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The Volvo Aero In-house software
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Some background for CUMFAT:
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Volvo Aero is developing and
manufacturing components for
rocket - and turbojet engines. We
also have responsibility for the life
management of the engines in the
Swedish air force

Reliable and consistent fatigue life
prediction is of course of utmost
Importance to us

For crack propagation analysis we
use the NASGRO computer code

For crack initiation analysis we have
our own computer program
CUMFAT, a so called one-parameter
model program, the subject of today

Markets and market needs are
changing; we are consistently trying
to improve to cope with this and with
user requirements
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wWhy CUMFAT, why did we decide to
develop our own program?

U Volvo Aero had joined the Ariane 5 (ESA)
project and had in 1984 taken the responsibility
for the development of some components in the
rocket engine (Vulcain): Nozzle extension and
fuel pump turbines

U It was early in the project clear, that we
needed a rational method for evaluating
accumulated fatigue damage. This was
accentuated as engine tests were started. | was
employed by Volvo Aero in 1992 with one main
task to solve: create such a method !

U It then seemed desirable, rational and realistic to
demand capability of evaluating all nodes of a
FE-model => computer program!

U At that time, there were no commercial code,
that could take into account the complicated
loading with extremely varying and intense
temperature loading
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wWhy CUMFAT, why did we decide to
develop our own program?

U So, with NFFP money available, we started the
development and by the end of 1992 we had a

\ 22

prototype running. At the start, it was used for the
development of rocket engine components, typical b
CUMFAT

life: 20 engine tests plus launch; expressed in time: a
few hours T
U Further comprehensive development
started around 1997, and from 1998 it
has been one of the main tools for Life AR
Management of the JAS/Gripen engine
RM12. Typical life: a few thousand hours
U Further development has been
performed and today it is also used at
the product development for most of our
components to commercial turbojet

-
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Typical life for different engines
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How CUMFAT works, briefly:

1. Stress evaluation - multiaxial to uniaxial Basq uin-Coffin-Manson:
4 hypotheses

2. Cycle counting - RFC De - sf (:62 C'N)b +a (:62 CN)C
3. Elastic - plastic correction - Neuber, linear rule 2 - E =
4. Mean stress influence  -Morrow, SWT, Walker
5. Fatigue damage calculation for each cycle )
6. Linear damage summation - Palmgren -Miner One-parameter: De
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How CUMFAT works, briefly

1.1 Stress evaluation - multiaxial to

uniaxial 4 hypotheses
Basquin-Coffin-Manson:

De_s,
2 E
De s t h-padbamet e

CUMFAT today wor ks wi4dh
parameter-mo d e Mrging to transform the
multiaxial, non-proportional sequence of
stress states to a uniaxial sequence of stress
measures, to be able to compare with

uniaxial, smooth speciemen test data

CUMFAT has 4 ooptionso
calculating the stress measure:

GeN) +e G2aN)

odimaxi mum principal str
odimaxi mum principal str
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How CUMFAT works, briefly
Basquin-Colfn-Memon

e 1.2 Stress evaluation -
== = #h multiaxial to uniaxial
)
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For handling multiaxial and L T
non-proportional loading, < G CB,_'_“" N @
foIIowm_Ig Is performed by 7 SRR
CUMFAT: < | — !
=z
A Calculates stress measure for all - A N o
load steps (s In figure) = ek ! ¥
AFinds that load step, which has the ,%ﬁ g @
absolutely largest stress measure e
AFinds the direction of this stress .
measure | —
) ) e dcn)
AProjects the stress measures of all \@ s g
load steps to this direction g
AThe result is a sequence of scalar
stress measures
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How CUMFAT works, briefly
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3. Elastic - plastic correction 1
Neuber rule, Linear rule

= PIVST—— VOLVO AERO

Elastic-plastic correction

A Atfter the cycle counting we have extracted a number of cycles, defined by maximum- and
minimum-values for selected stress measure and matching temperature

A These are input values to an elastic-plastic correction either according to the Neuber rule or the
Linear rule
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T f 3. Elastic - plastic correction i
SN, /f Neuber rule, Linear rule

Elastic-plastic correction:
AElastic-plastic correction, should be the first step of the fatigue life

evaluation
Aln CUMFAT today however, it is performed after the cycle counting

Aln next major revision of CUMFAT it is the first step of the fatigue life
evaluation
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How CUMFAT works, briefly:
l‘"l vEerer - valioed! o crete Basquin-Colfe-Mamon

TN 4. Mean stress influence -
“ Morrow, SWT, Walker
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Next step is to consider mean stress influence. There are
3 models in CUMFAT for mean stress influence :

AMorrow
A Smith-Watson-Topper
AWalker
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Mean stress influence - Morrow, SWT, Walker

Morrows hypothesis,

based upon the Basquin-Coffin-Manson-form of the LCF-curve:

De_s, “ o) +e Q2O
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The form above implies that R;=-1 and £
therefore S, =0 ;

Morrow suggests to modify according

Cycles to crack initiation - strainrange
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Mean stress influence - Morrow, SWT, Walker

The Smith-Watson-Topper hypothesis,

also based upon the Basquin-Coffin-Manson-form of the LCF-curve:

[)9 5 C.QZCN) + e C62 CN) ; multiplication with S,

2
s :%:s; B2 N

where S, ., IS extracted from the Basquin form for R,=-1: max

will eventually result in the normally seen expression:

50 O =0 GOV +516 G ON) "

which with further treatment results in the expression normally used at VAC.:

b,y = oo B (RO s 5 GO
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Mean stress influence - Morrow, SWT, Walker

The Walker hypothesis:

— ~ m-1
e, _,=0le  ,Ql- R,)
Normally 0.5 <m < 0.7

Thus, if the Walker material parameter m is known, it is possible to transform
material data for arbitrary R, to other arbitraryR . and

load cycle data for arbitrary R, to other arbitrary R,

The Walker m for crack initiation is not the same as the Walker m for crack
propagation
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How CUMFAT works, briefly:

1 Stress svoluation - madtiaood to ankesdal Basquin-Coffin-Manson:
4 s
Cycla counting - RFC e _a,

S creveew 5, Fatigue damage calculation
for each cycle, plus
6. Linear damage summation

e— Scrain-Range

- ek R Applying mean stress correction, from R=0 to Rs-l
ATl S o Uy e VOLVO AERO

Now, with mean stress influence 1’1’\
defined, we can calculate the 2
fatigue damage: N

. 0.01 D ~
Exam ple ) 16 ner=0.0084 x“\\\\ R=-1
A d
D £,=0.0048 1£ 70 =0.0048 S :},: :.(5[—1_19“
100. 1000 10000. 1002%00.

D @-1:00084 N=1318 N=18071

Using the Palmgren-Miner linear damage rule:

k1 1 1 .1
D=3 = + =(0.000814 Life=—=1228 .4
=N 1318 18071 D
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How CUMFAT works, briefly:

1. Stress evaluation - multiaxial to uniaxial Basq uin-Coffin-Manson:
4 hypotheses
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3. Elastic - plastic correction - Neuber, linear rule 2 - E =
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Examples of (sofar) successful use of CUMFAT:

The German Hypersonic Program Sanger (1992-1996)
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VAC component OAdjustable nozz

Air inlet ==

Fuel injection combustor

H,-Fuel
combustor

!
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