
QUALITY SCAN

Predicting Cost of Quality Essential to DFA

For years. many indus tries have been using a formal
design for assembly (DFA) process to develop new
design approaches. The central emphasis of DFA is

reducing product complexity, and many organizations
have been brought back from the brink of ext inction
using DFA.

Other companies have pursued world -class quality by
attacking defect sources in every part and process step
without question ing the level of complexity of the pro d
uct. Although this app roach has shown impressive
results. typica lly among japanese companies, it may
force an organization into significant amounts o f unncc
essary and cosily im provement ac tivit)' that DFA may
make unnecessary.

Recent news article s ind icate that some Japane se
organizations arc now developing fundamenta lly differ
ent approaches to fulfill cus tomer needs. The search is
character istic of DFA. An integrated strategy (0 red uce
product complexity and suppon a drive toward world
class quality would bea formidable competitive weapon .

Th is push for "wor ld -class simplicity" would ask a
fundamental question: do we really need every pan and
pro cess step (0 meet the customer's need? Answering
that qu estion requires a way of assessing the cost of
quality of a product early in its design cycle. Most meth
ods of p redic ting qu ality are diffi cult and time-consum 
ing, ho wever, and are not easily accessed in early con
cep tual design activity. Design teams also are often
reluctan t to make quality predi ctions abo ut new designs
due to inexperience and distrust of estimat ing.

A fast way to add ress these concerns relies on a con
cept called rolled yield . Rolled yield (also known as
rolled throughput yield . first -time yi eld , and first-t ime
through) is the percentage of production tha t will have
no incidence of defects anywhere in the pan. process
step , or performance parameter. Historical evidence
shows that rolled yield improves along with total cost
when DFA techniq ues are applied .

Wh at's needed is a method to estimate the cost of
poo r qua lity (COPQ) of a product quickly using a mini
mum amo unt of data and time. A basic building block of
such an analysis is a measu rement called defects per unit
(DPU). For att ributes chua, DPU is a simple average of
the number of defects found divided by the number of
units inspected for a particular defect type. For variables
data, DPU is the tail areats) of a curve beyond spccifica
lion limits.

We calculate DPU for all possible sources of defects
incl ud ing pan s. processes. and performance parameters.
We can then calcu late to tal defect s per unit (TDU) by
summing all DPUs. TDU in turn lets us calcu late CO PQ,
rolled yield, and the "sigma" level for organizations that
usc the six-sigma process for benchmarking. To calcu
lat e roll ed yield , we apply th e Poisson form ula :
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where ~1 is the average incidence of defects , x is the spe
cific number of defects we want lO pred ict in a unit cho
sen at random, and r is the enginee ring constant, which
is the base for natu ral logarithms.

\Ve substitute TDU for x:
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then look at the case of x = 0 to predic t rolled yield:
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By recordi ng a different cos t for each source of
defects, we can calculate total CO PQ by summing all the
totals based on our p rediction of defects.

\Ve can also come to a rou gh first esti mate of CO PQ
C\Tn if we have no t completed a deta iled defect analysis.
First. we must estimate rolled yield using a simple for
mula that uses comp lexity aS,a factor. Thi s formula
assum es that we can estimate a normalized yield for
each pan and pro cess step , wh ich well call Y" then raise
it to a power, the complexity lactor r . which is the num
ber of pans and steps.

1'(0) = Rolled Yield = Yi

Then, we can use the inverse of the rolled yield equa
tion to calculate TDU:

Since 1'(0) = c-m
, then TDU = -In 11'(0)1

If we can estimate the average cost of a defect (SD) to
an organization , we simply multiply TDU by SD to get a
rou gh estimate of CO PQ per unit: CO PQ = TDU * SD.
Again . this method is used on ly when a de tailed defect
analysis has no t been completed .

Quality analysis provides addi tional measurement s
that supp ort and enhance the trad ition al DFA process.
\Vith early quality information . we can dewlop the best
design strategy to achieve ease of manufacturing, lowest
total accounted cost, rapid development , profitability,
and total customer satisfaction.

Im n Chambers.
Munro c...·Associates Inc.
Troy . MI

S EPTE M B ER 1997 -MA N U FA C TU RIN G ENGIN EE RI N G


