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Introduction

 Composite overwrap pressure vessels (COPV) are widely
used for high-pressure gas, incl. H, storage systems.
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e Accidental impacts residual performance?

 Modelling can be used to study the effect of damage

(O] NTNU Norwegian University of Science and Technology 3



Introduction

« Short-term residual performance was studied by FE analysis
Estimations for the undamaged
pressure vessels
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 How to model long term (i.e. fatigue) residual performance?
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Introduction

« Layup of the cylinder

«Hostile» exterior //
/ Fiber fracture

Delaminations

Composite failure
mechanisms:

Layers of CFRP
composite <
overwrap

Liner (HDPE) {

Pressurized gas (e.g. 700 bar H,)
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Simplification of the problem

Modelling fatigue is _
a formidable task :; Start simple

« The sustained and cyclic Approach considers
loads in COPV are tensile only fiber tensile
failure (FTF) and
« Factory testing already delamination (DL)
causes matrix cracking mechanisms

j> Tensile specimens

« Damage is often represented with a defect

by a notch or a hole
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3D FE model — description

Fix all DOF ‘
Abaqus 6.14-1, explicit

Reference tensile loading Uy: 0 0.1 mm in 1 mm/min

Mass scaling with target time incr. 10-3° is used

Layup: [ 0°/ +45° / 90° / -45° /] 0°
o yup: [ ]

\ Plies |Cohesive interface

C3D8R | COH3D8

.

+Tie Constraints between Ply/COH faces
+ Contact interactions (normal-hard, tangential - friction) if COH fails
Apply Uy, l
fix all other

+ Beam MPC constraints between grip faces and the control point
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3D FE model — geometry , mesh

Tensile specimen  Central hole specimen  Double notched specimen
Fax = 300 N (cyclic) F. =100 N (cyclic) F....=100 N (cyclic)

w‘m

5x0.25 mmﬂ

A
15 mm 4 mm 4 mm
R=5mm «—»
«— >
'\'\_ 8 mm
S $ 0.67 mm
S
2.66 mm 3x1.33mm
> >
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3D FE model — material properties

Geometrical thickness of COH layers: 30 mm

Frition coeff: 0.3 (betweeen plies when COH interfaces fail)

Density /' COH 1200 [kg/n]
Cohesive layers ~ Stiffness _E,Gi1=G,_ D 3.0 [GPa], 1.1 [GPa]
Thickness troop ~0.25[mm]

/

Damage coeff. for Plies/COH: 0.01 (1% initial)

. Density 1550 [kg/n]
I(;;;“r‘;os't‘ ) 130 [GPa], 11.0 [GPa]
Elastic constants 4.7 [GPal, 4.2 [GPa]
Ni12 = N13, N23 / 0.30 [-], 0.50 [1]

Norwegian University of Science and Technology



Fatigue - pseudocode

Define fatigue load F, ., and cycle jumps (i.e fatigue stepping)
Define SN curves for FTF, DL failure mechanisms

Define initially degraded stiffness
(e.g. no FTF, DL damage initially)

Over fatigue cycles:

Run the reference FE analysis (to max. load F,,,)

Obtain S11 stress state in plies
Obtain ( S132 + S232)0-5 stress state in COH interfaces

Calibrate the stresses by F,., / Fappl

Id, for each element
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Reduce the stiffnesses of elements where Miner Sum 1
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Fatigue — Miner sum contributions

SN-curves for FTF, DL log(Stress)
FTF: s, = 2700 MPa, a = 1/30 N log(s) = log(s,) — alog(N)
DL:t, =10 Mpa, a=1/8.0

’ =
N=1 log(N)

A H Stress state:
ssume the same , - S11

stress state _(S132 + S232)05
A
[ ) Nr. of
| | > fatigue
Nis N, Nisa cycles

Miner sum: §= 5, + (N, - Ni_l)/@
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Cycle steps: [1, 1e3, 3e3, 5e3, 1le4, 2e4, 3e4, 5e4, 1

Results Layup: [ 0°/ +45° / 90° / -45° [ 0° ]

N=5000 50000 100000
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Cycle steps: [1, 1e3, 3e3, 5e3, le4, 2e4, 3e4, 5e4, 1eb] 0°

RESUItS Layup: [ 0°/ +45° / 90° / -45° / 0° ]

N=5000 50000 100000
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Cycle steps: [1, 1e3, 3e3, 5e3, le4, 2e4, 3e4, 5e4, 1e5]

Results | yup: oo/ +a50 1900 1457 10°

N=5000 50000 100000
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Concluding remarks

A way to model composite fatigue was
Implemented in Abaqus
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 Damage growth looks promising:

— failure is monotonically increasing
— failures occur near stress concentrations
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The road forward

Unclear, why no cohesive failures were observed
Calculating a single iteration — currently too CPU expensive

Cycle stepping... needs to become ‘intelligent’ instead of pre-
determined cycles

Model needs to be validated

MODELLING DAMAGED PRESSURE VESSELS
IS WITHIN REACH !
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