
007-0564

MODULARITY IN DESIGN: EXPLORATORY CASE STUDIES ON TRANSFERRING

ADDED VALUE ACTIVITIES THROUGH THE SUPPLY CHAIN

Paulo A. Cauchick Miguel

Evandro Prieto

USP (University of São Paulo), Escola Politécnica, Departamento de Engenharia de Produção

Av. Prof. Almeida Prado, trav. 2 nº 128, Cidade Universitária, 05508-900 São Paulo, SP, Brazil; tel.

+55 11 3091 5363 ext. 476; E-mails: paulo.miguel@poli.usp.br; evandro@prietoassociados.com.br

POMS 18th Annual Conference

Dallas, Texas, U.S.A.

May 4 to May 7, 2007

Abstract: The decision of adopting integrated product architecture has been replaced by a modular

approach for designing new products. The impact of this decision can be viewed in terms of internal

activities of product development and production or transferring those activities to suppliers. In this

context, the purpose of this paper is to investigate added-value transfer when adopting modularity. It

is part on an ongoing research project designed to investigate current managerial practices that could

be categorised as transferring added-value activities through the supply chain. Case-based research

was employed as the methodological approach. A conceptual model of added value transferring in

the literature was used to analyse the cases. The results identified issues that characterise activities

that have been transferred from the first to the second tier supplier. The value of the paper is towards

an exploration of modularity decision in the automotive supply chain within the context of a

developing country.
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Introduction

Particularly in the past 20 years, the automotive industry has experienced a changing process

due to global competitiveness, lean production implementation and modularity strategic adoption.

(Shimokawa, 2002). Due its complexity, the automotive sector has adopted modularity approach

either for developing new products or producing them. This adoption impacts new product

development activities, production configuration as well as the supply chain. Therefore, it is

expected to occur a transfer of valued added activities throughout the supply chain. In this sense,

this paper aims at investigating some aspects of it.

Modularity may offer many benefits through the supply chain and also brings about other

challenges. First tier suppliers are assuming more relevant roles either in developing new products

or producing them. They have assumed a strategic position with OEM (Original Equipment

Manufacturers) and their competencies are becoming stronger. They also assume the role of

managers and development of second tier suppliers. Ann indicative of this practice is the increase of

transferring valued added activities though the chain, creating a ‘cascade effect’ specially when

supplying modular products (Doran, 2004).

In this sense, some questions have raised with regard to the transfer of these activities that

include but are not limited to ‘how the transfer occurs’, ‘which criteria are present’, ‘how to

measure this transfer’, and so on. This paper tries to investigate some of those issues. It aims at

reporting two exploratory case study as a preliminary work is this direction. The paper is structured

as follows. Next section outlines some relevant aspects of the literature concerning modularity. Next

section presents the project design followed by case results and concluding remarks.

Theoretical Basis of Modularity

The architecture of a product is the scheme based on which the functional elements of the

product are arranged into physical blocks and the blocks interact (Huang, 2000). Product

architecture can be categorised as integrated or modular. An integrated architecture usually has the

following properties (Huang, 2000): the functional elements of the product are implemented using

more than one block (a collection of interchangeable components that implement similar functions);

a single block may implement many functional elements; the interactions among the blocks are ill-

defined and may be incidental to the primary function of the product. Modularity (or

modularization) is an approach for organizing complex products and process efficiently (Baldwin

and Clark, 1997), by decomposing complex tasks into simpler portions so they can be managed



independently (Mikkola, 2001). There are a number of terms that are used to describe modularity.

Those terms and their references can be seen in Table 1.

Table 1 - Taxonomy on Modularity (constructed based on Mikkola, 2001).

Terms References
Modular components Sanchez and Mahoney (1996); Shaefer (1999)
Modular innovation Henderson and Clark (1990); Christensen and Rosenbloom (1995);

Hsuan (1999)
Modular product

architecture
Ulrich and Eppinger (1995); Sanchez and Mahoney (1996);

Lundqvist et al. (1996)

Modular system Langlois and Robertson (1992); Baldwin and Clark (1997)

The characteristics of modular and integrated architectures are compared in Table 2.

Table 2 - Comparison of Modular and Integrated Architectures

(adapted from Huang, 2000 and Mikkola and Gassmann, 2003).

Issue Integrated Architecture Modular Architecture
Nomenclature A collection of components that

implement some functions of a
product is called a block

A collection of components that
implement some functions of a

product is called a module
Functional element The functional elements of a product

are implemented using more than
one block

Same as an integrated architecture

A single block implements many
functional elements

A module implements one or a few
functional elements in their entirety

Interaction The interactions between blocks are
ill-defined and may be incidental to
the primary functions of the product

The interactions between blocks are
well defined and are generally

fundamental to the primary functions
of the product

Product
performance

It can be enhanced through an
integrated architecture

It may not be enhanced by a modular
architecture

Changes Changing a block in an integrated
product may influence many

functional elements and require
changes to several related blocks

Changing a few isolated functional
elements of a product may not affect

the design of other modules

Example Formula One cars, Apollo
computers, satellites

Elevators, passenger cars, IBM PCs



The literature usually grouped the concept of modularity in three principal domains: modularity

in design, modularity in production, and modularity in organization (Sako and Murray, 2000;

Camuffo, 2001; Doran, 2003). In addition, other authors also consider modularity in use (Sako and

Murray, 2000). Those are described in the next section.

Modularity in design

Modularity in design has been researched to reduce design process complexity (Ulrich and

Eppinger, 1995; Fujita, 2002). Modularity in design can be, therefore, defined as choosing the

design boundaries of a product and of its components, i.e. on how to divide a system into modules,

so that the design features and tasks are interdependent within and independent across modules

(Huang and Kusiak, 1998; Camuffo, 2001).

Ulrich (1995) analysed the structures of design, in terms of product structure, physical

functions, etc. and distinguished them into modular architecture and architecture integral. According

to Fujita (2002), the former indicates a one-to-one mapping from functional elements in a function

structure to physical components of a product and decoupled interfaces among components. The

later indicates a complex (non one-to-one) mapping functional elements to physical components

and/or coupled interfaces between components.

Modularity in design can be, therefore, defined as choosing the design boundaries of a

product and of its components, i.e. on how to divide a system into modules, so that the design

features and tasks are interdependent within and independent across modules (Huang and Kusiak,

1998; Camuffo, 2001).

One important aspect of modularity in design is the product architecture. An important task

is to find common modules across products for platforming a product family or to find a common

module for joint development with a partner (Hölttä and Tang, 2003). However, although

modularity is often seen purely as a process of decomposition of product architecture into

subassemblies (Whitney, 1992) it is not the same (Marshall et al., 1998). There are fundamental

differences between modular design and groups of components in a subassembly (Marshall et al.,

1998):

− Modules are co-operative subsystems that form a product;

− Modules have their main functional interactions within rather than between modules;

− Modules have one or more well defined functions that can be tested in isolation from the system

and are composite of the components of the module. Modularity is typically used for its inherent



capability to rationalise variety through the partitioning of product functions (Pahl and Beitz,

1996);

− Modules are independent and self contained and may be combined and configured with similar

units to achieve a differential outcome.

Aiming at providing a taxonomy on modularity, Bi and Zhang (2001) state that there are two

basic categories of activities involved in modularity in design:

• Modularity of a product: it should result in architecture of a product such that the product can be

made by simply assembling pre-existing components. To realise it, product functions, product

life cycle issues, and costs should be considered.

• Determination of modular configuration: given a set of candidates modules, produce a design

that is composed of a subset of the candidate modules and which satisfies both a set of functional

requirements and a set of constraints.

Modularity in production

Modularity in production means choosing plant design boundaries to facilitate both

manufacturing and assembly to meet product variety, production flow, cost and quality requirements

(Camuffo, 2001). In this direction, there are now commercial equipment for enabling and facilitating

the introduction of modular plants. A ‘component-based automation’ solution is supplied to a

modular plant at VW in Wolfsburg, Germany (Siemens, 2004). It is a solution for the factory paint

shop; a decentralised automation approach in which intelligent is distributed to technological

modules that combine the mechanics, electrical functions and control programme logically. The

technological modules include robots, filling machines and other parts of a production plant

(Siemens, 2004).

In addition, modularity in production also refers to apply sub-assembly, pre-fitment testing

of modules and transferring some of these activities to suppliers (Doran, 2003). The influence of

modularization on the factory floor lies in the ability to pre-combine a large number of components

into modules and for these modules to be assembled off-line and then brought onto the main

assembly line and incorporated through a small and simple series of tasks (Sako and Murray, 2000).

In this sense, Fredriksson (2002) analyses the conditions provided for module assembly units

performance through a case study conducted at Volvo. It considers pre-assembly and outsourcing.

The paper also shows that organizational forms (ownership and location) provide different

conditions for module assembly unit performance. The modularity in organization is further



discussed below. Other papers discuss issues related to the concept of modular production (Collins

et al., 1997; Marx et al., 1997; Pires, 1998; 2002). The production is organized as known today as

modular consortium. The concept is based on the transfer to all assembly operations to nine first-tier

suppliers. Each module is defined by a whole logical part of assembly. The plant lay out is shown in

Figure 1. It is worth observing that the automaker produces chassis for both trucks and buses, while

cabins are produced only for trucks.

Figure 1 – Modular Consortium – Production Lay Out (Pires, 1998).

According to Camuffo (2001), many automakers such as GM, Fiat, Ford, Daimler-Chrysler,

Mercedes Benz, and VW have experienced with modular assembly plants in the past years.

Volkswagen was the first plant to apply modularity concepts extensively, specifically at its plants in

Resende in Brazil, Boleslav in Czech Republic and Mosel in Germany (Marx et al., 1997). Ford and

GM have all built new plants that specifically accommodate modular assembly (Doran, 2003).

Modularity in organization

Modularity in organization relates to the organizational process, governance structures and

contracting procedures that are adopted or used to accommodate modular production at both the

intra and inter-firm context (Doran, 2003). For instance, Camuffo (2001) presents a case study of the



roll-out of a Fiat world car in a field work carried out in six countries. In this study, the author

examined aspects of modularity, outsourcing, and globalisation to find out if there were a

relationship among them. The case study pointed out that, at the firm level, those concepts are

linked. Outsourcing and modularity, though increasingly inseparable and overlapped in practice,

remain conceptually distinct (Camuffo, 2001).

Although it is not a consensus in the literature, Sako and Murray (2000) also categorise

‘modularity in use’ as a fourth type. It is a consumer driven decomposition of a product with a view

to satisfying ease-of-use and individuality (Sako and Murray, 2000). According to the authors, there

are several issues, which influence the consumer perspective on modularity: easy of use, ease of

maintenance and relative cost of different modules. Another aspect, which is also important, is

compatibility. Examples come from the computer and automotive industry. IBM developed the

modular computer in the 1960’s because consumers demanded compatibility within a family of

computers and across different generations of computers (Sako and Murray, 2000). Modularity in

use is captured in the auto-industry by the idea of consumers buying a product by mixing and

matching elements to suit their individual needs and tastes, including ‘modules’ and ‘options’ (e.g.

sun roofs).

All types of modularity, presented earlier, have become a focus of attention in different

industrial sectors. Having presented a basic theoretical background on types of modularity, attention

is turned to some remarks on modularity implications.

Modularity Implications

One of the current concerns in the literature is a question whether there is a relationship

among the types of modularity presented above. Indeed, modularity in product design may impact

all stages of the product life cycle. Modularity in design of products leads to modularity in the

design of the organizations that produce such products (Sanchez and Mahoney, 1996). It affects the

design process itself by proposing solutions in terms of simultaneously designing multiple products

(Fujita, 2002). Furthermore, it concerns other issues such as supply chain factors (Doran, 2003),

outsourcing strategy (Camuffo, 2001), manufacturing and assembly (Bi and Zhang, 2001;

Fredriksson, 2002), and serviceability and recyclability (Ishii, 1998). As can be seen, modularity can

be considered as a multi-faceted concept and its adoption is influential on the entire company

(Baldwin and Clark, 2000). In summary, the adoption of modularity can be influential on the whole

organization.



Methodological Approach

The main interest of the present study is to identify organizational practices and activities

related to new product development (NPD) that might occur when adopting modularity. The scope

is to identify those activities between first and second tier within automotive supply chain. The

paper aims at describing and analyzing the process of value added transfer, its characteristics, and

possible implications. The paper considers this study as an exploratory work and adopts case-based

research as the methodological approach (Yin, 1994). It is exploratory in nature since the literature

understands that this subject is not sufficiently developed either theoretically or empirically.

Questions associated with the study are associated with the following characteristics and

competences needed to transfer added value activities in NPD: key resources; progressive capability

towards the supply of modular products; strategic positioning; inter-organizational relations; and

potential of transferring value added activities through the chain.

Cases were selected from a database from the Brazilian association of autoparts companies

(SINDIPEÇAS). An initial telephone contact was made with NPD managers who confirmed they

usually participate in collaborative operations with OEM and first tier suppliers. They also develop

and supply modules. In this preliminary part of the study, two suppliers were selected, a first and a

second tier. Data were collected through semi-structured interviews using a questionnaire with the

following items: company profile; product and services provided; current customers; distribution

channels; development of modular products; comprehension of modularity concept; impact of

modularity in their business; attributes related to the competences among suppliers. Secondary data

were also used. After the interviews data were analyzed considering the theoretical framework

developed earlier, individual empirical evidence as well as cross-analysis between the two

companies. In addition case analysis were based on Doran’s work (Doran, 2003). For confidentiality

purpose, companies were named as alpha and beta.

Case Results

Alpha has a relevant position in the chain as a second tier supplier. Its evolution in terms of

competences has resulted in new opportunities in terms of new product development. It has

aggregated new technologies and its activities are now vertical. Modularity has brought many

benefits to the company. The transfer of value added activities has been identified. This has enabled

the development of new competences and more involvement in design new products with first tier



suppliers as well as with OEM. The company has a strong potential for receiving valued added

activities.

Beta has also an important position as a strategic first tier supplier despite in development. It

has taken the opportunities to become a mature first tier supplier. The main aspects that confirm this,

is new plants recently installed in South America (Argentina) and an office to support its business

and follow-up NPD with its customers (OEM) in Europe. The company development centre is well

equipped with experienced professionals (more than 30 years in the market). The company process

to become more vertical has assured a domain of new technologies to design and produce modules.

The potential of transferring valued added activities is high as well.

Table 3 shows the profile of the companies studied.

Table 3 – Company Characteristics.
ALFA BETA

Years in the Brazilian market 50 42

Number of employees 400 1200

Products Die-stamped components for seats, brake

systems, engines, doors, fuel systems,

exhaust systems, and gear box

Machined components for steering box,

casting components, welded modules,

stroke and brake treadle

Table 4 presents the main data collected from the companies.

Table 4 – Results from Alpha and Beta.

ALFA BETA

Key resources

Moderate scale of operation
Start to structure NPD area
Start to aggregate new technological capabilities

Modernization of production operations
P&D structure for NPD
Investment in intelligence engineering

Progressive capabilities towards the supply of modular products

Assume delivery of modular products direct to
customers
Financial support from customers to build production
lines
Transfer of non-added value activities (e,g, welding
and riveting of components) to third tiers
Partnership with customers to access design

Assume responsibility in operations of modular
products within the customer facilities
Investment in building modular plants (condominium
and modular consortia)
Investment in production facilities to offer modular
systems
Responsibility for developing modular products



Table 4 – Results from Alpha and Beta – continued.

ALFA BETA

Inter-organizational relations

Increasingly access of design data and prototypes
from the customers
Tend to be more involved in collaborative new
product development (co-design)

Recent investment to develop electronics
communication protocols with customers
Simultaneous development in some projects (co-design)

Strategic positioning

Reactive attitude
No long term vision (about possible changes in the
sector)

Pro-active attitude
Long term vision (clear focus on key changing issues)

Potential of transferring value added activities through the chain

Perform feasibility studies
Define technical solutions in few designs
Assume a position of modular product supplier
Management response to first tier supplier or OEM

Progressive potential of transferring value added
Define technical solutions in many designs
Start to access global modular designs
Management of down stream tiers

Concluding Remarks

As a preliminary study, this investigation is not yet conclusive. This work has limitations in

terms of unit of analysis as well as its scope. However, it illustrates two cases of progress within the

automotive supply chain when considering the transfer of valued added activities in NPD. The

evidence collected from the interviews and secondary data show that the companies are in distinct

stages according to Doran’s model. Alpha is an embrionary second level supplier yet strategic. Beta

is between mature and in development first tier supplier.

Finally, this work enables an initial analysis on the subject of modularity. Further work will

concentrate in expanding the quantity of cases as well as to conduct an more in-depth investigation,

specially the organizational practices for NPD that might confirm the transfer of valued added

activities throughout the supply chain within the context of a developing country.
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