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Commonality-Variety Tradeoff

What the market wants

A

A good platform architecture
lies somewhere in the middle

What the company
wants to offer
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What company needs for productlon

What company wants
for production

-p

g PennState

© T. W. SIMPSON, 2020



Definitions of Key Terms

* Product platform

a “Collection of the common elements, especially the underlying

core technology, implemented across a range of products”
(McGrath, 1995)

e Product family

a A group of related products that share common features,
parts, and subsystems; yet satisfy a variety of markets

e Variants, derivatives, enhancements, or extensions:

o Individual products derived from the platform by

— By addition, removal, and/or substitution of one or more modules =
module-based product family
—- By scaling or “stretching” the platform in one or more dimensions =
scale-based product family
'3 PennState
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HETHI I IH (3 M Universal Motor

e Universal motor is most common
oonent In power tools

com

» Challenge: redesign the universal
motor to fit into 122 basic tools

with hundreds of variations ey |
Electric motor field components
prior to standardization

x

e Result: a common platform where

o geometry and axial profile common

o stack length varied from 0.8"-1.75” >501
to obtain 60-650 Watts

o fully automated assembly process =
a material, labor, and overhead costs =
reduced from $0.51 to $0.31
a labor reduced from $0.14 to $0.02 o0 08"  Stack length e
g BennStae Universal motor variants
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Enabled a Line of Drills
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: Source: Al Lenherd, Penn State
'J Igsa‘WS ME/IE546, Guest Lecture, 2005
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Source: Al Lenherd, Penn State
Sanders ME/IE546, Guest Lecture, 2005
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- . S - Al Lenherd, P Stat
Niche Products: Rotary Cutter| FEitiss coest Locire 2008
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Source: DAIMLERCHRYSLER

Volkswagen A-Platform

Development Car Division

Plattform v Audi | Skoda Seat |Rolls-Royce/ |Lamborghini| Bugatti?
| Bentley
Sportwagen® |W12 Coupé/ I Diablo SV/ [EB 110
Roadster ! Diablo VT !/
| Roadster
Luxuslimousine |AB i Silver Sera EB 112*
D_ — | (Machfolger) | M
Passat Plus |Ad/AB
B/C— = | | ~
Golf, Bora, |A3 o— | Octavia | Toledo /- pe———
;':'{ Beetle | TT Coupé/ | (Nachfolger) ' £
Ny | Hoadistes b Audi TT coupe
'Folo, LUpo TAL Felicia
| (Nachfolger) | Cordoba,
g :
e\ Audi TT roadster
ﬁ-—_‘———_ @ . L"l",
VW Bora VW Beetle Skoda Octavia
(3+5 door, station  (Bora sedan, coupe, (New Beetle, (Octavia sedan,
wagon, convertible, convertible, and New Beetle and station wagon) - '
and Minivan) station wagon) convertible) Seat Toledo
Successor

VW planned 19 vehicles based on A-platform

* VW estimates development and investment

(Toledo, coupe, station
wagon, and convertible)

cost savings of $1.5 billion/yr using platforms

'3 PennState
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MQB Platform

2012 MQB Platform Platform Strategy

Scalable vehicle base
Fixed design reference
variabel ; Modular engine design

Common Elements:
Engine layout
Drive architecture

{;-"" Information systems
' = Suspension setup
--; - ik '!},
: by 8 Differentiation
R V. W
N - : Brands
variabel variabel variabel Markets

Styling
Option codes
Etc.

50% reduction in time to market
30% cost savings over previous platforms
Deploy engine technology and information platforms

g PennState
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Source:

Automobile Platforms at Ford| (c.woccio, k. Ewing,

G. Pumpuni, MIT, 2000)

e At Ford, an automobile platform includes:

o A common architecture (e.g., assembly sequence, joint
configuration, system interfaces, etc.)

o Definition of subsystem and module interfaces

0 A set of common hardpoints used by the range of products that
share the platform and the manufacturing processes

* Ford defines a platform as a set of subsystems and interfaces that
form a common structure from which a stream of derivative
products can be efficiently produced

g PennState
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Platforms to Modules

Source:

CAMERON INDUSTRIES
Platform Strategy Advisory

over the last 20 years

]
||

P, .

g || e @)

« BMW and VW have moved from decentralized products
to centralized platforms and now centralized modules

'Y "Ex..a___‘

* Ford oscillates between decentralized and centralized
o Heavyweight programs (e.g., Mustang)
a World cars (e.g., Fiesta, Focus, CMAX)

60%

'3 PennState
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Competitive Teardown
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J.D. Power & Assoclates

Customer Service Index Ranking

Luxury Brands
(Based on a 1,000-paint scale) IDPower.com
Power Circle Ratings™
500 600 700 800 500 for consumers:

Lexus

Audi 869 »9@®
Lincoln 268 Yy
Porsche 267 o)
Cadillac 365 2000
Jaguar 264 2008
Mercedes-Benz 264 *Ir

Infiniti 861
Luxury Brand Average 859
BMW 852

Acura

Volvo

Land Rover

Power Circle Ratings Legend

»® Among the best
Better than most
About average
The rest

Note: The C5 rankings are based on dealer service performance during the first three
years of new-vehicle ownership, which typically represents the majority of the vehicle
warranty period. Tesia is not included in the ranking due to non-representative sample.

Source: J.D. Power 2017 U.5. Customer Service Index (C51) Study=™

Charts and graphs extracted from this press release for use by the media must be accompanied by a statement identifying
LD, Poweras the publisher and the study from which it originated as the source. Ronkings are based on numerical scores,
and not necessarly on statistical significance. No advertising or other promotional use can be made of the information in this
release or J.0. Power survey results without the express prior written consent of L.D. Power.

PennState

14 © T. W. SIMPSON, 2020



Consumer Reports

Ratings: Washers

Scores in context: Of the 100 washers tested, the highest scored 83, the
lowest, 24. Listed below are the top-scoring models in each category,
in order of overall performance. Recommended models offer top

B CR Best Buy [ Recommended

performance and specific strengths. CR Best Buys blend value and per-
formance, and are recommended. Similar models are noted and are com-
parable to the tested model.

© Excellent @ Very Good O Good & Fair @ Poor

A, FRONT-LOADERS

BRAND & MODEL

Rank

Recommended

1 LG WMB500HVA
2 Kenmore Elite 41073

a Maytag Maxima MHWS100DC

LG WMBOOOHVA

B Samsung WFS5H2100AG

BEEEEBE
L

-] Maytag Maxima MHW5100DW

£1.450
$1450
1,300
51450
$1520

$850

B2

BO

80

80

Washing
Performance

e 0 © & o o

Energy
Efficiency

o © 0 0 0 0

e o 0 ©¢ 0 ©°

Water

Efficiency

TEST RESULTS

i
i
i
i

0
i
i
i

Capacity
Noise
Vibration
Cycle Time
{minJ

5

100

> © © 0 0 ©°

D @ @ @ O @ Gentleness
coeoooo0 0 -~
e T

75

B. HIGH-EFFICIENCY TOP-LOADERS

BRAND & MODEL TEST RESULTS
V] 1 | LowTsssoHVA $1,200 73 o ' ® ' ® 90 0O ®. @7
[«] | 2 | Samsung WASEHO000AP $1500 72 | o] i = i e : o , o , e e 5
Ia LG WTTI01CY 4950 72 ;5555555%050502?5
ﬂli LG WT1001CW $650 72 |GEG'DO'5«E?0
C. AGITATOR TOP-LOADERS

BRAND & MODEL
1| Whirlpool WTW4B50BW

2 | GEGTWNSE50FWS

$580

5700

L em e ee =

50

'I‘ﬂ; PennState
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Consumer Reports

{R:E?Ségtr;-ler Product Reviews Mews
Applances / Loundry & Clooning /' Washing Maochines /
Washing
Machines
@ IR
———— " B

Take Action About Us

Overview
O —

Washing machines have big performance differences in
water efficiency, noise, and capacity.

View our ratings and reviews and browse our Buying Guide to

Ratings & Reliability

find the best top-load, front-load, or HE (high-efficiency)
washing machine for your family.

Washing Machine Ratings

T |

|

Front-Load Washing
Machines (52)

The best front-loaders clean better and
are gentler than the best HE top-loading

washing machines while using less water.

Front-loaders take longer than HE top-
loaders but spin faster, extracting more
water and reducing dryer time.

Front-Lood Washing Machines Ratings

[

Top-Load Agitator Washing
Machines (25)

Agitator models cost less and are faster
than top-loading washing machines
without an agitator, known as HE
washing machines.

Top-Lood Agitator Washing Machines
Ratings

Recommended B Buying Guide

403 SHARES

f v P38

e

Top-Load HE Washing
Machines (55)

Capoacities keep increasing in HE
washers, so you can do more laundry ot
once. HE top-loaders use less water and
extract more of it from laundry than
agitator top-loaders. This cuts dryer time,
saving energy and money.

Top-Load HE Washing Mochines Raotings

'3 PennState
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Online Customer Reviews

o

8 Amaroncom: Custome o

L @ Securs | hItps//WaWw BMAZon.Com

: Apps f: Penun State WebAcc B TEDxPSU

-

amazon

Departments -

LulzBot TAZ 6 3D Printer » Custome

LulzBot TAZ & 3D Printer
by LulzBot

Customer reviews
rEr 51

4.4 out of 5 stars =

-\, lournals Publicatsons & 3D Hubs Book B My YouTube The 3-D Printes Thal A Conzider Thickmness

.‘I NEW & INTERESTING FINDS ON AMAZON __
Y

ﬁ;ccuunt & Lists -

Prices $2,500.00 + Free shipping with Amazon Prime

3 ata

2 3ta

Wirite & review

Top positive review

See all 39 positive reviews ?

5 people found this helpful
o 0 The bag with the tools is an awesome extra that all other
3d makers should make standard

By Tany Gutierrez on Septéember 17, 2016

This printer s almost ready out of the bos! The manuals are written in such
a manner that anybody can understand. The documentation of the quality
check and calibration prior to shipping is just another indicator this
COMPAany ENSWres you are getting a working unit. The bag with the tools is
an awesome extra that all other 3d makers should make standard, | should
have done mry homework and bought this instead of first going with a
makerbot which after two days of trying to get to work returmed and got
the LULIBOT TAZ &

PennState

Top critical review

See all 12 critical reviews »

& people found this helpful
i Good printer, but not great
By Tyler

Welch on Novermnmber 21, 2016

This is a very well built machine, very sturdy, no short cuts taken, great
firmware and HUGE build platform.

But... it has yet to wow me. My wanhao duplicator 13 constantly out
preformes this where print quality is concerned, | use pretty close to the
same settings for both machines. The Taz 15 a little mare fckle than my
wanhao and takes quite a bit more TLE in the settings window to gt 3 good
looking part,

That being said, the only reason | bought a Taz instead of an ultimaker, was

Frr ke 1 mwtrucdinr ke ot car bare Bor e Tar Which takee sl

ars H Kot Searrh

E AM Slemens

H Ed 8 = B

= b

(2 = o %

% 0

E"" Diabroy |-L Dpen Cumculum

Savings on Back to School

Orders  Try Prime - -.L."rf-‘art

Add to Cart

Add to Wish List

Chargetech portable wall

outlet
£369.00 »prime
Add 1o Cain
medback
Customers also viewed these items -
:: ) = dx .. ‘?‘ = 1-45 PR
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) MOEN

“War room” used by Jim Dempsey for his platforming efforts at Moen

= | Courtesy Jim Dempsey

g PennState
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Product Family Benchmarking Approach

Identify products in family |je-------------------

A

Assess Commonality

Benchmark individual

Benchmark product

{ i }
Dissect individual products | Gather customer needs
! i 1
Analyze commonality : Analyze requirements
I ]
Compute & normalize PCI | E=! | Compute & normalize GV
.g l
> Plot GVI vs. PCI
7).
& :
Y @
n
7))
<

components/modules

\

family and platform

|

Benchmark Product Family Against Other Competitors

Redefine family

g PennState
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Commonality Indices

« Commonality indices provide a surrogate measure for
estimating the benefits of a product family when
production cost information is not readily available

e There are a variety of metrics available in the literature
for measuring commonality of a set of products:
a Degree of Commonality Index, DCI
o Total Constant Commonality Index, TCCI
o Commonality Index, CI
a Component Part Commonality Index, CI(©)
a Product Line Commonality Index, PCI
o Percent Commonality Index, %C

e For more detalls and a comparison of each, see Chapter 7:

Thevenot, H. J. and Simpson, T. W. (2005) “Commonality Indices for Assessing Product
Families,” Product Platform and Product Family Design: Methods and Applications
(Simpson, T. W., Siddique, Z, and Jiao, J., Eds.), Springer, New York, pp.107-129

'I‘ﬂ; PennState
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Selecting a Commonality Index

 When selecting a commonality index, consider your company’s
perspective when benchmarking/assessing the product family

TCCI Cl PCl | %C | CI©

Focus on the number of
common components

Focus on the non-
differentiating (non- X
unique) components

Focus on the number of
common connections, X
and assembly

Focus on the cost
of the components

* We do not recommend using indices that do not have fixed
boundaries since comparisons are difficult

 More comprehensive metrics are being developed

'3 PennState
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Product Line Commonality Index (PCI)

 Measures differences that should ideally be common
e Ranges from 0 < PCI <100

o f;; = partsize &
shape factor

 f,; = materials &
x 100 manufacturing
factor

1
— * f3 = part assembly
n; & fastening
scheme factor

= P 1
2 N X Ty X By X Ty - Z n2
=1 =1

PCI =

P P
D Ni-
i=1 -1

* P = total # of non-differentiating components (i.e., provide unique feature/function)
e n;, = # of products in the product family that have component
* f; = k/n where k is the # of products that share component i

Source: Kota, S., Sethuraman, K. and Miller, R., 2000, “A Metric for Evaluating Design Commonality in Product
Families,” ASME Journal of Mechanical Design, 122(4), pp. 403-410

'I‘ﬂ; PennState
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Gillette Fusion Razor Example

Dissection assessment

Components

#in
Family
(n)

Same
Design

()

Same
Material

(k)

Same
Assembly

(1)

Blade housing

D

N

[EEN

SN

Blade frame

Razor blades

Clips

Cartidge

Hood

Lubrication Strip

Trimmer

Main handle

Handle - top grip

Handle - bottom grip

Handle - logo panel

Tank

Handle

Button

Spring

Follower

Thumb grip

NI NN N NN AR DS

NI PRIWININININIRP|AAINID

Rlo|loRr|R(RRIRRINR|WA NN

NI IRAR(WWRXININANI™NBIEDS

# of Components

o0}
O

T

# components analyzed

T

cartridge body

# that assemble the same
# that use same material

# that have same design

Gillette
Fusicn

- Microfin
f strips

~ Indicator
~ strip

blades

'3 PennState
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Gillette Razor Example: PCI Calculation

Dissection assessment Calculations for PCI calulation
#in Same Same Same
Family | Design | Material | Assembly | f1 f2 f3 Commonality
Components (n) () (k) ) (G/n) | (k/n) | (I/n) [f1*2*3 | 1/(n"2) Score
Blade housing 4 2 1 4 0.5 | 0.25 1 0.125 | 0.063 0.5
Blade frame 4 4 2 4 1 0.5 1 0.500 | 0.063 2
& |Razor blades 4 2 2 4 05 | 05 1 0.250 | 0.063 1
g Clips 4 4 4 4 1 1 1 1.000 | 0.063 4
8 |Hood 4 4 3 4 1 |075| 1 | 0.750 | 0.063 3
Lubrication Strip 4 1 1 2 0.25 | 0.25 | 0.5 | 0.031 | 0.063 0.125
Trimmer 4 2 2 4 0.5 0.5 1 0.250 | 0.063 1
Main handle 8 2 1 2 0.250|0.125|0.250| 0.008 | 0.016 0.063
Handle - top grip 7 2 1 2 0.286 [ 0.143 | 0.286| 0.012 | 0.020 0.082
Handle - bottom grip 7 2 1 3 0.286|0.143|0.429| 0.017 | 0.020 0.122
o (Handle - logo panel 7 3 1 3 0.429 | 0.143|0.429| 0.026 | 0.020 0.184
"% Tank 7 4 1 4 0.571{0.143|0.571| 0.047 | 0.020 0.327
I |Button 7 4 1 4 0.571|0.143|0.571 | 0.047 0.020 0.327
Spring 8 8 8 8 1 1 1 1.000 | 0.016 8
Follower 8 8 8 8 1 1 1 1.000 | 0.016 8
Thumb grip 2 2 1 2 1 0.5 1 0.500 | 0.250 1
# of Components| 89 0.836 29.728
T PCI = 32.77%
T # that assemble the same
# components analyzed # that use same material
# that have same design

'I‘ﬂ;, PennState
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Razor Example: Schick

e Similar analysis can be performed on a comparable set

of razors from a competitor like Schick

PCI for Gillette: 32.77%

Dissection assessment Calculations for PCI calulation
#in Same Same Same
Components Family | Design | Material | Assembly | f1 f2 f3 Commonality
(n) () (k) () (G/n) | (kM) | (I/n) |fL*2*f3 | 1/(n"2) Score
Blade housing 3 2 2 2 0.667 | 0.667 | 0.667 | 0.296 | 0.111 0.889
o |Blade frame 3 2 1 3 0.667|0.333| 1 0.222 | 0.111 0.667
© [Razor blades 3 3 3 3 1 1 1 | 1.000 | 0.111 3.000
t |Clips 3 2 2 2 0.667 | 0.667 | 0.667 | 0.296 | 0.111 0.889
© I Trimmer 3 3 3 3 1 1 1 1.000 | 0.111 3.000
Main handle 6 2 1 2 0.333|0.167 | 0.333| 0.019 | 0.028 0.111
Handle - top grip 5 2 1 2 0.400 | 0.200 | 0.400 | 0.032 | 0.040 0.160
Handle - bottom grip 5 2 1 2 0.400 | 0.200 | 0.400 | 0.032 | 0.040 0.160
® Handle - logo panel 5 2 1 2 0.400 | 0.200 [ 0.400 | 0.032 | 0.040 0.160
§ Tank 6 5 4 5 0.833|0.667 | 0.833 | 0.463 | 0.028 2.778
£ |Button 5 3 2 5 0.600 | 0.400 | 1.000 | 0.240 | 0.040 1.200
Spring 5 5 5 5 1 1 1 1.000 | 0.040 5.000
Follower 5 5 5 5 1 1 1 1.000 | 0.040 5.000
Thumb grip 5 5 2.5 5 1 0.5 1 0.500 | 0.040 2.500
Sum of Column| 62 0.891 25.513
PCl = 40.29%

'I‘ﬂ; PennState
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Generational Variety Index (GVI)

e Differentiation is driven by extent of variety needed to
satisfy customers in given market segment(s)

e Generational Variety Index (GVI) indicates extent of
redesign required to satisfy different market needs
- GVI identifies what you can platform and what not to platform

Step 1: Step 3.
Determine Step 2: List expected
market & » Create QFD » changes in
desired life matrix customer
for platform requirements
Step 4. Step 5:
Estimate Calculate Step 6: )
» engineering » normalized » Create GVI > Cal%éw
metric target target values matrix
values matrix

Source: Martin, M. V. and Ishii, K., 2002, "Design for Variety: Developing Standardized and Modularized Product Platform
Architectures," Research in Engineering Design, 13(4), pp. 213-235.

'I‘ﬂ; PennState
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User Needs = Engineering Requirements

* GVI starts by mapping customer needs to requirements

What are customer
needs for shaving?

What are some engineering
requirements for a razor?

'3 PennState
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User Needs = Engineering Requirements

* GVI starts by mapping customer needs to requirements

Consumer Needs Engineering Requirements
 Ability to sculpt  Pull skin taught

« Shave multiple a%- Manage skin bulge

e Shaves close  Manage blade/skin load

o Comfort during use W Align hairs
« Comfort after use >%§%§- Conform to skin

o Safety (no nicks/cuts) * Protect skin
» Efficiency Lubricate skin

e Cartridge life M- Blade life

'I‘ﬂ; PennState
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User Needs = Engineering Specifications

* GVI starts by mapping customer needs to requirements

Consumer Needs Engineering Requirements
 Ability to sculpt  Pull skin taught

« Shave multiple a%- Manage skin bulge

e Shaves close  Manage blade/skin load

o Comfort during use W Align hairs
« Comfort after use >%§%§- Conform to skin

o Safety (no nicks/cuts) * Protect skin
» Efficiency Lubricate skin

e Cartridge life M- Blade life

'I‘ﬂ; PennState
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User Needs = Engineering Specifications

* GVI starts by mapping customer needs to requirements

Consumer Needs

Engineering Requirements

o Abilit
e Shav
e Shav

e Com
e Com

Engineering
Specifications

Consumer Needs

Ability to Sculpt

Comfort During Use
(pull/tug/scrape)

Comfort after (post
Cartridge Life (how many
shaves)

irritation)

Cleanliness

(clogging/buildup)

Shave Multiple Body

Areas

bulge
v/skin load

Pull skin taught

= |Speed of Use

Manage skin bulge

x

X | X

Manage blade/skin load

e Safet

Conform to skin

x | < | x| = |Efficiency (restroking)

x

Protect skin

x [x |x|x|x|Shaves Close

x |x|x x|x |Safety (no nicks/cuts)

x

o Effici

Lubricate skin

XX [X[X]|X

Reduce friction

e Cartr

Apply shave aid

Exfoliate skin

Present Blade (Span)

Present Blade (Angle)

x

Present Blade (Exposure)

XX XX [X

XIX XX XX |[X|X|X[X]|X[X]|X

XX [ XX [X]|X
XX XX [X|X[X
X | X
XX [ XX [X]|X

XX [ XX

Blade last long

'.‘ﬁ"’ PennState
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User Needs = Engineering Requirements

* GVI starts by mapping customer needs to requirements

What components
constitute a razor?

'3 PennState
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Engineering Requirements = Components

 Requirements are then mapped to components/modules

Engineering Requirements Components/Modules

 Pull skin taught
 Manage skin bulge
 Manage blade/skin load” /)
« Align hairs
e Conform to skin
* Protect skin
 Lubricate skin e Trimming Solution
» Blade life  Lubrication Strip

/o | eading Blade
 Middle Blade(s)

'.‘“"’ PennState
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Engineering Requirements = Components

Engineering Requirements

Components/Modules

 Requirements are then mapped to components/modules

Components/Modules

Pull skin tau
Manage skKir
Manage blag
Align hairs |

Engineering
Requirements

Frame (or Frame
Assembly)

First Blade

Middle Blade(s)

Last Blade

Clips

Hood

Lubrication Strip

Trimming solution

Conform to ¢

Pull skin taught

x

Manage skin bulge

x

Protect skin

Manage blade/skin load

x

xX [ X

x

x

Conform to skin

* |>* > |> > Housing

Lubricate sk

Protect skin

x

tion

Lubricate skin

Reduce friction

x

x

Blade life

Apply shave aid

X [ X [ X [ X [X

X [ X [ X [ X

ip

Exfoliate skin

Present Blade (Span)

Present Blade (Angle)

Present Blade (Exposure)

Blade last long

'.‘ﬁ"’ PennState
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Compile Matrices

Consumer Needs
>
c
QFD | @ |E 5|
& 7 5 = £l5
> o & <) N2
~| a A < 2| m
a o0 ~ = S| = o
=l o|E 2| Slo|o 285
S|l n|E ©|o c| n|x= 5| 2|2
Qo3 5|x oS3 ) 3 | =
Nio|loo| o ) 0 = >
(@) @ ~| S|l=w]| o v D D
o glole2|eS||C|on|c ] 2|2
Engineering 2|22 5|B|B|2e|53 8Ly
P = S|52|s S8|loS|E|80
Specifications 2|58 E|SE|F|H|SH|CS|E|6 <
Pull skin taught X X X | X X
Manage skin bulge X | x X X X X X ComponentS/Modules
Manage blade/skin load X X X X X X
Conform to skin X X X X | X X X
Protect skin X X X X X
Lubricate skin X X X X QFD II
Reduce friction X X | x @ a 8
Apply shave aid X X X X X % v = g
Exfoliate skin X X X X X X iC () n| o
Present Blade (Span) X | x X X X | x X X X N % E Q g =
Present Blade (Angle) X | x X X X | x X X X (@) 85 © | o _8 g ?
Present Blade (Exposure x | x X x | x| x X X X i i SloE| M| @ m o| €
(Exposure) Engineering a5 25|28 ol vl 2 E
Blade last long X X X X X X ) 8 < % |l ol V| 2 8 ol £
Requirements T L IS SIS |3 E
Pull skin taught X X
Manage skin bulge X X X X
Manage blade/skin load X X X
Conform to skin X X
Protect skin X X X X X X X
Lubricate skin X X
Reduce friction X X X X X X
Apply shave aid X X
Exfoliate skin X X X X
Present Blade (Span)
Present Blade (Angle)
Present Blade (Exposure) X X
'3 PennState Blade last long X X X X
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GVI Scoring

e Score extent to which component/module will have to be
redesigned to meet variation in the customer needs
Components/Modules
Variation in “Pull skin taught” o ~| 5
- moderate “Housing” changes § L ==
> major changes to “Frame” L | 0| Bl o c| @
. . o/ 25| 8| D B = 2
Engineering s 25|22 2| ,|o| el E
: sl 88| 2| 2| 8| 2| 8| 2| E
o . § Requirements FITL|IET|IS| 8SIO| 2|3 E
Variation in “Manage skin load T
11 . 3] g t 6 9
- few Housing ChangeS Manage skin bulge 6 6 | 3|6
— major changes to “First Blade” [Manage blade/skin load 1 6 6 | 1
and “Last Blade” Conform to skin 9 9
] Protect skin 3 9 9 6 9 6 1
- moderate change to “Middle Lubricate skin 9 9
Blade(s)” Reduce friction 6| 9 |3[3]3 6
Apply shave aid 9 9
Exfoliate skin 6 9 6 9
Present Blade (Span) 1 1
Present Blade (Angle) 1
Present Blade (Exposure) 9 9
'3 PennState Blade last long 9 | 6|9 6
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Commonality-Variety Tradeoff Chart

A
Customers want variety, Customers want variety
and the components are yet components have high

% differentiating products degree of commonality
. v X
kS
=
/'\
>
o
Customers do not want Customers do not want
variety, yet components variety, and components
§ are not common are common
Low : High >
PCl = Commonality

'I‘ﬂ; PennState
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Commonality-Variety Tradeoff Chart

High

GVI = Variety

Unvalued

Uniqueness
Costly Components

Low

PCIl - Commonality

g PennState
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Men’s Razor Example

& a3 i o e

EETEE

‘S“," = ,..-ﬂ-u-u-u-h.r.r..--.n-u_. Jf .ﬂ‘ﬂtﬂ'ﬂﬁm%““.“‘q‘-w;f -

e Men’s razors is $3B market

e Glllette Is the market leader
(60%) but 5™ in online sales

H . - op a4 - rr*: "'h‘ .-"-I'!' | ""il._-':l ._1: | S .'I--
FraraT mWs et
™

e e

.......

* Dollar Shave Club only sells

$153M (5%) but is disrupting
shaving market and forcing
Gillette and others to adapt

'I‘ﬂ; PennState
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Men’s Razor Families

T

Better Mach 3
Sensor 3
Quattro
nm- ;_‘@F
Sensor % b
Good Atra/Trac Il v =l §|tirrﬁ$'vrci?1
Good News

Gillette | Schick |

39 © T. W. SIMPSON, 2020
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GVI for Men’s Razors

e Score extent to which component/module will have to be
redesigned to meet variation in the customer needs
Components/Modules
Variation in “Pull skin taught” o ~| 5
- moderate “Housing” changes § L ==
> major changes to “Frame” L | 0| Bl o c| @
o= TS| p| © .g o
. . @ -9 © < c| S
Engineering s 25|22 2| ,|o| el E
: sl 88| 2| 2| 8| 2| 8| 2| E
o . § Requirements FITL|IET|IS| 8SIO| 2|3 E
Variation in “Manage skin load T
11 . 3] g t 6 9
- few Housing ChangeS Manage skin bulge 6 6 | 3|6
— major changes to “First Blade” [Manage blade/skin load 1 6 6 | 1
and “Last Blade” Conform to skin 9 9
] Protect skin 3 9 9 6 9 6 1
- moderate change to “Middle Lubricate skin 9 9
Blade(s)” Reduce friction 6| 9 |3[3]3 6
Apply shave aid 9 9
Exfoliate skin 6 9 6 9
Present Blade (Span) 1 1
Present Blade (Angle) 1
Present Blade (Exposure) 9 9
'3 PennState Blade last long 9 | 6|9 6
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Commonality Assessment

 Dissect and analyze the family of razors
to compute commonality in the market

|

# cartridges analyzed

|

T Commonality score
# that assemble the same
# that use same material

Gﬂm #in | Same | Same Same
FuS'('j\ n Family | Design | Material | Assembly | Commonality
) (n) (i (k) (U] Score
Housing 4 2 1 4 0.5
Clips 4 4 4 4 4
Hood 4 4 3 4 3
Lubrication Strip 4 1 1 2 0.125
Trimming Solution 4 2 2 4 1
First Blade 4 2 2 4 1
Middle Blade(s) 4 2 2 4 1
Last Blade 4 2 2 4 1
1

# that have same design

attachment head

cartridge body

Microfin
- strips
|

Indicator
- strip

 blades

’3 PennState
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Gillette Men’s Razor Family

Variety Score

GVI_Scaled vs. PCI_Scaled

504

Commonality Score

JFolloy

42
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Analysis of Gillette Men’s Razor Family

o NS PR
V & Housing Last Blade @‘s\“""“ v et // ‘ Are you losing
N o sales from lack of
4 o . \ Gillette . distinctiveness?
/ . vy Fusicn \
I N JFirst Blade ‘ ' ! -
' Valued i Confusing ’|
‘ Main Handle Var I ety '_‘\ CO m m O n al Ity | ,
\ ' Middle Blade(i) I \ ,
Q)\ JLubrication Strip > N\ , \ /
B \ S . / DS s
O Y ¢ ~ ~ >
n N ~ ’/ S - -
- ——
.g) ”—ﬂ\—\’ \\\ ,/’ N\\
©
>, Jank Maodule \ N S , \
/ \ y\ JHood Follen \
, \ I S . ‘
'l A | Properly — i
Are you o Unvalued | ,I . ‘ Platform ’
leaving | ¥R Uniqueness ! AR ¢ hN [E
on the / AN N A4
table? » o  logo Panel , > ,
TE12E-3 0.25¢ , 0.5-04 ~ ‘ ’
'3 PennState ™ my = Commonality Score = -
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Schick Men’s Razor Family

GVI_Scaled vs. PCI_M_Scaled

Variety Score

IR » _. ast Blac
P e pritr‘l |
rst Bla

0.509

@ TR Commonality Score -
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Gillette vs. Schick Men’s Razor Families

Gillette

35% /

Fusicn.

31% in the
“red zone”

HYDRO

37%

Variety

/ 50% =

Commonality Gilette | S chick

@pemm
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Gillette vs. Schick

i Further from Diagonal
> ' Component Gillette Schick
Gillette ’ | Blade housing X
Fusicn. w4 Blade frame X —
Razor blades X
- Clips X
Trimmer X i
5 " Main handle X g
g _ Handle - top grip X
31% in the " Handle - bottom grip X -
“red zone” — Handle - logo panel X
) Tank module X BT
" Button X ES )
@ s Spring X .
HYDRO Follower_ X !
s Thumb grip X e gserna:
/ / 50% * - s -~ ':”':”" i
'3 PennState e — R——t
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Integrated Approach for Product Family Redesign

GVI tells you
what should
be common

(or not)

Components
A

Engineering
requirements

| S 5ol > e - Y

Requirement 1 g -]

Requirement 2 6 1 1

Requirement : GVI 3

Bfuirement 4 9 3
| requirements 3 3 ]

Requirement 6

| GVI 12 (30| 3| a4 |15 10
lf.:mnp. n; .f:l PCl, ‘
i A |10|0s5(|B 394 @
B : 7
PCltells oloridls] e o DSMtells
hat iS z C 8 |05|05|05 89 ] ou hOW
ycc)gr\r,:lmon 2] [ R * B garts are
E E 1003|0507 9.6 L L ] L
(ornot) S i o] P e m=;70~~,__‘.=--=-‘=-“‘[' . | connected
9 G 6 |0S5]| 1 1 288 [ ] L ] [ ] (Or nOt)
PCl = 305
’3 Pennstate For more info, see: (Jung and Simpson, 2016)
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Computer Mice Example

» Selected and dissected three products among
Microsoft wireless computer mice (2009-2010)

Product
Wireless Mobile Wireless Mobile Wireless Mobile
Mouse 1000 Mouse 3500 Mouse 4000
MSRP $14.95 $29.95 $34.95
Release date Oct. 2010 Jun. 2010 Nov. 2009

For more info, see: S. Jung and T. W. Simpson, 2016, “An Integrated Approach to Product Family
g . . Redesign Using Commonality and Variety Metrics,” Research in Engineering Design, 27, 391-412.
‘'~ PennState
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Variety Assessment

e Use GVI to identify what should be common (and
unique) based on targeted customer segments(s)
QFD matrix GVI matrix
hnﬂt::n Use Easy m‘ Smooth |o 0. [Aesthe- o
ofmouse | SO0 lfte | leded [ |mically |tcally [-o"9e-| Engineering (Top [upper |Lower |o.g [Side OO |Batiery T | ol o (Tran-
Eu:jr:;:l i x:l{;n mn' mﬁg designed |pleasing vity Requirements|Cover [Housing |Housing Cover |Button |Cover Strip sceiver
movement
X st (DP1) . 4 3
X Polling rate (Hz) 6 3
X rsa“ﬂr:ac?wily 1 6 6
X Frictional force | " N P " 4 3 " p 1
on w[far.e
X m:"‘“ 3 1 1 6 1 3
X Button force 6 1 6
Sensitivite of
2 scroll-wheel e .
X g::i"g: 9 6 6 3| 9 '
X Casing 6 3 3 & 1 1 1 3
X m’rr:;’ L. 6 1 1
GVI 25 12 14 46 | 17 2 4 7 11 14 7
For more info, see: S. Jung and T. W. Simpson, 2016, “An Integrated Approach to Product Family
g . . Redesign Using Commonality and Variety Metrics,” Research in Engineering Design, 27, 391-412.
‘'~ PennState
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Commonality Assessment

e Use PCI to identify what was made common (and
unigue) based on dissected product family
No. Component ) 7 £ L nofuwludsi | PCL
1 Top Cover 3 0.333 0.333 1.000 0.333 7.692
2 Upper Housing 3 0333 0333 0333 0.111 0.000
3 Lower Housing 3 0333 0.333 0.333 0.111 0.000
4 PCB 3 0333 0.333 0333 0.111 0.000
5 Left Side Cover 2 0500 0.500 0.500 0.250 0.000
6 Right Side Cover 2 0500 0.500 0.500 0.250 0.000 :
7 Battery Cover 3 0333 0.333 1.000 0.333 7.692 Commonallty values for
8 Non-friction Strip 1 3 0667 1000 1.000  2.000 65.385|  €ach component,
9 Non-friction Strip 2 3 0333 1.000 1.000 1.000 30.769 A o A 1
10 On/Off Button 3 0667 1.000 1.000 2.000 65.385 2o X X S = 23
11 Lens 3 0333 0667 0667  0.444 11.538 PCI, = = —x100
12 Wheel 3 0.667 0.333 0.667 0.444 11.538 BxN=3 —
13 Transceiver 3 1000 1.000 1.000 3.000 100.00 i
14 Product Label 3 0333 1.000 1.000 1.000 30.769
15 Battery Label 3 0333 1.000 1.000 1.000 30.769
16 LED Cover 2 0.500 0500 0.500 0.250 0.000
Sum of nof,ofof; 12.639
Sum of 1/n/ 2.194
Number of parts, P 16
Number of products, N 3
PCl 22.082
For more info, see: S. Jung and T. W. Simpson, 2016, “An Integrated Approach to Product Family
g . . Redesign Using Commonality and Variety Metrics,” Research in Engineering Design, 27, 391-412.
~4 PennState
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Commonality-Variety Tradeoff Chart

* Plot GVI vs. PCI to identify components for redesign

(]
Transceiver

1

0.9
0.8

0.7 On/Off Button

ki ®
0.6 Non-friction Strip 1
O
a 0.5
0.4
Non-friction Strip 2
0.3 ®
0.2
s C Lens
0.1 attery Cover ® ® Wheel TDfJ Cover
® L
Lower Housing : _ CB
0 Upper Housinge e @ Left & Right Side Covers
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
GVI
'3 Pennstate For more info, see: (Jung and Simpson, 2016)
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Redesign Assessment

reduce the number
of interfaces as well
as increase

the value of PCI

the connectivity
between the PCB and
the other components
should be decreased

.

 Use DSM to assess impact of proposed redesign

a Direct connections: components directly linked to component
being considered for redesign

o Indirect connections: components that may be affected as
chanaes propaaate throuah the architecture

j 2009-2010
1

| 1

[Top Cover

iu pper Housing

" lLower Housing

PCB

éLeft Side Cover

[Right Side Cover

I
[Battery Cover

iN an-friction Strip 1

INon-friction Strip 2

{On/Off Button

I
;Le ns

;l‘ull.rh eel

[Transceiver

|
:.Prudur:t Label
I

[Battery Label

|
ILED Cover

4

5

& 7 2 9 10 (11 | 12 | 13 | 14 | 15

16
=)
==

For more info, see: (Jung and Simpson, 2016)

Fa PennState
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Validation Check

« Compare results and recommendations against a more
recent set of wireless computer mice (2013-2014)

Released in 2009-2010 Released in 2013-2014
Product Product

Wireless Wireless Wireless Wireless )

Mobile Mouse Mobile Mouse Mobile Mouse Mobile Mouse ScurLﬂpct) Mgblle Scuﬁ;ﬁ:mfort
1000 3500 4000 1850 nic "
MSRP $14.95 $29.95 $34 .95 MSRP $14.95 $29.95 $39.95
Release Release
b Oct. 2010 Jun. 2010 Nov. 2009 dats Jun. 2014 Aug. 2013 Sep. 2013

For more info, see: S. Jung and T. W. Simpson, 2016, “An Integrated Approach to Product Family
g . . Redesign Using Commonality and Variety Metrics,” Research in Engineering Design, 27, 391-412.
‘'~ PennState
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Comparison of Commonality-Variety Tradeoff

* Low commonality components (wheel, lens, right side
cover, and top cover) are now closer to the diagonal

a PCI, values for the components have increased as they are
more common in the newer family

- [ ]
. Transceiver

0.7 OnfOff Button . e 0.7 Transcelver
[ ] [ ] ks

Non-friction Strip 1

Oy,
- - -

- ;
7 Wheel (Subassembly) ™ “

PCl

S "4

0.4 o : 0.4 I .‘-__ (]
Non-friction Strip 2 Non-frictiod Strip 1 & 2 I

L] 03 . s \ i

b On/Off Button  “s®lens @ Right Side Cover N
\ .

- -
T ———

- Lens oy
fid Batjefy Cover ®  ®Wheel Top Ew;\\ T Battery Cover
) I L [ ] . 1| ™ -
Lower Housing ! ~PCB . 3
'UE‘PE'F Housnge o @ Leit & Right Sidejinfrs » Lower Housing PCB

Upper Housinge e ® Left Side Cover .

0l 0.2 0.3 0.4 05 0.6 0.7 .8 0.9

= 7 08 0 . w
PCI = 22.08% PCIl = 27.46%

For more info, see: S. Jung and T. W. Simpson, 2016, “An Integrated Approach to Product Family
g . . Redesign Using Commonality and Variety Metrics,” Research in Engineering Design, 27, 391-412.
ennState

54 © T. W. SIMPSON, 2020



Comparison of Product Architecture

» Architecture of computer mice has also evolved similar

to our proposed redesign strategy

a # of interfaces for the lower housing: 28 - 24
a # of interfaces for the PCD: 16 - 14

2009-2010 1|2]304]5]6]7]8]9]10]11]12]13]14]15]16 2013-2014 1[213]4]s]6]7]8]9]i0[11]12]13[1a]15]16[17[18]19]20[21
Top Cover 1 Top Cover 1
Upper Housing 2 - Upper Housing i
| ower l.i.t;ru.s.in.g | 3 - _ I.E!;.;.rE:..HL;:usil.'sg. .3.|
PCB - PCB 4
Left Side Cover 5 Left Side Cover 5
Right Side Cover | 6 . Right Side Cover |6
Battery Cover 7 . Battery Cover 7
Non-friction Strip 1] 8 .. MNon-friction Strip 1| 8
Mon-friction Strip 2| 9 Mon-friction Strip 2| ©
On/Off Button 10 On/fOff Button 10
Lens 11 Lens 11
Wheel 12 [T Wheel 12
Transceiver 13 . Wheel Rubber 13
Product Label |14 ' =3 Pin 14
Battery Label |15 | Ball 15
LED Cover 16 . . Connector 16
o Wheel Frame 17 .
SMI (Degree of Modularity): 0.158 — 0.242 Transceiver 18
NZF (Degree of Density) :0.208 — 0.167 ioner Frame (19| | N
e Windows Button |20
(Holtta-Otto and de Weck, 2007) more modular Label 21 I.

& sparser : _ :
g PennState For more info, see: (Jung and Simpson, 2016)
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Analyze at Module Level for Larger Products

e Analyzed family of LG dishwashers at the module level

Released in 2006-2007

o Ar Guide e e
-

T -~

N G sl T lackiaf

u¥ distinctiveness
S

* need more

— commonality

#® Cabinet

PCl

Contral Panel

Py

1 .
Adr Guilde
o
M - -
I{J ki /" Bave * Lower Rock UMM 5-.-1'».'&!'\
" .
O ArE l
b ’
o . \""-.. _.p."'
a * rd Rack .
.
ontrol P,
GWi

LR
1

Released in 2009-2010

For more info, see: (Jung and Simpson, 2016)

'3 PennState
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Closing Remarks

* Product family benchmarking and platform redesign is
critical for today’s competitive global marketplace
o Cost savings opportunities through better platforming
o Differentiation still critical for local and regional markets

e Product family benchmarking and platform redesign
requires balancing commonality with variety

o Generational variety index helps assess the degree of
variety needed in the marketplace

o Commonality indices like PCI help assess the extent of
commonality achieved by design and manufacturing

 Plotting commonality vs. variety in one chart helps
identify (mis)alignment between needs and variety

o Opportunities for redesign and improvement can be found
when analyzed on the component (or module) level

'I‘ﬂ; PennState

57 © T. W. SIMPSON, 2020



