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Abstract

There is an increasingly close relationship between the development of a maintenance trainer and the
development of maintenance procedures on major military programmes. This creates an ideal
opportunity to drive more benefit from a maintenance simulator by assisting in the creation and
validation of maintenance procedures.

With reference to a number of prominent military programmes, this paper will start by reviewing the
current use of maintenance simulators and why they have been successful. It will then look at how
such maintenance trainers have begun to include the direct use of maintenance procedures and
Interactive Electronic Technical Procedures (IETPs). The paper will demonstrate how the bringing
together of the maintenance training simulator and IETPs has created synergy between the
development of the simulator and the development of the IETPs themselves, particularly on some
recent military programmes, and goes on to assess what benefits could be planned for future projects.
Finally, the paper takes a brief look at the spacecraft operations industry, where the concurrent
development of simulators and procedures has been established for many years, to see whether
there are any lessons to be learnt.
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Introduction

In VEGA's view, there is an increasingly close
relationship between the development of a
maintenance simulator for training purposes
and the development of maintenance
procedures on major military programmes.
There is an ideal opportunity to drive more
benefit from a maintenance simulator by using
it to assist in the creation and validation of
maintenance procedures.

We start by reviewing the use of maintenance
simulators within training and why they have
been successful. We then look at how these
maintenance trainers have begun to include
the direct use of maintenance procedures and
Interactive Electronic Technical Procedures
(IETPs). This bringing together of the
maintenance training simulator and IETPs has
created synergy between the development of
the simulator and the development of the
IETPs themselves, particularly on some recent
military programmes, and we assess what
benefits could be planned for future projects.
Finally, we look briefly at the spacecraft
operations industry, where the concurrent
development of simulators and procedures
has been established for many years, to see
whether there are any lessons to be learnt.

Benefits of Maintenance Simulation within
Training

VEGA has found that simulation has a
valuable role within a blended approach to
maintenance training. Simulation for
maintenance training, or emulation, is used
primarily to support maintenance technicians
in the skills required to maintain aircraft
through the correct application of maintenance
procedures and in the analysis skills required
to diagnose faults. The technique has been
found valuable both in basic training and in
more equipment specific training.

The benefits of simulation over using real
equipment are now well understood. We
provide a high-level non-exhaustive review
here because many of these benefits extend
into the scenario where maintenance
procedures are being developed.

·  Simulation presents a safer training
environment. Students can't damage
equipment. They can avoid contact with
dangerous liquids, jet effluxes, "live" air
intakes and other dangers during initial
training.

·  It provides a cheaper training environment.
Providing a real aircraft not only presents
a higher initial cost but also requires a high
budget to support the equipment in service
in terms of spares and repairs.
Furthermore, the training environment can
be more demanding than the operational
environment in some cases e.g. undoing
and remaking a connector many times an
hour instead of once a year. Therefore
spares costs can be very high. It has also
been known for training aircraft to be
commandeered for spares to support
operational aircraft!

·  It provides a more flexible training
environment. It is far easier for an
instructor to use the simulator to set fault
conditions rather than on the real
equipment and even easier to reset the
equipment at the end of each exercise:
both actions only needing the loading of a
datafile. Whilst techniques exist to mimic
limited electrical faults on real equipment,
it would be very difficult to recreate
hydraulic faults for example, particularly
those that involve fluid leaks. Less student
training time is wasted whilst repeatedly
carrying out time-consuming but low-value
tasks such as undoing twenty screws to
remove an access panel.

·  The scope of training is greater. There is
the ability to introduce and diagnose faults
which would not be possible on real
equipment and to practice responses to
emergency situations (e.g. surges, fires
and power failure). A good example of
this, is the ability to practise the correct
engine closedown procedure when
electrical power to the engine speed
controller is lost, with only seconds
available to close the fuel supply before
the engine runs away to destruction. A
mechanic will have experienced (sound /
feel / vision) many of the faults (especially
potentially dangerous ones) on an
emulator before experiencing them on a
real aircraft.  This should enable quicker
and safer diagnosis.

·  The throughput of students is greater
because the maintenance simulator can
be replicated many times in the classroom
environment.

·  The training can be more supportive of a
multi-configuration scenario. The majority
of military equipment now requires
simultaneous training on a range of



Copyright VEGA 2005

variants. These may arise from updated
system builds, functional variants e.g.
single/twin seat, national variants and
others. The instructor is able to quickly
reconfigure the training simulation to any
number of concurrent operational builds.

·  When real equipment must be used, the
time it is required is much reduced.

·  Simulation-based training has built-in
features, such as exercise debrief and
automatic marking of the students
performance.

It must also be remembered that simulation is
not a panacea for maintenance training. It is
totally inappropriate for psychomotor skills
training, such as the use of hand tools or some
aspects of complex access. The approach
here, will often be the provision of part task
trainers realised in hardware or in some case
hands-on training. In fact, physical part task
trainers will normally incorporate simulation
techniques and so some of the benefits listed
above will also apply.

Maintenance Simulation and Maintenance
Procedures Working Together in Training

One of the educational strategies used by
VEGA in its training solutions is summarised in
one of the best-known and earliest quotations
of the training world:

Tell me and I will forget
Show me and I may remember
Involve me and I'll understand
(Confucius 450BC)

Simulation is an excellent supporter of this
goal where detailed interaction with the
equipment with quality feedback makes for
good training. One of the major reasons for
incorporating the use of IETPs within the
training is to extend the understanding to
operational tasks. This works at two levels: it
covers the application of specific maintenance
procedures and understanding the
equipment's response; it also covers use of
the IETP mechanism itself, particularly in
those cases where an IETP viewer has been
integrated into the training application.

There are a number of additional benefits that
accrue from integrating the IETPs with the
maintenance simulation.
·  It avoids the expense of synthesising a set

of IETPs  that have been defined for
training only

·  It ensures that the maintenance
procedures are in line with the
programme's maintenance philosophy and
incorporate 'best practise'.

The integration of IETPs is now a feature on a
number of VEGA maintenance training
systems. We include dynamic linking between
the simulation and IETPs and we provide
electronic tracking against the procedure to
get the maximum benefit from the integration.

The Development of the Maintenance
Simulator and Procedures

Classically, the maintenance procedures have
been a part of the engineering data used to
define the behaviour and acceptance criteria
of the maintenance simulator. This is because
the maintenance procedures describe
essential equipment responses to maintainer
action and the procedures define a large part
(but not all) of what the maintainer needs to do
and hence know.

In two of our recent projects, it has been
necessary to develop the training before the
maintenance procedures are mature enough
to be useful in defining the simulator function.
This means that the development of the
maintenance procedures have occurred in
parallel with development of the maintenance
simulator. Some valuable observations have
been made when early draft maintenance
procedures have been run on the maintenance
simulator. This is despite the fact that the
simulator and procedures are derived from the
same engineering data. There is no reliance
on the simulator within these programmes in
the final validation of procedures and this will
only be done formally on the real equipment.

Specific examples of our experience from
these projects vary widely in their nature and
the main ones are listed below.

·  Some of the maintenance procedures
contain very lengthy sequences of actions
that need to be checked at least once
against the equipment but there is little
value in repeating them frequently e.g. the
previous example of undoing twenty
screws on an access panel. The simulator
actions are significantly quicker than using
the real equipment.

·  Missing steps have been identified in the
maintenance procedures e.g. removal of
an access panel has been omitted.

·  Lengthy equipment warm-up periods were
eliminated when using the simulator to run
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procedures by using the "fast-forward"
feature.

·  Access to the real equipment was limited.
·  Maintenance procedures are frequently

nested and there is a temptation when
reviewing procedures not to check the
lower level routines because of familiarity.
There are also cases where data modules
are inconsistent e.g. the wiring diagram
has been modified but the tabular form
used in the procedure has not. Use of the
maintenance simulator by non-specialists
of the equipment removed familiarity and
uncovered incorrect application of lower-
level procedures and inconsistency of
data.

·  Procedure checking was much more
flexible than on real equipment. In some
cases procedures were witnessed by
groups of people from a range of
disciplines and on the real equipment the
ability to see what is going on would have
been severely limited by physical
constraints. In other cases it has enabled
one person to run through a procedure
when on the real equipment a team of two
or more would be required. Checking was
also possible in the office rather than an
industrial workshop environment.

Classically, maintenance procedures are
checked against the real equipment. Our
experiences have indicated that there are real
benefits of performing a significant number of
checks against a maintenance simulator. It will
already be evident that there is a strong
correlation between these benefits and the
benefits of using simulation for training that we

have already discussed. With this in mind we
anticipate there are a number of other benefits
to be realised using simulators within the
development of maintenance procedures:

·  They will save time when running through
the large numbers of equipment variants
commonly encountered in military
programmes e.g. national variants and
two-seat configurations

·  They can reduce the amount of safety
critical work that is needed

·  There is the opportunity to reduce the
number of special modifications that are
temporarily made to operational kit to
stimulate its behaviour in fault conditions

Finally, the development of some of VEGA's
higher fidelity simulators e.g. the F16
maintenance simulator have shown that the
object-oriented approach is able to predict
fault symptomolgy to an extent that could not
realistically be done by analysis. The nature of
today's integrated systems would make such
an analysis too complex. The possibility is that
symptoms could be described with an
increased richness and accuracy if the
simulator was used as a procedure
development tool.

We have analysed the benefits that we have
identified above would be gained from use of
simulators within the development of
maintenance procedures and compared these
with the benefits that are realised from the use
of simulators within maintenance training. As
one might expect there is significant alignment
in the benefits and the result is summarised in
Table 1.

Feature Training Benefits Maintenance Procedures

Reliance on real equipment

- Reduced investment cost

- Reduced maintenance

- Minimise utilisation of
shared asset

- Frequently not available

- Reduced maintenance

- Minimise utilisation of
shared asset

Flexibility

- Fault injection easy

- No need to repeat
low-value sequences or
wait for warm-ups

- Fault injection easy

- No need to repeat low-
value sequences or wait
for warm-ups

- Visibility of procedures
available for groups

Throughput
- Multiple platforms mean

more students

- Rapid checks of
procedures by less
people



Copyright VEGA 2005

Scope/Safety

- Can practise procedures that
could be dangerous or
impossible to replicate on real
equipment

- Reduces risk to
engineers and equipment

- Can predict symptoms
for complex systems

Monitoring

- Can assess students
and debrief

- Can demonstrate sequences

- Can annotate procedure
execution easily

- Can use simulation to
capture problem
sequences

Evolution of Equipment/
Configuration Control

- Training on multiple versions
supported concurrently

- Support for multiple
Configurations

Parallels in Space?

Next we look at some of VEGA's activities in
the Space market where development
programmes start off with a different set of
premises, to see what can be learnt.

We have discussed the difficulties of validating
maintenance procedures on real hardware. In
the world of spacecraft operations the
opportunities for validating procedures in this
way are rather more limited. The "vehicle" is
designed to operate in an environment so
divorced from conditions that can be replicated
in the laboratory or factory that simulation is
really the only option.

It is too simple to argue that the simulation is
used to validate the procedures because one
is left questioning the validity of the simulation.
In other words, the simulation may be judged
to be valid if it responds correctly to
commands issued by the operator perhaps in
the form of a procedure!

In practise, validation is achieved when the
organisation has developed a simulator and
operational procedures that when used
together function according to expectation that
is derived from analysis of the spacecraft
documentation, knowledge of science and
experience from previous missions and limited
validation against hardware. The key point for
our review is that for this approach to work the
fidelity of the simulation needs to be very high.

The nature of spacecraft operations involves
an extremely high-value asset thousands of
kilometres away, remote monitor and control,
where the smallest error can have disastrous
consequences. For this reason, nominal
spacecraft operations and all predicted non-
nominal operations, are conducted entirely by
procedure. This extreme reliance on

procedure means that they must be developed
early in the mission and certainly before the
spacecraft design is frozen. The major item
within the spacecraft that will undergo
significant change throughout the design is the
on-board software. The design of the simulator
has to recognise this fact and VEGA have
specialised in rehosting the software so that
the simulator build state tracks the spacecraft
design. Maintenance simulators in the military
training market are already moving in this
direction but the focus tends to be on
rehosting user interface software rather than
elements key to maintenance diagnosis.

The space mission development contains
constant revalidation of procedures and
simulator as both are iterated. The key feature
of this process is what happens when a
problem arises. If a procedure fails to produce
the expected result there could be a number of
possible areas contributing to the cause and
may include:
·  Incorrect spacecraft documentation
·  An error in the procedure
·  An error in the control centre database or

software
·  An error in the software simulator
·  An incorrect scenario causing the wrong

spacecraft stimuli
·  An error in the on-board software

With each of these potential contributors to
problem scenarios generally being the
responsibility of different project teams, it can
be seen that resolution of the difficulty may be
quite complex and involve a number of teams
in the investigation.

During the development of the spacecraft
mission, many individuals will execute the
procedures in combination with the simulation
and this uncovers potential lack of clarity in
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procedures. The procedure may be totally
correct but if it is open to misinterpretation this
presents a risk to the programme and the
procedure must be changed.

Our experience in the spacecraft operations
industry seems to suggest that simulation can
play a vital part in the development of
operations procedures but that it will not be
used as a standalone validation tool, rather it
is a part of the development and verification
process. When the maintenance simulator is
used in this way the programme must expect
to create multi-discipline teams to investigate
problems from the beginning of the procedure
definition phase.

Summary

In summary, we have firm evidence that
maintenance simulators can beneficially
support the development of maintenance
procedures. The maintenance simulator that
can do this has much in common with the
maintenance simulator delivered as part of the
training programme and therefore there is
potential for programme savings. The key
benefits to procedure development stem from
having less reliance on real equipment and a
more rapid development process resulting
from the flexibility of use of a simulator and the
accuracy of its predictions.

We think that the use of maintenance
simulators within the development of
maintenance procedures and IETPs needs to
be carefully planned as the benefits are only
realised with integrated teams.

Our experience in the space market predicts
that many of the benefits will accrue when the
simulator and procedures are each developed
independently from the same engineering data
but where the draft procedures are checked
extensively using the simulator before being
tried on real equipment. Just as synthetic
training cannot entirely replace hands-on
training, we do not expect software validation
of procedures to replace physically running
through the procedures on the real equipment.
Blended procedure validation perhaps?


