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ABSTRACT

Many companies today struggle with fierce demandsfliciency, flexibility
and sustainability connected to customization &edittroduction of new sustainable
products. This increases production complexity,clwtshould be managed through a
holistic approach in order to avoid sub-optimizatitbocus usage and support relevant
changes in the production set-up. This paper ptesefirst step approaching such a
framework, a method for measuring production comiptespecifically on a station
level in a line re-balancing scenario. A CompleXitgex was developed in analogy
with, and as a compliment to, Robustness Index éRéplculation method used at
Volvo Cars. The RI involves parameters that ar&kednby a multifunctional group
during several days. Complexity Index should in panson, be used by one person
at a time evaluating four parameteRroduct and variants, Method, Layout and
Equipmentand Organisation and EnvironmenfThe method should be validated
empirically through in-depth studies at Volvo C@arporation.
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1. INTRODUCTION

For many years there has been a development tovenaiser product life
cycles, frequent changes in products, processes vahgnes, which increases
production complexity. Volvo Cars Corporation (VC&ports that in a couple of
years the number of components will increase byl@@b6, mainly because of the
introduction of new sustainable products i.e. ele@nd hybrid engines. The variants
are also expected to be more differentiated e.gl. tank or batteries instead of a
number of fuel tanks variants. Changing productprmduction inevitably introduce
certain amounts of ramp-up losses and disturbaimcesanning production, which
introduces problems related to balancing.

The term “complex” is often used in everyday largpio refer to the difficulty
of understanding or analyzing a system. When miodedl system’s complexity, there
seems to be a common understanding in literatuseparate “structural complexity”
- which is related to fixed nature of productsustures, processes, and “dynamic
complexity” - variations in dates and amounts duentaiterial shortness, breakdowns,
insufficient supplier reliability [1-3]. Howeverjreee humans may consider the same
system and situation differently it is important tonsider how the system is
perceived. Li & Wieringa [4] presented a conceptéi@mework for perceived
complexity in supervisory control systems, consgptof three factors: a systems
technical complexity (machine and equipment), testplexity (volume variety and
link dependencies) and perceived complexity in geofpersonal factors (knowledge,
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training, personal type, background, willingnessy aoperation and management
strategy. In handling complexity a theoretical feamork was first suggested handling
static and dynamic complexity [5]. This model wapanded with empirical data and
it was seen that a missing piece of understandomgptexity was perceived or

subjective complexity seen from different rolesproduction [6]. In this paper a

method, used by different roles connected to proolidor measuring complexity, is

presented.

1.1 Aim and delimitations
In this paper the research question, first stateGullander et al. [5] will be

followed: What should be included in a definition and dederip of “production
complexity” to support measurement and developnveoitk of efficient, highly
flexible and sustainable productionfhis paper will focus on analysing existing
methods for measuring complexity and concepts amid it and to suggest a method
for measuring complexity at a work-station-leveheTresearch work reported in this
paper is conducted within the project “Support@eration and Man-hour Planning
in Complex Production” (COMPLEX) where a holisttaisdpoint is aimed for.

The main aim of the method under development ibetaused for continuous
improvements, to suggest a degree of complexityweayd of managing it. In order to
develop the method iteratively the method, in 8tep, will consider how the degree
of complexity is measured, specifically for a rddpming situation. Effects and ways
of handling complexity are not considered. The footithe method lies in subjective
or perceived complexity, filling the gap in prevsocomplexity frameworks.

The work is conducted in collaboration with the dgd@h Complex project

2. RESEARCH METHOD

Previously used methods or measurements of coitypkme investigated to see
if they fill theoretical and empirical gaps. In idéying requirements of a company,
VCC is considered as a specific example.

In the empirical framework for complexity, by Fé&eslp et al. [6], the
theoretical framework for complexity was updatedl dhe complexity parameters
were extended tdRegulations, Market requirements, Product, Chandesyout,
Routing, Planning, Organization, Process stepsprimftionand Work environment.
These parameters will be analysed further in caimedo existing literature and
methods.

The complexity method will be formed so that incafter this step, be tested by
different roles in order to get their feedback angmeters, the method as a whole and
the manual for how to use the method. A requestmfvCC, was that the method
would result in a complexity number or degree thauld say how low or high
complexity a station has in order to better chamseay to handle complexity at that
specific station. In addition the tool should beyeto grasp and used by people with
different roles connected to the direct production.

3. EXISTING METHODS

In literature a number of different complexity méxeand corresponding
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methods for calculating complexity measures arsged. These concentrate on the
emerging behaviour resulting from a system havingumber, variety, strength of
interactions and a certain structure. Generallgah be stated that the methods
identified are difficult to grasp, requires detdildata on the system to be measured,
and are time consuming. Despite the effort requitieely do not cover all aspects of
complexity, such as the subjective aspects of ceriiyl The most relevant methods
found are seen in Table 1, see full literatureeemin Gullander et al. [5].

Both the entropy model [2] and the information dsity model [7] have been
seen hard to understand and to use; the entropglrhad been hard to use by people
working on shop floor level. Calinescu et al. [8htpared Frizelle’s entropic and the
MFC method [9], concluding that the methods comgetmeach other since they
differ regarding what types of complexity they shoequirements, and methodology.
The entropic method, was much more time consumingd data requiring, but
provided more information of the system. Howevke, MFC method provided more
information of the decision-making process, and faater and easier to use.

Table 1: Summary of complexity methods and measenésrfound in literature

Name Developed by Focus Method
Complexity Frizelle and Static and dynamid Formula that
Entropy model Woodcock [2] complexity calculates the

probability of a
state to occur

Information EIMaraghy and Complexity of Ratio of diversity,
diversity, content | Urbanic [7, 10] products, process | content and

and quality and operations quantity
Management of Meyer and Foley | Knowledge and Interviews and
software Curley [9] technology questionnaires on
development complexity seven scores
(MFC) concerning

decision-making
and information at
hand

Another related method found at VCC was the intgrndeveloped Robust
Product & Process Evaluation called Robustnessxli@®. The method is based on
FMEA methodology and is used in early developmdrdsgs. Rl is useful since it
provides a number that you can work on a long-teasis with. The purpose of Rl is
to secure the producability of a part (systemhefproduct and to evaluate if the new
product has a more or less robust system, seed=yur

Each product system is evaluated in a spreadshemt 3 different aspects;
Voice of System, Voice of Production and Voice afsmer. The main parameters:
Material, Method, Machine, and Environment, aregame for each of the voices but
has its own criteria for evaluation. The robustnessvaluated by every part for one
product and then summarized. The parts are judge@ & Fully robust, 1 = Minor
robust, 3 = Medium robust and 9 = Extensive un-sbb@’he method is during
ongoing changes where one suggestion is to insertaas in the robustness scale in
order to make the gap between 3 and 9 smaller.

The evaluation is made in cross-functional teamsrofer to gather the total
picture.
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Figure 1: Robustness Index

The sister project in Belgium is developing a medthor measuring the
objective complexity by collecting a number of paeders for each assembly station.
The method is under development and aims at capgtuhie complexity of direct
operator time and focuses on data that can be rgaltlagtomatically as it exists today
(from computer systems). This method produces abeuftlegree of the objective
complexity and is not yetincluded in any work prdare or any management
concept.

4. METHOD PROPOSED - COMPLEXITY INDEX

The CompleXity Index (CXIl) was built on the sarpenciple as RI. In
comparison to RI, CXI is simplified in order to bsed continuously and by fewer
people and focuses on a station or line insteabeoproduct. This means that instead
of evaluating every parameter by every part ofdeample XC90, see Figure 1 and
the RI = 2.8, CXI will consider a station or linedaall parts/products produced there.
CXI has otherwise the same features that Rl has;pdople should evaluate parts on
a scale of 1, 3, 5 and 9 on how complex a certhjacb is (see Figure 2) and that a
manual should be used for explaining the imponpanameter criteria. The number of
parameters used in CXI should be as many, or féveer for RI.

In this first step it is suggested that peopleselto production should use the
method. In this way three or more people assigodtid same station or line, within
different roles, could give their view of how corapla certain station or line is. The
index given by all roles are summarized and a fimdéx will be given the station/line
so that complexity can be handled accordinglyhdré is a big difference in indexes
between different roles a further discussion isgested. Two roles suggested for
using the method are internal logistics and pradagbersonnel, see Figure 2.
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Figure 2: Complexity Index, as suggested

4.1 Parametersfor measuring complexity

The subjective parameters found in previous casedied were grouped into
higher-level parameters, Figure Broduct/variants, Method, Layout and Equipment
andOrganisation and Environmemtere formed using data from the empirical studies
and framework, see research method

Regulations Products/variants
Market requirements -Whatis produced?
Product
Changes Method
Layout -How is the product produced?

- Layout and Equipment
Planning

2mam - With what support?
Organization

Processsteps A .
0 L Organisation and Environment

Information - In what context?

I
I
I
I
I
| Routing
I
I
I
I
I

Work environment

Figure 3: Complexity parameters

The implication of each parameter will differ betmethe different roles,
required to evaluate a station. As an example, ymideariant for internal logistics
includes consideration about; How does the prodaots number of variants affect
storage, package (repackaging) and the informasigstem used? How does the
change in volume/deviations affect the packagimgawization, support systems used
for internal and external communication? How dobss teffect the sequence
regulations?

While for a production personnel, the same paramatdudes consideration
about; how do the products and number of variaffestainformation handling i.e.
work instruction and method of working? How does tihhange in volume/deviations
affect control, time pressure and metal workloadWidoes this affect maintenance?

4.2 Manual
For each of the parameters a manual, similar afkfpistating what criteria
should be considered when judging the degree optmaty was made. The manual
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should be read “To what extent is the line compteterms of theParamete?” see
Table 2, specifically considering thdain questiorand theAspectonnected to is.

Table 2: Manual for Complexity Index

Parameter Main question Aspectsto consider

Product and variants What is produced? Numberadymsts, models, variants,
variance between variants, frequency pf
same parts, frequency of changes etc

Method How is the product Information support, number of work
produced? instructions, type of instructions,
information system for both machine
and humans, number of components to
pick, similarities/differences between
components, pick to handle, type of
assembly, number of methods

Layout and With what support? Layout, equipment, tools, fiesir
Equipment number of programs, material facade,

Organisation and In what context? Organisation, man-hour planning,
Environment communication, leadership, rules, time
pressure, competence, ergonomics,
different work tasks, improvement work

5. DISCUSSION

Existing methods together with data from an indaktrase show that there is a
need for methods that can include more productgpeets than analysis methods,
which are based on the product and components.ddstidentified in the literature
study have disadvantages of being hard to undefstad use, as well as not being
sufficiently holistic. The entropy model is hardunderstand by shop floor people [2,
11] but is good since it discusses both static @ythmic complexity. This can be
connected to structural complexity as well as dyicaromplexity, which have been
used for modeling complexity [1-3]. However the rabdoes not consider subjective
complexity, which also was considered importantg}, The information diversity
model was also seen hard to use and considers dycamplexity. It was seen that
the entropy and MFC model complimented one anathdrfocuses on different kinds
of complexity [8]. The MFC model was based on scioye complexity (lbid.).
Nevertheless the methods provide a guide for chgosneasurable parameters,
relations and the conceptual models should be decuin a holistic complexity
model.

We propose that users should assess complexityeddivgly using the
parameters for defining production complexity. hlistway, we can include the
relevant parameters and ideas that generate coityplex

The parameters chosen for complexity considercstdginamic and subjective
parameters. The main parameters Rreduct/variantswhich covers the dynamical
changes also seen in the entropy and informatiearsity model andethodwhich
covers the process and instruction process sirtoladhe task complexity in Li &
Wieringa’'s conceptual framework [4]layout and Equipmerns similar to the systems
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technical complexity seen in the same framework pedteived complexity (also
from Li &Wieringa) is connected to the last paraereiOrganisation and
Environment The second parametglethodis also connected to the MFC model and
content seen in the information model is seen énldst parameteédrganisation and
Environment.

At VCC a method RI has had an implementation pocés3 years and is now
part of normal working procedure. Many of the ewdlon criteria used are highly
relevant for a complexity method, and the procecduas the advantage of being
established. However, it is made from a producspertive and does not include
enough production or logistics relevant parametiérsan also be understood that it
was difficult to gather people from different unatisthe same time.

Since one of the demands for the method was teantthod should be easy to
use a CXI was formed using the same principle as@Rle of the improvement
suggestions for RI, that the scale should alsoiden$®, was suggested for CXI. Also,
instead of having a group of people sitting togetbe several days, the CXIl-method
is designed for one person at the time (for difiereles). This could be more
efficient in a production setting, but could alsavé its disadvantages since two or
three people with different roles could have veiffedent views of the complexity.
Also if the roles in the company are not well defint could be hard to find a person
with a specific role for example internal logistiCBhe method, its parameters and
manual need empirical testing to reduce such pnotle

The Swedish project has focused on qualitative rpaters in terms of
subjective or perceived complexity in order to grmany aspects together. Since the
Belgian project has focused on objective parameheng should act as a complement
to one another.

51 Futurework

The method suggested will be part of an iterativelepth study made at VCC.
First stations or lines, good for both internalistigs and production technicians to
study will be chosen together with the company.o8d¢cthe method and manual will
be tested and commented separately by key peopl€@f without consideration of a
specific line or station. Third, the stations ahé tevised method will be tested for
validation.

6. CONCLUSIONS

Gullander et al. [5] and Fassberg et al. [6] stalbed a more perceptive view of
complexity, especially connected to a role perspeds needed to define production
complexity. In reaching this, existing methods, goaeters for complexity and
company requirements were investigated, in ordeyite a first draft of the method
and to prepare for an in-depth study at VCC. A dexity method, CXI, was based
on a literature review, an analysis of parametetsd in previous case studies and
the RI used by VCC. In comparison the CXI was dapetl to act as a continuous
tool at a station level. This method should actaasompliment to the Belgian
complexity method and will be tested further to elep a practical and useful guide
for companies to calculate the degree of product@nplexity.
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