Modular Function Deployment (MFD), Support for Good Product Structure
Creation.

Gunnar Erixon
Centre for Industrial Engineering at Dalarna University and KTH, Stockholm

ABSTRACT

Modularity based on the use of module drivers enables the set up of independent

manufacturing units for each module that can be precisely adapted to the requirements

of the actual module. Thus, a module workshop in which, for example, a carry over

module resides can permit heavier investments due to longer life-cycle then the rest of

the product. In the same way a variant module workshop needs focus on a highly

flexible material handling system. The concept of module drivers gives a direct link
“between the design requirements on a module and its manufacturing system.

This contribution will present the MFD (Modular Function Deployment) method for
product structuring, using the concept of "module drivers", which supports the designer
in the elaboration of a good product structure, where e.g. diversity, assemblability, life
cycle and re-use considerations are supported.

The method described gives any company the opportunity to specify its own special
grounds and systematically choose the modular design that corresponds to them.

MFD consists of 5 steps:

Clarify product specifications.

Analyse functions and select technical solutions.
Identify possible modules.

Evaluate concepts.

Improve each module

o

MFD will be explained in a pedagogical example showing the method applied in
practice.

1. INTRODUCTION

Diverse customer requirements lead to a wide variety of products. As a consequence
production becomes complex and difficult to plan and control. Greater part of a

manufacturing company’s ability to create variety resides with the structure of the
product (1).

Figure 1 shows how a factory can be organised when the entire assortment of products
have been divided into modules, each manufactured in a so called "assembly module
workshop".

In the same way as modules are "Products in the Product”, "Factories in the Factonv" are
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formed as a resuit. The traditional final assembly line does not exist anymore. Modules
are assembled separately and supplied to the main flow, where they are attached to one
another. Short feedback links for failure reports can also be secured if modules are
tested before delivery to the main flow.

With an early fixation of the interfaces between modules, product and manufacturing
system development can proceed in separate, and parallel projects, one for each module.

Product assortment
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Figure 1. Manufacture of a modular built product, principle.

2. THE CONCEPT OF MODULE DRIVERS

In order to create an "ideal" factory like this, the reengineering of the product and the
factory has to proceed concurrently and follow a consistent procedure, enabling product
features to be easily linked to manufacturing parameters. Thus, when a product is
modularised, the factory has to be reorganised accordingly.

Our research has shown that this can be done using the concept of module drivers.

Module drivers are a number of different criterias behind modularisation, along the
entire product life cycle (2).

These drivers can be seen as generic but may be complemented by company specific
ones such as: strategy, financial limitations, legal restrictions, etc.

A carry over is a part of product or a sub-system of a product that can be re-used

(carried over) from an earlier generation of a product to a new generation or from one
product family to an other. This possibility should be examined throughout the entire
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company and corporation. It should also be assessed if and how eventual carry overs
will influence the company image, etc.

Technology push means that a part or a sub-system is likely to go through a technology
shift during its life cycle because customer demands will change radically; the
technology itself will evolve i.e. from mechanical to mechatronic, new material, etc. A
rapid change and development of competitive products point in this direction.

When a part is a carrier of specific features the product planning might indicate a
change at a specific time.

In order to handle product variation and customisation effectively one should strive to
access all variations in technical specification to one or a few parts of the product and
not let the variations spread throughout the entire product. Also it will be advantageous
to make the variation adaptation as late as possible in the manufacturing chain.
Parametrisation in one or a few of the modules may be one way of doing this.

Some products are strongly influenced by trends and fashion, others have part(s) that are
strongly connected to a brand or trademark. Here it will be advantageous to create what

can be called a styling module that may be altered more freely without causing
disruptions in the whole product.

Although an increased customisation means a high degree of variation, it is still possible
to find parts and functions that can be common units and used throughout the entire
assortment of products. Common units can be found by comparing assembly drawings
of several product types or by checking already existing sub-assemblies. Parts that
contain the basic function(s) are possible candidates.

Smaller areas where a team work organisation can be formed around a module and the
shop floor work can be organised in different ways in the different module areas. Work
content, responsibility and authority, technical level etc. can be varied, thus giving a
development opportunity for the shop floor employee, leading to increased work
satisfaction. This also improves the possibility for automation since similar types of _
operations can be placed in the same team work area. An improved process and working
organisation like this is easier to re-use and is therefore a driver for modularity.

If each module can be tested before it is supplied to the main flow, immediate feed

back on guality can be supplied to the operators giving the resulting module increased
quality mainly due to the reduced feed back times.

Modularity also gives the possibility to purchase complete standard modules (black box
engineering) instead of individual parts. This of course reduces purchasing work. From
the standpeint of material cost, modularity means that fewer parts are needed to build up
the assortment. This means less material to ship and consequently lower logistical costs.
Dealing with one big supplier instead of many small ones also makes the administration
part of the logistic cost lower. Modularity also gives a simpler product structure with a
high degree of similarity between different departments and makes it possible for
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instance to use the same computer system for product specification (sales), purchasing
and spare parts.

Quick service and maintenance in the field are an important factor for many companies
and they point out the unique ability the product modules offer for fast service. One
damaged module can be replaced by a new one. Then the damaged one can be repaired
at a service centre.

Modularity also offers the possibility to upgrade products if necessary. Rebuilding
products for other purposes than the original one can also be achieved. Several
companies have used the well defined structure that product modules give, to support
simple sale tools so that the salesmen can give a detailed price faster.

To enable a high degree of recycling, the number of different materials can be limited in
each module and environmentally hostile material can also be kept in the same module
so that disassembly will be easier.

3. MODULAR FUNCTION DEPLOYMENT, MFD

Based on the module drivers, a methodology for product and factory reengineering has
been developed. The methodology gives any company the opportunity to specify its
own special reasons and systematically choose the modular design accordingly. The
MFD methodology (Modular Function Deployment), a systematic procedure for
creating modular product design consists of 5 steps:

Step 1: Clarify product design specification using the QFD matrix (3), with
“modularity* put in as the first design requirement.

Step 2: Analyse functions and select technical solutions.

Step 3: Identify possible modules using the MIM (Module Indication Matrix, explained
below).

Step 4: Evaluate concepts by teéting the interfaces between the modules.

Step 5: Improve each module using known DFX methodology (4) and the MIM as a
pointer for what is important for each module respectively.

4. PEDAGOGICAL EXAMPLE

In this paragraph the MFD methodology will be explained with the help of a
pedagogical example showing how the methodology is applied in the modularisation of
a domestic vacuum cleaner. The example is a "dummy”, but have been elaborated in co-

operation with personnel from Electrolux. It has also been used at numerous training
work shops for modular design training,

A complete MFD procedure contains, as earlier said, 5 steps. In this example however
step 1 and 5 are not used. Stepl, Clarify Product Design Specification, can be left out
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when the product is mature and the design team is fully aware of the design
specifications. One have however to be aware of the risk that all customer requirements
on the product may still not be totally clear. Also Step 2, Select Technical Solutions, has
been limited to a decomposition of existing technical solutions.

4.1 Functional decomposition, step 2

Decomposition of a mechanical system is common activity in engineering design and
many systematic procedures exists. In this case we use the methodology of Suh (5),
incorporating a hierarchical mapping between the Functional Domain (Functions) and
the Physical Domain (Means/Technical Solutions/Function Cartiers). Figure 2 shows
the first level of decomposition.

Function Functicn carrier
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..leading to W nozzle
ki

@l requirements....

Create Reach Dispatch l Fan Mobile Dispos-

Remove dust
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vacuum | | every spot dust chassis able bag
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.. in turn realised by..

Figure 2. First levels of the functional decomposition of a vacuum cleaner.

The decomposition will be carried out down o a practical level. “Bolts and nuts” level
is usually to detailed as long as a good modular structure is the objective. Experiences
have shown that, with this objective, it is better to stop too early in the first attempt and
then, in an iteration, go one step further in the decomposition.

All function carriers from the completed decomposition for the vacuum cleaner are '
transfered to the MIM matrix, explained below.

4.2 Identify possible modules with the Module Indication Matrix (MIM), step 3

The Module Indication Matrix, MIM, is a QFD alike tool, where the function carriers
(technical solutions) are assessed one by one against every module driver, for each
column vertically down through the matrix. Every function carrier is weighted in a
scale, 9 (= strong driver), 3 (= medium driver) and 1 (= some driver) according the
importance of the respective reasons to be a module. To support the work with the

MIM, a questionnaire is developed (see appendix). The completed MIM for a vacuum
cleaner is clear from figure 3.
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Figure 3. Completed MIM for the vacuum cleaner.

There is an ideal number of modules which equals the square root of the average
number of parts in one product variant (6). The same number of function carriers can
now be picked out as module candidates.

The number of parts in the vacuum cleaner is estimated to be 70 pes giving an ideal
number of modules of eight. The eight candidates, marked in figure 3, are:

Fan

Electric motor
Chassis

Bag

Filter
Triristor+knob
Housing

Wire collector

This far ve have treated every single function carrier as a separate module and we run
the risk of getting a not optimised product (a “pile” of functions). If the markings in the
MIM are followed horizontally, it will be clear which of the carriers have the same or
not contradictory module drivers. Grouping or integration of function carriers to the
module candidates can now be executed. Function carriers not among the module
candidates should be considered in first place.

At this stage total product concepts should be created and sketched. Grouping or
integration possibilities are often reduced by physical limitations. This horizontal
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assessment can give the basis to value appropriate integration, but can also draw
attention to problem areas within the product.
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Figure 4. Grouping or integrating with module candidates.

The chassis and the housing have similar markings in the MIM, figure 4. What differs is
the fact that the chassis has a strong driver for Common unit and the housing has a
strong driver for Styling. An integration of these two would lead to a need for early
fixation of variety creation in the process, resulting in increased administration costs. It
might be possible that this integration should be done for other reasons, but now the
problem has been opened for discussions.

Table 1 shows the modules that was chosen for the vacuum cleaner. The modules can be
given names that clarifies the properties of the module and make the module driver
profile transparent, i.e. Styling module - housing.

Styling module housing, grip, cover

Panel triristor-knob, switch-knob, brake-knob

Electric motor electric motor, triristor, switch

Chassis chassis, rear wheel, front wheel,bag
lock, bumper, accessoires

Bag

Filter

Wire collector

Absorbent

Fan

Standardised parts

Table 1. Finally chosen modules.
4.4 Evaluate concepts

The interfaces have a vital influence on the final product and the flexibility within the
assortment,
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An interface might be fixed, moving or media transmitting. Fixed interfaces only
connect the modules in a product and transmit forces. Moving interfaces transmit energy
1n the form of rotating, alternating forces etc. Media can be fluids, electricity etc.

A matrix as per figure 4 gives a good overview of the interface connections. (E) stands
for moving (energy transmitting) and media transmitting force, inertia, electricity etc

and (Q) for solely geometrical specification in the connection. The assembly operation
times could also be entered to complete the picture.

‘Chassis

Electric motor

Wire collector

Panel "G, "Base part”
B — assembly
Absorbent %

10

Filter

| m—
] "Hamburger”

‘: assembly

Figure 4. Evaluation of interface complexity.

In figure 4, interface principles preferred have been marked with arrows. All markings
outside the areas marked show not wanted connections and should be avoided and/or be
made the subject of improvements. The matrix serves as a pointer for the interfaces that
have to be observed and eventually improved.

4.5 Improve each module, step 5

Improve each module using known DFX methodology and the MIM as a pointer for
what is important for each module respectively. E.g. a module that is chosen mainly for
service and maintenance reasons should be designed to ease disassembly.

5. DISCUSSION

The product development procedure has a major impact on the result and also on the
working process itself. A systematic work procedure is needed throughout the entire
flow, from the identification of the customer requirements to the delivery of a
satisfactory product fulfilling these requirements.
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It is well known today that DFX-tools are very efficient in product design. However
most DFX-tools only handle the product structure and component level. Company
studies have shown that efforts on the product range level give further effects in ease of
manufacturing and assembly. Andreasen (7) claims that the effect of the assembly

principles derived on the product range, product structure and component level is in the
ratio 100:10:1.

Unlike DFMA, MFD is a tool applicable across the entire product range. The concept of
module drivers gives a direct link between the requirements on a module and its
manufacturing system. Linking sub-functions of a product to "module drivers" has
proved to be a powerful too! in this development process. A number of companies
which practice the methodology have verified that the concept of module drivers gave
quite new and different approaches to development work.
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MIM questionnaire.

Carry over

Are there [ ] strong reasons why this part should be a separate module since it can be
[ 1 medium carried over from earlier to new product generation?
[}any

Technology push

Is it

[ ] very possible
{ 1 possible
[ ] some poss.

that this part will go through a technology shift dﬁring the preduct
life cycle?

Planned design changes

Are there [ 1 strong reasons why this part should be a separate module since it is the
[ ] medium carrier of attributes that will be changed according plan?
[ ] some

Technical specification

Is 1t possible to contain []all variants of the technical specification in this part?
{ ] the main
[ ] some

Styling

Is this parl [ 1 strongly influenced by trends and fashion in such a way that form and/or
[ ] tairly colour has to be altered?
[ ] to some extent

Common unit

Can this part be the same in

[1all

of the product variants?

[ ] the most
[ ] some
Process/Organisation
Are there {1 strong reasons why this part should be a separate module becausc:
[ ] medium
[]some - it will be an ergonomic part to handle?
- it has a suitable work content for a group?
- the production accessories (fixtures, tools, etc) can be re-used?
- it fits to our special know-how?
- a pedagogical assembly can be formed?
- the lead time differs extraordinary?
Separate testing
Arc there [ ] strong reasons why this part should be a separate module because it can be
[ ] medium tested separately?
[]some
Purchase
Are there [ ] strong reasons that this part should be a separate module because:
[ ] medium
[ ] some - there are specialists that can deliver the part as a black box?
- the logistics cost can be reduced?
- the capacity can be balanced?
Service/maintenance
Is it possible to locate []ail of the service repair to this part?
[ ]1most
[]some
Upgrading
Is it possible to do [Jall of the upgrading by changing this part only?
[ ] most
[ ] some
Recycling
Is it possible to keep [1al} of the highly polluting material in this part?
[ ] most

[]some




2nd WDK workshop on product structuring

M IE D

E‘ S “The veree o/ e custsmer "
‘aFD’

Fomclional c/cco.cufﬁr/wl«
L

&

" Degi A rcéw renten /:r ’:”"CI"O"L

fa.(

i

[ Techinieal solulbuisns
f‘r C 7

DE Cme.an:)
. ff’fffi”’— Pl
R EGEEY
Vo ledTvar 7/\ L\
o v
J; -+
E In " " M[M F}
concept JNearry over -\
PQJ[!’ P re/CC/'IOVI g':‘b-é, Tachrolony puh, @
&J < ProQ’UGf"p!QK
< \DiH_tpee. e o
N rsm'a‘na- |
< Compron unlt TR
X | Buocess/ora.  d :') m&‘?
a_ | Separite fest | O | & Lnbegrase ¢
Pod| "Elack Loy ¢ & |
k“‘ j‘wzcc/ﬂd?#\@ ®
@/9r¢za’in‘_5 D i}
\‘t"’\ ,e.:cr;c&nj \ Q ]

DFS‘c.w?CG.
@ B

“Ealpatdon "
ﬁ ﬁ”
@ DFX on maa’u/&g



~Aq pasipd Wi 1

AT

geq o[qe SISSRYD snp 10ds A1942 wnnaeA
-sods), MO ue.j yotedsiq y2eay )81
_ _ ]
- guawodnbad ¢
ajzzou oF Suipoa)™ saponed pue
WML, Ay pasypas uoumy 1SOp SA0WSY
JalLed udoun d uondun,g

\

[E—— o X

ES

w_:woz Mw:,._Muo_\,_ ﬁhuoz m_:woz

<

qUSUII0ESE 1INPOd

WLy rdybnouy g

gutmzongs 1anpord uo doysyiom Mam pul

Fuuniangs Pepadd ua GoysYIom NN PUT



M P M1 eppees uapely

s1

& |61

¥l

91

ir

t|efid

LT 6|6 er|r (5T Aguappaas

FECEp U e

Soqavoay

Supuidp)

O
| 7

®

§

H

7 a8

“yaanilus xoqq | seeed

Nago) edeg] i

gy sy F
26 UoRALD ) &

SUH

@
)
O

tjag  §
H
vopads ) £

@
O
O

e nnmy] 130 pocg|

yonit LBojounay

[

e
o
hungy

gouysoys

L
fupu-o)

120| Au

103301102 241

12403 |05

J01eNpY);

J:Mo:)l

Jadmny

souossosoy{C)
135y U

193YAL Ju:

du

1304201 @

TEnos

qouppmmgley

QOALY L OIRLLLL

syl

s

S50y
aodwm,
10101 LK
ugj ‘luoqjusqv IS0
s,

AP FNPOTA

FEITNL o]
uondung

J0JCH “WUDGICEQE OF1D

IWIN

uunganns 1Nposd uo doyspiom HaM PUT

Fuijokray, Suipesddn, JUIBW/AIAISS,
_ so[RS ANV

Fuiaaurdua X0q-42| s
aseyarng

Juiisa) seiedag,
ApgenQ

“310/$53201 4 MUN UOWIWOD
gurinjaenuey

FuA1S, uoneongroads Juaiap 1.
JUBLIEA

Furuued 19npoid , ysnd AZ0[OUYDI Ly JIAO ALBD
. yusurdojaaa( pue uisd(J

SISALIP [NPOA]

suunanns paped uo dogsyion Ham PUT



J0102]]00 2ITM\
Fuisnoy
QOUWY-+I0JSULL,
L% |

3eg

sIsser))

1030w L3I
ueq

sojepIpus)) AMPO

ajyoad a[npop

suumanngs pnpoid uo doysos N PUT

Fupnianas 13npoad Ut doysHOM HOM PUT




sued | 1 A Ry
PasipIepUElS @ AT, ge—
“Buoyssasosd | _ O Hunea nemnla| e
T HONO2 uaqIosqy i B e B
1N HOUALOD 10130]100 3114 ooe® D % B wnwumoy] &
Supp.Sdn FERE ] | @W 1T 71 | P
ysnd Fojouysa; deg — . e IEETEE m
SA0SSIVVE dunnsg pepoal ¢
“adwing “y4o0] Seq peaym ) ynd ojoaysa | .mmm
UCI] |39YM JEDI ‘SISSRYD  JITT HOMAUOD S|ssEYD) dmwl @ 7 o-iuey 2
YOS JOSHIE I0)0W DLID3[3 440 Adird JOIOW DLOI 7 2 wh;m 5|8 w. e mmw_ H I w H i g * JaAIp 3NPORY
qouy-3xRIq . e LR EHEERELEE mmmm
‘Qowj-youms ‘qouy-soisuy  Suyds a4 g = GEEEE NEE H i w
19100 *d118 Buisnoy Bundss anpow Bujjl1g = - & i &
pareasau] futadoag Inpoy 2 71 P
s uopjaun g
sa[npowa uasoygD
uoneiSaqu]/Butdnoiny

Fuunganns 1npoid 1o doyspes HAM PUZ

Buzmanns 12npoxd uo doysxiom HAM PUT



structuring

2nd WDHC workshop on prod

2nd WDK workshop on product structuring

Evaluation of interfaces

Driver profile






