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Platform-based product family design is recognized as an effective method to satisfy the mass customization which is a current

market trend. In order to design platform-based product family successfully, it is the key work to define a good product platform,

which is to identify the common modules that will be shared among the product family. In this paper the clustering analysis

using dendrogram is proposed to capture the common modules of the platform. The clustering variables regarding both marketing

and engineering sides are derived from the view point of top-down product development. A case study of a cordless drill/drive

product family is presented to illustrate the feasibility and validity of the overall procedure developed in this research.
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Product pertfolio planning

[ Customer requirement analysis |
¥
I Market segmentation I

¥

Product specification determination for each
segment

¥

Product positioning for each segment

i

Function based product modularization

[ Functional modelling / diagram I
¥
| Modularization by grouping functions |
¥

I Construction of product architecture |

!

Variety index analysis of product family architecture

| Establishment of AMM |
¥
| Generation of variety index |

<Figure 1> Top-Down Development Approach
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<Table 2> Market Segments and Product Portfolio for Cordless Drills/Drivers

Market segment Product Engineering specifications
Vi Voltage, 12 V; max torque, 20 Nm; chuck size, 13 mm; # of speeds, 2; speed, 400/1800;
Low-end hammer capacity, no; clutch settings, 23; charging time, 1 h
(e.g. household) V2 Voltage, 14.4 V; max torque, 27 Nm; chuck size, 13 mm; # of speeds, 2; speed, 400/1800;
hammer capacity, no; clutch settings, 23; charging time, 1 h
V3 Voltage, 14.4 V; max torque, 34 Nm; chuck size, 13 mm; # of speeds, 2; speed, 400/1800;
hammer capacity, no; clutch settings, 23; charging time, | h
Middle V4 Voltage, 18 V; max torque, 34 Nm; chuck size, 13 mm; # of speeds, 2; speed, 400/1800;
(e.g. workshop) hammer capacity, no; clutch settings, 23; charging time, 1 h
V5 Voltage, 18 V; max torque, 40 Nm; chuck size, 13 mm; # of speeds, 2; speed, 400/1800;
hammer capacity, yes; clutch settings, 23; charging time, 1 h
High-end V6 Voltage, 24 V; max torque, 46 Nm; chuck size, 13 mm; # of speeds, 2; speed, 400/1800;
(e.g. construction) hammer capacity, yes; clutch settings, 23; charging time, 1 h
4.2 7= 7|dte| HE 2ESHFunction-Based obd REER 7% gla, AERES dAAE A4
Product Modularization) A BA 1 % T8kl itk

<Figure 3>} o] A% op7|E XA HESE 53 <Table 3> Modules of the Cordless Drill/Driver Family
at7] falA 715 tholol 19l A/ skith <Table 3>l

< . . Sub- Heuristic
HZRH 2§ 3 AR AgE Module | Module name
o H] =1 HH(candidate modules)oll st A B 7} 2] H system method used
Q). 7% BES 2 ) TH EY/setoln AFL -
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: o
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FARAE H 7 BRELS ddd AF FHES }é]- 83171 v ! module conversion
3 =0 7lx .. .
H ]— 7] = 7]- ] A] # 1’4— M, Transmission module Dominant flow
B Aol = A7) ABEA "L H 3 (electricit
}@" t]: 1 ] 1 ] = = e (e ectnieity Mechanical M;s Hammer module Dominant flow
supply) 25} 5 7](actuator) BEZ O] FoA UL, y S o F——
. ecure module ominant flow
MG BN ZEe AFE B3R Ndshs 2ES M ”
= - Accessories M Handle module Branching flow
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Thumb o Input | Signal: On/off !
7”1 signal """""""""'} 1
M :
e 1
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I S Iy ——) ____________' 1
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|M3_ _________ I _____________________________________ ’I'____: |/‘_A5—____“ _______ 1Bit -
! Transmit |Torque Change |[Torque| Hammer ! _| Hold and Rotate [ Morque .
f | speed torque | ! torque ’ torque 1 | bit }_:#’
e ——— L CEEEEEEEEE e e T | B T >
Hand Input | Signal: change speed i S
—» : :
Hand Input Signal: change speedj %
signal f—— T TTTTTT M o«
Fosm T ‘ _____ 1
Hand | of TInput |Force JI" Dissipate !
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<Figure 3> A Schematic View of Functional Modularity for Cordless Drills/Drivers
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<Table 4> Attribute-Module Matrix and Derived VI

Product attributes
Module Voltage Torque # of Speed Hammer Chuck Charger Clutch Vi
(Cy) (Co) Speeds(Ca) (Ca) (Cs) (Ce) (Cy) (Cs)
M, 9 0 0 0 0 0 9 0 0.63
M, 3 0 0 0 0 0 0 0 0.21
M; 6 9 0 6 3 0 0 0 2.00
My 0 6 9 9 6 0 0 0 1.72
M; 0 1 0 0 9 0 0 9 0.17
M 0 1 0 0 3 9 0 0 0.17
M; 0 1 0 0 3 0 0 0 0.17
w; 0.14 0.25 0.20 0.08 0.14 0.03 0.08 0.08 Mw;=1
Ag; 3/6 4/6 2/6 1/6 0 0 0 0
<Table 5> Module-Component Categorization of Cordless Drill

Module Component/assembly Vi Feasibility of over-design NRE(RMB)

M, Battery 0.63 Low 3000

M, Switch 0.21 High 500

M; DC motor 2.00 Low 5,000

M, Gear assembly 1.72 Medium 18,000

Ms Clutch 0.17 High 7,000

Ms Chuck 0.17 High 1,500

M; Handle 0.17 High 1,000

4.3 HIEZ O |EIXe| CIZE FM(Variety Ana-
lysis for Product Family Architecture)

S
S
Ml
oA
MHI

F3 g AR gk Al F ol

5 =
5> 3l
FAR=S NN

Aotr] feiA gl Wik A4
th o] HleolEE o]&3ke] Al 3%l

g4 AL TS 2 3

Al 2

w0 i

ArEl A= VI, 27] JIEH|(NRE), %3}
Aol FAMdS F WeE ZAAst 47
S A3} <Table 5> BREEY +

W gol #4504 e,

Al 3o A A A S Z-Score FE|Z Y Hlo] E
S W3 A 7Itk<Table 6> =), 27| AA
A A o] H]=}2}H| Elnon-parametric) o2 AT
so] Q= Hl, °o1F 3/6/9= A F3lste] Z-Score
= Wgkgich

<Table 6> Z-Score Data Transformed from the Raw Data

Module | Variety Index Z‘f/sz’('j'gé g‘;f NRE
M; -0.118 -1.352 -0.350
M, -0.645 0.751 -0.758
M; 1.600 -1.352 -0.023
, 1249 20300 2.098
M; -0.695 0.751 0.303
Ms -0.695 0.751 -0.594
M; -0.695 0.751 -0.676
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oA 204 ek WS dlolE gt A (4)E
o] &3te] fE#= 7|2](Euclidean distance)
£ AXt sto] Azl Y H(distance matrix) T
SeH<Table 7> #%).

<Table 7> Distance Matrix from the Z-Score Data

Modules| M; M, M; My M; M; M;
M, 0
M, 2.206 0
M; 1.749 | 3.162 0
My 2.994 | 3.584 | 2.393 0
M; 2276 | 1.062 | 3.130 | 2.847 0
M 2.194 | 0.171 | 3.165 | 3.483 | 0.897 0
M; 2205 | 0.096 | 3.180 | 3.547 | 0.979 | 0.082 0

A4 B AEF(dendrogram) 12]7]

Al 301]*1 T3 A Eel A 7H &S A BE
e AR 7L 0.0829) D(Ms, M7) 0.2 BE Mg, M;0] T
wof g o] FAEk HF FIA Ve w AR
A PEE Aatgth g5 S0, o] 7] s M,
I AEA IA4E o ](Ma, MAAele]l A= DM, My)
&} DMy, M7) & &2 A=A DM, Mg) = 2.1940] Hr}
ol9o} & WA og M2 FH My, M7)3 L ¥ &
& Atole] A glE AN 4= 9ltH(<Table 8> ). Myt
Mo E & Aol FalA o] FHo|A 7H
2 A= D(Ms, My), My) = 0.096%2 F(Ms, M7)2}
a5 My7h 8 Ee A (Mz, M,,, M7)7} & A Ht} o9}
Z 5 <Table 9>~<Table 12>

(U aUS

irl

THEY FAE Brp WEds] AEsH] 98] <Figure
4>¢} o]l AZTE adUY ATTE B BE Mg, M;
of Hx & YL M7t FHEH 7S FAHs= A
S E Ttk A A 2S48 M M2 ' O
VI #ke] 0.17= 7bd vrar, 23 A F4 0] higholw
Z7170Em = 22 1,5009 1,0000.2 s A Al
o oo Z My7h i Ee A el FAE AT
My= VI #o) 0212 v Holu Z3pAA Aol
high, Z71710]7} 5002 A A Evf &2 M7 &
HEol Al RS Ase AS B & o My v
Fhol 0.17= vral, 237 FAA ol high, Z=7]71EH]

7} 7,0000] t}.
e #HoE MY My R

<Table 8> Distance Matrix After First Clustering Step

Modules M, M, M; My M; M5, M;
M, 0
M, 2.206 0
M; 1.749 | 3.162 0
My 2.994 | 3.584 | 2.393 0
M; 2276 | 1.062 | 3.130 | 2.847 0
Ms, M; 2.194 | 0.096 | 3.165 | 3.483 | 0.897 0

<Table 9> Distance Matrix After Second Clustering Step

Modules M, M; My M; M, M5, M7
M, 0
M, 1.749 0
M; 2.994 2.393 0
M; 2276 3.130 2.847 0
M;, M, M; 2.194 3.162 3.483 0.897 0

<Table 10> Distance Matrix After Third Clustering Step

Modules M, M; My Mo, Mg, M7 M5
M, 0
M; 1.749 0
My 2.994 2.393 0
M), Mg, M7, M5 2.194 3.130 2.847 0

<Table 11> Distance Matrix After Fourth Clustering Step

Modules M; M; My Mo, Mg, M7 M5
M, Ms 0
M, 2.393 0
M, Mo, M7, M5 2.194 2.847 0

<Table 12> Distance Matrix After Fifth Clustering Step

Modules M, M3, M, Mg, M7, Ms M,
M, Ms, M, Mo, M7, M
M, 2.393 0
— 1

M, My, M, M; M, M, M,

<Figure 4> Dendrogram for Cordless Drills/Drivers
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