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The Volvo Aero in-house software 

CUMFAT

Outline of presentation:
ÅBackground

ÅShort description of CUMFAT

ÅExamples of successful use of CUMFAT

ÅBenefits/drawbacks of developing/buying

ÅThe future of CUMFAT
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ǒVolvo 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

ǒReliable and consistent fatigue life 
prediction is of course of utmost 
importance to us

ǒFor crack propagation analysis we 
use the NASGRO computer code

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

ǒMarkets and market needs are 
changing; we are consistently trying 
to improve to cope with this and with 
user requirements

Some background for CUMFAT:
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Why CUMFAT, why did we decide to 

develop our own program?

ü 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 

ü 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. I was 

employed by Volvo Aero in 1992 with one main 

task to solve: create such a  method ! 

ü It then seemed desirable, rational and realistic to 

demand capability of evaluating all nodes of a 

FE-model  =>  computer program!

ü 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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Why CUMFAT, why did we decide to 

develop our own program?

ü Further comprehensive development 

started around 1997, and from 1998 it 

has been one of the main tools for Life 

Management of the JAS/Gripen engine 

RM12. Typical life: a few thousand hours

ü Further development has been 

performed and today it is also used at 

the product development for most of our 

components to commercial turbojet 

engines. Typical life:  ten-thousands of 

hours

ü So, with NFFP money available, we started the 

development and by the end of 1992 we had a 

prototype running. At the start, it was used for the 

development of rocket engine components, typical 

life: 20 engine tests plus launch; expressed in time: a 

few hours
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How CUMFAT works, briefly:

1.1

1.2

2.

3.

4.
5.

Nj

D=S 1/Nj

6.

1. Stress evaluation - multiaxial to uniaxial

4 hypotheses

2. Cycle counting - RFC

3. Elastic - plastic correction - Neuber, linear rule

4. Mean stress influence  -Morrow, SWT, Walker

5. Fatigue damage calculation for each cycle

6. Linear damage summation - Palmgren -Miner
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Basquin-Coffin-Manson:

òMax. princ. Stressò

òMax. princ. Strainò

òShear stressò

òOctahedral shear stressò

One-parameter:De
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CUMFAT today works with a so called  òone-

parameter-modelò: Trying 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

1.1 Stress evaluation - multiaxial to 

uniaxial   4 hypotheses

CUMFAT has 4 òoptionsò for 
calculating the stress measure:

oñmaximum principal strainò

oñmaximum principal stressò

oñshear stressò

oñoctahedral shear stressò
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Basquin-Coffin-Manson:

Deis the òone-parameterò
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For handling multiaxial and 
non-proportional loading, 
following is performed by 
CUMFAT:

ÅCalculates stress measure for all 
load steps (seff in figure)

ÅFinds that load step, which has the 
absolutely largest stress measure

ÅFinds the direction of this stress 
measure

ÅProjects the stress measures of all 
load steps to this direction

ÅThe result is a sequence of scalar 
stress measures

UTMIS Spring Meeting 2010

1.2 Stress evaluation -

multiaxial to uniaxial
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2. Cycle counting - RFC

Rain-Flow-Counting:

UTMIS Spring Meeting 2010
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3. Elastic - plastic correction ï

Neuber rule, Linear rule

Elastic-plastic correction
ÅAfter the cycle counting we have extracted a number of cycles, defined by maximum- and 

minimum-values for selected stress measure and matching temperature

ÅThese are input values to an elastic-plastic correction either according to the Neuber rule or the 
Linear rule

Linear rule

UTMIS Spring Meeting 2010

Neuber rule
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3. Elastic - plastic correction ï

Neuber rule, Linear rule

Elastic-plastic correction:

ÅElastic-plastic correction, should be the first step of the fatigue life 

evaluation

ÅIn CUMFAT today however, it is performed after the cycle counting

ÅIn next major revision of CUMFAT it is the first step of the fatigue life 

evaluation

UTMIS Spring Meeting 2010
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4. Mean stress influence -

Morrow, SWT, Walker

Next step is to consider mean stress influence. There are 

3 models in CUMFAT for mean stress influence :

ÅMorrow

ÅSmith-Watson-Topper

ÅWalker

UTMIS Spring Meeting 2010
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Mean stress influence - Morrow, SWT, Walker

Morrows hypothesis,
based upon the Basquin-Coffin-Manson-form of the LCF-curve:
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The form above implies that Rs=-1 and 

therefore sm=0 ; 

Morrow suggests to modify according 

to:

UTMIS Spring Meeting 2010
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The Smith-Watson-Topper hypothesis,
also based upon the Basquin-Coffin-Manson-form of the LCF-curve:

;  multiplication with smax , 

where smax is extracted from the Basquin form for Rs=-1 :

will eventually result in the normally  seen expression:

which with further treatment results in the expression normally used at VAC:
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Mean stress influence - Morrow, SWT, Walker

UTMIS Spring Meeting 2010
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The Walker hypothesis:

1
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Normally 0.5 < m < 0.7

Thus, if the Walker material parameter m is known, it is possible to transform

¸material data for arbitrary Rsto other arbitraryRsand

¸load cycle data for arbitrary Rsto other arbitrary Rs

The Walker m for crack initiation is not the same as the Walker m for crack 

propagation

UTMIS Spring Meeting 2010

Mean stress influence - Morrow, SWT, Walker
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5. Fatigue damage calculation 

for each cycle, plus 

6. Linear damage summation
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Example:

DeR=0=0.0048

DeR=-1=0.0084

Using the Palmgren-Miner linear damage rule: 

4.1228
1
==

D
Life

Now, with mean stress influence 

defined, we can calculate the 

fatigue damage:

UTMIS Spring Meeting 2010
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How CUMFAT works, briefly:

1.1

1.2

2.

3.

4.
5.

Nj

D=S 1/Nj

6.

1. Stress evaluation - multiaxial to uniaxial

4 hypotheses

2. Cycle counting - RFC

3. Elastic - plastic correction - Neuber, linear rule

4. Mean stress influence  -Morrow, SWT, Walker

5. Fatigue damage calculation for each cycle

6. Linear damage summation - Palmgren -Miner
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Basquin-Coffin-Manson:

òMax. princ. Stressò

òMax. princ. Strainò

òShear stressò

òOctahedral shear stressò

One-parameter:De
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Examples of (sofar) successful use of CUMFAT:

The German Hypersonic Program Sänger (1992-1996)
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VAC component òAdjustable nozzle flapò


