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Abstract: Decisive criteria for the efficient use of CAE ailable and well proven but are focusing on
engineering in general. These decisive criteria herdly being transferred to Intralogistics. A CAE
application method out of a pool of engineeringlsoaf the Institute of Logistics Engineering TU &ra
(ITL) tries to close this gap. In the applicatideld logistics engineering the method assigns satiah
tools by usage criteria to engineering phase methadd their design principles. This method can
contribute to spread CAE and to lower applicatioffioe. The authors depict this method, give an
exemplarily use and illustrate the benefit by tviffedent simulation models (use cases) in two wfie

application fields of logistics engineering.
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1. INTRODUCTION

The use of simulation models for structural and

motion behaviour (CAE) for virtual product develogpmh
is well known and accepted in different industrigggh
investment costs, high skills of users,
identification of application fields and a large @mt of
powerful simulation tools provoke obstacles forngsi
CAE. Decisive criteria for the efficient use of CAfte

available and well proven but are focusing on

engineering in general. These decisive criteriaharelly
being transferred to Intralogistics. VDI 2209 [hfdrms
only about the simulation method in a general wag a
not about the simulation tools. Standards and gjnieke
in logistics dealing with simulation are connected
material flow simulation (throughput) [36] and amet
connected to engineering tasks and CAE thereinA& C
application method out of a pool of engineeringlsonf
the Institute for Logistics Engineering TU Graz ()T
tries to close this gap (Fig. 2 and 3). With regénd
application in logistics engineering the methodigrss
simulation tools and provides usage criteria asgigto

difficult

steps the level of knowledge rises and so do input
variables and boundary conditions of the CAE toAis.
depicted in Tab.1 a variety of simulation methods a
tools are available to power the engineering pracBst
broadly varying input factors and boundaries lead t
different results and contributions so the toolgehto be
used target oriented to gain efficiency in engimegr

The aim of the introduced method is to gain a lg&a

between general CAE engineering expertise and alpeci
material flow engineering design issues concerrihey
following aspects:

Usage criteria and requirements for CAE.

Selection criteria to find the most practicable
simulation method.

The capability of the tools in design support for
components and machinery.

To clarify and assign calculation and simulation
methods to design phases.

Overview about commercial available simulation
tools.

To structure the mechanical design process VDI 2221

process. Additionally VDI 2211 [9] allows to struce
CAE and simulation methods of structural and dymami
behaviour of technical bodies by effort and caltafa
power into three different classes. There are:

During the design processes in logistics engingerin L A-methodg: are highly spec.ialized in ad\{anced
different tasks request various demands on CAE programming languages and highly mathematical.
methods. Simultaneously with the progressive pmces2. B-methods: are mostly commercially available
software tools as stand-alone solutions (see fist o
methods in Fig. 3).

C-methods: are "quick-and-dirty" simulation
approaches [37] in CAD-integrated environment or
even less powerful analytical methods, derived from

application effort especially in logistics enginegr

2. SIMULATION — METHODS AND DECISION
PROCESSES
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empiric knowledge (mostly field tests, sometimes e

CAE-testing).

It is now essential one time, to choose the apjpatgr
method from A-, B- and C-methods to describe plafsic
behaviour appropriate. But it is also essentiah$¢sign
possible use of CAE to design phases and to igeitsif
main purpose/benefit. Within ongoing research and a
Habilitation thesis [8] methods were developed to
properly choose CAD-methods for engineering tasks i
logistics engineerily. Within one thematic field of
"engineering for logistics" — methods for simulatiand
calculation — method Bl (MeB1) supports mostly
unexperienced users in the decision process for @it
the selection of the appropriate method. Main gadls
MeB1 are:

» Dissemination of best-practice and use of various
CAE techniques.

1 Some more methods and the identifying process q@frompiate
methods were also introduced in ICMaS’16 [35].

task conception
definition / -- only with new design

Bring insights in:

- Scopes of use and boundaries of CAE.

- How various commercial CAE-tools fit common
logistics engineering tasks.

Introduce the most powerful and adequate toolss Thi

is done by a process depicted in Fig. 2 and by a

check-table (Fig. 3) which contains:

- View in parallel of recommended use of CAE
during design phases from various standards and
guidelines.

- Assignment of CAE-use to four phase design
process in detail (comparedRia. 1Fig. 1).

- Assignment of commercial CAE-tools to design
phases and principles of CAE (FEM, MBD,
DEM).

- Assignment of successful CAE-implementation
and use in practice and assignment to common
engineering tasks in logistics engineering.

drafting
-- possibly not with overall design
adapted design

CAE sope of use ) CAE precalc.

CAE calculation

Fig. 1. CAE tasks in four phases of engineering designofaicg to VDI 2221 [2]).

Table 1

CAE-tools and their successful application in and fologistics engineering — parallel view

Classification according to
simulation method

Classification according to VDI 2211 [9]

—_

CAD- Many tools are very similar. Within the branch off| C- « M: derivation of C-methods to model dynamics of
gqutlegt?:r? CAD-embedded simulation tools exist for exampleMethod: chain hoists [22], [23] from B-methods
tools: * CS: Pro/ENGINEER, Creo Simulate B- « Library of models ,Technical Logistics[24]
(Mechanica, Mechanismus, Simulate)[1{ll Method: | « M: master the behaviour of parcel flow and parce
* SolidWorks (COSMOSWOI’kS) [11] dynamics in bulk [6]
* NX (once UG: Nastran) [12] « M: master the resonance phenomenon on chain
e CATIA (SIMULIA) [13] hoists [25]
* SimDesigner (Structure, Motion) operati « M: master the drive system dynamics of horizont3l
of SimXpert-Templates[14] carousel storage systems [26]
FEM: « AW: Ansys and Ansys Workbench + E: master the polygon effect on chain sprockets [p7]
Platform [14] « E: master the dynamics of electrical isolator siing
VBS: signalfiow-based: |r21;verhead mounted power lines (wire-ropes) [24
e SX: SimulationX [16] [29]
« MS: MATLAB/Simulink [17]
geometry-orientated:
« AD: MSC ADAMS [18]
* RD: RecurDyn [19]
DEM: « ED: EDEM [20] A- « M: master the feeding process of parcels on sortihg
o LI: LIGGGHTS [21] Method: systems [30]

Depending on engineering object sjge
(material flow machinery)- indicator
M...machinery lev
E....component lev

* M: master the behaviour of parcel flow [31], [32]

« M: master the dynamics of storage and automatef
storage/retrieval systems[33]

« M: dynamical effects to users on forklifts [34]
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”~ . v N
7| coeaton ‘ iy The CAE selection process of MeB1l starts by
f [VDI 2211] ~ N . . . .
\, / ‘ X specifying the calculation/simulation problem clgar
\ E ‘ defining cale, [proofing \ (Fig. 2). Following there is a clarification of calation
« dimensionin: . . . . R .
I’ j jpootimia use for proofing, dimensioning or optimizing with
\ E i’ S u;; calculation an engineering task. Here a first tiera
lculati « met . . H
\ > eten |15 < starts. By choosing the appropriate method Fig. 3
“ :T e comes into account as well as in the step befarae-
uil ”-!g o details i ) ) ) )
caloulnbion m more iteration cycle starts. By building the righodel
N - (powering knowledge in [8]) the calculation is ety
perfdting done followed by essential steps of validation and
\ ; \ verification which can start several further itévas.
- 7 ; Cnerreton | Tab.1 accordingly explains best fitted (from
\ Following Fig.3 to choose calculation ‘ of rdfgls:ii :nd + validath ] ) ] ] )
| R . - experiences to be fully listed in [8]) CAE simutaii
-~
- o B : : ; ;
. T = . : tools. Further, it describes fields of applicatiand
Fig. 2. MeB1 selection process for adequate simulation o ) PP a
methods. examples in concrete with successful use.
Application 1 Application 2
phase task definition conception drafting overall design
z 3. search for | 4. search for 7. prepare
zﬂz:;:cwhlm stages 1ac\arify and fzu ni?t:;;n;:a solution solution Ia?bﬂf\;efkl’(zy 6. complete  operation and
efine task e e principles - principles. - o overall layout  production
VDI 2221 [1] combinations | combinations instructions
results specificatoins Eﬁz& fringiple it preiTingy definite layouts d;{mduct

new design
kind of  adapted design
design variant design

design

ical use of k

CAE application after:

[VDI 2221]: as analysis and target + + # + (after MEK2)
[VDI 2221]: as integr. method f.

optimization 2 9 a

[VDI 2223]: computer-aided work Cr?a;e prin:ipls Analyze principles solutions

equipment for the design Soc;cﬁﬁjfne:f (recalculate)

Designing: Rule
of the thumb,
simple calcul.

[VDI 2211]: Calculation and CAE Optimization _
Recalculation,
after change in
construction a.
empirical formula

Application of the CAE for: Companents, Assemblies, Machines, Systems Notation
. ki 1 mechani C, A CA C A -.Components,
Calculation S "“‘t"'_’a ecanes 2 4 A...Assemblies,
Dynamics A AM AM M...Machines, S. Systems
Visualization (Dynamics) AM Demo3D for A.
e D
ampie Prod
—— advanced programming
A- Academic " i language, MS, programs avoid in design process - develop B-Methods from it , assessment separately: Support through MeB3!
nonlinear, . advanced B-Systems not part D.f the stand.ard
oy ‘ I 5 I = I . engineering education
ridge  stand-alone  \h pny oy aw, CS, LI, ED - -
builder Tool Designer delegated, wide knowledge necessary, assessment separately.
CAD- | o + o
o 5 A: best quality and
embedded 0. CS, empirical-analytical : 2 -
C-Common 5 S0 Ik Designer does it alone - preferable! Empricial formula (Design pattern of the conveyor technology), assessment included: Support |maximum time required, C:
empricial  calculation standards MeB2! < apposed to A.
formula
ethods by p ple und prod
AD: MSC ADAMS,
FEM cs Cs, AW AW RD:RecurDyn, SX: SimX, MS:
MBS AD, RD AD, RD AD, RD, SX, MS cs MATLAB/Simulink, AW: Ansys
Waorkbench,
MBS-AS SKMS SHMS SX, MS C5:Creo Simulate, L
DEM LI, ED LI ED L, ED LIGGGHTS, ED:EDEM.
CAE-Methods by issue:
Master the nonlinear materials (FEM) FEM FEM
. . . MBS f. FEM: Allocation
High cycle fatigue calculation MBS f. Cons.f. dynamic loads.and loading
Avoid oscillations MBS MBS (FEM) conditions for Load
3 s = combinations in FEM-
Lightweight design (FEM) FEM et
Optimize function MBS MBS MBS, FEM, DEM
Increase safety MBS f. FEM
Master the sound propagation MBS f. FEM

Fig. 3. CAE Application Method for Material Flow Systemsdimeering "MeB1" — applications Chap. 3.1, 3.2 highted.
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3. TWO APPLICATIONS OF SIMULATION IN
LOGISTICS ENGINEERING

In the following chapter, the authors are going to

present two application scenarios of proper
methods and their benefit.

3.1. Application 1: Validation of singulation

principles for parcels in bulk
The increasing amount of parcels in the CEP'm""rketare suitable. As research results of the ITL itatgtd [4],

(courier, express and parcel services) causes lzerhig
need for efficient processes in distribution centf@C).

According to [7], function areas within a DC are
identification,

structured

in feeding,
sortation and discharging areas. To increase tlegativ
efficiency of the distribution a consistent autoimatof

preparation,

process to the engineering phase "conception" rdlero

to compose the singulation modules to a tailoresiesy

by considering a specific singulation applicatiolm the

light of the large amount of singulation principbasd the

C'A‘Efact that test plants are expensive, simulation etodre
a practicable way to compare different solutiomgiples
and combinations. To simulate the interaction and
contact behaviour of independent bodies, multibody
(MBD) and discrete element method simulations (DEM)

DEM is the most efficient method to simulate the
behaviour of a large amount of parcels in bulk.

The calculation task now is to model the behaviafur
parcels in bulk by various singulation principles t
evaluate the singulation effects. After defininge th
calculation task, the CAE application method (Fig.3

the linked processes is a feasible solution approac |o44s to the tools "LIGGGHTS" and "EDEM" by taking

While most core processes in a DC like identifimati

design step and calculation task into account. d&yng

conveying and sorting can be fulfilled in a highly 5cquisition costs into consideration the DEM sirtiaka
automated and efficient way, loading and unloadingodels are put into practice with the open souom t
processes are mostly done by manual operation| |GGGHTS".

Especially the feeding process, that can be divigeih
unloading, singulation and transfer, at the begignof
the distribution processes is mainly important afidn a

bottleneck.

The solution approaches to automate the feeding

To evaluate effectiveness of the singulation pples
"sequential acceleration", "inclined belt conveyarid a
combination of them, the simulation scenario deguidh
Fig. 5 is developed.
In this scenario,

the horizontal belt conveyor

process show two tendencies in parcel handling: Viaransports 50 parcels out of a containar< 0.01 m/s)

robotics and via treatment as a bulk material Y8ithin
the research fields of the ITL in Graz, the desmipof

and hands them over to an inclined belt conveyat th
_operates with higher conveying speeg).(Through the

parcel and unit load behaviour as a bulk matesal i gifferent acceleration of the belt conveyors, a ZD/
investigated [46].

By taking in account that parcels get unloaded viaend of the inclined belt conveyor, a virtual cohticea is

automated process, the unloading and singulatiooess
appear separately and so they have to be investight

singulation of the parcels in bulk is put into etfeAt the

defined to measure the singulation effect by cawnthe
parcels that are still above each other (3D). To

the following weconcentrate on the illustration of the investigate influence parameters on the singulation
singulation process.

Starting with parcels in a 3D bulk, the singulat@an
be structured in 3D/2D and 2D/1D sub steps. Fon @fc

process, the conveying speead),inclination angle and
friction coefficient (parcel/belt contact) of thaclined
belt conveyor are varied. The variation of theseedh

these steps a few active principles are known agparameters in steps of three different levels garer27
promising (Fig. 4).
Within the engineering process of singulation, the[5].

evaluation of usage criteria and effectiveness haf t
singulation principles is an essential task. Thetesypatic
development approach of VDI 2221 [2] classifigis

inclined
belt conveyor
{accelerated)

{gravily, incrtia)

operating o, dominant singulation
PO schematic diagram s . A :
principle physical principle | dimension
sequential R j\g L i
acceleration piC abih
friction
EOOAT AN force
e = ‘.g%\)ﬂ JW"&‘”* 2D/1D
conical rollers I‘”mw I‘.\ A .‘
surface
. > i force
stationary — o
diverter [} 4 <DiR
\ normal
R g force
flexible barrier 3D2D
vertically shifted
(belt-)conveyor
volume force DAD

Fig. 4. Active principles of parcel singulation [4]

different parameter combinations to be virtuallgtés
As a main benefit of the simulation and virtual

testing, the prove of effectiveness of singulation
principles and the efficient evaluation of theirgraeters

container

control area
parcels Vg

horizontal belt conveyor

inclined belt convevar

Fig. 5. Simulation scenario in "LIGGGHTS" to evaluate
different singulation principles [5]
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can be outlined. This led to a faster developmédna o
prototype for automated parcel-unloading [5].

3.2. Application2: Design of belt conveyors by
considering dynamical load states
Automated Material Flow Systems (MFS) are

powerful components of most intralogistics systems.

69

Newton’s equation for rotational motion and
Eytelwein’s law to describe the motion behaviourthod
drive system lead to Eq.5:

®)

In Eq. 5 represents the friction coefficient of the

Jarive " ® = —Tarive + 7 sz ' (eHB -1).

Within the group of steady conveying systems, beltcontact belt/drive drum3 the wrap angle andly. the

conveyors are widely spread and operate in diffdoead
spectrums and conditions. For the design and atioma

drive torque.
Finally, Eq. 6 sums up the equation of translationa

process of belt conveyors, the dynamic behaviour ofmotion of the slack side:
components, assemblies and systems has to be known

well. According to the systematic design approadhl V
2221 [3] this process step is allocated to enginger
phase 3 "drafting". To calculate the mechanical
behaviour of the belt conveyor by operating in dyital
load states the dynamical reduced model (Fig. 6)tha
corresponding equation system (in extracts Eq. lafp

to be solved.

Mpeltgqck  Xslack = _E‘;slack - FDslack + Ssiack_x- (6)

By taking different drive system specifications
(synchronous/asynchronous) and operation modes
(regulated/unregulated power up) in consideratithat(
leads to non-linear characteristics Gfie in EQ. 5, the
exact solution of the equation system at dynammad

Therefore, Newton’s equations for translational andgiates is complex and mainly inflexible for further

rotational motion are used.

additions. To model the dynamical behaviour of

The equation system according to the free bodyyechanical systems the use of multibody simulation

diagram of beland the spring/damping element indexed
0 leads to Eq. 1:

(1)

The formulas for the subsystems take into
consideration the reduced masses of gl .qand load
unit My req, the spring and damping forcésandFp, the
belt forces S, and the friction forcesFrr (contact
belt/support).

The initial belt force Sy directly depends on the
pretension forc&pr(EQ.2)

Mpeltreqo " X0 = Fsy T Fpy — Sox — Frry-

_ Fpr
SOx -_ 2 .

()

(MBS) is expedient. MBS methods can be dividedrup i
two groups according to the model structure: gegmet
based orientation and signal flow orientation. Getryn
orientated models take the shape of bodies in atcm
that boundary conditions can be affixed on the citge
surface. The bodies interact with others via cdntac
models. These object based MBS model are welltdaita
to model contact behaviour and to optimize detaithin

a mechanical system. Signal flow oriented models
replace the geometry-based bodies with their mechkn
and material properties like mass, inertia, stégand
damping and link the bodies with coordination fimws

or reduced models like spring/damper to simulatgrth
transmission behaviour. So this simulation methsed i

Equation 3 sums up the subsystem consisting of unitainly more practicable to model the behaviourangiér
load n- 1 and the according spring/damper elements nsystems and their interaction.

andn- 1.

(Myyp_y + Moeitypgny) * ¥n-1=Fs, + Fp, = Fs,_, —

®3)

After inserting the coefficient of dampind and
spring stiffnesg, Eq.3 forms to Eq.4.

Fp,y = Frryy,

(mLUn_l + mbeltredn_i) “Xpo1 = Cpt (Xy — Xpog) +
dy - (xn - J‘Cn—l) - (mLUn_l + mbeltredn_i) Y
Cp-1" (xn—l - xn—z) —dp_1- (xn—l - xn—z)-

(4)

X,
S LLL TV o § T

Ted

Fo,
. |
Vi |

According to the CAE application method (Fig. 3) a
few suitable MBS tools to optimize functions in
construction phase "drafting” are outlined. By takin
consideration that the dynamic behaviour of the lesho
system "belt conveyor" has to be modelled, sighak f
orientated models are identified as more practeaBy
following the CAE application method MeB1, the
multibody simulation tool "Simulation X" is seledt¢o
solve the equation system and to model the bekeyor
(Fig. 7) by operating with an asynchronous drivstasgm
in unregulated power up mode.

| X >

Fs,.4 My, Misett gy, Fs,
) <+
F;Hmn-
Fo, .,
Fsuac
Tasu HH cea

Fn

“slack

Fig. 6. Dynamic reduced model of a belt conveyor.
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ASM . " :
rotTransTrafod SlackSide rotTransTrafo2

J_Gear gaar - Pretension_SlacksSide MassBelt 55 _red
. 9 7S
@ ~ \_/

o Mass_Belt_ Var

4 i
4" Fricition

Mass_LoadUnit Var

o -

curve2 ’

indriia_UR2
[

MassBeltTS_Red MassLoadUnit Red rotTransTrafps

Fig. 7.1TI Simulation X model to calculate the dynamibahaviour of the belt conveyor.

TightSide

rotTransTrafo3

As an outcome of the simulation model, the follogvin 4. RESULTS AND CONLUSION
results can be outlined:
» dynamical behaviour during transient states;
» the mechanical load of the drive system by opegatin
in different dynamical load states;

One result presented is the method MeB1 to identify
the proper simulation method corresponding to the
engineering phase in context of the requirements in
- . o . . logistics engineering. It is stated that their fetuse will
« efficient d|men5|_on|ng of the r_equwed p_retgnsmn help the logistics industry to streamline simulatiose

force and_ dynamic belt forces during opera'_uon, and remove fear of contact. As further results tilie
* acceleration of the transported goods in stop-go;pyjications depicted and their simulation modeitine

operation. successful use of simulation and benefits withghtsi

Hence not only drives but the more components Ofi, getailed modelling supported by the large nemnf
the systems like the belt itself can be dimensionedqtarences provided.

properly by identifying load spectrums from simidat
per cy_cle_ and in _ger_1era|. This Ieads__to betterp EFERENCES
dimensioning by considering operational stability.
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