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4a fatigue - composites

linear cumulative damage analysis
failure prediction by Puck’s criteria
consideration of anisotropic lay-up

LH, — inner tank suspension

lowest possible heat transfer / BMW clean energy
high stiffness, high strength composite solution
increased performance : 250%

FISCHER

Resin transfer molded carbon brace
substitution of steel brace by RTM carbon brace
with a carbon fiber reinforced plastic — solution
60 % weight reduction
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example: development LH2 - tank suspension ZICI

. TECHNOLOGY

refuelling device inner tank suspension ~ €aSONS for using composites:

Outer jacket

E stiffness
Inner tank heat
Level exchanger 2 Str?ngth
S innertank I weight

refuelling B heat conduction

coupling gas handling unit

with heat exchanger

] Auxillary
Py system

project target:

B as low as possible warmth penetrate into the inner tank
E max. place exploitation — filling volume
B observance of the load requirement during the drive and the crash

project: Kryogener LH2 - Tank
partner: mmm STEYR
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LH2 - tank suspension dq

defining test setups — i -

tests on bad gravel roads

load speciments |frequence|bolt angle|load cycles
kN Hz ca.
testl: part load/cycle curve at 77K
6.5 3 10 3 1000
9.1 3 10 3 10000
10.1 3 10 3 50000
12.1 3 10 3] 1000000
|test2: referen|ce with para||e|| bolts aic 77K | |
14.5 3 10 0 50000
test3: reference at room temperature
) _ _ 14.5 3 10 0 50000
multi body simulations 14.5 3 10 3 50000
Position of body(1] >
oy Z () ws. t(s)
10 4 - | - i__-’ 14000
h. 12000
a -
e | | - |/ \ A /
1 1 Sy | [\ [\ [ |\
47 m——— __-% 8000
| Sl o B
“‘:ﬂql !! i < 4000 /\\ / \\ // \
4 —— /A BR\U/A AN
4 ‘L "I ___-_‘—,-"" D 2000
T - o \/ \ 4
7 “‘ -2000 °r T P
a0 4 Weg [mm]
j T T T T L T T T T j —— schwellend_6200N —— schwellend_12400N
i} ooz 0.006 001 ooz 0016 0oz 0pz2z
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LH2 - tank suspension

41C]

equipment and test setup g -

connection of
vacuum pump

realistic test setup

One side is cooled to 77K
High vacuum inside
Angular position of Bolts

Additional isolation during test — radiation shields

mount

LN, flow

LN, supply and exhaust J

gasket plate

temperature measurement
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. TECHNOLOGY

LH2 - tank suspension "CI
equipment and test setup |
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LH2 - tank suspension ZICI

CFRP —unidirectional Layer

. TECHNOLOGY

Typical strenght values of a CRFP - UD-layer:

IM7/977 O c | Ty
Zug 1430 36 109
Druck -900 -218
G T
-~
C 1 Sn:UlE:Lt

»2-D ply stress
»local coordinating system

> 1S interlaminar shearstrenght S~ .
3D — thermal expansion
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LH2 - tank suspension

41C]
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puck’s law

combined failure criteria (puck’s law, hashin...)
Fb(o, <0) “Bruchzigarre”
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R, y » matrix-failure mode :
_- tension
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R S "Sprengbruch”
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gyl R ol > also for 3D stress states are
o%o g° ° e Lee o o |/
E— covered
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LH2 - tank suspension ZICI
modeling the fatigue-strength

. TECHNOLOGY
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Abbildung 5.8: G,—N Diagramm verschiedener UD Verbunde unter
schwellender Zugbelastung be1 77 K: R=0.1
*¥#) aus [Pannkoke 92]. S. 68
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LH2 - tank suspension ‘ICI

cyclic loading at 77K B o

raw estimation of
part behavior at
cyclic loading

16
\ n . I Y

14 \

1n \\\0‘ e I

“ [} ..-W\m I . N

\

_. 10 -l
é / [ ] 4».9
o 8 . -
S with parallel bolts —

61  30% higher load =

4 Test interruption

5 no breaking

0

1 10 100 1000 10000 100000 1000000 10000000
cycles L- ¢
¢ break or interruption at 1 000 000 cycles = pre damage
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LH2 - tank suspension ZICI

prediction of load cycles § TecHNoLoGY

Simulation results 77K, parallel bolts

16

” 0 . PR Y o> : 4
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load [kN]
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Simulation results 77K, angular bolts

N

0
1 10 100 1000 10000 100000 1000000 10000000
cycles
¢ break or interruption at 1 000 000 cycles = pre damage
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LH2 - tank suspension
simulation - parallel bolt position (at 10kN)

. TECHNOLOGY

LS-DYHA KEYWORD DECK BY LS-PREPOST Fril IéE Is

Time = 0.72267 Time= 1.2877 3 o+
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LH2 - tank suspension ZICI

S-N-curves, effect of temperature B TecHNoLoGY

20004 -
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Abbildung 5.8: G,—N Diagramm verschiedener UD Verbunde unter

schwellender Zugbelastung be1 77 K; R=0.1
*#) aus [Pannkoke 92]. S. 68

Seite: 5
Datum: 13.09.2010

Autor: DI Martin Fritz, DI Micheal Pichler
Datei: rep_vv0_11030301_mf_TT11.ppt




LHZ2 - tank suspension dq

comparison with simulation results B TECHNOLOGY

Simulation results RT, parallel bolts

room temperature
and parallel bolts

cooled (77K) and

parallel bolts
angular bolts
16 N\ /
14 \\\\\ ] CEE:E: " TS
12 \\\ » ~ ) :
" R I_l_l\\o.ﬁ
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LH2 - tank suspension dq

. TECHNOLOGY

effect of fiber orientation (UD)
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LH2 - tank suspension dq

. TECHNOLOGY

effect of fiber orientation (UD) - normalized
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LH2 - tank suspension ZICI

effect of stress ratio (e.g. CFRP) B TecHNoLoGY
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LH2 - tank suspension

41C]

. TECHNOLOGY

effect of off- axis load on fatigue behaviour
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LH2 - tank suspension

realistic loads — e.g. bad gravel road

. TECHNOLOGY
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VX - Brace

41C]

. TECHNOLOGY

complete FE-model (super-element)

E Use of a super-element  Braces are fixed to nodes 97000288
(vehicle) for effective FE from super-element i
analysis — with a detailed
modeling of the brace

.NQ?OOQESS
B Unit-loads on each interface

node in each direction

E Effect of unit-load on element- %
stress is known

E Superposition for each time-
step to get the comple
stress-state for each element

E Laminate-theory for each =" A, Vo ol
element and calculation of == PP Stk i
Failure (Puck’s law)
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VX - Brace

damage accumulation

41C]

. TECHNOLOGY
A N
[ N Assume that, during the service
A A life, we have 500 loadings of type 1
|\ / 1 [\ N ife, we have 500 loadings of type
\ \H \/ (defined by mid-value and
11 f 2 3 magnitude), 1000 loadings of type 2
Y and 10000 loadings of type 3
o The Palmgren - Miner rule states damage accumulation
B that failure occurs when 1
c, T I D=>%
\ 2’\_! =1
O YA F
2 [ — i=1""1 L
G where njis the number of applied Original-Miner
' 1 —k
3 o . load cycles of type i, and Nj is the S.> 8,y : N=Np- (;a )
U N pertinent fatigue life °p
3 i
é n; 1300 L 1071107 | 05]<l elementare Miner-Rule by Palmgren
.I;I N
i=IN, [10° |[10° || oo
| | . o
Sa <> Sup N = Np- (22
Sﬂ.D
Miner-Rule modifized by Haibach
N (ST s s S NN, '(Sﬂ )_k
Sa.SSaD:f\-=f\'D-( ED> a aD - D S
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VX - Brace ZICI

a critical Element - loadcase R1
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VX - Brace

parameters {o] component tests

. TECHNOLOGY

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

frequency of load direction

32
65
97
129
161
194
226
258

291
323
355

ElauB Wl Yeayu:

cycles

ampliduyte [N] 1% 1266
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Fatigue of composite parts

41C]

Zusammenfassung und Ausblick § TEcHNoLOGY
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B Einfluss auf Lebendauer
B Faserorientierung kann durch normieren eliminiert werden
E Temperatur und R-Verhaltnis beeinflussen Lebensdauer

E Lastumlagerungsvorgange haben Vorschadigungen und Kerben geringeren
Einfluss im Vergleich zu metallische Werkstoffen

E Off-axis Fatigue von UD-Verbunde deutlich unterschiedlich zu Gewebe-Verbunde

B Betriebsfestigkeitsberechnung
E Superelement mit Einheitslasten
E Rainflowanalyse der Faserlangs- und Querspannungen
E Lineare Schadenakkumulation — Puck’s Versagenshypothese

B Nicht untersucht wurden Energiedissipation, Lastzeitfolge, Alterung

27

13.09.2010

DI Martin Fritz, DI Micheal Pichler
rep_vv0_11030301_mf_TT11.ppt




. TECHNOLOGY

Vielen Dank fur lhre
Aufmerksamkeit!
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