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Tests as basis for safety in usage of storage systems

Workshop on Safe Storage of Hydrogen

. Burst testing (p@ambient T, hydraulic)

. Sustained loads (p@ambient T, hydraulic)
. Creep effects (p@accelerated T, hydraulic)
. Load cycles (p@accelerated T, hydraulic)
. Gaseous cycle tests

. Chemical exposure test (hydraulic)

. Flawed cylinder test (hydraulic)

. Boss strength test (mechanical)

Each test implicates danger for the executing staff
(electrical and mechanical energy, water jet, splinters,

rupture, explosions, respirable filaments etc.)!




Operational conditions
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Temperature at several points of measurement in [°C]
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Operational conditions
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Cyclic loading

(focusing on metal)

Pressure caused oscillation of fluid temperature in the test pattern
during extreme temperature cycle testing with water-glycol under stationary conditions

fluid temperature at
inlet of cooling element
) (low sampling rate)

A A B M A A A A "

-35 fluid temperature at pressure
\/ \\/ \\/ \/ U \/ \\/ \/ connector (boss of specimen)
-40
specimen surface
temperature of test fluid
-45 oppositeto —
pressure connector
air temperature in test chamber
‘50 T | ] T T T T T T T T T T T { § T T T T T 1
4 600 4,620 4,640 4,660 4,680 4,700 4,720 4,740

Time since start of test in [s]

]
BPo [g.e--.
<20%
» Burst
| 180 % NWP
(4 min)
fl
'r ‘1 AAANAAR : ARR AR poo @ 125%NWP
Ha LT AN L ~et -~ 4 115%NWP
2 \A AL |“'| . AT «  80%NWP
5 ‘ul)nl"l ||J' | ll"'i'.> | Ill‘.‘"
E (UM IR
= |/ VAVVVVUY Uiy VUUYUUY
i * time
: b S g} e
150%' +55°C + 55°C
NWP
; \ 4 c v S
< =) A=)
3 5%cy—40°C(" s . 5%cy+ 50 °C 8 .
c«_é 5% cy + 50 °C () E.= 5%cy-40°C E <
= 40%cy15:25°C() £ & 40%cy1525°C £ R
=) - Al e~ ¢
-» —‘48 xg
— —

Temperature T, displacement volume V, hydraulic pressure p

uasi-static loading
(focusing on CFRP)

Data monitored during an extreme slow burst test (SBT)
type-IV-CC, CFRP & PE-liner, WC = 6.8 litres, PH = 45 MPa
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Accidental loads
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Accidental load “fire”

Workshop on Safe Storage of Hydrogen Green H, as combustible material

instead of LPG?

fully engulfing fire
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Accidental load “crash” with high energy impact
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Polar plot of statistics on crash energy
values in [kJ]
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Impact testing@700 bars :




Accidental load “impact” with high velocity impact
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Bullet testing is
requested in some
standards.




Diversity of design and test requirements (RCS)
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Directive

2007/46/EC , :
national rules for /46/ Directive

labor protection 406/2010/EU

Pressure vessels :
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Hydraulic test in ECER 134
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5.1. Verification tests for baseline metrics
5.1.1. Baseline initial burst pressure

5.1.2. Baseline initial pressure cycle life

5.2. Verification test for performance durability (sequential hydraulic tests)
5.2.1. Proof pressure test

5.2.2. Drop (impact) test

5.2.3. Surface damage

5.2.4. Chemical exposure and ambient temp. pressure cycling tests
5.2.5. High temperature static pressure test

5.2.6. Extreme temperature pressure cycling

5.2.7. Residual proof pressure test

5.2.8. Residual strength burst test
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Gaseous tests and batch testing acc. ECER 134
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5.3. Verification test for expected on-road performance (sequential pneumatic tests)
5.3.1. Proof pressure test

5.3.2. Ambient and extreme temperature gas pressure cycling test (pneumatic)

5.3.3. Extreme temperature static gas pressure leak/permeation test (pneumatic)

5.3.4. Residual proof pressure test

5.3.5. Residual strength burst test (hydraulic)

9.3. ....production control of the containers for compressed storage

9.3.1. Every container shall be ....... . test pressure is = 150 per cent of NWP.

9.3.2. batch testing ..... rupture pressure shall be at least BPmin and the average burst pressure recorded of the
last 10 tests shall be at or above BP5-10 per cent.

9.3.2.2. Ambient temperature pressure cycling test in batch testing
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For futher information

www.fch.europa.eu :
www.hydrogeneurope.eu Q @fch_ju

www.nerghy.eu
@ Fch-ju@fch.europa.eu
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