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Abstract

In today’s fast-paced global economy, time to market constraints are demanding that
companies produce their products more quickly and with higher quality. This has driven a
shift from inspection based quality where defects are found and repaired, to design based
qguality where defects are preverted from ever occurring. Through QFD, design of ex-
periments, detailed failure mode analyses, and other quality tools, zero defect or 3ppm
defect levels are being achieved by design. Thisis called Design for Six Sigma (DFSS).

Even greater gains can be made from DFSS when it is combined with QFD to assure not
just an absence of defects, but true value as defined by the customer. QFD helps the
DFSS team find critical, unmet customer needs and assure they are designed into the
product and supported throughou the manufacturing and assembly process. We could
call this Customer Driven DFSS. This paper will show how the goals of DFSS can be
achieved and surpassed through the complimentary usage of QFD.
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What is Six Sigma

Since the 1980s, organizations like GOAL/QPC, the
American Sypplier Institute, and the QFD Institute have
brought the leading quality gurus from Japan to teach the
U.S. their latest methods such as TOM, 7 QC Tools, 7
Management and Planning Tools, Total Production Main-  Figyre 1a. 3-sigma quality -
tenance, QFD, Hoshin Planning, Taguchi Methods, Kansel 66,810 ppm defects

Engineering, and many others. Westerners have been frus-
trated trying to integrate these tools developed by different

people and different schools of thought into a single sys- : :

tem. | ﬁ"l i
I I
| |
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In the late 1990s, General Electric and Motorola began or-
ganizing these tools into an improvement process that  Figure 1b. 6-sigma quality -
would assure both customer satisfaction and competitive- 3.4 ppm defects
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ness — that is quality that answered to both the top line and the bottom line. Quality was
defined by the number of defects or failures in the product, service, or process being are-
lyzed as measured by sigma. Sigma is a statistical expression indicating how much varia-
tion there is in a product or process. By measuring defective work, improvement targets
could be more easily quantified and company wide standards of work quality could be
established. Six sigma trandates roughly into 3.4 defects per million parts, procedures,
lines of software code, etc; and represents a significant mprovement over even three
sigma (figures 1 a and b). What this means is that the more we can control the variation
of a process (human, mechanical, or chemical) so that the natural process limits are
within the specification limits, then no matter what degree of controlled variation occurs,
the results will be within acceptable tolerances to the customer. Six Sigma is an attempt
to apply quality principles and statistical measurement not just to manufacturing proc-
esses, but to all corporate endeavors.

These quality principles have been organized into a problem
solving algorithm called DMAIC, as shown in Figure 2. Not Veasure

too dissimilar from the classica Quality Improvement

Story’s 10-step process, the DMAIC is more measurement

oriented and uses nore sophisticated tools such as multivari-

ate analyses than does the QI Story. This requires more train <W

ing, requiring a more defined education and certification No
Figure2 DMAIC

Validate

process known by its martiad arts reference to Six Sigma
Chanmpions, Green Belts, Black Belts, ad Master Black
Belts.

Thus, we can say that Six Sigma brings the following m-
provements to TOM.
1. Integration of multiple quality tools and systems.
2. Improved process, education, and competence testing with the “belt” programs.
3. Greater use of powerful statistical and analytic tools to measure results.
4. Top line and bottom line accountability to justify improvements both in terms of
customer satisfaction and cost-benefit analysis.

What is DFSS

Design for Six Sigma can be seen as a subset of Six Sigma focusing on preventing prob-
lems, instead of just fixing them. While it shares many of the principles of Six Sigma,
DFSS goes further upstream to recognize that decisions made during the design phase
profoundly affect the quality and cost of al subsequent activities to build and deliver the
product. Early investments of time and effort pay off grandly in getting the product right
the first time.

DFSS adds a new, more predictive front end to Six Sigma, replacing DMAIC with

IDOV, or Identify, Design, Optimize, and Validate. Details of the IDOV process are
givenin Table 1.
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Table 1. IDOV details — Critical-to-X factorsand key measurables.

Phase CTx Measurables
|dentify Critical-to-Project Déliver- | Market share, revenue, etc.

ables. Project charter and | Resources, budget, schedule.

Scope.

Critical-to-Satisfaction Fac- | Customer needs priorities.

tors.

Critical-to-Quality  Factors | Prioritized Quality Characteristics and

(CTQ) target values and tolerances y=f(x) trans-
fer function.

Gaps in the above. Prioritize Technology, Function, Cost,
and Reliability bottlenecks.

Design/Define | Critical-to-Product Factors. | Key Process Ouput Variables (KPOV)

Find the source of the gaps | transferred to Key Process Input Vari-

and close them. ables (KPIV).

Design Selection Criteria. Validate criteria based on controllable
and uncontrollable variables (noise),
evolve and select best design. Feasibility
Study. Vendor selection.

Optimize Critical-to-Process ~ Toler- | Optimize inputs, secify tolerances, con
ances duct snsitivity analysis, and demonstrate
process capability and reliability. DOE.
Validate Critical-to-Production Fac- | Scale-up, Test equipment, Control Plans,
tors. Mistake-proof, Standard Operating Pro-
cedures, Customer approval. Review and
reflect for next project.

DFSS uses the four IDOV phases to identify what measurable and controllable factors are
critical to shareholder and customer satisfaction, and then systematically deploys these
factors to lower levels of design and build activities. DFSS deploys by clarifying the
critical outputs, their targets and acceptable tolerances and then transferring themto con-
trollable inputs, their targets and acceptable tolerances. In this way, the cost implications
of holding the tolerances can be mapped to the importance to the customer, and reasor+
able and acceptable trade-offs can be made.

What is QFD

Quality activities traditionally have focused on improving existing products and proc-
esses. For example, statistical process control examines the historical outputs of a process
to identify the limits of stable process performance. When the outputs of the process go
outside these limits, than we must investigate what has changed to cause this condition.
Improvement is then made on the causes of the change. To help identify which causes
contribute to the undesirable output, a tool called a cause and effect diagram (figure 3) is
used. It is important to remember that while the god is to improve the undesirable output,
actions can only be made on the inputs. With new products, however, processes may not
yet be determined.
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Figure 3. Cause and Effect Diagram as Adapted by Akao for New Products.

To assure the quality of new products, Y oji Akao and Oshiumi adapted the cause and ef-
fect diagram in conjunction with a project for Bridgestone Tire of Japan.® Instead of iden-
tifying the causes of negative quality, he identified the causes of positive quality, that is,
those design elements (causes) which could assure customer satisfaction (effects). Thus,
if adesign team was to deploy their resources where they would yield the largest benefit,
they would focus on those design elements which met the following criteria

1. most important customer segment in terms of business strategy and marketing
strategy

2. most important areas of customer satisfaction (needs)

3. which needsdo competitors satisfy better

4. thereis a strong causal correlation between the needs meeting criteria 13
above and the design element

5. the design element has strong causal correlations with multiple important
needs.

This elaborate analysis of the cause and effect diagrams grew complicated with large
scale projects such as shipbuilding, and were integrated into a spreadsheet by Nishimura
of Mitsubishi Heavy Industry Kobe Shipyards?® in 1972. It's room like appearance caused
Sawada of Toyota Auto Body to later refer to it as the “House of Quality.” 2 (Figure 4)

The cause and effect relationships can be examined at several levels in the design. For
example, customer needs can be fulfilled by product actions or functions. Critical to im
prove functions or missing functions can be identified by the strength of correlation be-
tween the function and the needs. While the cause-and-effect diagram can be used to ex-
amine these correlations, the spreadsheet format is more convenient, and so a “house of
function” may be created.
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Figure4. House of Quality for Umbrella

Similarly, potential defects to be avoided in the new design could be prioritized by exam-
ining past failure modes, competitor failure modes, warranty claims, etc. and they could
be prioritized in a “house of reliability.” Once the design is complete, then the quality of
the design must be assured by focusing manufacturing and production activities and fa-
cilities on those jobs that have the strongest correlation to changes in the design. This
analysis could be depicted in “houses of ‘design for X'.” This model has been easly

adapted for service design by the author and others.

QFD and Design for Six Sigma
Section X. of the ASQ’'s Six Sigma Black Belt Certification Body of Knowledge is enti-

tled Design for Six Sigma (DFSS). It lists as it subheadings

moow>

Quality Function Deployment (QFD)
Robust design and processes (includes functional requirements)
Failure Mode and Effects Analysis
Design for X (DFX)
Special design tools.
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It is easy to see how the QFD model described above fits nicely into ASQ’s DFSS model.
In fact, it seems as if the designers of the DFSS modd were using QFD as a template.
Why then, would QFD be listed as section A? It has become common among those
whose understanding of QFD is limited to only the House of Quality, to confuse this sin-
gle use of a cause-and-effect spreadsheet for the entire QFD process. In fact, QFD has not
only included sub-sections A-D above, but has been integrated with Taguchi’s Robust
Design, the Russian ideation modd of TRIZ, and other tools, caled out in sub-section E
Special Design Tools above. A further examination of the entire Six Sigma Body of
Knowledge reveals that QFD as originally designed by Akao has relevance to every sec-
tions. While QFD is not the only approach needed to master Six Sigma, the author be-
lieves that it is one of the most essential.

The one area that QFD can have the greatest impact is in understanding the Voice of the
Customer. A weakness of many design teams is that they expect that what the customer
asks for is what they want. Numerous studies have shown that what customers ask for is
only a starting point for design.

Voice of the Customer Analysis

In awidely cited study by Dr. Noriaki Kano, the existence of both spoken and unspoken
needs was highlighted.* (Figure 5) Normal Requirements are typicaly what we get by
just asking customers what they want. These requirements satisfy (or dissatisfy) in pro-
portion to their presence (or absence) in the product or service. Fast delivery would be a
good example. The faster (or dower) the delivery, the more they like (or didike) it.

customer
satisfaction
A

exciting
requirements |

don't fulfill |
expectations -

_____do fulfill
~expectations

expected
requirements

_customer
dissatisfaction

Figure5. Kano's M odel of Quality
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Expected Requirements are often so basic the customer may fail to mention them - urtil
we fail to perform them. They are basic expectations without which the product or ser-
vice may cease to be of value; their absence is very dissatisfying. Further, meeting these
requirements often goes unnoticed by most customers. For example, if coffee is served
appropriately hot, customers would hardly comment. If it's cold or too hot, dissatisfaction
occurs. Expected requirements must be fulfilled.

Exciting Requirements are difficult to discover. They are beyond the customer's expecta-
tions. Their absence doesn't dissatisfy; their presence excites. For example, if caviar and
champagne were served on a flight from London to Manchester, that would be exciting.
If not, customers would not complain. These are the things that wow the customers and
bring them back. Since customers are not apt to voice these requirements, it is the respon
sibility of the organization to explore customer problems and opportunities to uncover
such unspoken items. These requirements can shift over time, segment, or other external
factors.

If the opportunity to develop differentiated products comes from satisfying unspoken re-
guirements, what should the designers do? After all, they are not mind readers. Despite
this difficulty, it has now become the responsibil-

ity of the organization to do just that. In a tradi-

tional relationship with customers, designers have

come to expect the customer to tell them how to

do their job — that is, customers dictate through

specifications the required performance, dimen Needs
sions, power requirements, etc. What customers
are doing is trying to trandate their true needs into
language the designers will understand. Experi-
ence has shown, however, that even if the design Value
meets the specifications, customers can still be Developer
dissatisfied. Wouldn't it be better if the designers . -

could do the trandation themselves, and perhaps ;%ﬂfﬁ ?'o\?ﬁgtr;]e;;?gciszi\;etlfapﬁglsat_
come up with faster, better, and cheaper specifica  ing needsinto requirements.

tions? (Figure 6)°

Value occurs when
a problem is resolved
or an opportunity
enabled.

=)
Needs

translate into
Requirements

Users

To own the trandation of the voice of the customer requires a change in paradigm from
caveat emptor (buyer beware) to “caveat vendor” (seller beware). It means more than a
passive analysis of specifications, it means a proactive analysis of the customer’s behav-
ior in situ to better understand their problems, opportunities, and image concerns. It re-
quires that sales, marketing, design, engineering, manufacturing, quality and others form
a multi-functional team to visit customers in the process of living their lives and conduct-
ing their business. In the context of use, customers will reveal their unspoken needs in the
form of smiles or frowns, smplicity or confusion, etc. This is called “going to the
gemba” in Japanese.
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Going to the Gemba

This is more than just an observationa study in that severa tools and methods are em
ployed to systematically examine what the customer is trying to do, and how the product
should respond. These tools continue 1 be refined and augmented by this author® and
many others.

In fact, the ability of one product to stand out from its competitors may be the results of
such a study. For West Bend, observing customers struggling with top-opening bread
bakers led to a front-opening design that was deemed “revolutionary” by a trade maga
zine.” For MD Robotics, manufacturers of the NASA Space Shuttle robotic arm and the
International Space Station manipulator, it meant visiting the Toronto petting zoo in order
to design an animatronic dinosaur for Universal Studios Jurassic Park.® This Design
Magazine 1999 Gold Medal Winner was more than just a robot, it was, as one paleon
tologist observed, “dlive.”

Linking DFSS and QFD

The analytic and process strengths of DFSS are formidable, as are Akao’s Comprehen-
sive QFD. Where QFD is stronger is in the upfront analysis of unspoken customer needs.
Where DFSS is stronger is the establishment of transfer functions to deploy design pa-
rameters downstream, and in establishing cost-benefit analyses and capability studies
early in the design phases. Table 2 shows how some of QFD’s tools can be added to the
IDOV process to strengthen its consideration of unspoken customer needs. QFD steps are
indicated in italics. It is obvious that QFD can play a strong role in identifying customer
needs, and the House of Quality and other matrices can improve the transfer function
process by documenting many-to- many cause-and-effect relationships, their degree of
contribution, and controllability.

Further, while DFSS prescribes which tools can be used when for the hard statistical and
analytic modeling it does in the DOV phases, it has fewer defined tools and processes for
the | phase. QFD isrich in tools to obtain, analyze, and prioritize the Voice of the Cus-
tomer, so the marriage of the two methods is advantageous to both.

Table2. QFD added to IDOV.

Phase

CTx

Measurables and Tools

| dentify

Critical-to-Business Factors:
Brand, shareholder value, M-
sion, Mission, Hoshin.

Economic value added (EVA) such as
ROI, etc.

Ddliver-
charter and

Critical-to-Project
ables. Project
scope.

Market share, revenue, etc.
Resources, budget, schedule.

| dentify Critical-to-Project
Customers: Key market seg-
ments.

Market size, influence, price elasticity,
ease of servicing, New Lanchester
Strategy mdrics.

Critical-to-Use Scenarios

Gemba. Frequency of scenario, criti-
cality of scenario, hazards of scenario.
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Critical-to-Satisfaction
tors.

Fac-

Customer needs priorities.

Analytic Hierarchy Process. Competi-
tive Benchmarking.

Kansei requirements (non-functional).

Critical-to-Strategy Factors.

Product positioning, sales and promo-
tion strategy.

Critical-to-Quality
(CTQ)

Factors

Prioritized Quality Characteristics and
target values and tolerances. y=f(x)
transfer function.
House of Quality.

Gaps in the above.

Prioritize Technology, Function, Cost,
and Reliability bottlenecks. Technol-
ogy, Function, Cost, and Reliability
Deployments.

Design/
Define

Critical-to-Product Factors.
Find the source of the gaps and
close them.

Key Process Ouput Variables (KPOV)
transferred to Key Process Input Vari-
ables (KPIV).

Ideation.

TRIZ: Altshuler’s Engineering Parame-
ters, Innovative Stuation Question-
naire, Inventive Principles.

Design Selection Criteria

Validate criteria kased on controllable
and uncontrollable variables (noise),
evolve and select best design. Feasibil-
ity Study. Vendor selection. Pugh Con-
cept Selection.

Optimize

Critical-to-Process Tolerances.

Optimize inputs, specify tolerances,
conduct sensitivity analysis, and dem:
onstrate process capability and reliabil-
ity. DOE. Parts Deployment.

Vdlidate

Critical-to-Production Factors.

Scae-up, Test equipment, Control
Plans, Mistake-proof, Standard Operat-
ing Procedures, Customer approval.
Review and reflect for next project.
Process Deployment.

Conclusion

Design for Six Sigma has succeeded in codifying a suggested set of activities to assure
customer satisfaction. QFD has provided the tools, methods, and structures to perform
those activities, particularly at the critical-to-satisfaction phase. QFD tools, methods, and
structures share the same principles as Six Sigma, the principles of TQM and SPC. DFSS
specialists are encouraged to expand their capabilities by developing QFD skills. The
QFD Ingtitute has been authorized by Yoji Akao to offer severa levels of QFD Green
Belt™", QFD Black Bet™", QFD Master Black Belt™", and QFD Grandmaster Black Belt™"
following a similar designation to that used by Six Sigma speciadists. For more details,
the QFD Institute can be contacted at gfdi @gfdi.org.
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