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Introduction  
Making the correct management and engi-
neering decisions during the early design, 
detail design and operational phases of a 
complex system, is extremely important.  Un-
fortunately these decisions are often based on 
insufficient information. System reliability, 
maintainability and support cost parameters 
have to be assumed before the system is de-
fined.  Making the correct decisions are there-
fore a difficult and risky task.  Complex inter-
actions, time dependencies and the stochastic 
nature of these parameters, make the  task 
even more difficult. 
 
Logistic Support Analysis (LSA) procedures, 
and modelling techniques are also often not 
implemented correctly.  A practical, cost-
effective method that integrate these aspects, 
throughout the systemôs life, is therefore ex-
tremely important. The impact of decisions 
gave rise to the need for a more scientific  
approach.  Object based Monte Carlo simula-
tion techniques have been developed as a 
powerful tool to: 

 

¶ Evaluate the Operational Environment 

¶ Optimize system & support system to meet 
Life Cycle Cost constraints 

¶ Design the support system 

¶ Optimize system Reliability, Availability 
and Maintainability 

 
______________________________ 

Current Problems and Pitfalls  
Reliability and Support Modelling became 
known as an expensive exercise, which have 
no effect on the system design and operation.  
Some of the most common problems and pit-
falls experienced are summarized and dis-
cussed in the subsequent paragraphs. 

 
Inaccuracy of input parameters:       Various 
reliability prediction techniques have been de-
veloped.  It has been proved that these tech-
niques are both inaccurate and time consum-
ing.  MIL-HDBK-217, amongst others, is criti-
cized for its inaccurate component failure rate 
models, (as discussed by Patrick D.T. Oô Con-
ner, 2002) It becomes more and more evident 
that these prediction techniques have limited 
practical value and that they are being mis-
used.  To perform accurate reliability predic-
tions will always be difficult, if not an impossi-
ble task.  This is unfortunate, since the reliabil-
ity parameter is often the critical parameter in 
the decision making process.  
 
Specifications:  Reliability, Availability and 
Maintainability specifications (i.e. MTBF, 
MTBDE, Dependability) are defined with differ-
ent interpretations. Contradicting statements in 
specifications demonstrates a lack of under-
standing and misinterpretations of poor specifi-
cations result in using the wrong formulas for 
the situation.  
 
Complex mathematics:  Statistical dependen-
cies, different failure rate distributions, complex 
interactions and time-dependent parameters 
often lead to unsolvable deterministic models.  
Invalid assumptions are often made in order to 
accommodate deterministic models. (i.e. as-
suming an exponential failure rate distribution 
while it is clearly not valid). 
 
Computer programs and tools:  Computer 
programs are often misused. The user does 
not understand all the assumptions within the 
application and often, these assumptions are 
not valid.  Time is wasted gathering and feed-
ing computers irrelevant information. 
 
Not timely:  The simulation and modelling ef-
fort is not integrated with the design process 
and is often too late to influence the design. 

Abstract.  Setting realistic Availability and Support requirement parameters are extremely impor-
tant to the design and operation of a complex system.  System Engineers must fully understand 
the system, its support system and operational environment. Maintenance and Support Manag-
ers also need to identify the correct performance measures (metrics) to measure and manage. 
Reliability, Availability, Life Cycle Cost and Support Models became a vital part of the design, 
operation and support of a complex system. This paper discussed the current problems that ex-
ist, and a new approach using object-based Monte Carlo simulation. 
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Tools not integrated:  Reliability, maintain-
ability and logistic support disciplines are very 
closely related engineering disciplines.  How-
ever, the tools and models used by these dis-
ciplines are not integrated. 
 
Working with only the mean values of dis-
tributions:   A common problem is to devel-
oped mathematical formulae and models, 
which are based only on the mean values of 
statistical distributions.  It should be noted 
that it is not the mean value, but the tail ends 
of the distributions (extreme values) that are 
important.  

______________________________ 

A Pragmatic Approach  
It is important to adopt a pragmatic approach 
in order to avoid these problem areas.  Such 
an approach is summarized in the following 
five (5) axioms. 
 
1

st
 Axiom ñBe relevantò:   Reliability, main-

tainability and logistic support models cannot 
be accurate, especially during the early de-
sign phases.  However, these models donôt 
have to be accurate as long as the models 
are not used to make decisions beyond their 
effective range. 
 
The art in modelling is to know how accurate 
the input data should be.    This is done using  
parameter variation and sensitivity analyses. 
Each parameter has to be changed in turn, 
and the output has to be measured. For a 
multi dimensional model it becomes ex-
tremely complex.  However, it is not the fig-
ures, but the actions and decisions based on 
these figures, that are important.  It is there-
fore necessary to know which assumption 
have an influence on the decisions. 
 
Only relevant parameters must be included 
and  models have to be developed ñtop-downò 
following the most critical parameter path.  
Models also have to be flexible enough and 
must be tailored to address only the critical 
areas.  
 
2

nd
 Axiom ñWork from basic principlesò:  

The various people working on the project, 
must be able to understand these models. 
We have to define the fundamentals and 

must be able to tailor the formulae, definitions 
for a specific project. 
 
3

th
Axiom ñBe timelyò:  Models must be 

timely and easy to update.  The system design 
cannot be postponed for the results from a 
reliability or logistic support model. Models 
have to be developed to the right level of de-
tail at the right time in order to influence the 
design. 
 
4

th
 Axiom ñBe flexibleò:  It is important to 

realize that model flexibility becomes more 
and more important as the level of complexity 
of the system is increased.  This is due to non-
generic factors playing a larger role at higher/
bigger system levels.  It is also important to 
note that modelling becomes more relevant, 
accurate and therefore applicable at higher/
bigger system levels.  Models should therefore 
be implemented ñtop-downò from high system 
levels, using a very flexible tool.  
 
5

th
 Axiom ñHave a world viewò:  The tradi-

tional modelling approach, as part of the Lo-
gistic Support Analysis process, is to built vari-
ous models to calculate different aspects. 
There are many common data parameters 
between these models and in practice, these 
models are often based on different datasets.  
Reliability, Availability and Support Models 
should be integrated in a single Operational 
Model, which can be used and improved 
throughout the systemôs life.  

______________________________ 

  Support Analysis Data  
A Logistic Support Analysis (LSA) Database 
better known as Logistic Support Analysis 
Data Records (LSAR) document the design 
baseline from a maintenance and support per-
spectives. It contains Product Breakdown, 
Failure Analysis, and Detail Task information. 
The development of this data is initiated dur-
ing the early design phases and develops into 
more detail during later design and develop-
ment phases. 
 
The Logistic Support Analysis Process  re-
sponsible for developing this data, includes 
Failure Mode Effect and Criticality Analysis 
(FMECA), Reliability Centred Maintenance 
(RCM) and Detail Task Analysis. The FMECA, 
is a postulation of: What can go wrong?  The 
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subsequent task analysis, is also a postula-
tion of:  How will we correct or prevent a fail-
ure? It provides valuable information regard-
ing the support requirements and task de-
scriptions for the maintenance manuals. The 
LSA process is a pre-requisite to effective 
maintenance planning and management of a 
system. 
 

 
Figure 1:  Data Quality Triangle  

 
The quality of LSA data is extremely impor-
tant.  A well-defined data standard such as 
(MIL-STD-1388-2B) or (DEF Stan 00-60)
forms the bases of the data quality. (Figure 
1). However, a data standards do not ensure 
quality data, it only defines the fields, format 
and relationships. Support Analysis Data 
must be verified using data analysis reports 
and data queries in order to ensure that the 
data is correct and complete. At the ñtop endò 
of the quality triangle, support analysis data 
must be validated against operational data in 
order to determine if it is a true representa-
tion of reality?  Simulation modelling can also 
assist during the verification and validation of 
the logistic support analysis data. 

______________________________ 

Operational Modelling  
 

 
Figure 2:  Operation Model Approach  

 

The traditional modelling approach (Figure 2), 
as part of the Logistic Support Analysis proc-
ess, is to built various models to calculate dif-
ferent support aspects. Models are used as 
and when required to perform Spare Part, 
Availability, Reliability, Level of Repair (LORA) 
and Life Cycle Cost analysis (as explained by 
Benjamin S Blanchard 1992 and Dick Bieden-
bender 1992).  These models can be classi-
fied as short-life models, which uses input 
datasets and assumptions to obtain results.  
Although there are many common data pa-
rameters between these models, in practice, 
these models are often based on different 
datasets (changing system configurations and 
assumptions due to design transformation).  
 
An Operational Model approach has been de-
veloped which includes and replaces all these 
models. An Operational Model should repre-
sent the system and support system as close 
to reality as possible and should be based on 
the system baseline information. The develop-
ment of this model should be initiated during 
the early design phase and grow in depth & 
accuracy throughout the development and 
operational phases. Although model validation 
can only be realized during the operational 
phase, this model should be used as a deci-
sion making tool throughout the system life 
cycle.  
 

 
Figure 3:  Modelling Areas  

 
The various modelling areas to be addressed 
by the Operational Model are explained in Fig-
ure 3. In a mathematical analogy: The Opera-
tional Model approach can be compared to 
solving a ñsystem of simultaneous equationsò 
vs. solving a ñsingle  equationò. 
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______________________________ 

Whole Life Management  
 

To achieve an optimum design, System En-
gineers must fully understand the system, its 
support system and operational environment 
during the early design and development 
phases.  System, Maintenance and Support 
Managers, also need to identify and use met-
rics to manage and improve the operation 
and support.  An Operational model be-
comes a vital part of the design and decision-
making process. 
 

 
Figure 4:  Whole Life Management  

 

Effective system management consists of 
three elements which should be used 
throughout the system life cycle (Figure 4): 
 

¶ System Baseline Information : The sys-
tem baseline information, as initiated by 
the LSA process during the early design 
phase and validated during the operational 
phases. 

 

¶ Decision Making Model:  Design & Stra-
tegic decision making used in parallel with 
the system baseline information. 

 

¶ Transactional Database: Transactional 
maintenance, operational and supply 
chain data collected by a Maintenance 
Management System and used in parallel 
with the System Baseline Information and 
Decision Making Model. 

 
______________________________ 

System Database and  

Operational Model  
 
The RamLog methodology (Figure 5) was de-
veloped and includes a system database and 
a modelling arena (Theatre of operations).  
 

 
Figure 5: System Database and Arena  

 
This enables different system types to be 
simulated within the same operational sce-
nario. The system database defines the sys-
tem types and contains:  
 

¶ Product Breakdown Structure:   A Physi-
cal and/or Functional Breakdown (FBS/
PBS) 

 

¶ Failure Analysis :  Failure Mode Effect 
and Criticality Analysis (FMECA) and Reli-
ability Centred Maintenance (RCM). 

 

¶ Task Network Models:   Task listings, task 
requirements (Spare Parts, Support Equip-
ment Personnel and Facility requirements) 
and task sequences in a Task Network 
Model. 

 

¶ Availability/Reliability Models:   Reliabil-
ity Block and Fault Tree Diagrams, defin-
ing redundancies, failure criticalities and 
event relationships. 

 
The modelling arena on the other hand con-
tains the following elements: 
 

¶ Planner:  Planned events for example ac-
quisitions, operational and maintenance 
schedules. 
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¶ Operational Model:  System phases 
(operational, non-operational and mainte-
nance), mission & life profiles and system 
locations and deployment. 

 

¶ Deploy & Support Model:   Facilities de-
ployment, supply chain delays and sup-
port scenarios/concepts. 

 
______________________________ 

Operational Analysis  
 

Operational Analysis is performed, using the 
Planner and Operational modelling capability. 
With the planner the user has the ability to 
schedule system acquisition, deployments 
and group systems into system clusters. The 
planner provides the capability to schedule 
system events.  Individual systems are identi-
fied by serial number and different system 
types, operating from various locations, can 
be simulated.  These systems and system 
clusters step through the operational model 
during the simulation.  
 

 
 

Figure 6:   Planner  

 

The phase block, which is the primary model-
ling object of the operational model, controls 
the operational behaviour of the system. It 
can switch the system on/off, change itôs loca-
tions, change the availability status or initiate 
cost.  An  operational and a life profile can be 
simulated depending on the requirements.  

Figure 6 and 7 are showing a sample of the 
Planner and the Operational model respec-
tively.  
 

 
 

Figure 7:   Operational Model  

 
______________________________ 

Life Cycle Cost Modelling  
 

Life Cycle Cost Modelling are primarily con-
trolled by a Cost Breakdown Structure (CBS) 
accumulating the cost during the simulation. 
This breakdown uses cost category codes or 
Cost Breakdown Numbers (CBNs) to link 
events and event costs to the specific cate-
gory.  The Cost Breakdown Structure provides 
the flexibility required and can be developed to 
the requirements for the system or project.  
Figure 8 is showing an example of a Cost 
Breakdown Structure and related results.  
 

 
Figure 8:  Cost Breakdown and  

Related Results  

______________________________ 

Support Modelling  
Support Modelling is performed using the De-
ploy and Support modelling capability.  Individ-
ual job cards are created and identified by job 
card number.  These job cards (i.e. Works Or-
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