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Abstract
Reliability indexing methods provide a means to combine explicit operational data
with structural analysis techniques to better assess the ability of a design to
undergo specific loading cases. Load variability can be assessed to add additional
limits on the stresses components are able to handle, allowing for a more
comprehensive estimate of operational life to be made. In design cases, this
methodology can be combined with Kriging methods (Gaussian process
regression) to minimize the number of Finite Element simulations required to
converge on a given feature of a part. To illustrate the effect of combining Kriging
methods with Reliability indexing, performance metrics from simulations on solid
targets used on the TR30-1/2 and CP42 will be presented, along with the
optimized geometry. The method used here is based in [1].

Introduction and Motivation
Estimating the lifetime of operational components used in dynamic environments is
often a difficult task, especially in systems where operational variability is not
easily measurable. To mitigate the effects of (uncharacterized) variable loading on
components, there are a number of design techniques that can be used to ensure the
safety of a given part. One means of providing more certainty during part design is
to use Reliability Indexing. This method allows the designer to:

1.) Pick a time dependant failure percentage, and compute corresponding safety
factors or

2.) Determine failure rate from operational data, and use this as a performance
rating of a given part.

Depending on available data, variability in operating conditions can also be
inferred from simulations or experiments to add further detail to the model. Using
the Solid Target from TR30-1/2 and CP42 as an example, operational conditions
may range considerably, especially as the beam cross section on target is not an
(explicitly) controlled variable. Analysis of this target from a performance
perspective became a critical exercise after 2011, as targets began to fail at a higher
rate (later to be linked to material strength deficiency).

As the beam current from TR30-1/2 and CP42 does not fluctuate highly in
operation, and there are few beam cycles during the course of an irradiation,
material creep failure is the most prevalent failure mode. Data from targets
irradiated since 2011 indicates that, on average, a target’s risk of failure
significantly increases after the 100,000 uA-hr mark, at currents above 300 uA.

Methodology

For the TR30-1/2 and CP42 solid target design, the process followed for evaluating
the safety of the current design, and coming up with safety limits for improvements
to the assembly was based around material creep failure. The steps followed and
key equations are as shown below [1].

Gather Relevant Material Data Sets [3],[4],[5]

Assess operational data to 
determine failure rate – 

determine z score

Select Manson-Haferd/Larson-Mills Parameter 
for estimating Time, Temperature, and Stress 

data

Select creep rupture model (Exponential Model) 

Experimentally determine variables from material 
data for creep rupture model

Add curve fit result to fit equation based on [2].

Define expected load variability – solve for stress 
limits

Data Analysis

Reliability Indexing

Apply results to FE/FV models – 
optimize design variables

Figure 1: Data collected prior to 2011 illustrated a failure rate <9% year-over-year base on
all collected data, whereas post 2011 data indicated failure rates in excess of >20% year-
over-year. Note the large spike in the ratio of failed targets after 2011. An example of the
target failures typically seen is provided on the right side.
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Choose one

Following the steps outlined in the process diagram for reliability indexing allowed
for an estimate of the current target’s expected performance to be made. Adjusting
the failure probability was also completed to obtain the design limits for a new
target.

Figure 2: Reliability Data output. The graph on the left is the plot of the PLM(Larson Mills
Parameter) for Silver from [2],[3], and [4]. The middle graph represents the allowable
stresses for a target reliability of 70% year-over-year reliability, where as the graph on the
right represents the stress limits for target reliability of 95% year-over-year.

Using the stress curves from reliability analysis, along with a series of solutions
from simulations analyzing different cooling channel options for a given beam
profile, a more optimal design can be developed. To reduce the number of
simulations required, a kriging method was used to minimize the number of
iterations required to converge on a more optimal design
Kriging is a method which uses assumptions on prior covariances to optimize the
trajectory between known data points. Each interpolated point is assigned a weight
based on its distance from a known locations to spatially step between defined
points [5].
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The goal is to minimize 𝐸𝐸 |𝑍𝑍𝑛𝑛 − 𝑍𝑍𝑘𝑘|2
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Initial Groove Design

Optimized Groove Design

Based on the output from the kriging method, a more optimal flow condition based
on inlet mass flow and groove dimension was selected. Old style target used a
groove with a 0.8mm width, while the new target will use grooves which are 2.5mm
in width. The design is undergoing testing in beam; no failures have occurred under
nominal operation conditions.

Optimized Groove DesignInitial Groove Design
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