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Abstract

Product development is often described as an iterative process of finding solutions
that match specific requirements. The many dimensions of this process include time,
organization, product-specific elements such as the level of abstraction and detail, and
analysis to verify the product’s properties.

Many types of software tools are used to generate and visualize the concept shape.
These include CAD (computer-aided design) tools; tools to simulate and verify
product properties, such as FE (finite element analysis) and MBS (multibody
systems); and tools for handling product data such as PDM (product data
management). This paper focus on the effective use of simulation qoﬁwag; such as FE
and MBS tools to support the process of verifying thai a product mieets the furmulated
reqmrcmcnts “The sinalation software an~be used ot such things as selcctmg
alternative solutions or as a final check or optimization of a solution concept. ]f't_ can
be used even more cffectively if it is supporied by a framework for handlmg the
information created during the verification process.

This paper presents a proposal to a question-answer driven N Process for verification of
produc.t requirements, This firocess is based o (e framcwork presenied by ‘the author
in [Andersson 2004a, 2004b] The process is illustrated in a modeling and simulation
scenario of a lifting unit in a wheel toader from Volve CE. This scenario focus on
modeling and simulation activitics and how these can be supported in a question-
answer driven process that investigates the behavior of the lifting unit.

1. Introduction

The potential of using modern commercial analysis soflware have not been yet fully
accounted for in industry. It is still often used selely as a basis for verification of
product properties late in the design process. One aspect that is ofien not considered is
the large amount of knowledge that is documented logether with the analysis results.
1f this knowledge can be structured in a way that allows for reuse, it can, ¢.g. be used
in the casc of redesign of an cxisting product for a new customer or during an
evaluation situated when comparing different product concept, where some of the
madelling objects can be valuable to rcusc. It can also be used as a support or
education tool for less experienced engineers.
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Reuse of simulation models is alse considered to be a crucial issue that can increasc
the use of simulation touls in industry and thus help to a better understanding of
products behaviour, which also will contribute to design ol better products. In order to
be able to reuse simulation models and other models used during the verification of
product requirements it must be easy to find these models when we need them. This
implics that we must structure and store these models together with their metadata
describing the modelling context and the intent of the model.

The focus of this paper is 1o discuss an environment where a question-answer driven
process is proposed to chable a flexible and stimulating envivonment for testing ideas
as well as verifving product properties. This also includes a description of the
difterent objects that represent a verification loop from a stated requirements attribute
in the requirements specification to a decision basis for the next gate in the
development process. The objcets presented here are all implemented as XML objects
and links between objects are represented as hyperlinks.

An important property of a verification process is traceability, i.e., the possibility to
trace what objects thal have been created and used during a verification loop, Another
important property is the ability to be searchable such that the designer or the team
can search for earlier created objects. To make an efficiont scarch we need to specify
the context in which they have been formulated, to enable some level of reasoning in
the search process.

2. Product Development environment

Engineering work is to find solutions or answers lo problems during product
development, These involves both synihesis and analysis activitics and are most often
supported by computer tools. These tools often work in differcat environments and it
is difficult to share data belween these tools. This complicates the possibilities to
investigate and play around with different solutions. An integrated environment where
metamodels arc uscd to establish the integrating layer between different software
lools can improve the situation and solve at lcast some of these problems.

The focus of this paper is to discuss an environment where a question-answer driven
pracess is proposed to enable a flexible and stimulating environment for testing ideas
as well as verifying product properties.

During the product development-a number of different model structures are being
developed. Working with verification of product properties mainly involves siructures
of requirements, parts and behavior models associated to parts. This process is best
charactcrized as a question-answer driven process where the different activities
provide connections and relate these struciures to cach other.

In figure 1 from [Andcrsson 2004a), the relation between a generic design process
model and a stage-gate model is illustrated. In this figure the verification process is
ilustrated as an activity that originating from the requirement specification, a design
concept and available data in databases perform a number of activitics and produces a
decision basis as a resuit,

The activity “lnvestigate problem” in figure | is the center of the question-answer
driven process where the verification takes place and the relations between
requircment specifications, design concept and behavior models are created. In this
process we have also introduced some additional models, i.e. problem, model
specification, simulation model, answer and decision basis.
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The reason for this is to enable a more detailed description of the verification process
and to make it possible to trace how a certain requircment have been verified, how is
the problem question tormulated, which subsystem models have been used to
configure a behavior model etc.
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Figure 1. Relations between » generic design process model and a stage-gate model jAndersson
2004a]

3. Behavior medeling and simulation during product development

The need for cstimating the behavior of a product concept exists during the whole
product development process. As soon as you have a concept salution, there is a need
{0 estimate the behavior [Lindemann, 1998} In the carly design phases, a rough
estimate may be sufficient though in later phases more detailed and sophisticated
models are needed and as a final verification a prototype tesiing may be needed.
Figure 1 schematically illustrates how behavior modeling and simulation can be

included as part of a general design process mode! and how this model can be related
to a stage-gate model.
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The approach to behavior modeling presented in this paper is the one that we use in
the VISP project as well as in the earlier MOSAIC project [Andersson, 1998],
[Sellgren, 1998]. This approach is based on treating the product as a technical system
as suggested by Hubka [Hubka 1984], which means thal we can divide it into &
number ot different subsystems In order to make any analysis at all, the main parts or
characteristics must be known. As soon as we can identify some parts in the product,
we can separate these and treat them as being moduies or systems. A characterizing
thing for systems is that they can be described by what is within the system boundary
and how il is interacling with other systems via the interfaces. An interesting area to
identify for cach module is where it can interact e.g. is connected with other modules,
t.e. the mating featurcs for that module. The actual interface feature between two
modules is treated as a relation that must consists of at least two mating {eatures.

System <
Mating teature
[nterface feature (@]

Figure 2, The concepts of System, Mating Feature and Interface feature

4. A question-answer driven process

A question-answer driven process is a good characterization of the verification
activity where calculated product propertics arc compared to the required ones.

Of this activity we will concentrate on the parts of the verification activity that have a
key impact on the decision made by the management at cach gate. In figure 1, two
main typc of activities are schematically described, generation of design concept and
analysis of this concept with respect to the formulated demands in the requirement
specification. OF these two activities we assume that we have a well-defined concept
and that we concentrate on the activities involved in the investigation of properties
and behavior of this concept.

This investigation can be scen as a verification loop for cach requirement attribute as
illustrated in figure 3. This verification process is initiated by the requircment
specification and is ending up in a decision basis for the project management.
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Figure 3. A loop for verification of requirement attributes.

The results of the activitics involved in verification of formulated demands and
wishes in the requirement specification are documented in a decision basis. This
decision basis, the requirement specification and the design concept constitute the
main parts of the design model, which is a subset of the total product model.

4.5 The problem Investigation mairix

The verification loop is initiated by an attribute in the requirement spceification.
However, each loop may yield results that can contribute to the verificalion of other
attributes. Thus before starting a new loop by formulating a new problem, it is
important Lo know whether any earlier resulls can contribute to this venification. But
there has been a lack of any simple methed or tool for visualizing these relations. To
address this lack, 1 have developed a problem investigation (PT) matrix (see figure 4).
In this matrix the requirements attributes arc listed on the lefi-hand side and the
problem formulations are listed at the top. The relation between a problem
formulation and an attribute is marked in the matrix. A letter “I” means that this is the
attribute initiated this problem formulation, and a letter “C” means that that the
answer Lo this problem formulation contributes to the verification of this attribute.
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Figure 4. The Problem Investigation {PI) matrix

This method aims to visualize which analysis that have been madc and if it contribute
to verification of atiributes other than the ong initiated the problem. It can also support
the search for verification of earlier product variants by using this method for
illustrating dependencies and links 10 the objects in the matrix. Information that is
interesting both when looking at carlicr products as well as during development of a
new product, can be to show e.g., objects thal can be traced from the problem object,
or result of the formulated problem, i.e. the answer document.

4.2 Tracing dependencies

The discussion about a tool, the PI matrix, [or visualizing rclations between attributes
andl probtems automatically leads 1o the question of how to trace these relationships.
Sutinen [Sutinen 2000] discusscs three basic techniques that can be used for
management and maintenance of traceability information. These are:

- traccability tables,

» traceability lists,

« automated traceability links.
Of these three, the PI matrix falls into the first category. The described objects contain
sutlicient meta information in order to use this tcchnique to display the Pl matrix. As
a convenient way of interacting with the PI matrix the problem ficlds can contain
links to the describing objects. A request, which falls into the third category above, to
show a network graph of objects related to a problem object in the PI matrix can then
in the general case result in a graph similar to figure 5, The dashed lines in the lower
right in figure 5 indicates that if some information is missing for solving the initial
problem, a new problem is formulated that must be solved hefore the initial problem.
In the lower lefi part of figure 5, the dashed lines indicates that solving one problem
may lead 10 new questions and problems that have to be taken care of before an
answer can be formulated for the initial problem. The dashed lines further illustraic
the iterative nature of this evaluation and verification process,
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Figure 5. A network graph lllustrating traceability jinks

5. Example: A wheel loader from Volve CE

The presented question-answer driven process will now be used in a modeling and
simulation scenario of a lifting unit in a wheel loader from Volvo CE. This scenario
focus on the modcling and simulation activities and how these can be supported in an

iterative question-answer driven process of investigation the behavior of the lifting
unit,

To start with we assume that we have a situation as illustrated in figure 6. We will
now follow the activitics leading from the requirement specification to the decision
basis for verifying the demand on work envelope for the wheel loader. In figure 6, this
demand is specified by the attribute “Work envelope”.

Requirement specification Design concept Decision basis

Name: Norddesign

Type: Requircaent
specification

General atiributes

Opcrating Weight: 1808 [kg]

Clearance cirele: 12 700 [mm]

Name: NordDesign

Type: Decision basis
Genern) attributes
Qperating Weight: 1800 [kg)
Clearance circle: 12 700 [mm]

Performance attributes

Performance atiributes Buckel vokime heaped: 3.0 [m?]
Buckel volume beaped: 3.0 m’)

b --- Decision basis ---
Static tipping load: 13 000 [kg|

. Static fipping load: 13 800 [kg|
Work envelope: Wu:k_cn\rc1opa.’.-.ﬁ;§"“J A - l—-l—""' - Degision basis -
it
_I,,,-v-'

r 1 New probler ? ¢

— Werk envelepe:
Maunufacturing atiributes New prakiem ?

r ¢ L --- Decision basis -
Manufaciuring Facility: Line A b [ Problem 1—' Answer

Manufacturing attributes
Service alirihutes Manufacturing facility: Line A
Easy accessable air fihers: {] .
N i b Service attributes
ecycling attributes ‘ . Easy aceessable air filters: []
Share of recyclable materials: 90 [%] | Mudel Spec Sim. model j

Recycling attribuies
Share of recyclable materials: 90 (%]

Figure 6. Verification loop for the lifting onit.

The first thing to in this in this process is to define the problem in terms of a question
which in this case can be formulated as: * What is the static work envelope for full

179



vehicle with lifling unit L1107” We also have lo define what attribute this problem
applies and also in which requirement specification. This is resulting in a problem
object shown in figure 7(left). Note that the refercnces to the model specification and
answer object are filled in later in this verification process, i.c. figure 7 (Ieft) shows
the problem object and a graph (right) after onc verification loop has been completed.

Requircment
=] apecilication

ng"'“" oblem_WE_031128

Eﬁl)cscripliun al is the static work envelope for full

i hicle with lifting it LI1l0 Modei_speci-
sApplies o spee 03]128
EiAltribule

Simwlution_
model 031128

WE_Calculalion
031128

Figure 7. A problem object {left) and a graph (right) of all sbjects created during one verification
loop.

Next step in this process is to definc a model specification where we actually have to
decide how to compose the system model that we will use to simulate the actual
bchavior property and compare it 1o the wanted value in the requircment specification.
One of the first things we have to decide is which simulation environment that we
want to usc to perform the simulations. [n this case we have decided to use ADAMS
from MSC Software Inc. Then we have to sclect to subsystem models that should be
used for the actual analysis. Here we have utilized the systems view of behavior
simulation which means that we have predefined 2 number of subsystem models of
each part as well as their connection poinls (mating features). In figure 8§ two
alternative behavior models of the lifting arms of the lifting unit is shown. The onc at
lhe left is a rigid ADAMS model and at the right a flexible ADAMS model based on
an imported FE beam model. This is an cxample of the choices the engineer has at a
certain modeling situation,
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Mg
Figure 8. Two different MBS models of the lifting arms, one rigid and one flexible,

After selecting submodels the enginecr also have to choose how to connect the
different submodels Lo each other, Defining the interface features that conneet the
mating features of the different parts makes this connection. In this case the interface
features arc rcalized by joints, see figure 9.
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Figure 9, Model specification object (left) and definition of interface features (right).

Based on this model specification a command file containing the definition of a
system model with all specified submodels and connections is generated, The
ADAMS softwarce to perform the wanted simulation of work envelope [or this concepl
then uses this file. Before this analysis can be made a number of modeling issues have
10 be taken care of] e.g. modeling of stroke restriction on lift and tip cylinders. The
resulting ADAMS modecl and the result of the investigation of work envelope is
shown in figure 10.

Work drtir
s

e van £ s
gy

Figure 10. ADAMS model of the Lifting onit and the calculated work envelope.
The final part of the question answer process (see figure 6) is the activity to formulate
an answer to the formulated problem question. The result of this activity is a problem
answer formulated in a document with graphs and drawings. This is represented in an
instance of a “problem answer” object, In this activity we also have Lo consider if we
have all information we need io verify this requirement or if more information is
needed. We might find it nccessary in this case to know how the behavior of a
dynamic mode! of the lifting unit and how this wiil effect the work envelope. This
give rises to a definition of a new prublem guestion that needs to be investigated. This
can either be created as a follow-up question {see the dotted lines connected to the
answer object in figure 5) 1o the original or as a totally new problem associated to the
work envelope attribute,

6. Summary and Conclusions

Product development is a very complex task that involves many pcople of different
professions, working together during a long period of time, sharing the same goal or
temporary goal. A common way to deal with complexity is to simplify, to cencentraic
on what is considered to be the most important properties. In this paper 1 have chosen
to focus on the activities that, during product development deals with the verification

of product requirements.
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In earlier papers [Andersson 2004a, 2004b], 1 have presented a proposal to an

information framework that can support a requircment driven product development
process. The base for this is a design process modcl that is capable to describe
problem statements, model specifications, simulation models and problem answers as
separatc objects. This design process model is based on the work by [Malmqvist
2000] and [Andersson 1997] and cnables a fine granularity level of information with
traceability on an object-to-object level between the attributes in the requirements
specification and the estimated product propertics.

This paper presents a proposal to a question-answer driven process for verification of
product requircments, bascd on the framework discussed above. This is illustrated in a
modeling and simulation scenario of a lifting unit in a wheel loader from Volvo CE.
The scenario focus on the modeling and simulation activities and how these can be
supported in a question-answer driven process of investigation the behavior of the
lifting unit.

The results so far seem promising and can be scen as a sieplowards a more systematic
approach to deal with verificalion of product properties. This opens up opporlunifies
1o reuse old knowledge in ‘terms of carlicr dcfined problems, simulation modcls being
configurcd cte, A challenging task that can be seen as the next step in this approach is
10 investigate how 1o use knowledge based system to handle the created madels and to
utilize them for a decision support system.
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