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SIEMENS

General

EVAL is the standard fatigue life evaluation tool at SIEMENS Industrial
Turbomachinery

Developed and used at SIEMENS in Finspong in different versions
since the mid 1990’s

Current versionis 3.4

Programming languages: Python, Fortran 90, C++
Operative system: Linux

External libraries: SMR Mem-Com
Supported FE programs: ABAQUS, ANSYS
Supported post-processors: ABAQUS
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SIEMENS

General ideas

EVAL shall aid the daily work of the stress engineers by:
providing a computer implementation of the most up-to-date lifing
methods, as defined by SIEMENS current best-practice documents
providing a flexible tool that swiftly can be updated and enhanced to
meet the users needs
providing a tool that can evaluate large FE-models and help locate
critical locations

Flexibility is a key factor, and the main motivation for developing and
maintaining an in-house code, as this leads to:

full control of the implemented methods

a possibility for high development speed and responsiveness

The program must be easy to develop and maintain, as (normally) the
budget only allows for staff to work part-time with the code
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SIEMENS

Structure: modules

Fatigue life analysis modules
FE results file Output files
FE results
SMR Mem-Com EVAL
Input interface/ j‘ j‘ |
Database Output interface
translator
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SIEMENS

Programming languages

The main modules were originally programmed in C, but has since
2003 been ported to Python

The choice of Python as the main programming language may seem
odd, but it is motivated by:
Productivity is higher during development than for C, C++ or Fortran
(as experienced by us)
Python is platform independent
(while changing platform used to be a hassle for the C code, we now
have run the Python code on 4 different platforms without changing
the code)
The performance of the Python code is not as bad as its reputation
(The use of dynamic data types has sometimes made the Python
code run faster than the old (maybe not perfect) C code)

We think that using Python is a step towards the goal of having a

flexible and easily maintainable code.
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SIEMENS
SMR Mem - Com

From the beginning the core of the program has been the Mem-Com
database

The Mem-Com database is a fast platform-independent database
developed and sold by the swiss company SMR (www.smr.ch)
Throughout all years we have been very satisfied, and had very little
problems, with the database

When there has been issues, such as porting to new platforms, the
support has been excellent!

The database has interfaces in Python, C, C++, Fortran 77 and Fortran

90
(which has proved very convenient, as will be shown subsequently)
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SIEMENS
ABAQUS interface

The ABAQUS output database is accessed with ABAQUS own
Interface routines.

Both a Python and C++ interface is available.

The implementation of the interface routines is not identical, and
functionality that gives the best performance is only available in C++.

We have therefore recently felt forced to use C++ for the ABAQUS
Interface, yielding 10 times faster execution time for the C++ interface
compared to the old Python interface

(but there is a fear that we might run into platform-dependent problems
as before. The future will tell us...)
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SIEMENS
ANSYS interface

ANSYS provoides an interface routine library, written in Fortran 90

An interface module that reads results from the ANSYS .rst file is
therefore written in Fortran 90

Currently only version 11 of ANSYS is supported
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SIEMENS

Analysis

Supported Elements
3D solid
2D plane stress and strain
2D axi-symmetric
3D shell elements
FE results
Stresses and strains are treated as un-averaged results on nodes
The results can be read from multiple result files
Supported analysis types
Elastic stress-range
Strain-life crack initiation life, based on elastic stress-range and Neuber's
method
Strain-life crack initiation life, based on elasto-plastic FE-results
Stress amplitude and mean stress according to Sines
HCF evaluation based on Goodman diagram
Company specific methods for crack initiation life for turbine blade alloys
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SIEMENS

Low cycle fatigue evaluation: Stress range

Focus is to find the major cycle (no cycle counting is available)

For all timepoints [t; t.] in the results files:
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Damage temperature T, is by default the maximum of the temperatures at
the time points generating the maximum stress-range Aog.
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Strain-life: Neuber’s rule

Uses the results from the stress-range
calculation

The strain-range is calculated by solving:
Ao=f(Ae, T,) (Cyclic constitutive)
Ao-Ae= (Aog)? | E(T,) (Hyperbola)

The crack initiation life is calculated by
interpolation in the strain-life N(Ag,T,)

data

Mean stress (or R,) dependence is
handeled by using correct N(Ag, T,)-data
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Constitutive relation

Neuber's
perbola
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SIEMENS

Strain-life: based on elasto-plastic FE-results

If an elasto-plastic FE-simulation has been performed, the mechanical
strain range can be evaluated directly from the FE-results:

For all timepoints [t; t.] in the results files :
max _

1
Find Ag = ti<t1£te —2(1+ 0 \/ dc,, —As, ~+ de, —Ag, E+ dc,, —Acy, E+6 AeiY +A3$Z +Ag>2<z )
t<t,<t_

where Agyy =&y (L) —&m (L)

Damage temperature T, is the maximum of the temperatures at the time
points generating the maximum strain-range Ac.

The crack initiation life is calculated by interpolation in the N(Ag, T,) data
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SIEMENS
Running EVAL

EVAL is run in batch mode on a s rmes

..fmech_startfdiscz_inner_hules_mech_start_restart.fil
I ..fmech_stnpfdiscz_inner_hnles_mech_stnp_restart.fil
calculations server. [ meeh
EVAL D2 THNNEER HOLES N
*HISTORY, ALL

EVAL is controlled by keywords =

ELSETS

In an input file, with a syntax  =vaecex

*GLOBAL,LIST=100
similar to ABAQUS syntax TRELD
=1
*MATERILAL FILE
ESEIDS_IN?IB_E?AL_HIN.in
TAWALALYRIS
STRESS_RANGE
NEUBER_LCF
FPRINT SUM TNV
STRESS_RANGE
NEUBER_LCF
NEUBER_STRAIN

Page 13 2010-05-26 Per Almroth SIEMENS Industrial Turbomachinery



Material data

Material data are given in the
EVAL control file in tabular form,
specific to the chosen analysis
method, i.e.:

Stress vs. strain (Cyclic)

Strain-range vs. life

Elastic properties
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*MATERIAL NEUBER LCF, NAME=XYX
3TR_STH, TEMP=400
0.1 ,1.E-5
1500.E6,0.008
Zz000.E6,0.020
3TR_STH, TEMP=500
0.1 ,1.E-5
1300.E6,0.008
1700.E6,0.020

3TN _LIFE, TEMP=400
0.007, 30000
0.009,3000
0.013,300

3TN _LIFE, TEMP=500
0.006, 30000

0.008, 3000
0.011,300

¥ _MOD
20.,1.99E11
100.,1.95E11
200.,1.90E11
300.,1.84E11
400.,1.79E11
500.,1.73E11
§00.,1.67E11
700.,1.59E11
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SIEMENS
Output files

The EVAL results are written to Curcane bata: 2010-05-20 15162110
text files for manual evaluation SR

Results are also written to an !
ABAQUS .odb file for import and
graphical post-processing in e.qg.
ABAQUS/Viewer w g

P AVE

Curten ¥y
MATERIAL, NO NAKE
INSO1 Fml MIN

vl ROBE A
I e -
=
=

I DAL VARIATION NEUB. STHE RNG, NODAL VARIATICN &
1 K4 .10 ) I6¢ 0
365466E40 .1 47
DL+ ¢ 4566%-
BEH K- 1
- INDEX, ELEMENT NO, ELEEENT TYFE, NODE NO, SECTION NO, MAT.NC
1, 5681 LB 11211, 1 !
v 1121
..... 127232
12718 1
INDEX, INCR 1, INCR 2, TENP 1, TERP 2,
1, % G, 1.5914008+02, J.2494624

B
531131E407

) . 29070TEHOZ,
1467TBEH

321467840
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SIEMENS

Summary

EVAL is providing SIEMENS with a flexible tool, allowing new lifing
methods or updates of existing methods to be implemented (the
experience is that it can done within weeks of work)

The flexibility and ease of maintenance is obtained by a modular structure
of the program, and the use of Python as programming language.

The methods implemented so far allows the stress engineers to evaluate
the bulk of all fatigue calculations at SIEMENS Industrial Turbomachinery,
which is analysis of the start-steady load-stop-cycle. All nodes in large FE-
models are analysed in one calculation, making it easy to find the critical
locations.

The program is run on the same computation server that is used for the
FE-calculations, and the post-processing of the results are done in the
same graphical software that is used by the FE-codes (Currently
ABAQUS/Viewer and HyperView).
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