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Abstract: Expanding markets and flexible commercial strucujecommerce) generate various logistic
demands and force manufacturers to offer diverstenah handling equipment. To fulfill this demands
specially the design process must be straight fateg to minimize developing time, as most of thelevh
costs to produce a new product are settled her¢orAated storage/retrieval systems (AS/RS) are back-
bones of many distribution centers and widespréedthey have lots of common attributes and nearly
equal characteristics, they are predestinated foowledge based techniques. The paper now describes
knowledge based engineering in general and itstamidil value and focuses on a practical designrof a
AS/RS. The main describing equations are deriveldiaa realization in ProEngineer is presented.
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1. INTRODUCTION, MOTIVATION, THE FIELD ciples here leads towards Knowledge Based Planning
OF MATERIAL HANDLING DESIGN (KBP).

N q il ism d d q Within this article the specific realization of a8BE
owadays soclal consumerism demands new an ljpélpproach for developing AS/RS is shown as well as
dated products, shorter product life cycles andeiasing

) Producti heref h common use cases and methods are described. KBE
variety. Production systems therefore have to kg0 opens wide ranging advantages for Material Handling
ized, following those trends, and must handle fesqu

product changes, multiple variations and must hier Design which is described here, with details ofdheign

F ing Material Flow S : process and its influencing factors.
cost pressure. For supporting Material Flow Syst Further research topics are settled at the Institdit
means high flexibility, adaptability and high eféacy.

i . Logistics Engineering, dealing with KBE and design
Hgnce the design process of such sygtgms and asic process optimization for different Material Handjin
chinery has to be innovative, cost efficient anst,fan-

) ; . Equipment such as Autonomous Guided Vehicles
volving new technologies to develop new solutions.

At the Institute of Logistics Engineering the desig (AGV), Rope Drums of Cranes and more.
experts team is focussing and implementing a priogis
pretty new approach via Knowledge-Based-Engineering2- KNOWLEDGE BASED TECHNOLOGIES FOR
(KBE). The typical use case within classic design i DESIGN PURPOSES
adapted for further fields of appliance. Materiardling
System design and layouting is often not more than
plication of predefined rules for design, calcudati
schemes and standards. Their integration into tigg- e

nge.rin.g process bring_s reduction c_>f costly tqskd aN'in the use of KBE as a powerful factor of successan
minimizes the risk of failures. Designing a Matékkan- be seen from historical development

diing Systgm means app'yiﬁg rules, schgmas a_nd stan  Gjopal emerging markets with global resources —
dardtg, l_:z[e5|dedtak|ng.the er?g;neers Caaag!'t'esmﬂ% specially engineering capacities — force manufacsuof
crealivity and experience Into account. Limensig nearly all branches to reduce their production cost

ails, shelves, storage. buffers and Sta”dafd teubeiqrg Keeping business local is therefore not the besicehto
only a few good working examples. Applying KBE rpri keep up with low wages as paid in some Asia regions

On another side advance in engineering is whaediff
European sites from many others but is only possibl
with highly qualified employees who are loyal tceith

Before focusing on KBE theory and extended use it's
adequate to describe the main achievements andlactu
state of art by KBE in engineering business. Topkee
business successful many major companies are ingest
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2.1. Design work

i i ; : Fig. 2. Historical development of CAD and KBE.
Focusing later on the main benefits of KBE [2] ift d 9 Istorl velop

ferent areas it is first to outline engineeringigesvork. o ) )
Today's developing process is multidisciplinary twit As with first 2D-CAD-systems engineering work got
many different CAx tools and special methods, wheremore effective, first systems where introduced fie t
data preprocessing is often more time-consuming tha1970s in form of selection criteria for geometryne
the analyzing process itself. The engineer is foege duction like nowadays common used copy/paste @ig.
confronted with an increasing number of requirement AlSO Wwithin those static approaches to technicalading
from different fields of mechanical engineering.d&i  (as 2D-CAD can be seen) easy calculation procedures
Spread Supp”ers’ product information has mu|t|me. Whel’.e Integl‘ateq Into the CAD QnVII’OI’Iment |.e..¢af'
mats and is often more than pure geometry. Corgtant culating shaft diameters from simple stress catmria
changing technologies force engineers to readhsit t and more. A major step was the next evolution wisizh
work flow to new methods. So the main challenge andP€ seen in parametric modeling. Instead of stolange
question is how to become better products in shtrree ~ €lement and part libraries for often used stanqtends
with lower resources. the parametric system enablesuntil now - geometry
The very best actual answer is KBE with its main and assembly changes by simple modification of unde
credo: Data must become information. If it becomeslying dimensions and design variables (but it mbst
possible, to automate engineering processes (nigt onsaid that those simple sounding procedure is oref
CAD donkeywork) and to arrange engineering worleas major challenges in the design process — holdirg th
flow driven process with dependency relations aged d model non corrupt during the change processes,hwhic
namic evolving, advance is guaranteed, as the owsts ~ can be launched by different users). The featuiental-
are determined by concept design but really arigerg- 09y complements the parametric approach by progyidin
duction as incurred costs (Fig. 1 [7]). AccordingFig. 1~ macro-like commands for widely used design openatio
only 25 % of the complete design knowledge foroadfit At the very end there is one last system whichadt s
product development and production has to feed & KB ic, passive and non-reactive as well as all systen@s-
system by determining nearly 75 % of all costspretty ~ tioned above. These approaches for KBE — sometimes
acceptable relation between effort and benefit. iktay Named as augmented CAD — feed the feature techyolog
now a tool in use to generate much more differeatip with easy calculation and validation results frorAQE
uct configurations during an early stage of develept  intern computing, provided by captured knowledgenfr
brings optimized costs and functions of products. simple and easy design work. It is quasi an expestem
KBE tries to collect all information available ihe  Of best practice within the CAD environment, supiogy
product lifecycle to make it reusable. It is a tealogy  the design engineer with suggestions for his waitks
able to merge capabilities of conventional Knowkedg approach can also be seen in some CAE tools farlaim
Based Systems with those of Computer Aided Desigrfion content management and template based simmlati
and Engineering. Hence it has to be a blend ofi@ali  Scripts, trying to guarantee proofed processespfer
intelligence, CAD, mechanical engineering know-how processing, solving and post-processing isolating t
and software engineering in its most sophisticatexlr- user’s possibilities to a necessary minimum. TRis-i
rence. As a young discipline with still developiagd according to the authors view — the affordable aseful
refining methods its most dramatic impact wouldthe  level of KBE complexity fulfilling Material Handlig
automated generation of a KBE application basing onSystems Design as in chapters 3 and 4.
general knowledge, collected in various knowledgamm
agement systems, closing the gap between knowledge.3. KBE systems — an overview

management and engineering. L
g g g As seen from the historical development there are

KBE systems integrated within CAD environment oa th
one hand (“augmented CAD”") and as an actual trend
Having such sublime goals in focus than describedfrom aerospace and automotive industry “full KBESs
above, it is necessary to describe the actual stadéhe  tems (realized via object oriented special softwargs)
historical development of KBE techniques [1]. on the other hand. This section here now ftriesifferd

2.2. Design work — historic development
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between them by only introducing the methodology be

hind full KBE in form of MOKA [3, 4] and not focusg
on software details. There are attempts to stamtard

To understand KBE functionality the development
process and major steps for the KBE developmedéis
scribed here, following the Methodology and tools

KBE development via the creation of a common lan-Oriented to KBE Applications — MOKA [3, 4, 11] (use
guage, following the trend that CAD becomes morefor development of the commercial software PCPACK
knowledge based with convergence of KBE and Producf13] and used by Airbus and Fokker; with aerospaee
Lifecycle Management PLM [6]. Problems resulting dustry as one of KBE key user [9]) is describedeher

from data conversion between CAD and CAE, producing

large efforts as described in [12] by introducingcan-
mon data model, are not taken into concern here.
Augmented CAD systems with KBie found in

MOKA is a standardized method from the late 1990s
to reduce lead times and costs of KBE developmiént.
provides a methodology to provide a consistent why
developing and maintaining KBE systems [2]. Ittimis-

many different CAD environments and have differenttured in six phases:

scopes of operation [5]. Well known commercial prod

ucts are Knowledge Ware within CATIA and Knowledge

Fusion within NX [2]. But all approaches togethevh
some common characteristics:

No full generative modeling and therefore manual -

adjusting effort.

No exploitation outside their KBE language and

therefore not web-based frameworks.

Lots of editing effort and “unfriendly” scriptingah-
guages.

They only do better donkeywork and are non-reactive

to new technologies.

But beside all those factors of limitation it's a@ys a
decision with consideration of intellectual and retamy
effort, which features are must haves and whichadrs-
tional. An investment into a full KBE system is rew
days only seen in automotive and aeronautic se{®rs
with their fast innovation times as subsumed in fible
lowing statements [2]:

“Jaguar cars reduced the design time for an inner

bonnet from 8 weeks to 20 minutes.”
“British Aerospace reduced the design time of agvin
box from 8000 hours to 10 hours.”

Full KBE systemsre object oriented highly advanced
generic and super ordinated software programs which

apply captured knowledge to design processes mgusi
different visualization tools [1]. The systems mdstve
the way of design automatically by using varioubdea
tion rules and should not criticize pre-generatesuits
leading towards engineering process automatione@®bj

- Identify: defining scope and purpose of KBE with
assessing the technical feasibility.

Justify: assesses the risk, estimates resources and
costs and develops business cases.

Capture: means knowledge acquisition from experts
to create arnnformal modelas a structured represen-
tation of forms. This informal model can be used to
create a knowledge management (KM) and splits up
into an informal product model(representing the
product structure with constraints) and iaformal
process modekhich captures design engineers activ-
ities and all rules of each stage.

Formalize: uses the informal model from the captur-
ing process. To build thermal modelit's necessary

to use a graphical, object oriented representatifon
engineering knowledge one level above application
code, written in the modeling language i.e. MML the
MOKA Modeling Language. Theormal product
model specifies the knowledge items from informal
model with different views focusing on structure,
function, behaviour, technology and geometric repre
sentation. Thedesign process modéd the process
flow of the KBE system taking into account the con-
straints, the operating system and the types daialpe
ists involved in the process.

Package: means generating, testing and debugging
code of the formal models.

Activate: means distribution of the KBE system to
end-users and training.

Having all those features in mind it's next, to ger

all general tasks to specific Material Handling iDas

oriented KBE now means inheritance from classes of

objects and customization of very unified modetd; f
lowing the classical tree structure (Bill of ma#bri

BOM). Depending on the state of detail regeneration

2.4. KBE for Material Handling Equipment

Some general demands of KBE for SMEs (as most

must not follow every modification (i.e. FEM meshes manufacturers of material handling equipment do not

must not regenerate during design work). To vigeali
dependency relationships the hierarchical tree ssdu
(comparable to BOM) with its physical properties vi

have as much engineering stuff than automotiveeon-a
space companies they are therefore typical SMES) as
first approach are described in [10] using geomeased

objects and sub objects. Design modeling uses rizatu design rules and constraints and no evolution.

based solid modeling engines with different stagés
detail and various representation methods (detaileg-
erties automatically derive with evolving desigmogess,
i.e. step by step consideration of sizing, manuféng
and refining, using various levels of representgti®e-
side those design modeling steps there are taskptif
mization, documentation and presentation to handlie.
the optimization tasks different environments of ECA
must seamlessly integrate into a unified model aith
tomated data flow to manage releases and storégoenf
rations.

What KBE means within Material Handling Equip-
ment Design (MHED) is best shown in Fig. 3. Speniy
input parameters in form of rules and constraitdsses
for KBE in MHED. Some fuzzy criteria such as shape
design, leading to customer acceptance or not,sggad
tem integration are relevant as well as the “hdréats
concerning manufacturing and costs, which can be fo
mulated within rules much more easy. As every MHE i
determined by the demands of throughput (in tons or
pieces per hour) it is necessary, to define thrpuglas
the major input parameter. All other classes dedivect-



6 C. Landschuetzer, D. Jodin and A. Wolfschluckri@oteedings in Manufacturing Systems, Vol. 6,1s8011 / 310

ly therefrom as especially all rules and constgifar donkeywork in his CAD environment and can focus on
design and engineering/sizing. Therein standarele lm  creative design approaches. Taking total cost afesw
be considered as well as know- how of employeesdor ship into account, the investment for building ue t
variant management using carry-over-parts to reduc&BE system will return soon (see Eq. (1) in chagtd).
costs and stock for production. Taking all thospuin
together quds to a KBE system of Whatevgr environ3  kBE OF AN AS/RS
ment, containing a set of rules and constraintfeset
around the BOM and its underlying product structure Storage and retrieval systems are typical for MHE i
Key feature is the reliable function of the pardly-  the meaning of design and engineering approach. The
tomated design, providing the designer with addélo rate of really new designs is very low. The maimien
information for geometry design. There he getsrimim  neering task is adapting existing solutions to rpab-
tion about minimal sizes resulting from stress giale ~ lems. For storage and retrieval devices, this means
tions, information about useable space and interan-  adjustment with respect to the geometric and ddive
nections all from as less as possible input pamarset mensions. This leads to an augmented CAD KBE ap-
(throughput, storage capacity...). Having in mindatth proach demonstrated in Fig. 4.
this approach is settled around augmented CAD KBE The user has not to be an especially skilled eegine
systems it's not the main objective, to get fullytea (certainly the deeper sense of KBE). The only tesk is
mated design with generative modeling. Also thevkno to input the customer requests into KBE SoftwarewN
ledge reuse is limited, as many of the rules havbe  tool for engineering calculations with implementee-
written in CAD scripting language without exporinfis  sign rules is evaluating all geometric parametersian-
tions! age the parametric CAD assembly. At this stage riteic-
Altogether leads to major improvements in the desig essary to establish more parameters, relationsandi-
workflow for MHE and last but not least to bettapg-  tions in the CAD — system, to handle the automgeio-
ucts with less development effort and better cosira-  eration of the AS/RS model. Now suitable templates
ness So manufacturers are able to fulfill custoner  used for creating result data required for manufang.
mands much more easy and to react faster on neastre But the results are not only for production. Thegre
offering tailored products. Higher innovation isagan-  also valuable for visualization, layout ming and
teed, as the design engineer is unburdened froty dai continuative analysis like FEM aonulti-body simula-

g—

Design = Engineering
. . cap acnty o
Rules and practical experience * *empiricism
Variant management * *VDI, DIN standards
Processes (VDI, DIN) = *Supplyer fact sheets
Employees Knowllow = *Employees KnowHow
Classes of
rules manufacturing
for KBE in
MHED

Material

Handling acceptance
shape design Equip _ment system
Design hltégration

Key ] -
Fe-atlfr‘es & __
reliability of
fun(:tlons - _ g demgn
I L} L} 1 T L
| awareness of effort fewer iterations better intero- capture a. preserve product
costs in early reduction perability knowledge — KM diversity
development
Main stages
— knowledge higher tailored
benefits reuse innovation products
— [ull gt:u::rnllv_c_umdclhng it i, wadfs
exploition
not in augmented CAD
KBE-systems improvements in work flow better products

Fig. 3. KBE for material handling equipment — demands uiext, benefits.
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Input data
-length, height and width of the shelf =
-number of shelf rows and columns g
-height of mast
-mass of load handling device and payload
-design options (handling device, drive unit)
4
Drive dimensioning
(first step with estimated AS/RS masses)
5
! :
3
Static and dynamic dimensioning of the AS/RS components A
__________________________________ S0
. . =
-drive unit s
+friction drive (with or without anti-oscillating drive) -5
+geared belt drive S
-carrying-, guiding- and drive wheel 5
-lift drive Q
-buffer device . .
calculation of geometric
-mast
. paramaters
-running gear
4
Generation of a 3D model using:
relations, family tables, skeleton techiques and decision trees
evaluation of mass properties
mnld'mncw|<eps S,:
S}

Result data

Generation of : 2D-drawings, bill of materials, dokumentations,
data for NC-manufacturing and FEM-Analysis

Fig. 4. Sequence of events diagram for an AS/RS KBE SW.

tions. At this point it should be noted that itévas for
finding a final solution are essential (e.g. massppr-
ties).

3.1. Dimensioning an AS/RS

The core of the software is the dimensioning ulit.
the engineering know-how concerning dimensionirg th
components of an AS/RS is implemented in this @ogr
describing classes of rules (Fig. 3). Three catmgda
procedures following the input data for length, gingj
etc. are accomplished in this software:

Evaluating the drive power (traction drive, liftivi)
and whether or not anti-oscillating drive is neegegs

Sizing of the machine elements (geared belts, bear-
ings, gear boxes, screws ...) using manufacturers’ in
structions and engineer standards.

Dimensioning of beams, sheet metals, shafts, wgldin
seams, ...( e.g. using DIN 743 — strength analysis of
fatigue and static failure with consideration oftaio
effects, influence of size and surface hardeningd)[1

To perform this calculations the knowledge of intdr

forces for static and dynamic conditions of the pom
nents is needful. In Fig. 6, the procedure for gatiy the
free body diagram for the main components is shown
(dynamic conditions; two drive directions — blackda
blue variables). Starting with the whole AS/AR tam-
ponents are cut free step by step considering tyravi

(depending mainly from mast height) using FEM load- and mass forces. Different load cases musbhe

9.311 guidelines [14].

sidered. These cases are combinations of direafon
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acceleration, load height and several ways to obiite
drives (e.g. anti-oscillating drive yes/no). In F&y this
process is performed for the load handling devoe |ift
belt and the running gear. Of course this apprdechto
be refined until the free body diagram of every hiae
element is achieved.

With the internal forces the stress resultantshie t

to parts using particular declarations of the \Jdea
names in Mathcad whose numerical values are at refsul
the dimensioning process. So it is possibly to thee
Mathcad Parameters in the parametric environment of
Pro/Engineer and establish a connection betweeerdim
sioning Software and skeleton dimensions in CADe Th
Mathcad Parameters are also applicable in parametri

components can be evaluated and accordingly the mairelations for achieving geometric constraints. Fégh is

dimensions which control the CAD model.

3.2. Integration of Dimensioning into CAD

For implementing the data calculated by the dimen-

sioning software into CAD, a capable interfacenpaor-
tant.

showing some of the main parametat$, @2, d3...) for
managing the AS/RS assembly. Under the rules of Top
Down design the following information (parametdow
underlies the CAD Model:
Parameters from Dimensioning SW.
Skeleton/Relations.

In this special case using Mathcad (www.ptc.com): Dimensions/Geometric Constraints.
and Pro/Engineer (www.ptc.com) a data interchasge i AS/RS Assembly.

possible in the way of applying analysis featureR1io/E

AS/RS Parts.

—_—
anti-oscillating drive - yes/no drive dimensions
T ~——
]
I
[ L]
e
o
d1t sl

different LHD options

belt size

lift drive dimensions.

different drive options

d13

drive dimensions

]

@ do Q/\l\.

d8

d1

42 Qd3 dé

d7

Fig. 5. Main control dimensions of the assembly.
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Fig. 6. Internal forces in an AS/RS.

o [Skeleion
0
g mast============
o
. , I
W) Erunning gear —=====1 i
O frame=====14 |
B Q driven wheels=4]
g - l
n @ guiding wheels={l [
throughput on B ) | '3
(= running wheel = ~ - - - ——-——————— Qo
. . E O I I~ ISW RUNNIG WHEEL [ Q
storage capacity o Q traction drive = . N
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= o) | d18=d0°0.1 Pl
- . . j o a0 |
A O] ®load handling device=1 ! else o
H | | d0=MC_D_RW_H
N . . | d13=d070.9 <
geared belt lift drive=" 1 17=50.03
2 | ! dta=doo.1
O ®anit-oscillating drive=# [~
— ]
m—iRelations,

Fig. 7. KBE process for an AS/RS.

4. SPECIFIC SCENARIO AS/RS parts and subassemblies. That means chaoging
parts dimensions or replace a part have no effectioer

Going through the AS/RS-KBE process step by stepcomponents. But higher ranked control mechanisms en

using a specific scenario will show how the AS/RSsure a consistent Model without failure (Top-Down

model works. A main element for demonstrating the method).

model features is the BOM (Bill of Materials) whiéh In Fig. 7, the skeleton for the running gear cditgis

the central unit in Fig. 7, which shows the KBEqess.  of curves, planes, axis and reference points isatefd.

Starting with the users input and the dimensiorstep  Skeletons are very useful for transferring e.g.ngetoic

the assembly control structure is illustrated. Ateyn of  shapes to parts. Other control mechanisms are mathe

relations and skeleton guarantees the independsribg matical relations. For e.g. the relations for th@ning
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wheel are considering two different designs defemah At the Institute of Logistics Engineering at Grani
wheel diameter by using an if-condition. Higherdev versity of Technology we have a unique combinatién
relations are also used for replacing or supressorg-  design experts (very experienced in CAD and CAEhwit
ponents. That means parameters evaluated fromithe dFEM and MBS) with planning and material flow layeout
mensioning software are allowed to changing thecstr ing experts who are consequently bringing forwagev n
ture of the BOM. technologies such as KBE in the Material Handling
So parametric tools in CAD like skeletons, relasion Equipment Design business, not forgetting the ated
and family tables in combinations with some sordbf  mining demands from logistic material flow. Thisnco
mensioning software is a proper way for realizing abined field of engineering is enhancing constahtye,
AS/RS Model with KBE features. applying the knowledge and developing new methods f
The real challenge is to find a proper degree td-au further engineering work for Material Handling Epui
mation for the KBE-Model. It is not always the basty ment. Altogether leads towards Knowledge Based-Plan
to create a fully parameterized assembly. Addidtech ning, enlarging KBE to the general material flove @0
time to create a KBE moddi], the time to create a con- fulfil the demands of tomorrow’s logistic business!
ventional CAD assemblytd) and the number of required
design variantsng) a simple relation can be expressed: REFERENCES

t [1] N. S. CanalsKBE — Knowledge Based Engineeriiippid
n £-=%. () Product Development RPD 2006, Aida, S.L., 2006.
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