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Abstract: This paper introduces a specific and customizedaggh on engineering for logistics. By de-
riving several new methods it is shown how theyoper on various engineering tasks and material han-
dling equipment. A special focus is on the reusb@®imethods and on their identifying process.hert
active 3D-model to depict and identify the impddhe methods concludes the paper. Containing gelar
collection of literature the reader is able to fuer develop the methods introduced here for hisqeal
use. The paper summarizes some essential partdHabgitation Thesis at Graz University of Technol-

ogy.
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1. INTRODUCTION 2. GAPS BETWEEN LOGISTICS ENGINEERING

Engineering is a broadly used terminus in different AND OTHER INDUSTRIES

activities of mechanical engineering. From one sidal 1
sector to another nearly anybody developed own anc? o
customized approaches and methods to fulfil enginge
tasks. Focussing on design engineering one mustdak
closer look to various disciplines to identify @ifénces
therein.

An industry of interest is the logistics one. Severc-
tual (Mega) trends force producers to deliver maue-
tomized products in less time than ever.With anuahn
volume-increase of more than 7% [12] logisticsrige @f
the fastest growing industries nowadays. Awarehat t
trend, manufacturers of material handling equipmenttre
have to cover this and provide more powerful magtyin
in fast cycles.

But engineering in logistics isn't that highly per-
formative and well developed as in other sectoes the
aerospace and automotive industry is used to handle
many challenges for years that are arising in taggs
engineering actually). Besides that material hangdli
objects (the machinery within logistics) are bryaetri-
ous, logistic machinery is nearly ever a customiiedle
installation for one special use-case. This wouiseathe
idea that highly performative software products an
methods are used to handle complexity within thistar.
The following work describes, that there is a lawk
gualitative engineering but a necessity therefdrke
paper summarizes essential parts of a Habilitafioesis
at Graz University of Technology [15].

Trendsetter industries and engineering — statof
the art

It is one main idea of the following work (and nigin
[15]), to take a look to automotive/aerospace, luhwal-
lenges are handled there, assuming that many egine
ing methods in the past arose from demands inithis
dustry. l.e. the development of CAD started witke th
development of the Mirage airplane in the late 1860
simulation was used in various vehicle areas towall
broader testing and save time in development.
Table 1 will later identify most useful methodsrfro
ndsetters for logistic (mechanical) engineershgw-
ing a gap with the industry.

2.2 Characteristics and assumptions for logistics
engineering
Sources are necessary to prove assumptions that lo
gistics engineering and its design work is différém
other industries. Therefore 16 years of personpksx
ence in logistics engineering with more than 4@edént
companies is provided in [15] joined by a literatue-
dview and experiences from large trade fairs. Coimbin
with a vital scientific exchange it merges to asptioms
for logistic engineering, depicted by their impota
(font size) in a tag-cloud (Fig. 1). It shows atuat stage
how mechanical design engineering work is done in
logistics, representing a synergy of the sources-me
tioned.
One of the main issues with automotive/aerospace
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same way as those developed in and automo-
tive/laerospace, must be done accordi to cope with
nowadays challenges (Chap. 1, 2).

Before deriving methods fdogistics engineering a
closer look has to be done on material handlingp-
ment — the logisti objects. Those objel can — accord-
ing to system-theory -be classified into four si-
dimensions [13] and more detailed in [:

1. Logistic systems;

2. Material handling machinery;

3. Machinery subsystems and assem|,

4. Components of machinery.

Therefore it beomes obvious, that completely dr-
ent methods and engineering approaches have tkbr
into account for these sizes. Where Logisystems are
mainly engineered by logistic planning (so callagolt-
ing) from material flow and storage demands, tther
objects are part of common mechanical engineerp-
proaches.

3. FINDING AND DEFINING METHODS FOR
LOGISTICS ENGINEERING

To not only perform a snapshot ugeful methods fo
today a procesbas been developed, how these meti
can be derived systematically in future with newsuaxp-
tions and new challenges. It has been introducet
used in[15] and is depicted as an overview with Fig
Obviously it's a scientific requirement to cleadhow
how results are created; the process therefore skiug
for methods for logistics engineering.

The process of identification delivers an apprc
with three action areas that are depicted in Figsidg
the underlying assumptions from Fig. 1. Ba on the
identified gap between automotive/aerospace anis-
tics engineering (Table 1) it results in curreritly meh-
ods [15]. Three of them are introduced in Chaj

With knowledgemanagement as an overall dn-
sion of application two more core ardrom design

aflapted:projects,
development-
within-projects

highly-integrated-

products knowledge-
management-only-within-
projects €ss-
calculation less-
litereture less-
research less-standards
No-CAE
no-specialized-
education

SME Twodimensional-CAD

Fig. 1. Assumptions for logisticémechanicalengineering.

engineering and calculation/simulation are addres
with the methods. As knowledge, its use-use and
storage is important in nowadays challenging de
work (Chap. 4.3) knowledgmanagement touches and
encapsulatesll engineering dimensions (Fig.
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Table 1
Gap between produt development and logistics erineering
— action areas

Assumptions Facts (i.e. trend- Approach:
for logistics setter like auto- colours of action area
engineering motive/ aerospace) see Fig. 3
Speqﬂc solu- Product program Pargllc_al approgchf
tions logistic planniny/
2D-CAD (in layoutin¢ and design,
layouting and | High-end 3D-CAD knowledge reus-
: simultareous engineer-
design eng.) ing
Long product Short product
lifecycles lifecycles Design methodolog

Variants from Configuration and and methodic CAl
adapted project§ modularization
Development in

projects General F&E Ass_essmermethod_s.
Product manag- e Design gutomgﬂzaﬂo
ers do design Sp_euallsts in for varlan_tslwnhou
work multiple domains specialists
. . CAE and virtual CAE for logistics.
Field testing development Securing CAl-quality
Less standards|  Approved standafds for non specialis
Empiric detail Systematic detail
knowledge knowledge Transfer of approve
Standards with methods (standard:
No CAE for CAE-knowledge, CAE-libraries and
standards broad range of workflows
validity
ﬁ?gglgg?f PDM, expert sys-
- tems
projects

Knowledge manee-
ment (different
classes), KBE and KE

Small engineer-| Connected special
ing development| ists in various
areas domains
Defined product
program

Specific offers

4. METHODS FOR LOGISTIC S ENGINEERING

4.1. Design methods requirements engineering for
logistics’
Within engineering design work each product is
of a product lifeeycle (i.e. according to [ and Fig. 4).
Within logistic engineering products are not oniggte
machineries but much more large systemscollections
of different machineries whicare assembled to syste
(i.e. distribution centressortation centres or producti
warehouses). Thereinoh all products are complete
new design and in logistics engineering there dren
long product lifedimes and only slightly adapted n-
struction with fixed function principlesAccording to
[1, 3] one can differ betweethree different kinds c
design —it will be used to assign appropriate method
different activitieswith logistic objects of different siz:
» new designcompletely new function principl;
» adapted designre-use of function principles wit
new geometry;
» variant designadaption in geomet;
» (repeated design).
Logistic design engineering is stronglynnected to
layouting activities which has to fulfil customédogjistic
boundaries about material flow rate and storageaiy.

2 Requirements engineering here means merging lodéstouting
with engineering design task definition in an estistage of logisti
system design. It's therefore different to the ieguents engineerin
in literature.

merging layouting itional information for auto-
and design mated layouting (KBL)

material

boundaries handling
from layout equipment
suitability

material

_ handlin
material flow - equipme?lt
calculation/ require- design
simulation ments 2D-/3D-
engineerin ;
gin
logistics
engineerin

9

U

outing and engineer-
1sign
s engineering

Fig. 4. Requirements engineering in logistics enginee—
types of boundarit.

This layouting process is not done by designi-
neers and is always the first sfiin designing new logis-
tic systems.

So one can easily identify, that there is much n-
tial for misunderstanding and much coordinatioricac
between logistic layoutingnd design engineerirwhich
is at least time consuming. Fig. 4 depicts types
boundaries that have to be considered in designing
logistic systems.

If a standardized product development proces
taken into account it can be viewed in parallehvgtan-
dardized layouting processes according to F Starting
requirements engineegnfor design work the earlie
way it will lead to a simultaneous engineering aeh
between layouting and design.

Many methods and procedural engineerinp-
proaches are necessary to handle this complex ga-
tion of engineering work. Besis the three other meth-
ods that are introduced in [15] Ii
« methoddogical engineering developme
e automated generation of function struct,

« methodological CAD,

mainly the knowledgéased engineering approz
(known as KBE) is useful faa simultaneous engineering
approach for logistic requirements enginee — merging
layouting and desigrit is part ofan extension of design
automation and introduced as KBx (for handling
knowledge within KBE see also Chap. -.

Design automation ivarious stages and rangete-
tails in [7]) can help to early build variants aybuting
without too much design knowledge necessary.
Knowledgebased layouting (KBL) allows an automa
arrangement of intelligent z-objects in a typical 2D-
layouting environment and provides the necessaryr-
mation for further detail design like geometric hda-
ries, bills of material. So with KBL in an earlyage one



66 C. Landschutzer and D. Jo/ Proceedings in Manufacturing Systems, Vol. 14,2s2086 / 63-70

can easily build variants that are much more ablgio-
vide crucial information for suitable offeto customers.
The saved time for development is much useful @r-
ther engineering design, and faster offers willdlda
more satisfied customérs

4.2. Simulation methods -ogistics engineering
simulation library

Those Ighly performative productdefined by lo-
gistic layouting and engineered by mechanical de
engineers do not onlpeed a kind olempiric perfor-
mance-proof by tests but the maraculation and siu-
lation. There are hundreds differen calculation and
simulation approaches in engineeridg.cording to[16]
one can differ calculatiomethods in three class
» A-methods(academic):program languages (mie-

matics) and adapted B-methods;

» B-methodgbridge): standzlone specialized softwa

(i.e. Multibody-Simulation, FEM);

» C-methodgcommon): CADembedded CAE or eé-
use empiric calculation schemes.

Between all those metHe it's the challeng, to
choose the appropriate one. Therefore one hasejo ik
mind all issues about installation/operation e, fi-
nances, skills for operatioppntinuou training and use.
So not every time the mopbwerful system is the rigl
one for a calculation taskl5] provides seection criteria
and processes to identify the right simula solution in
logistics engineering. It assigns kind$é design (Chap
4.1) to the stages in the product development pra
(Fig. 5) and suggests methods or typical logisticsi-
neering simulation tasks like: structural behavjody-
namics and visualizationVith the main simulation foct
assigned from: fatiggy NVH, (topological) optimizatior
functional optimization and safety iss the user can
choose frommany different literature sources ancn-
crete simulation products accordingly.

A standardized iterativerocess how simulationc-
tivities within A-, B- and sometime€-methods can be
performed is depicted in Fig. 6.

[ Simulation problem

Defining simulation task
(calculating, dimensioning, optimizing

Choosing method and software

|
} —
)
|

|

Fig. 5. Steps in simulation procedt.

|
[ Modelling
|

Simulation

PostProcessing, verification, validation,
interpretation

% Details on implementation effort of KBéolutions for different
logistic systems are also object of further consitiens and can t
found in [13].

Selected KBLsolutions are implemented yet for AS/RS anda-
tion loops and can be found in [5], [13] and wjitH].

Technical detailconcerning the KBL and KBE methodology
within the KBxMethod in [15]. Details concerning KBSD can
found at [5].

Table 2
Simulation library for logistics engineering [17
Level Modell -function principle Simulation domain
Interaction of loading device
c with var. conveyol MBD, flexMBD
2 Behaviou of parcel MBD, DEM(*) 22]
2 - FEM, MBD and
c ’
3 Wire ropes signalflow [18]
[S] i -
2 (Flat)Belt drives and cony MBD
© ors
< Chain drives signalflow and MBD
Tooth belt drive Signalflow
Carousel system dri signalflow [21]
Infeed of parcels on sort signalfiow and MBD
[2,4,5,19]
Discharge of parcels frol MBD [6, 20]
sorters
% Discharge of loading devic:
5 from conveyors (var. priti- MBD
7 ples)
.g AS/RS drive: tooth bedrive signalflow [20]
n compressors for tire rep MBD, flexMBD [9]
Tilting arm gripper (AS/RS Signalflow [23]
Sorter drives MBD
Sorter dynamic behavit
(wheel-rail) MBD
Crawler drives MBD, flexMBD
. . . signalflow and MBD
Chain hoist (with crane
System in hoist (wi [24]
Overhead transmissi signalflow and MBD

As introduced in Chap. 2 there are no simulatice-
cialists or fields of calculation experts in logist end-
neering.Therefore design engineers have to do allu-
lations and simulation activiticthere selves. Running the
risk, that not every design engineer is a simuta&gpert
one has to retse and provide secure knowle. Work
[15] and Chap 4.3 partlintroduce ways and methods
therefore. Table 2shows exising simulation libraries
and their sources for subhede-technique and easy and
secure reuse of validated soimdels

4.3. Knowledge methods

As introduced in Chap. knowledge, its use, re-use
and storage is important in nowadays challengirgigek
work and knowledgenanagement touches and enwu-
latesall engineering dimensions (Fig. 3). Here the s
question arises than with calculation/simulatioowhto
choose the appropriate method with appropriaterteiffic
implementation, use, administration arraining. Espe-
cially with KBE and KBL much knowledge is expligjt
stored in CAD or other software environme— hard to
manage and expand. All modern findings concer
knowledgemanagement in engineering (VDI 5610 [2
ague that if engineers see anen not very large) addi-
tional effort in managing &nowledge-management tool

4 MBD is multi-bodydynamics with simulation (MBS) in differe
simulation software.

It is different to the signalflovepproach where |ysical structures
and objects are idealized abstractly mainly byetaniving equation
(like MATLAB.Simulink, SimX With Modelica,...). Multple simua-
tion domains are united more powerful here thaMBS(i.e. couplinc
hydraulics, electrics with mechaniasd control,

FEA is the finite-elemenénalysis. Nowadays integrated in m
CAD-systems available in many different physical dom

DEM is for Discrete Element Metht which represents parts as
small spheres, useful in simulating bulky go
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and not being aware of its benefit, trwill not support  methods being simply enough to perform well andtac
but even block its use! So the challenge lies ovigling over-stress users.

Product life-cycle:

. Use/
Production/ Marketing/ . .
“ Assembly/Test > Consulting/Sales > (idogisnx:gqngt:]ocgf Recycling >

—
=
“

"

Sy
L —
I = =
. L
time

e e s

==
h~

4-step-layouting-process [9]:

rough planning detail
preparation structures lannin realization
:;ste P 9

7-step-layouting-process [28]:

task dnalymllon draft of dimensioning, .
defi- material process draf(tmc;fcﬁ:qntgpm} en& assesment of detail planning zr:té\!gn
ntion flow variants variants

4-step-layouting-process [26], [27]:

> rough planning >> ideal planning >> r?ﬂ;%ﬁ;:{gg)g > detail planning
machines

Genemign after [17:
P

task - drafting
: conception ; : i
defi- ) A . -possibly not with adapted overall design
nition / only with new design design

determine search for . prepare
clarify and define functions and solution \ ?_'V'?ie |E|tu \ | f}i‘éecl)?i \ complete operation and
task theur principles - r‘en%clzgl ese ay ey overall layout production
structure combinations instructions

area of new design

KBL

Automated layouting  of
logistic systems with 3D-
geometry,  with  KBL
supporting 4-step-layouting
[11].

Only variant design — no
new function principles!

-------- actual
simultaneous engineering for new design
--- slashed:  possibilities with KBL

Fig. 5. Layouting and design proces- simultaneous engineering.
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knowledge-management methods (for personal and team
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Work [15] therefore introduces several easy-to-uses

use) where a selection therefrom is presented (perdy .
from [25]):

Design catalogues: are well-established engineering
tool providing static knowledge storage (i.e. if)[3
Calculation tools: are broadly used and mostly em-
pirically derived sometimes as standards. Integrate *
in software they are containing implicit knowledge.
xKBE-app and method: provides a software-app and’
workaround to handle, derive and store knowledge
from KBE and KBL solutions (see [7 and13])

Taxonomies: are also graphically oriented but iera
chically organized knowledge-displays.

Wiki-systems: are commonly known and allow col-
laboration in storing and developing knowledge.
Matrix methods like DSM, DMM: try to visualize
and derive dependencies in complex product struc-
tures.

Euler diagrams: try to solve a problem with hieharc
cal knowledge representation (Taxonomies).
Complexity software (like LOOMEO®): assists in
complex product structures to derive dependencies
and configurations.

Main functions and parts of the knowledge base$ ind

Semantic networks and Ontologies: closing a gapcated above are depicted in Fig. 7. Fig. 8 helpgentify

between natural, formal language [15].

suitable knowledge-methods in design engineerisgsta

Mindmaps: support human thinking processes byby assigning methods to knowledge activities antega

graphically providing knowledge.

goals displayed over the product development psoces

fullfilling
create store distribution of | application of
knowledge knowledge knowledge knowledg
design cat. 'Design catalogues + . .
calc. tool | Calculation tools . o +
XKBE- xKBE-app and method + + . .
SemN. | Semantic net . + . +
Ont. Ontologies + + + +
MiMa. | Mindmaps . . . .
Tax. Taxonomies . o
Wik Wiki-systems . + + +
Matr Matrix methods like DSM, DMM,... + . . +
Euler Euler diagrams . . o .
Loo. Complexity software (LOOMEO®) + + + +
+ good
. appropriate
not useful
part of knowledge base
terms attributes magnitude relation
design cat. 'Design catalogues + . +
calc. tool | Calculation tools . +
XKBE- xKBE-app and method + + + +
SemN.  Semantic net + . . +
Ont. Ontologies + . . +
MiMa. | Mindmaps + .
Tax. Taxonomies + .
Wik Wiki-systems + + + .
Matr Matrix methods like DSM, DMM,... + . +
Euler Euler diagrams + + .
Loo. Complexity software (LOOMEO®) + . +
+ full
o partly

not covered

Fig. 7. Functions of knowledge instruments for logistiogieeering.
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phase task definition conception drafting overall design
2. determine | 3. search for| 4. search for 7. prepare
) functi uti uti 5. develop 6 et operation
approac to design stages 1. clarify and define task unctions soltion soltion layout of key| complete and
with VDI 2221 [1] and theur = principles - | principles - modules overall layout roduction
structure | combinations| combinations P N
instructions
results specificatoins function pr|n§|ple moule preleminary definite product
structures solutions structures layouts layouts documents

new design
; i adapted design
kind of design
variant design

repeated design

challenge

SemN., MiMa., Tax., Matr.,
Euler

SemN., MiMa, Tax., Wik.,
SetVis.

create knowledge

store knowledge
core activities

with knowledge distribution of knowledge

Sem., MiMa, Wik.

application of knowledge SemN., MiMa, Wik.

methodological use of knowledge

design cat., calc. tool, SemN., | xKBE-app, SemN., Ont., Wik.,

design cat., , MiMa., Wik.

MiMa., Wik. Matr., Loo.

. calc. tool, SemN., Ont., Matr., | calc. tool, xKBE-app, SemN.,
design cat., SemN., Tax. Loo. Ont., Wik., Matr., Loo.

. " calc. tool, SemN., Ont., Matr.,| calc. tool, xKBE-app, SemN.,
design cat., Tax., Wik. Loo. Ont., Wik., Matr., Loo.

calc. tool, xKBE-app, SemN.,

. " calc. tool, SemN., Ont., Matr.,
design cat., SemN., Wik. Loo. Ont., Wik., Matr., Loo.

for multi-activities SemN.
knowledge management for:

powering effilency

manage complex product structures

work with collaboration and distributed teams

documentation

design cat. Ont. XxKBE-app, Ont.

Fig. 8. AssigningKnowledge instruments to development st in logistics engineering tas.

5. IMPACT ON MATERIAL HANDLING
EQUIPMENT DESIGN — THE PHYSICAL

INTERNET M-BOX

The Physical Internet tries to arrange and mal
physical objects like digital data in the intern€hele-
fore special machinery and equipment is neces$s-
pecially the interconnection of singload units to unit
loads is a crucial KPI, wherein the MODULUSH-
project developed the Mox at Graz University ¢
Technology [10]. This first MBox prototype is able t
encapsulate goods (mainly FMCY retail) like digital
information within e-mails incapsulated. All physic
goods flow is attended to become -organised with
large IT- and logisticsystems empowering

The M-Box is a high sophisticated piece of mod
engineering (Fig. 9). Itengineering developrnt used
different methods witldifferent intensior
Simultaneous engineering (Chap. 4.1) and meo-
logical design engineering.

FEA for virtual box strength tests (Chap. 4.2, pss
according to Fig. 6).

KBE and Knowledge management for modulie-
sign variants; more than parametric C (Chap. 4.3:
designcatalogues, calculation tools,indmaps).

IDENTIFYING SUITABLE METHODS

Nowadays broadness of available knowledge in e
scientific discipline challenges researchers asl \ae
developing engineers to choose the appropriate I-
edge. Within [15] an interactive model to choositasile
methods has been developed showing in t

® Fast Mwing Customer Goods: ,are products that are soicktyu
and at relatively low cost. Examples include sthmable goods such as
soft drinks, toiletries, over-thesunter drugs, processed foods
many other consumables. In contrast, durable good®iajo appli-
ances such as kitchen appliances are generallgoegbver a period
several years.” (Wikipedia 2016-04-11)

Detail B

lock

P lever/gear

B
gear/pulley

steel cable

Detail C mounting (cable/sheet)

c

puliey

sheet for interlocking

b

Fig. 9.M-Box: a— M-Box interlocking mechanis;
b — 3D print prototyp..

dimensionghe overall usefulness of selected methoc
different stages in engineering development. Tineen-

sions are: horizontally fproduct development proce:
vertically (Fig. 5) —object size (Chap. 2.2), def— main

effect: varying or specializing. Ther: (Fig. 10) coloured
arrows depict acceleration in engineering proce
graphically. Intelligent filters and &-viewing operations
allow searching for suitable methods in differetatges
at different logistic objects (use [11] and the-Code in
Fig. 10 Dr testing). This approach is now filled with t
ten methods, identified effective for logistics amagring
(Chap. 3 and Fig. 2) that are fully described i&][and
partly here (Chap. 4).
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General g ) the Physical Internet: requirements and engineagrin

definition SlmultaneouSGngineerin design related to FMCG logisticslogistics research,
for logistics Springer, 2015, DOI 10.1007/s12159-015-0126-3.

s [11] Methodeneinordnungsmodelbn Christian Landschitzer

(Methods arrangement model of Christian Landsch}itzer

Task

Productiq
definition "

A System size (Chap. 2.3)

------------ ] [accesed 1.0Oktober.2015]: http://ortner-
pi chl er. at/ Met hodennodel | .
[12] Umsatz der deutschen Fordertechnik- und

Intralogistikbranche im Jahr 2014 ohne Flurférderzeuge
(Sales of the German conveyor technology and
intralogistics industry in 2014- without Handling).

Statista, [accesed 28. April 2014]:
” Bt . http://de.statista. com
pmmiﬁ;‘;'”‘e 2 - [13] C. Landschiitzer, D. Jodid/issensgestiitzte Methoden und

Werkzeuge zur Gerateentwicklung und -konstruktion in
der Technischen LogistiKnowledge-based methods and
tools for device development and design in the Memeth

Fig. 10.Interactive 3D-model to depict and iden- ElZ#IE Logistics), Jahrbuch Logistik 2014, pp-4(.
tify engineering methods — simultaneous (logis- g ] [14] For further information see:
tics) engineering [11]. [= htt ps://wamv. dr opbox. cont s/ 2yi hgsl vp62sli w HR

L_erstellen_mt_ut_enEN__iPad. np4?dl =0
It is up to further research to identify more sbiga  [15] C. Landschiitzer,Methoden und Beispiele fir das
methods for depiction in the developed model to em-  Engineering in der Technischen Logis{iethods and
power engineering development of material handling  €xa@mples of engineering in the Technical Logisfics)

. - Habilitationsschrift, TU Graz, 2016.
equipment and logistic products. [16] VDI 2211 Blatt 13, Datenverarbeitung in der

Konstruktion Beuth, 1980.

7. SUMMARY AND OUTLOOK [17] C. Landschiitzemviethods for Efficient Use of Simulation
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