania
3, Exxon Beacon 3, or a comparable approved grease.
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Functional 
analysis –
Rail car 
bogey

2.2.1 QUIZ 3 FUNCTIONAL ANALYSIS

https://forms.gle/QX5VCpvUbgRfvBSj7
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