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Q‘ Introduction and Background

Many manufacturing organizations today

nave tried the ‘Lean’ journey, the ‘Six Sigma’
journey, the ‘DFMA’ journey, the ‘Value Engr.’
journey, and the ‘TRIZ’ journey, but few have
succeeded in combining these for a ‘winning’
approach to optimize the design of productss:
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Many of these manufacturing organizations
will have some early success with one of
these ‘journeys’, but then after some period
of time will ‘throw it aside’, for the next more
‘promising journey’ they have heard about,
and then after a few years, repeat the cycle.
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Q Understanding What Customers Want

Customers of manufactured products expect
the very best value for their hard earned money.

True value may be measured in terms of a
formula as illustrated below:

Performance of Required Funtlon
Cost to Acquire Function

R \/alue =

- where arequired function is any ‘work’ or ‘sell’
- function (as described on the next slide) and
where cost is the ‘overall cost’ or the ‘life
cycle cost’ of that manufactured product:

‘Whirlpool
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fWhat are Functions

Work or Use Function — an action verb
followed by a measurable noun that provides
a_‘quantifiable objective’ expression of
something that is to be accomplished.

Sell or Aesthetic Function — a passive verb
followed by a non-measurable noun that
provides a ‘qualitative subjective’ expression
of something that is to be achieved.

Manufactured products consist of both ‘work
and sell functions’ and therefore, both are
‘required functions’ per the previous formula.

Whirlpool
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f “For Manufactured Products

_iIfe Cycle Cost — consists of initial costs and
nost-production costs as follows:

nitial Cost includes such items as:
#* All required direct and indirect materials

#* Development and engineering costs including
design, prototypes, validation, trail runs, etc.

#» Packaging, inventory, handling (logistics/transport)
» Duty, taxes, finance costs (borrowed money), etc.
» Maintenance, plant related overhead and expense

» Supplier and/or internal tooling and/or re-tooling
# Equipment capital (either new or refurbished)

Post-Production Cost includes such items as:

#\Warranty claims, shipment damage, energy,
trade agreements, service calls, recalls, etc. s
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1 VALUE may be Improved by:

F

J_ . Reducing Cost while improving Function, C

F

—
Improving Function while Cosias

a proportionally smaller amount (will only ¢ C
work If customer will pay increase), or

» Function while reducing Cost by a
proportionally greater amount

; ’.,'f' F C %gliirlp.ggl
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“ﬁ When is Value Measured?
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* * . Managers of manufactured products need to
. . understand that today’s customers don’t only
measure value at the time of the sale, but they
also consider value for the total life cycle of
the product.

Due to the availability of internet information
today, customers educate themselves on the
reliability and quality of products before
purchase.

Manufacturing organizations need to realize
that customers care about ‘life cycle value’
before they make their final purchase and
must design products accordingly. Frictpool
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: flntegratmg DFMA with Value Methodology

|

DFMA can be used to develop the value of the
competitor’'s products which can help design
teams to improve their own products.

Many times the customer requirements and
functions are the same for competitor’'s and
your own manufactured products.

By utilizing the Value Engineering tools of the
FAST Diagram and the Cost Function
Worksheet of the competitor’s vs. your own
products helps to identify value opportunities.
See Figures land 2 on the following slides.
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FAST Diagram

PROJECT:| TOASTER OVEN Date:| 29JNO9
o > 2
HOW: < WHY"
o "DESIGN CRITERIA" "ALL THE TIME"
" VIEW MAINTAIN ACCESS PROTECT PREVENT
FOOD DURABILITY FOOD PRODUCT INJURY

SERVICE ADJUST MINIMIZE INFORM ENHANCE
v PRODUCT TEMPERATURE ENERGY USER APPEARANCE

Higher Lower

Order _ Order

) Basic . )
Function . Critical Path Function
Function
IMPROVE TOAST TRANSFER GENERATE CONVERT CONNECT APPLY
TASTE FOOD RADIATION HEAT ENERGY CIRCUITS FORCE
BASIC f

WHEN l FUNCTION SECONDARY FUNCTIONS

| CAUSED
BY OR AT FIGURE 1
THE SAME <=
SCOPE OF PROJECT Whirlpool

TIME AS




COST / FUNCTION WORKSHEET TEAM:|  VALUE IMPROVEMENT
DATE:[  29-Jun-09 PROJECT: TOASTER OVEN FIGURE 2
FACILITATOR:| JIMBOLTON

FUNCTION (ACTIVE VERB / MEASUREABLE NOUN)
; Check | TRANSFER GENERATE CONVERT CONNECT MINIMIZE ADJUST ENHANCE PROTECT
EPART or OPERATION: Cost sum RADIATION HEAT ENERGY CIRCUITS [VIEW FOOD| ENERGY TEMPERAT. | APPEARAN. PRODUCT |ACCESS FOOD
; 8.5000 2975 2550 1,700 1275
- LR ERLE 100% 35% 30% 20% 15%

12.7000 6.350 1270 1.270 3810

SHEED 100% 50% 10% 10% 30%

DOOR AND HINGE 4.9500 0.248 0.743 3713
|ASSEMBLY 100% 5% 15% 75%
X 3.1000 0.155 2305 0620

SO 100% 5% 75% 20%

TEMPERATURE CONTROL| ~ 6.7200 0.336 0.336 0.672 4.368 0672

UNIT 100% 5% 5% 10% 65% 10%

3.7000 1110 2500

SELES 100% 30% 70%

1.8500 0.925
INSULATION i -
1.5200 1520
PACKAGING i 0%
0.2300
LABELS -
3 0.1100
INSTRUCTION MANUAL -
v
FUNCTIONAL TOTAL $ 4338 9.73 2.55 2.036 161 3.44 287 437 3.30 5.33 6.30
FUNCTIONAL RANKING: 1 8 9 10 5 7 4 6 3 2
TRANSFER | GENERATE CONVERT CONNECT MINIMIZE ADJUST ENHANCE PROTECT
RADIATION HEAT ENERGY CIRCUITS |VIEW FOOD] ENERGY TEMPERAT. | APPEARAN. PRODUCT |ACCESS FOOD
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J ﬁ Integrate Lean & DFMA to Add Value

|

By integrating Lean principles with DFMA,
additional value may be generated.

Spend a considerable amount of time on the
assembly line with a trained Lean or Value
practitioner to identify waste and areas for
Improvement in relationship to DFMA goals.

....

Utilize the DFMA notes section of the software
to capture where waste is created (see Figure
3) and generate improvement opportunities
per the DFMA re-design per Figure 4 below.

Whirlpool
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Figure 3

IManufacturing dat
anufacturing data ltem Product

0.0000

nonn

ftem cost per tem, §  |0.0000

Toolng investment, 5 |0

A

VWeight per tem, g 0.000

Piece part cost, §

Material |S:e&! and painted

Process IS:imEﬂJ and power coat paint

Uszer cusiom data
WHR DF A Subcategory

Part Suppher |

Country of Origin |

Module Sat
Picture
& Load |
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Tab lock bukhead to the bottom of the A
cabinet and eliminale 3 screws between
bulkhead and the cabinet at the bottom
interface.

Tab lock iight bulb cage to the rear bulkhead
and eliminate 1 screw in operation &7

Vjak tracking

El not =) partially
i visfed = vigded

ERH =)

fully
=1 Vvigded

)

Notes taken during
Lean walk of line.
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Front Frame
Tab lock hinge receiver into mating front frame and use only one screw on each side- saves 2 screws and labar.
Tab lock door latch into front frame and use only one door latch screw.
Deliver frontframes right side up
Eliminate bandaid clip with front cover re-desigrmbsinetgrating this function ifs<iye frame or hinge receiver.

Incorporate foot forward slope into front frame to commonize rangefosd{{eliminates PiM).

Dioor Seal
Use retumable containers for door seal
Cut door seal at angle to remove extra seal and save materal.

Imvestigate assembly sequence of assembly sequence to giminate interference during hing e Tecshued operatis

Hinge Receiver

Prezent hinge receivers to operator in bulk tub witeStiom drop and chute rather than have supply person re-pa
bins and supply onto roller conmy eyors-

Find local supplier rather than purchase hinge receivers from Italy with duty and freight added.

Tab lock hinge receiver into mating front frame and use only one screw on each side - sayes 2 screws and labar.
Elimninate bandaid dip with front cover re-design.

Eliminate bandaid clip with front cover re-design by inetgrating this functjer into theframe or hinge receiver.

Imvestigate manufactunng hinge receivers in-house at Tulsa.

Clip

Eliminate bandaid clip with front frame re-design by inetgrating this fundion into the frame or hinge receiver.

sren Figure 4

Eliminate one screw by tablocking hinge receiver into front frame.

cage in tote

Value enhancement
opportunities by team
from Lean Line Walk:

-Re-design opportunities
-Labor savings ideas

-Lean opportunities
-Procurement ideas
-Logistic ideas

-Returnable packaging ideas

This is just one page of
the 14 pages of notes
taken by the team during

the actual workshop.
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. ; DFA & DFMA Executive Summaries
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Review the notes and suggestions for re-
. % design generated by the DFMA software (Fig.
5), a new optimized designed is developed.

The DFA Executive Summary (Fig. 6) shows
labor improvement and design optimization.

The DFMA Executive Summary shows the
Design Efficiency (DFA) Index and the total
product cost improvement (Figure 7).

Finally, If traditional brainstorming doesn’t
generate breakthrough results, TRIZ can 'help.

Whirlpool




Design for Assembly: Suggestions for Redesign

5 Boothroyd Dewhurst, Inc.

% Theseideas are generated by the software after loading in the original design

Thursday, May 07, 2009 2:28 PM Tulsa_Original Rev 1.dfa
FRS - Pyro Ceran - Electric Product: Original

This is just 1 page of a 12 page report

Combine connected items or attempt to rearrange the structure of the product in order to eiminate the following items whose fumction is sols
make connections.

Parent assembly Mame Part numbe Guantity /'H’me Percentage
savings, s reductiar
FRS - Pyra Ceran - Electric Latch Rodl N 10075350 1 573 .44

{mainback 5tati-:|nj;_:/

FRZ - Pyro Ceran - Electric Door Switch Rod STYET239 (S0 anel 1 785 0.59
station 2+

FRS - Pyro Geran - Electric Nire Hamess (Sensor] 16084660 (Side 1 8.35 0.5
Pane station 2) »

FRZ - Pyro Ceran - Electric Left Cooktop Wire Hamess N10174423 1 1.62 013
(cooktop station 5)

FRS - Pyro Ceran - Electric Right Cooktop Wi AMmess MN10174422 1 1.69 0.13
(cooktop station 5)

FRZ - Pyro Ceran - Electric M—lﬂmess N 10226062 1 E26 0.4

Console Assembiy Sprng Clips (consale) F1S6200 (console 2 4.00 0.31
station 1)

Totals / 34.38 258

Reduce the number ofitems in the assembly by combining with others or eiminating the following pars or subassemblies. MNote that combining an
item with another may eliminate further items such as fasteners or operations, resulting in much larger ime reductions than those indicated.

Parent assembly Mame Part numbel Guantity Time Percentage
savings, s reduction
FRZ - Pyro Ceran - Electric Motor Latch Screws 31595178 (mainback 1 1.50 012
= ' r il

The DFA
software will
not redesign
the product
but just give
ideas to think
about on how
to redesign
the product
along with the
labor time and

percentage
reduction if
that item can
be eliminated.




Fer Product data

Orginal

Entries
{incheding
rep eats)

Component parts

Subassemblies partialby ar
fulby anahkyz=d

Subassemblies Nnot 1o be
analy=ed { excluded’

Standard and librans operations

Total Entries

Labor Time,

=

Component parts

Subassemblies partialby ar
fully anahy==d

Subassemblies Nnot 1o be
analy=ed { excluded

Standard and librany operations

Total Assembly Time

Labor Cost,
=

Componsnt parts

Subassemblies partialby or
fully anahy==d

Subassemblies Nnot to be
analy=ed { excluded

Standard and librany operations

Total Assembly Cost

2
5.25 5

The chart shows a breakdown of time per produc

stancland and librany
operations 353 .68 s

theoretical m

ir rmwm
parts 35210 =

Criginal

standard and librarny
operations 353 .68 =

theoretical mir rmowrm
parts 351.538 =

Re-design

Reduced # of
entries by 51
or 12.75%

Labor Time
Improved by
146.4
seconds or
11.33%
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Product i wolume g20,000
Mumb=rof entres (Nocludng r=epe=ats) 200 343
Murmbzrof diferent sntres 220 200 3¢
Thaostical mnimuomm numberof s 125 118
OFA Indax 23 .8 258
Total weight, = | = 0.0000 \\ 0.0000
Toial assambhy Bbor timme, = 1253 .8700 11\4-7%:!:
Toisl cost for mranufacuesd Emms (ncoding ooling). 5 T 222 1447 == 21 _-54-5\3\
Tolmlsss=maly Bbhor ocost, 5 52452 F2110
Otheropaemton cost perproduct, 5 o 0000 00200
Tot=l manufscurm g piece part cost, 22 1447 217 5450
Toiml cost per produc withowut tToling, 5 Z30 3320 224 9570
Ass=mbly oolor fortwe cost perproduct 5 20000 o.0000
Manufadurnmg ooling cost perproduct 5 o.0000 0O.o0000
Total cost pearpmoduct, 5 2303200 224 9570

Pofe - fem wegh ! nof gieen for scome dems. Tofa!l weigh ! ma )y be inoorpieis

==Plofe: MBENuisSSumnmg pEoce paSrr ooste nol giaen for some idems

s co=tf may be inocomperiefsE

The chart shows a breakdowwn of cost per product

Lahor cost, &5
T 2110

ot oo
iT

=,

E';”I

rt
2

Criginal
Toitml co=st per product,

Z 230.320C

FRe-design
Toi=l cost perproduct,

Potential Annual
Saving Opportunity =
$3.75M

Reduced
"PNC by 20

2 or 8.4%

items or 9.1%

DFA Index
Improved by
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~ % How Whirlpool Uses DFMA with VE

Whirlpool combines Value Engineering with
Lean, DFMA, and TRIZ to optimize the designs
of their products to remain competitive by
applying these tools:

# In New Product Introductions (NPI) projects

# In Existing Products Improvements (EPI)
b projects.

Whirlpool has established an internal global
Design for Value team to apply these various
Value Enhancement tools five years ago in all

regions where Whirlpool operates per the
following page.

‘Whirlpool




Design for Value (DFV) Global Organization




2012 DFV Project Tracking Status

Actual Annual
) Actual Annual . % of Annual
2012 Projects TOTAL 2012 Tracked, Savings (USD) Savings (USD) | % of 2012 BC Savings

Business Cases - Risk | Business Cases - Risk : Implemented |Annual Savings g
. . Implemented from . . Implemented

Wt./Ranked ideas Wt./Ranked ideas . .| from Projects Tracked in .
Annual Saving (USD) | Annual Saving (UsD) | T It Started i | ¢ ted priorto | Isc/ppTs | O™ Projects
i SEHER ual saving 2012 d ezofzo ° started in 2012

Continous
& Improvement Support 85,041,181 60,600,319 | $ 10,417,234 | $ 35,662,442

.. Mega Project Support 13,912,610 13,912,610 n/a n/a

& Supplier Workshop
Support 14,173,343 561,365 | $ - 4.0% 0.0%

DFV 2012 Summary 113,127,134 75,074,294 | $ 10417234 | $ 35,662,442 | Total Inplementated Saving
$ 46,079,675

2012 DFV Deliverables-BC Risk Weighted Annual Savings Opportunities by Region and Workshop Type

Continous Supplier

Improvement (EPI) | TC Mega Project Workshops % of 2012 BC | % of 2012 BC

Asia| $ 6,031,855 -
EMEA 11,552,046 3,953,606 15,505,652 LULTEIREVIEW-GUTEIREVLES

$ $ GHIRHIEISIN Risk Weighted | Risk Weighted
$ $ -

LAR 19,697,787 | $ 442564 | $ 1,160,135 21,300,486 Il N34 from Supplier
$ $
$ $
$ $

NAR-USA 37,604,273 9,516,440 8,435,643 55,556,356 Projects Workshops
NAR-MX 10,155,220 4,577,565 14,732,785
85,041,181 14,173,343 113,127,134

13,912,610
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f Summary and Conclusion

Manufacturing organizations today must use a
combination of Value Enhancing tools to
optimize their designs to remain competitive.

These Value Enhancing tools should include:
#* The use of Lean principles
# The use of Six Sigma principles
#* The use of DFMA principles
# The use of Value Engineering principles

» The use of TRIZ principles

If these various Value Enhancing tools are

used within manufacturing organizations with
trained practitioners, manufacturing canhave
a major comeback within NA. Fhiripool
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