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Why do we discuss safety of storage units? ; BAM

1st No failures?
Hydrogen storage
is currently not a
real safety issue.

2nd But, there is a
request for
weight and cost
savings!

31 How to assess ~
the reduction of A
current
“'safety factors”?
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Overview ; BAM

1. Principle of Monte-Carlo-Simulation
for assessment of regulations

2. Acceptance Rate AR vs. Survival Rate SR
3. Safety level of regulations
- AR of borderline SRs

as benchmark

4. Summary
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Principle of
Monte-Carlo-Simulation
for Assessment of Regulations
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Strength is the essential safety criterion ; BAM

(Slow) burst test Load cycle test

Data monitored during an extreme slow burst test (SBT)

type-IV-CC, CFRP & PE-liner, WC = 6.8 litres, PH = 45 MPa Pressure caused oscillation of fluid temperature in the test pattern

a 140 - during extreme temperature cycle testing with water-glycol under stationary conditions
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Probabilistic vs. deterministic approach

Evaluation of test results is different:

< BAM

e.g. minimum strength vs. min. survival rate SR

Deterministic: simple yes/no-check

criterion: min. strength
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Improvement by appropriate visualisation ; BAM

Usage of the L od et s SO AP' ‘A
100,000 r
SPC ;
(sample T S T1-L PP 1Y 1 S S —
performance :
chart) s
for visualisation of 3
sample properties
1001 o ‘1.1‘ o ‘1.2I - ‘1.3‘ a ‘1.4I a ‘1.5‘ a ‘1.6‘ a I1.7‘ a ‘1.8‘ a ‘1.9‘ - ‘2

Scatter value of hydraulic LCs: N []
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Principle of Monte-Carlo-Simulation ; BAM

Simulation of a huge Acceptanes rote AR, UN ST NG 15in=s o A

amount of individual 100000 1
test results

randomly collected to
samples of CCs

results into a cloud

representing the
determined properties
of

basic population.
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Acceptance Rate AR of tests acc. GTR 13
depends on the scatter of the basic population

Sample Performance Chart P o, e o
Acceptance rate AR, UNGTR No. 13;n=3 P F ,_._“‘4.".'

Sample Performance Chart
acceptance rates AR acc.to UN GTR 13 (Sect. 5.1.1.2)
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Acceptance Rate AR
VS.
Survival Rate SR

12th Sept. 2017 Mair@ICHS: Monte-carlo-analysis of LC-requirements 10



S
*IcHs

- Acceptance rate AR acc. BAM-PA is constant ; BAM

Influence of Sample Size n on "SR-Isoasfalia" 24

The reqU|rementS Of WD; SR = 1-10-% = 99.9999%; one sided confidence area y; = 95% o R
the PA depend on 100000 e
scatter and sample | sample sizen = s | E s e A N I
size and reflect

already uncertainties
of basic populations
by considering the
confidence level.
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The area of a “lucky punch” ; BAM
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Comparison of deterministic and PA shows

< BAM

different results of safety assessment

There are 4 areas
of contradiction:

Just 2 areas indicate
identical results:

Yes!
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Deterministic vs. probabilistic requirements  zewm
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Safety level of regulations
- acceptance of borderline
SRs as benchmark
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Analysis of borderline properties

Sample Performance Chart
requirements of BAM-PA

< BAM
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The Monte-Carlo-simulation enables ... ; BAM

Acceptance rates for cylinder populations 2 pam

. to Visualise hOW with a reliability of 99.9999% for the next LC without ageing; v, =96% Pmbm“mEﬁ:mm
scatter of basic | uneTRNo TS /
population influences " S Snders.
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The Monte-Carlo-simulation provides data ... ; BAM

. Acceptance rates for cylinder populations 2 oo AL
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The acceptable degradation in terms of LCs

< BAM

in case of confirmed 11,000 LCs

The amount of LCs to
failure confirmed at the
relevant survival rate
varies enormously.

The degradation from
filling cycles related to
hydraulic or gaseous
LCs is not considered
so far.
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Summary
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Summary ; BAM

— The visualisation of deterministic and probabilistic criteria in the sample
performance chart "BAM-SPC” shows contradictions in safety assessment.

— In deterministic world a high acceptance rate is the basis for each
successful approval.

— But real safety means sufficient strength properties of the whole
population at end of life; i.e. very low failure rates.

— Monte-Carlo-Simulation provides information about the rates of accepting
borderline populations acc. to a criterion of a RCS.

Recommendation for validation of requirements in RC&S:

When approval criteria are in discussion check the outcome by using
Monte-Carlo-simulations!
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300 2 BAM |

“|CHS ” P cu

Probabilistic Safety Assessment

Thank you for your attention!

georg.mair@BAM.de
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