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Using MORPACK reduced elastic bodies based on FE-models are
generated automatically, which are applicable for elastic multi-
body-simulation (EMBS) and various FE-programs.

The automated process contains the steps data import, model
preparation (definition of connections and additional master-
nodes), model order reduction (including back-transformation and
mode-truncation), quality assurance by correlation techniques, and
data export.

An associated objective is the consideration of boundary condi-
tions under inset-conditions by pre-simulation within the EMBS-
assembly.

The software MORPACK covers the whole generation process of
elastic bodies and was tested and proved for numerous models of
different size. For several settings an optimal pre-selection exists.
Right now, the final settings for the greatest possible automatiza-
tion are determined using different verification models. The soft-
ware is continuously extended and improved concerning user
friendliness and efficiency.
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The utilization of elastic bodies in elastic multi-body-simulation (EMBS) is state of the
art, when simulating dynamic processes close to reality in machinery and its drive
trains. The generation of elastic bodies based on FE-models makes up a crucial step,
which nevertheless is little standardized yet. The whole process chain including model
preparation, model reduction and export of the elastic body requires a lot of sub steps
in different software. Thus, the process is barely automated, little user-friendly and
very error-prone due to the variety of possible settings. The software MORPACK over-
comes these drawbacks. In the first place all sub steps and settings are systematized.
In the following, the settings are determined automatically depending on the model,
leading to the greatest possible automatization and standardization of the whole pro-
cess.

The tool MORPACK is developed at the chair of dynamics and mechanism design and
designed to reduce and validate FE-models by using alternative reduction techniques
and suitable correlation techniques. By using MORPACK, the whole process for gen-
erating elastic bodies is combined in one tool. The generation is done automatically
using a comfortable GUI and tailored to the special user requirements within the
EMBS-process. MORPACK acts as an interface between FE-program and MBS-
software (Figure 1).
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Figure 1: Workflow at the example of ANSYS and SIMPACK using conventional software (top)
and using MORPACK (bottom)

MORPACK is completely implemented in MATLAB and under research at the mo-
ment. The software is extended and improved continuously. Currently, MORPACK is
not commercially available. For research-related cooperation or student research pro-
jects a temporary test version can be provided. Our services also cover the reduction
and validation of your FE-models up to the generation of elastic bodies for SIMPACK.
The associates of the chair are at your disposal for questions, demonstrations and in-
quiries at any time.
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Overview

Model order reduction with conventional FE-software

- 2 available reduction methods: Guyan-reduction and Component-Mode-Synthesis
(CMS), e.g. in ANSYS

- no elaborate validation

- no user feedback

- no automatization

Advantages of MORPACK compared to conventional FE-software

- qualitatively better reduced and smaller models compared to standard techniques
by using sophisticated reduction methods

- reduction quality independent from choice of master-nodes

- efficient data handling

- large variety of methods and selections for advanced users

- standard selections for beginners, which were determined by numerous tests

- utilization of measured data for elastic bodies with application to EMBS

Module overview of MORPACK

Import-Module:

interfaces for different software packages available (ABAQUS, ANSYS, NASTRAN,
LsDyna, SALOME and SIMPACK) as well as import of measurement data from exper-
imental modal analyses (e.g. ME-Scope and UFF)

Connection-Module:
automated definition of interface connections (rigid/elastic)

Additional-Nodes-Module:

automated and optimal selection of additional master-nodes (for correlation and reduc-
tion purposes)

Reduction-Module:

numerous combined reduction methods for generation of minimal models (including
back-transformation as well as generation of additional modes)

Correlation-Module:
numerous correlation methods for validation of interface connections and reduction
quality (based upon modal data, frequency response function and system matrices)

Export-Module:
model export to SIMPACK, ANSYS, NASTRAN and LsDyna

EMBS-Module:
simplified and 3-dimensional EMBS-algorithm in MATLAB for validation of elastic bod-
ies and consideration of boundary conditions under inset-conditions (EMBS-assembly)
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Further features of MORPACK

modular concept for individual solutions

implemented in MATLAB with comfortable GUI and batch-modus
interactive help and user feedback including plausibility check

models with a degree of freedom larger 1 Mio. can be handled on conventional

desktop PCs

for larger models an out-of-core library can be used

T e T

model correlation + numerics |

MORPACK ‘

Figure 2: Workflow within MORPACK
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Figure 3: MORPACK start-GUI including modules

MORPACK - Model Order Reduction PACKage (Dipl.-Ing. Claudius Lein)

Page 5 of 18



- .M_m.m_ﬂ_gi =] 2
) B = B~
| Additional Master DOF (AMD) L
Diiving Point Residus Ny
AcSiowl rode/Dof-ssecton accoadr 0 8 i eeclson S T
Selection caleion rodes/DoFs, condibon e tark svalable, | ottt Bl - i
= Driving Pomnt Residue e () ezt
Use precondioned candidate set from file ShowSave plot of adalional nodesOoF.
none | (nte] saveas*fig  » ¥ show plot oniol
o o] 53 |
- Hew? |
Conssdesed numbor of modes Selec nodes of DOF C“"ﬂ
R Sl e D SN M A Considered umber of modes Range ~ R
}ncm?m::ddm:.:m‘::.ldw Number of modes — ["_'!___ﬂ
ﬁn“m Automatic (save) = Hew? |
: Keep inifial master DoF ¥ onvolt oy
Sze of canaktate st in percent = 100 ‘ |'] Vool [sew?)
Selection criterion for addibenal nodes/DoF Rank - b)
Manmal number of selection oritenon 30 @
Use mass weighting oot [hew2]
B Progress o8 ® ] Diagonalization of mass matrx Lumped mass (nen2)
‘u-nu-uuu DR (15%)
Loading Data (100%)
Detecticn of nigit body modes (0% )
| Back | [ swp | [ swaamo | Hext
[ seiection-Method: Shart Nams =l 8
& ASIDOF shost rame: contarg the nol livwed chaiacter ™
Los |
B Questicn L ]|
AddDol Ewor: number of modes
Thes rmssboer ol rouchins b Consades (50001 5 craes than B Pt of modes:
avaslabis (4] _
T et s rusmbes of avaslable rodes (94 wall be used nbesd
Conbius sl usba i riufsbes of modes?
[Lcance | [comme
B e [E————y
Selection of Addibonal Mazter Dol [Addol] sheated dus bo amar.
Thee numies of modes o consider [S00] ix grealer fran ihe rumber of modes
arvnkain [34]
Thes rssirmaam raambet of arvailable modes [34] will be used insasd.
TERMIMATED B USER,
Wre b
J Selection of Additional Master Dot [AddDof] successhuly finished.
Total e nended loi dsta handing and dof sslection: 153569
H
Figure 4: Comfortable GUI with interactive help and user feedback
MORPACK - Model Order Reduction PACKage (Dipl.-Ing. Claudius Lein) Page 6 of 18



Import-Module

The import-module imports FE-data from the software packages ABAQUS, ANSYS,
NASTRAN, LsDyna and SALOME (system matrices, node lists and node coordinates)
as well as reduced order FE-models. Optionally, results from numerical modal analyses
can be read in. Macros are used for the data export form the FE-programs. Further-
more, data from experimental modal analyses can be imported (e.g. ME-Scope and
UFF-files).

Features:

- interfaces for ABAQUS, ANSYS, NASTRAN, LsDyna, SALOME, ME-Scope
- automated data import via macros

- definition of different damping models or import of damping matrices

- calculation of modal analysis or import of modal data

- automated check of imported data concerning plausibility

- animation of a node-based mesh (independent from FE-mesh)
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Figure 6: Import of ME-Scope data of a truss

MORPACK - Model Order Reduction PACKage (Dipl.-Ing. Claudius Lein) Page 7 of 18



Connection-Module

Within the connection-module connections between FE-structure and master-nodes
are defined. This step is mandatory, since the EMBS requires interface nodes with 6
DoF per node. The connection definition is a crucial aspect and essentially influences
the dynamic behaviour of the model. The generation of connections in conventional
software is often confusing and therefore error-prone.

Features:

- automated generation of rigid or elastic connections

- node-search-algorithm for automated selection of nodes on the FE-structure ac-
cording to connection type (bearing, surface, circumference, etc.)

- optimization of connection definition

- automated correlation of the modified model compared against the original model

Figure 7: Connection definition at the example of a crank shaft and an axle
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Figure 8: Connection principle and GUI
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Additional-Nodes-Module

By using the additional-nodes-module, additional master-nodes are chosen for correla-
tion and some reduction methods. Therefore, 7 direct and 8 iterative techniques are
available, which are based upon energetic relations. An automated selection concern-
ing the linear independence of modes is considered.

Features:

- direct algorithms (e.g. MKE)

- iterative algorithms (e.g. Efl)

- the iterative algorithms are distinguished into expanding and reducing techniques
- automated and optimal selection according to different quality measures

- animation of selected nodes
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Figure 9: Selection of additional nodes with GUI at the example of a gear box housing
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Reduction-Module

The core of MORPACK is the reduction-module. A total of 12 basic methods including
conventional and modern methods are available. By an appropriate combination (multi-
step methods) 6 further methods are possible, leading to minimal models. For the cal-
culation, 8 solvers are available, whereby a suitable solver is proposed depending on
the reduction method used.

Features:

- conventional reduction methods (e.g. Guyan, CMS, IRS, SEREP)

- modern methods (e.g. Krylov-subspace method, second order balanced truncation)

- generation of minimal models by using multi-step methods and mode-truncation

- generation of reliable models by application of convergence criteria

- methods with semi-automated parameter choice (e.g. Krylov-subspace-method
with convergence criterion)

- large variety of methods and selections for advanced users as well as optimised
standard selections for beginners

- back-transformation into physical configuration space for a physical interpretation
of the reduced order model

- definition of additional modes (e.g. FRM)
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Figure 10: Model reduction methods with GUI
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Correlation-Module

An important step within the process is the quality assurance. Within the correlation-
module a comparison between original and reduced model, between two different
reduced order models and between two different original models is available. A verifi-
cation with imported measurement data is also possible. For the correlation, over 60
criteria are available. A crucial step is the model preparation, which includes a reliable
detection of rigid body modes and a dimension adaptation. By the correlation of mod-
els based on a smaller dimension, even large models can be compared efficiently and
reliably. Furthermore, by using a mode-pairing and linear combination, the modes of
different models are assigned correctly and reliably.

Features:

- methods based on normal frequencies (e.g. NRFD)

- methods based on normal modes (e.g. MAC and variants)

- methods based on frequency response functions (e.g. FDAC)

- methods based on system matrices (e.g. MMA)

- automated detection of rigid body modes

- automated dimension adaptation

- correlation based on an intermediate dimension for an efficient and fast evaluation
of very large models

- mode-pairing and linear combination for a correct assignment of modes and con-
sideration of a phase shift in case of axisymmetric structures

- statistic evaluation and automated determination of valid modes (valid frequency
range)

- animation of mode shapes
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HCO in %
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Ho. eigenvalue of Model #1 Ho. eigenvalue of Model #2 Ho. eigenvalue of Model #1

10 e 1

Ho. eigenvalue of Moded 4
W
#®
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W
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Ho. eigenvalue of Model #2 Ho. eigenvalue of Model #2

Figure 11: Impact of mode-pairing and linear combination
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Figure 12: Model correlation GUIs (NRFD and NCO)
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Export-Module

The final step is the export of the elastic body to SIMPACK, ANSYS, NASTRAN or
LsDyna. The export-module provides an automated selection of valid ansatz functions
(modes), a conversion of units and a selection of the damping model. A graphical rep-
resentation of the reduced order model can also be exported. Furthermore, a pre-
simulation under inset-conditions can be realized within the in-built EMBS-program in
MATLAB to determine relevant modes (see EMBS-module).

Features:

interfaces to SIMPACK, ANSYS, NASTRAN

optimal selection of ansatz functions (modes)

conversion of units

different damping models

graphical representation of the reduced order model

consideration of the inset-conditions and the boundary conditions as well as selec-
tion of relevant modes
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Figure 13: Export with GUI at the example of a gear box housing
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EMBS-Module

The generation of an elastic body based on a FE-model without boundary conditions is
not useful in most cases and leads to distorted results. Therefore, the consideration of
boundary conditions under inset-conditions by using a pre-simulation within the EMBS-
assembly is an essential step for the improvement of the quality of the reduced order
model. This is possible by using the EMBS-module, where the inset-conditions are pre-
simulated for a simplified topology.

Features:

- 3-dimensional EMBS-program in MATLAB

- simulation of one elastic body with connected rigid bodies
- arbitrary combination of joints and force elements

- standard simulation scenarios

- automated evaluation and adaption of the elastic body

- post processing and animation
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Result data marker anginte... =
Inital conditions position alo -
Initial conditions velocity allo -
Simulation scenario standard -
Start time for l0ad step input 1
Sealing factor for load step input 1 Helo?

Figure 14: ENMBS-program with animation and GU/ at the example of an axle mounting
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Reference models and benchmarks
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Figure 15: Gear box housing, DoF approx. 300,000
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Figure 16: Bogie frame, DoF approx. 100,000 and 1,000,000
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Figure 17: Vehicle frame, DoF approx. 1,200,000
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Figure 18: Crank shaft, DoF approx. 100,000 and 500,000
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Figure 19: Car body, DoF approx. 100,000 and 1,000,000
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Figure 20: E/astic body of a truss based on measured data gained from ME-Scope
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