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Abstract 

In this work we report the activities performed in Europe to assess the reliability characteristics for an 
ADS-class accelerator system. These activities are mainly carried in the context of the Working 
Package 3 (“Accelerator”) of the PDS-XADS EC Program (funded by the 5th Framework Program, 
under contract FIKW-CT-2001-00179) aimed at the design of a highly reliable accelerator for an 
experimental ADS. We review the reliability oriented guidelines followed to select the reference 
accelerator design, and present the methodologies used for highlighting the critical areas needing 
further work and R&D activities in future programs. Furthermore, we describe the synergies with 
undergoing High Energy Physics programs aimed at the availability assessment of complex 
accelerator systems, which may facilitate in the compilation of a much needed reliability database of 
accelerator components. A rough exploratory “parts count” reliability analysis is then presented and 
briefly discussed to assess the needed work on the path to obtain more accurate reliability/availability 
predictions of the ADS accelerator operation. 

Introduction 

The reliability and availability requirements that an ADS accelerator design should fulfil have 
been mainly derived from the considerations expressed in the European Technical Working Group 
report [1]. The reference option for the PDS-XADS [2, 3] accelerator is discussed in a separate 
contribution of these Proceedings [4], in the internal Deliverables issued by the program [5, 6] and in 
several publications [7-9]. An important consideration was assumed in the above references 
concerning the duration of allowed beam trips from the accelerator. The order of magnitude of the 
allowable duration of the beam trips has been set to 1 second. Beam trips with duration much smaller 
than the threshold of 1 second lead to insignificant transients in the subcritical system, and no limits 
on the occurrence of such trips have been set. Regarding the damage on the reactor structures, the 
spallation target and the fuel, the allowable number of long beam interruptions (> 1 s) depends on the 
technological details of these equipments (window concept, materials, primary coolant). Nevertheless, 
in all cases this number is very limited. The order of magnitude is hundreds per year, depending on 
ADS type and design, assuming the plant is designed for a life-time of 40-60 years. However, 
especially from considerations on the plant availability, the allowed number of even longer-term beam 
interruption (the ones that lead to the plant shutdown) is very limited. The PDS-XADS program set as 
an objective for the accelerator design the value of few (5) unexpected beam interruptions per year 
with duration of the order of 1 s or longer. 
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The current operational experience at accelerator facilities worldwide surely exceeds by a great 
factor these requirements on the allowed accelerator faults, but none of the existing accelerators has 
been until now designed with similar demanding requirements. The design of an accelerator system 
can be, and should be, devised using reliability-oriented criteria from its early conception stages 
(bearing in mind that extra costs would be needed for implementing the necessary redundancy and 
fault tolerance capabilities) and there is a considerable potential from improving the reliability, 
availability and fault rates from that shown by present accelerators. It is also important to remind that 
highly available accelerators exist – the typical operation performance of 3rd generation light sources 
shows an overall beam availability well above 98%, but short (from few hours to a day) maintenance 
periods are regularly scheduled on a frequent basis (typically weekly) and longer maintenance 
shutdowns are planned on a yearly basis. The impact of these maintenance periods therefore is not 
accounted in the beam availability to the user experiments. However, the accelerator maintenance 
policy highly influences the capability of reaching high ADS availability and low fault rates. The 
short maintenance periods scheduled in accelerator facilities are not compatible for the ADS, where 
the maintenance policy would be based on longer periods (from one every three months to one per 
year), in order to be compatible with the ADS system fuel cycle. Hence, provisions need to be taken 
to guarantee a high availability during the longer operation periods. 

Reliability oriented design considerations 

Suitable strategies need to be followed early in the design in order to reach the extremely low 
fault rates expected from the ADS accelerator [6, 10]. The compliance with these strategies is a 
standard practice in reliability engineering [11], which is primarily a discipline aiming at the use of 
technical expertise to assist engineers in preventing or reducing the rates of failures in complex 
systems. Reliability engineering guidelines are followed in many industrial applications (from 
military systems and aerospace applications to consumer electronics and automotive industry), where 
a precise definition of the reliability and availability goals is set early in the conception phase and 
reliability practices are used in all stages of the product life cycle, up to the production and service 
maintenance procedures. 

As a starting point of any reliability oriented design, it is necessary to identify the causes of all 
possible failures that anyhow occur in the system. Where possible, these causes should be removed 
(either by a suitable design or operation of the components) and, for the ones that are impossible to 
avoid, strategies for dealing with the corresponding failures should be identified (e.g., by adding 
redundancies in the system or providing fault tolerance capabilities). The task of reliability 
engineering is to devise schemes for reliability estimations of new systems by the analysis of the 
reliability data of its components. Reliability design of a new system is generally an iterative process, 
which starts from a preliminary technical design (based on existing expertise on similar systems), 
evaluates its failure modes (with a list of possible causes), highlighting the critical areas, and derives 
first estimations of the overall reliability. The results of this analysis are then used for modifications 
in the technical design aimed at improvements in the system reliability and availability. 

For most systems, due to the technical complexity of the design, it is not enough to specify and 
allocate the reliability of components in order to predict accurately the reliability of the system. 
Several formal mathematical and statistical methods can be applied to measure and assess reliability 
characteristics, but the associated uncertainties are high, leading to estimates with limited credibility. 
However, there exist design principles (and valuable tools for analysis) that can help the achievement 
of a reliable system. First of all, since the failure rates of a component usually are strongly dependent 
on the stresses during its operation, components, where possible, should be operated at less severe 
stresses than those for which they are rated (part de-rating). Then, the formal mathematical and 



 3 

statistical methods teach us that not only the component specifications contribute to the reliability 
pattern of a complex system, but also, even more importantly, the logical and functional connections 
drive the overall system reliability (role of parallelism: different implementations of redundancies and 
spares, role of “strong design”, i.e. fault tolerance). In other words, proper planning of redundancies 
allows building reliable systems out of moderately reliable components. 

The fact that existing accelerator facilities are not designed and optimized with respect to 
reliability considerations has a similarity in the historical evolution of other fields; see for instance the 
aerospace industry, where the reliability improvement has been attained via systematic application of 
reliability methods in design, and strict adherence to production, qualification tests and acceptance 
procedures. The same approach could be and should be certainly applied to particle accelerators 
aiming at the ADS goals. A special effort can be dedicated to improving considerably the availability 
by considering all the elements that influence the repair times: the fault detection and diagnosis 
process; the preparation time needed to conduct the repair; the fault correction time itself; the post-
repair verification strategies and finally the time to restart the system once the fault is corrected. Time 
needed to localize the exact cause of a failure can be reduced by proper installation of (redundant) 
diagnostic tools and the use of a dedicated control system. The time needed for repair depends also on 
policies concerning spare parts, redundant systems and fast access to failing components. Finally the 
components mean time between failures can be increased by preventive maintenance, in addition to a 
strong design and derated operation. 

The solution based on a superconducting linac represents the simplest solution for the accelerator 
design, it shows a very high degree of modularity – a repeated pattern of transversely focusing 
elements alternated with independently phased accelerating cavities – which allows a natural 
implementation of component derating, redundancy capabilities and (at least partially) fault tolerance 
with respect to radiofrequency failures. 

One of the subsystems that will play a crucial role in maintaining a high reliability/availability 
and a low fault rate during the accelerator operation, and committed to guarantee the necessary fault 
tolerance, is the machine control system. It is clear that this support infrastructure needs to be based 
on an entirely new design philosophy with respect to existing accelerator facilities where, usually, the 
goal is to stop the beam as fast as possible when a component failure is detected, in order to start as 
soon as possible the procedures necessary to the repair. The control system will need to include 
strategies for dealing with faulty components, gracefully bringing them off-line while preserving the 
beam delivery within nominal target requirements. Given the redundancy intrinsically built in the 
design, and to avoid the abnormal intervention of the compensative actions due to a “spurious” fault 
detection, all the main signals should be redundant, and “voting schemes” need to be handled. The 
implementation of such a system will be strongly related to a number of requirements that still have to 
be precisely identified for the accelerator operation. For example, to handle the fault tolerance of RF 
cavities, the control system may intervene first by resetting the phases of adjacent cavities (with 
predefined tabular procedures) in order to guarantee beam transmission without losses, and then 
gracefully recover the nominal parameters. During this short time, which can be of the order of 
milliseconds to fractions of a second, the beam may fall outside the stability range set by the beam 
specifications, but only for this limited time. Presumably, the accelerator control system will be 
driven also by signals coming from reactivity measurements of the subcritical core, but at the present 
stage their role and consequences have not been yet addressed in the overall system design, and 
possibly the choice of different cores and target configurations (e.g. window or windowless for the 
LBE core design) will lead to different specific operating requirements and constraints. Moreover, 
there will be constraints provided by safety regulation, especially for what concerns radiation safety 
and associated interlocks. 
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Reliability figures of merit and goals: R, A or FR? 

We have already introduced the concepts of Reliability (R), Availability (A) and Fault Rates 
(FR). These three quantities characterize different aspect of the operational behaviour of a system, 
and it is crucial to identify and set the proper requirements and assess relative weights to each one of 
the three. 

The Failure Rate (FR) is the expected (average) number of failure per unit time of operation. 
Usually, the failure rate of any device will show a typical “bathtub curve”, with increased failure rates 
at the beginning and end of its lifetime (“childhood diseases” and “aging”). Typically, a large region 
of the device lifetime is characterized by a slowly increasing or constant fault rate operation (for a 
given load condition). The MTBF is the inverse of the steady state fault rate. The Reliability R(t) is 
the survival probability that the system (perfectly operational at t=0) is still operating at time t. This 
parameter, evaluated at the duration of the mission time, is of paramount importance in mission-
critical operations, where it is crucial to minimize the occurrence of any system failure during the 
mission time (e.g. airplanes, satellite instrumentation …). For a system with a uniform fault rate λ, the 
reliability evolves in time according to the exponential law R(t)=exp(-λt). Finally, the Availability is 
the portion of time that, on average, the system is up and functional. For an unrepairable system 
A(t)=1-R(t), whereas in the repairable case one can define the steady-state availability as 

MTTRMTBF

MTBF

+
=∞A , 

where MTTR is the system mean time to recovery. 

The reliability (R) of a series connection between components is merely the product of the 
reliability of the components. Therefore, complex systems where many components are in series 
connection typically are characterized by a low reliability figure, approaching zero as more 
components are added, and, in order to increase it, parallelism has to be provided. No matter how low 
R may evaluate to, the system availability can approach to unity when MTTR << MTBF. 

The ADS accelerator operation is not a mission critical operation, where the presence of the 
beam needs to be guaranteed reliably at any particular instant in the operation time. On the contrary, 
the specifications asks that, for each operational year, the number of faults should be limited to a few 
(5), that is, a requirement of a fault rate of 5 faults per year. Assuming an operational cycle of three 
months accelerator operation, followed by a one month long stop, this translates into a requirement to 
FR of approximately 8 10-4 h-1, i.e. a system MTBF of 1300 h. In this case the reliability at the end of 
each cycle would be R(2190 h) = 0.19, even if the operational goal is achieved. Of course, the 
requirement to the ADS accelerator is really to limit the total number of faults while guaranteeing an 
overall high availability during its mission time. For the example above, a mission availability of 
approximately 98% can be reached if the MTTR is limited to a day. The precise values to require for 
the FR and mission availability depend on the assumption of the ADS operational cycle, strictly 
related to the fuel cycle issues. The above numbers are used to provide a simple, yet effective, 
numerical example. 

In conclusions, an ADS class accelerator design is required to aim at a very low fault rate during 
its mission time (due to the modest tolerance of the subcritical reactor to unexpected shutdowns), 
while meeting a mission availability goal, that has still to be precisely set on the basis of the minimal 
transmutation rates assumed as a goal in the design. Not too much importance should be given to 
obtaining a high mission reliability goal. 
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Reliability prediction and analysis methodologies 

The reliability/availability estimations generally fall in two broad categories, depending on the 
approach to the system being analyzed. They can be deductive if they follow a top-down analysis, 
starting from a precisely described system layout, considering the contribution of the individual 
components on the basis of their connection and location in the system, or inductive, if they follow a 
bottom-up analysis, starting from the individual components and assessing their role in the system 
under consideration. 

Deductive methods require the most detailed information about the different nature of 
connections between the system components, in addition to reliability figures for the components 
themselves (in terms of failure rates or MTBF and MTTR). The most common method is the setup of 
reliability block diagrams (RBD), a visual arrangement of the component connections representing a 
given state of the system (in normal operation, under fault conditions, etc.). From these diagrams, and 
using formal mathematical models, the reliability for the system in the given state can be assessed. 

The inductive methods require a less detailed knowledge of the precise system configuration and 
component connection, and range from the “parts count” reliability assessment to the Failure Modes 
and Effects (Criticality) Analysis (FMEA/FMECA). The FMEA aim is to extensively list all possible 
component faults identifying their causes, the possible preventive and corrective actions – and 
determine the consequences at various levels of the system (and, optionally, derive a criticality 
ranking on the basis of expected occurrence or severity of the consequences). In the absence of 
precise technical information at the system/component level, it is possible to set up a FMEA analysis 
on the basis of subjective engineering expert judgment. This activity has been performed for the PDS-
XADS linac [6, 10]. The FMEA assumes a single component fault condition in order to assess its 
consequences on the system and can then complemented with a Fault Tree analysis, a top-down 
(deductive) method that examines the “failure space”, where all the basic component and subsystem 
faults are arranged in a hierarchical tree according to the system event that they lead to. Conditional 
gate conditions (“AND”, “OR” …) are identified and shown in the fault tree hierarchy in order to 
assess the minimal conditions of component failures that lead to a system fault (cut-set analysis). 

Although the possibility of giving precise estimates for the reliability of the accelerator system is 
limited both by the present stage of the design and by the uncertainties intrinsically associated to all 
the methods briefly discussed in the preceding subparagraph, nonetheless, a few guidelines can be 
followed early in the system design in order to aim at a high reliability/availability. These guidelines 
are mostly driven by use of common sense in the system design stage, looking for simplicity and 
parallelism, and avoiding excessive stresses in the component operation (derating). Also, special 
effort needs to be directed in the design of subcomponents, aiming at the design and qualification of 
objects with low failure rates and short repair times. It is also important to note that the mean time to 
repair (MTTR) of the system components needs to take into account not only the repair time itself, but 
also all the time needed for fault detection and identification, any time needed before accessing the 
component (e.g. radiation decay times), time to bring the spare part in position, and finally the time 
for system restart and revalidation. All these times may be longer than the repair time and strongly 
depend on the whole system layout. 

The PDS-XADS linear accelerator has been designed and analyzed on the basis of the 
considerations outlined above: the critical components have been derated with respect to the 
technological limitations (to avoid “load-strength” interferences), and the fault tolerance (resulting 
from detailed beam dynamics simulation) with respect to the main failures identified by a qualitative 
FMEA analysis has been assessed [12]. 
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Fault tolerance assessment 

A fault tolerant system has the ability to operate - possibly with reduced performances but within 
its requirements – in the presence of faulty components. Such a system needs to detect and diagnose 
the component fault, to isolate failing components and avoid fault propagation, and finally to 
compensate and recover from the fault, possibly with real time reconfiguration capabilities. 
Redundancy and parallelism are key characteristics of fault tolerance, but they do not guarantee it 
automatically. For an ADS accelerator fault tolerance needs to be extended to the tight requirement of 
few beam interruptions per year (with durations > 1 s). The accelerator needs to tolerate most 
components faults without requiring a beam stop, since the beam startup procedure would probably 
exceed this time limit. This is probably the most difficult point to assess in the accelerator design, 
because it is not only a technical problem, but has also deep interactions with the physics of high 
power beams and with the role of the accelerator control system. A preliminary assessment of the 
fault tolerance characteristics of an ADS-class superconducting linac, based on beam physics and 
modelling, is presented elsewhere in these Proceedings [12]. 

(the need of an) Accelerator component database 

The absence of a coherent, credible and validated component database with reliability figures for 
ADS accelerator components results in huge uncertainties in any reliability/availability assessments 
that could be performed with standard methodologies. Generally speaking, accelerator components 
are classified in two main broad categories. The first concerns the “industrial” components which are 
found mainly in the support systems as cooling systems, vacuum devices (pumps, valves), cryogenic 
components, or standard accelerator magnets and magnet power supplies, for which failure data are 
available from a large operating experience or other areas of applications as, for instance, fission and 
fusion field, medical accelerators, aerospace or cryogenic industry. The second category concerns 
major “ad hoc” accelerator components (HV sources, RF systems, cavities …) for which reliability 
parameters are inferred on the basis of either operational data of existing similar facilities (accelerator 
for High Energy Physics or Synchrotron Radiation user facilities) or from vendors and the practice of 
“expert judgement”. Clearly, many worldwide accelerator facilities have huge databases with many 
years of operating performances of components which are a useful source of information, but the data 
organization in a coherent database has not been performed so far, mainly due to the great differences 
in the data collection and log keeping between laboratories and in the needed manpower for such an 
effort [13]. 

The limits to the role of the component characteristics 

However, we should remind that the connection (logical or functional) between components has 
usually a greater role in determining the system reliability/availability rather than the component 
characteristics. The failure of a single redundant component does not generate a failure of the system, 
and generally the system fails only when all (or most of) the redundant components fail. Obviously, 
while the parallel redundancy reduces the number of system failures, it increases the number of failing 
components, and the associated logistics. Furthermore, several options exist for parallel redundancy. 
The ideal situation, hardly met in reality, is the “hot” parallelism, which assumes that the parallel 
components are statistically independent and the system is able to detect instantaneously the fault. 
Parallel components exist also in “warm” or “cold” configuration, depending on the failure rate of the 
standby component (in the warm case the failure rate of the standby component is lower than that of 
the operating, in the cold case is zero). In these cases, switching devices triggered by fault detection 
diagnostics need to be included in the analysis. Moreover, time may be needed for the warm/cold 
component to provide the functions of the failing component. 
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As a last comment, when planning parallelism, a special attention needs to be addressed to 
common cause failures, which may have a probability of occurrence higher than the failure 
probability of an individual component, thus completely cancelling any possible reliability gain 
obtained by parallelism. Common cause failures may be associated to failure in the fault detection and 
switching systems, or to common support systems (e.g. power supplies, common control system, 
human errors, etc.). Also, the failure of one component may determine an increase in the load 
conditions in other components, causing again a decrease in reliability due to “next weakest link” 
failures. Other more complex arrangements are possible in highly reliable electronic equipments, like 
the “k out of n” redundancy, and may include voting mechanisms to assist in the detection of the 
failing component. 

Design for high availability for future HEP accelerators 

Future High Energy Physics (HEP) programs like the proposal to build a Linear Collider (LC) at 
500 GeV (extensible to 1 TeV) center of mass collision energy have the ambitious goal of realizing 
extremely complex and technologically challenging high beam power electron accelerators for 
fundamental subnuclear physics within the next decades. The different designs proposed rely on two 
different and competing technologies: a high frequency normal conducting RF accelerator 
(NLC/GLC) and a moderate frequency RF linac which pushes the limits of the technology of RF 
superconductivity with bulk niobium resonators (TESLA). In both cases the Linear Collider machine 
complex ranges in length more than 30 km. The successful operation of this technology at the TESLA 
Test Facility has been the driving motivation for the choice of the same technology for the much more 
moderate performance goals of the ADS accelerator.  

A number of International Panels and Committees have been set to review and compare the 
designs, and assess the technical merits of the two proposed technologies. What has emerged clearly 
is that “if the typical reliability of HEP accelerators is scaled to the size of a 500 GeV c.m. linear 
collider, then the resulting uptime will be unacceptably low” [14]. This consideration stems from the 
fact that any reliability estimate starting from the “parts count” will lead to reliability and availability 
characteristics that would be too low for the realization of the physics program, and to huge logistics 
efforts for the system maintenance. As an example, each of the two TESLA main SC linacs has 
approximately 10,000 cavities powered by slightly less than 300 high power RF sources feeding 36 
cavities each [15]. For all LC designs the main goal is to reach a high beam availability at the 
interaction region for a 9 months per year operation cycle, measured in terms of total integrated 
luminosity for the experiments. 

The linear collider designs have been reviewed by the ILC-TRC [14] identifying the necessary 
R&D activities that needs to be done to address areas of ‘concern’ and ranking them in priority. 
Reliability considerations have been ranked in priority only after the actions needed to address the 
technical feasibility of the solution. In particular, for the TESLA design, no specific R&D items 
concerning the technical feasibility rank have been identified, whereas all LC designs have been asked 
to evaluate the reliability characteristics of critical subcomponents. A US-based panel has then been 
formed to prepare a technological comparison between the two competing technological options and 
delivered a report in March 2004 [16], which includes a full section dedicated to a preliminary 
Availability analysis of the two technologies. A Monte-Carlo program was developed by an expert 
group in order to model the unavailability budget of the complex LC schemes and make predictions 
on the required MTBF of several key components of the main subsystems of the accelerator needed in 
order to guarantee a nominal availability of 85%. The results have been compared with the estimated 
nominal design MTBF, in order to determine the improvement factors needed and derive a model for 
costing the additional R&D efforts required to reach the high availability goals. 
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This excellent and rather sophisticated study, performed in a limited time, is still “a first crude 
step” [16] in order to determine a full availability model for such a complex machine and many 
important components have been treated by necessity as “lumped elements”, while the main linear 
accelerator and damping rings have been modelled to a large extent, including many beam dynamics 
based considerations in the Monte Carlo simulations. This choice is of course justified by the fact that 
the study was meant to make a relative comparison of the two different technologies, so the 
accelerators have been detailed in the areas where they differ most, leaving “lumped elements” where 
common technologies or subsystems where used in the two different proposals. Nonetheless, data of 
many years of operation of particle accelerators have been collected (mainly from SLAC and 
Fermilab) and reviewed in order to actually feed the simulation with starting values for component 
MTBF. The study represents a valid source with which to cross check the component database for an 
ADS accelerator reliability study. 

It should be noted, however, that these availability considerations were not raised in the mid-90s, 
when the first designs of the Linear Collider were first conceived, and were not even mentioned in the 
first ILC-TRC Report in 1995. To some extent, the availability/reliability design revision is still in a 
“preliminary phase”, due to the fact that the availability requirements were set after the first 
technological design. The proposed schemes for the ADS linear accelerator have been outlined early 
in the conception stage using reliability-oriented design procedures and have much less ambitious 
technological goals. 

An exploratory parts count reliability assessment for an ADS linac 

Along the path to provide a better characterization of the ADS linac, a rough “Parts Count” 
reliability estimation has been performed, assuming no fault tolerance is provided in the accelerator, 
which is modelled effectively as a series connection of all its components, besides a redundant 
injector. Thus, each component fault leads to a system fault. Obviously in this case, due to the 
considerations expressed in the preceding paragraphs, the reliability of such a system is practically 
zero, for any practical mission time. 

Table 1: Main subsystems used for the “Parts Count” estimation. 

Subsystem Main components Redundancy Comments 
Ion Source 1 lumped unit 

RFQ 
1 RF structure 
2 RF systems 

2 systems in 
parallel 

 

Intermediate Energy  
Beta = 0.15 Spoke Cavity 

36 cavities 
36 RF systems 
36 magnets 

None 18 focussing lattices 

Intermediate Energy  
Beta = 0.35 Spoke Cavity 

60 cavities 
60 RF systems 
40 magnets 

None 20 focussing lattices 

High Energy  
Beta = 0.47 Elliptical Cavity 

28 cavities 
28 RF systems 
28 magnets 

None 14 focussing lattices 

High Energy  
Beta = 0.65 Elliptical Cavity 

51 cavities 
51 RF sources 
34 magnets 

None 17 focussing lattices 

High Energy  
Beta = 0.85 Elliptical Cavity 

12 cavities 
12 RF sources 
8 magnets 

None 4 focussing lattices 
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The model has been fed with a preliminary set of MTBF data collected mainly from IFMIF or 
LANSCE experience and complemented with engineering judgement where data was missing. Given 
the subjectivity at this preliminary stage of the input data, especially in the MTTR data, that do not 
include logistic and waiting times, the results are only intended as a guideline for the identification of 
critical areas, and the study will be further iterated in the near future after a cross check with other 
component sources, as the one described in the preceding paragraph. 

Besides the warnings expressed above on the credibility of the results, this very rude parts count 
estimations performed for a three month mission time lead to a system MTBF of 28 h with a MTTR 
of 5 h, resulting in a 85% overall availability. An analysis of the percentage contribution to the overall 
failure rate is shown in the following table. 

Table 2: Percentage contribution to the overall failure rate from the subsystems. 

Subsystem FR contribution (%) 
Proton Injector 0.6 

Intermediate Energy Section low beta 19.0 

Intermediate Energy Section high beta 31.7 

High Energy Section low beta 14.6 

High Energy Section intermediate beta 26.2 

High Energy Section high beta 6.7 

High Energy Beam Transport System 0.1 

Beam Delivery System 0.1 

Cryogenics 0.4 

Water System 0.1 

Compressed Air 0.2 

Electrical Power 0.3 

Total for Accelerator 100 
 

Clearly in this extremely oversimplified “Parts Count” estimation the critical point are found in 
the regions with the higher number of components (high beta spoke and intermediate beta elliptical). 
This is a simple artefact of placing all components in a series connection. Obviously the numerical 
values of such a simulation are reported only for illustrative purposes, both for the subjectivity of the 
input data and for the oversimplification of the model. However, based on the very modular nature of 
the superconducting linac, on the fact that fault tolerance with respect to many single failure events 
have been assessed [12], and on the possibility to include redundancies in many subsystems, it does 
not seem too optimistic to reach a 50 times improvement in the system MTBF in order to reach the 
goal of 1400 h, with a more realistic system description and a careful evaluation and validation of the 
input data to the simulations. 

Conclusions 

In the practice of reliability engineering it is not enough to specify and allocate the reliability of 
components in order to accurately predict and control the system reliability, and strategies have to be 
implemented early in the system design to guarantee the necessary degree of redundancy and fault 
tolerance. The current work on ADS class linear accelerators, with a modular design and a high 
degree of redundancy, suggests that a wide margin exists for the implementation of fault tolerance 
handling practices in several criticality areas. 
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The FMEA analysis has been a useful tool to identify the reliability critical areas in the ADS 
linear accelerator design, and to plan for the fault tolerance strategies. In the analysis of the reliability 
potential of the linac configuration, no fundamental showstoppers emerged, that could compromise 
the possibility of reaching the high reliability and availability goals. A preliminary exploratory study 
on a rough parts count model suggests that the design has the potentials for reaching the extremely 
low fault rate goal, but more work is needed in developing more realistic reliability models and in the 
setup of a meaningful reliability component database. Finally, a large interest is growing in the HEP 
community for the availability predictions of Linear Colliders, and is greatly synergic with the ADS 
reliability assessment activities. 
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