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| 2.4.1 Design Of Experiments (DOE)

1. Definition

Experimentation is a systematic approach to answer questions and more
specifically; how do changes to a system actually affect the quality function
or response of the system?

Whenever we adjust a process or a product without knowing what the
outcome will be, we are making experiments.

Experiments come in many forms and can be categorize as followed:

1.1

1.2

1.3

Trial and Error Experiment

Most experiments are TRIAL AND ERROR experiment involving
one or two variables. When an operator makes adjustment to a
process, checks the result and repeats this until the desired result is
obtained, he is conducting a trial and error experiment.

One by One Experiment

When a team can collect more variables around the members are
convinced to start changing only one variable at a time. In this way,
team is able to isolate each variable effect. This method is called the
ONE-by-ONE experiment. No interacting effect could be captured
via this conventional ways of conducting experimentation.

Design-of-experiments (DOE)

When we have more variables at different levels, we will need a
more structural method of doing the experiments, intelligently,
efficiently at a low cost, thus team must design their experiments. A
structured DOE also means that interacting effects among
individual factors can be captured. Since the study/understanding of
interaction is a vital to initial stages of any experimentation, its is
always advisable to perform proper DOE than to do one by one
experimentation.
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2. Objectives
The Design of experiment can assist the team to
2.1 identify the important causes or variables whether they are product
or process parameters, materials, and environmental or measuring

equipment factors.

2.2 Determine the main effects and interaction effects of these
important variables.

23 Reduce the variation on the important variables through close
tolerancing, re-design improve component.

2.4 Open the tolerance on the unimportant variables to reduce costs
substantially.
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3. Application.

e Steps at a glance for Shainin’s DOE.
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3.1 The team will have to communicate the experimental objective to
everyone involved before the application of the Design of
Experiments.

3.2 The three types of Design of Experiments can be classified as

followed :
3.2.1 Classical
3.2.2 Taguchi

3.2.3 Shainin

33 A comparison of the above three types of DOE are as followed :

Characteristics Classical Taguchi Shainin
Technique - Fractional Orthogonal arrays - Multi-vari, variable
factorials searches full
factorials.
Effectiveness - Moderate (20% to Low to moderate - Extremely powerful
200% (20% to 100% (100% to 500%
improvement) improvement) improvement)
- Retrogression Retrogression likely | -  No retrogression
possible
Cost - Moderate High - Low
- Average of 50 Average 50 to 100 - Average of 20
experiments experiments experiments
Complexity - Moderate High - Low
- Full ANOVA Inner and outer array | -  Experiments can be
required multiplication S/N, understood by line
ANOVA operators
Statistical - Low Poor - High
validity - Higher order No randomization - Every variable
interaction effects Even 2™ order tested with all
confounded with interaction effect levels of every
main effects confounded with other variable
- To lesser extend main effects - Excellent
even 2™ order separation and
interaction effects qualification of
confused main interaction
effects.
Applicability - Requires hardware Primary use as a - Requires hardware
- Mainuse in substitute for Monte | -  Can be use as early
production Carlo analysis as prototype and
engineering run
stage.
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Ease of - moderate - Difficult
implementation - engineering and - Engineers not likely
statistical to use this method.
knowledge
required.

- Easy

3.4  The application of Shainin (DOE) using the 7 DOE Quality Tools

are as followed :

3.4.1 Multi-Vari-Chart

34.1 a) The multi-vari chart is to graphically depict family

of

variation patterns that will enable you to reduce a
large number of unmanageable possible causes
(variation) to a much smaller family of variables

containing the Red X.

e Detect large non-random variables
e Detect variables containing the Red X

34.1 b) The three families of variation depicted in the multi-

vari
charts are:
e Positional variation
e (yclical variation
e Temporal (time) variation
34.1 ¢ When using the multi-vari data, team is able to
locate the
family that shows the largest variation. This is the
family that will contain the previously unidentified
major variable, the Xs.
34.1 d) Although all families may contribute in some way to
the
overall variability in the process, they generally do
not
contribute equally.
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34.1 e

Positional Variation

The positional family of variation depicts
variations in a product position. This positional
variation can occur with a single unit containing
one single characteristic or more than one
variation within a single unit.

- variation within or across a single unit
- variation by location
- machine to machine variations

Cyclical Variation

- varlation between consecutive units
- variation among groups of units
- variation between batch to batch

Temporal (Time) variation

- hour to hour variation

- shift to shift variation

- day to day variation

- week to week variation

Examples of Multi- Vari Chart
(reference to attached Appendix)

3.4.2 Component Search

342 a) Component search is another simple but powerful
technique whereby a large number of possible causes
of variation can be reduced to the family of the Red
X or the Red X itself. Reduction to the lowest
number of possible causes is the objective.

342 b) The technique is applicable, primarily in assembly
operations (but also in process-oriented operations
where, there are several similar processes or
machines), where the longer the difference in output
between the two units, the better.
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342 ¢ The response (output/quality characteristics) must be
measurable and repeatable.

342 d) The units must be capable of disassemble and re-
assembled
without a significant change in the original output.

342 e¢) There must be at least the assemblies or units with
clearly
different levels of output; for brevity, the two
assemblies are described as a pair, a good unit and a

bad unit.
342 f) The procedure for the component search are as
followed:
1) determine the response (output) parameter

by which units are to be measured.

1) select the best and worst-performing unit
from your production, if possible have a few
pairs

111) label all the units, the Best units being B1,

B2, B3 ..... and the corresponding Worst
units W1, W2 and W3 ....

v) Based upon engineering knowledge or
consultation with designer rank the
components in descending order of perceived
importance.

V) measured pair #1 and note the reading
E.g. component reading

Bi......... X
Wi Y,
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vi)

vii)

viii)

X1)

disassemble those components listed and
reassemble the units measure both units and
note the readings.

component  reading
Wi Y;

disassemble those components listed and
reassemble the units measure both units and
note the readings

component  reading
Biooooonin. X3

All the three B; readings must rank better
than all the three Worst units. Calculate the
D: d ration. If the ratio is greater or equal
the ratio 1.25 : 1, then the Red X and Pink X
are among the causes being considered and
there is good repeatability in the
disassembly/assembly process.

Switch the top rank component from the
good unit and the corresponding component
in the bad assembly between the two
assemblies.

If there's no chance, i.e. the Best unit stays
good and the Worst unit stay bad within the
calculated control limits, this component A is
unimportant. Switches back the component
and proceed to the next component B.

If there is a partial change out of the control
limits for one or both of the two assembly
outputs, A is not the only important variable.
A is important but not alone.
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xii)

xiii)

XiV)

XV)

XVi)

XVii)

Further, A's interaction effect with other
components cannot be needed out. Switches
back the component A and go to the next
component B.

If there were a complete reversal in the
outputs of the two assemblies, A would be the
part having a Red X quality characteristics.
Switches back the component A and go to the
next component B.

Repeat until the component list is completed.

Ultimately, the RED X family involving two
or more components will be indicated. If there
are two for more significant changes, A RED
X interaction could be found at a later stage.

With the important components identified, a
capping run of these important components
banded together in the good and worst
assemblies must be conducted to verify the
importance.

Repeat the capping run with another two or
three pairs, to verify that the first pair is not a
fluke shot.

The test for significant and repeatable
difference

e Measured pair #1 and note the reading

B.... X
N1... Y1
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e Disassemble those components listed and
reassemble both units. Measure both units
and note the readings.

Bi... X
Wi... Yy

e Disassemble those components listed and
reassembled both units. Measure both
units and note the readings.

B1... X2
Wi... Y,

e Disassemble those components listed and
reassembled both units again. Measure
both units and note the readings.

Bi... Xj
Wi... Y3
(X1+ X5+ X3) (Y1+ Yo+ Y3)
D T o o ————— — ——— ——— ———
3 3

(highest X - lowest X) + (highest Y - lowest Y)

2
Example.
Initial

1** disassembly and assembly
2" disassembly and assembly

PHILIPS ELECTRONICS SINGAPORE
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X
Y
9.7 B 58 dB
10.2 B 57 dB
(X1t X5t X3) Y1+ Y2+ Ys)
D T o M S ——
3 3

(9.8+9.7+102)  (5.7+58+6)

3 3

9.9 -5.8333

4.066

(highest X - lowest X) + (highest Y - lowest Y)

d = e
2
= (10.2-9.7) + (6.0 - 5.7)
=0.4
2
Thus D: dis 10.1666: 1, which is greater than 1.25: 1
Indicating that the Xs' are captured.
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e Control limits

Control limits are used to determine
whether a component and its associated
interaction effects are important (outside
of control limits) or unimportant (inside
the control limits) and eliminated.

The control limits for each new swapped
result are given by the formula

Control limits = Average +/- {A, *average range)

With three units of two samples (good
and worst), A, is 1.023. From the
example the control limits for the good
units are

= average (X;+ Xy+ X3)+/-1.023 * (average range)
= average (9.8 +9.7+10.2) +/- 1.023 * (0.4)

= 9.9 +/-1.3299
UCL = 11.2299
LCC=18.5701

For the worst units the control level is

= average (Y;+ Y+ Y3) +/- 1.023 (average range)
= average (6.0 + 5.8 + 5.7) +/- 1.023 *(1.3)
=5.833

UCL =7.16323
LCL =4.50343
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e Component to be searched

Component Label Component Label
C2503 A C2412
G
C2505 B T7501
H
C2504 C C2425 |
L5501 D C2502
J
L5407 E C2501
K
C2426 F L5406
L

e Construct the component search chart

12
11
10

B~ 0N 3 0

A BCDETFGHTIIJK

Note: X .... Interchange between Good and Worst unit
O .... Return to original unit

o Test result

The graphical representation of result
shows the clear separation between the
original high (good) and low (worst)
assemblies.
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The graph shows a partial conveyance
between the high and low assemblies when
components

C (C2504) and E (L5407) is switched. The
contributions of the remaining components
are minor or zero?

In the capping run, when both the Pink X
components, C ands E are switched, there
is a reversal in the result, indicating that
the family of the RED X is a narrowed
down to C and E, that are other
components are unimportant for this
parameter.

3.4.3 Paired Comparisons.

343 a) The pair comparison method is similar to components
search with the objective of reducing a large number
of possible causes of operation down to the family of
the RED X by providing clues derived from
comparisons of paired "Good" and "Bad" units.

343 b) The technique is applicable in assembly work or processes
or in test equipment, where there are similar units,
workstations or instruments, respectively. It is also a
powerful tool in failure analysis.

343 ¢ The pre-requisites of paired comparisons
e Components or sub-assemblies in units cannot be
disassembled or re-assembled (unlike component

search)

e There are several good and few bad units that can
be paired.

PHILIPS ELECTRONICS SINGAPORE 14 Date : 1% July 2001
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A suitable output can be found to distinguish
good from bad.

343 d) The procedure for paired comparisons

)

ii)

iii)

vi)

Select one good unit and one bad unit (drawn
whenever possible at the same time)

Call this pair one. Observe in detail to note
differences between these two units. The
difference can be visual, dimensional,
electrical, mechanical, chemical, etc. The
observation techniques could involve the eye,
measurable parameters, X-rays...

Select a second pair of good and bad units.
Observe and note the difference as in Step 2.

Repeat the search process with a third, forth,
fifth and sixth pair.

If it is a measurable output, rank all the six
pairs in descending orders. If the END Count
is greater than six are then the output or that
part that is contributing to the output is a
possible X.

If it is an observable output (physical), then
summarized all difference observed for all
the six pairs. From the list, count the numbers
of observable, repeatable difference between
the good and the bad units.

Note: disregard differences that show
contrary directions among the pairs.

With this, the consistent differences will be
narrowed down to a few factors, providing a
strong clue for the major cause of variation.
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Example: UV 1216 D/P Crackle

End Count
According to Turkey Test

End Count Confidence Level

5 81%
6 90%
7 95%
10 99%
13 99.9%
Example: Bl 48.0
B2 46.5
B3 46.9
B4 47.6
BS5 48.3
B6 45.7
Wi 42.7
w2 43.6
W3 46.7
W4 44.6
W5 45.9
W6 44.9
Ranking: B5 48.3
B1 48.0
B4 47.6
B3 46.9
B2 46.5
W3 46.7
W5 45.9
B6 45.7
W6 44.9
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W4 44.6
W2 43.6
Wi 42.7

Total end count =9 thus confidence is greater than 95% but less than 99%

3.4.4 Variables search
344 a) The systematic reduction of variation starts with
e Multi-vari chart
e Components search
e Paired comparison
344 Db) The aim to reduce a very large number of unrelated
causes
down to a smaller family of related causes where
variable search is the next tools where it's objectives
are
e To pin-point the RED X
e To pin-point the PINK X
e To pin-point interacting variables
e Separate the important variables from the
unimportant ones
344 o) The pre-requisites of the variable search are
e When there are 5 to 10 variables to be
investigated
e Output preferable to be measurable
e Quantifiable BEST and WORST event
344 d) The procedures for the variable search
1) List the most important factors A, B, C, D, E,
F ....and so on in descending orders of
importance. The listed factors are usually
derived from the Multi-vari charts,
PHILIPS ELECTRONICS SINGAPORE 17 Date : 1% July 2001

DAP DIVISION

Rev.: 0



18
QOTM - guaLITY TOOLS' MANUAL.

iii)

component search or paired comparisons.
However, if the product is new, then conduct
a brainstorming session, using all the
expertise you can organize.

Assign two levels to each factor

- aHigh (-), which is most likely to
contribute to good or even best results.

- A Low (-), which represents a most likely
deviation from the HIGH level in day-to-
day production with normal maintenance

Run two experiments, one with all factors at
their high levels, the other with all at their
low levels. Repeat these two experiments.
Twice more randomize the experiments.

Apply the (D: d) greater than (1.25: 1) rule.

Stage A is over when both stated below are

satisfied.

- all three high levels are better than three
low levels

- the (D : d) ratio is greater than 1.25

If all three high levels are worse than all three low
levels just change the "High" and "Low" assignment.

vi)

vii)

1)

If either of the two conditions in the earlier
step is not met, then switch the level of one
factor, generally if the factors have been

carefully selected this step is not necessary.

If the repeatability is poor, it is an indication
than an important factor has been left out.
Look for a clue from the previous
experiments for one or more factors to be
adopted and to re-run the tests.

Map out the experiments to be conducted

Test

Combination Result | Average

Ajow Bhigh

Anigh Riow

Biow Rhigh

PHILIPS ELECTRONICS SINGAPORE
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4 Bhigh Riow
5 Ciow Rhigh
6 Chigh Riow

2) Run "test #1" i.e. with the low level of factor
A, labeled A (low) along with the high levels
of all the remaining factors R (high) record
result.

3) Repeat #2 until all tests listed are completed.
4) Possible results

a) if both pairs of test - i.e. A (low) R
(high) and A (high) R (low) - show
result similar to the result C of the all-
low and all-high respectively, then
factor A, along with it's associated
interaction effects is unimportant and
can be eliminated.

b) if there is a complete reversal, i.e. if A
(low) R (high) becomes the original
all-high level and A (high) R (low)
becomes the original all-low level,
factor A is a main effect RED X.

C) if either or both pairs of tests, A (low)
and A (high) R (low) shows only a
slight change in level but not a
complete reversal, factor A along
with its associated interaction effects
cannot be eliminated. Factor A and
other factor or factors must be
considered.

Example:
All high All low

PHILIPS ELECTRONICS SINGAPORE 19 Date : 1% July 2001
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Initial 4 47
First 4 61
Second 3 66
Average 4 58
Test Combination Result | Average Remarks
1 Alow  Rhieh 23 4 Factor A input
2 Anigh  Riow 40 58 With other factor
3 Biow Ruieh 3 4 Factor B not
4 Albw  Riow 61 58 Important
5 Ciow Rnigh 46 4 Factor C important
6 Chigh  Riow 15 58 With other factor
Capping Run
If factors A and C display a partial reversal,
run a capping run with these factors Apigp |
Clow s Rlow
and Apigh , Ciow , Ruign to see if R, the rest of
the factors can be eliminated.
One or more results showing partial switch,
would indicate that the search is not yet
complete, which is very rare, run a three
factor capping.
3.4.5 Full factorials
345 a) The full factorials experiments are to pin point the
most
important variables following the homing-in
techniques, clue-generating techniques of Multi-Vari
charts, components search, pair’s comparison and
variables search.
345 b) The full factorials also separate and quantify the

main and
interaction effects of the important variables. The
testing chosen factors with all levels (generally two)
of every other variable. Thus, all possible
combination of factors and levels are tested.
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345 o The pre-requisites of full factorial.
e  When there are four or less factors.
e Output variable to be measurable.
e Two levels to be assigned (-), usually for the
current level and (+) for the better result level.
e Know the number of experiments that must be
conducted by

c=L"
Where C =nos. of experiments
(combination)

L =nos. of level

P = nos. of factors

Example: If there are 3 factors having 2 levels,
how

many combinations are there?

L =2 therefore c=2
P=3 =8

345 d) The procedures for full factorial.

1) Use the factor based on previous homing-in
experiments.

2) Determine two levels of each factor, the first level
labeled
(-) is usually, but not necessarily the current level.

The
second level, labeled (+) is assumed to produce
better results but again not necessarily so.

3) Draw up a matrix showing the combinations by
which each factor is tested with each level of every
other factor. Number each cell.
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4) Randomized the sequence of experiments of each

cell, as

indicated by the random order table and read the

output of each cell.

5) Repeat Step #4 using another random order for the
second test sequence (the full set of experiments can
be repeated for a few times if the experiments is not

difficult to execute).

6) Calculate the average of the readings in each cell.

7 Add all the average readings in each cell where "A"
is (-) and all the average cell readings where "A" is
(1). The difference between A(-) and A(+) is due to
factor A alone because all other factor .... B, C, and
D balance one another i.e. have added, or subtracted,
a constant or from both levels thereby not changing

the original differences.

8) Repeat Step #7 for other factors.

9) Construct an Analysis of Variance (ANOVA) table.

10)  For the "Factors" column enter the appropriate sign

(-) or (+) as appear in the cell number.

11)  For the "2 factors interactions", multiply

algebraically the

Signs of A and B in cell #1 and record the sign of
product in the AB column. Here A & B are both (-).
The product sign for AB is therefore (+).

Repeat for the rest of the interactions.

12)  In the "output" column, enter the average of the

outputs
recorded in each cell.

13)  In the last row, assign the signs under column A to

the

output column and record the sum under column A.
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14)  Repeat Step 13 for the rest of the column.

15) The last row now displays, in precise quantified form
the contribution of each column (main
effect, interaction effect) to the total variation.
16)  Interpretation of the result from table :

- select from the last row, the top two highest
numbers disregard the sign at this moment of

selection

veee....The RED X ...... interaction between
the factors A and B

........ The PINK X ..... interaction between
the factors A and D

The main effects of A, B, C and D are relatively
small compared to the interaction effects.

17)  Interaction effect

a) For AB interaction
Example: Add all the output of those cells
when both A and B are (-) i.e. 19 +4 + 16 +
33 which equals to 72.

180
B (160)
150 mﬂ%).

120

90 T
B 72)

60

30
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AD interaction

180

150
D+(123) ¢

120

D-(80) ©
60 T

30 _
D+ (11)

0 A+ A-

BD Interaction

180

150 | ° D+ (72)

120
D+ (74)

90— 0 D+ (71)

60 —T— D+ (65)
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18Q_|

15Q_|

12Q_]

90 ]

60 ]
30 |

BC Interaction

C- (144)

C+ (88) O

)
C+ (61)

18Q_|

15Q_|

12Q_]

90 ]

60 ]
30

B- B+

AC Interaction

C-(111)
e

C-(1174)
)

C+ (95)

D+ (71)
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CD Interaction
180
s | D- (150)
120
90 D+ (70) 0 D-(93)
.\.
60
30_| D+ (56)
0 C- C+
18)  The interpretation of the interaction graphs

e From the AB and AD interaction graphs, the best
results occur when A is (+). This is confirmed in
the last row of table where the value under
column A is "-35", indicating that A (-) is worse
than A (+) by 35.

e From the AB interaction, the best results occur
when B (+), which is also confirmed by the last
row under B (-87)

¢ In the BD interaction, the best results appear to
be B (-) and D (+), yet the D (+) slope is much
less steep than the D (-) slope. In such cases, the
lower slope i.e. D (+) should be chosen.

PHILIPS ELECTRONICS SINGAPORE
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19)  Capping Run
Using the factors derived from the ANOVA table i.e.
A(+), B(+), C(+) and D(+) run a test to monitor the
results.

346 BVsC

34.6 a) In the B Vs C analysis the symbols B and C stands

for two
levels, (+) and (-) of a variable, or two processes or a
pair of alternate method that need to be compared.

346 b) C is generally the current © process and B is

supposedly a
better (B) processes but they could be also two new
processes.

34.6 ¢ B Vs C is a non-parametric comparative

experimentation,
where no assumption of normality is necessary for
either the B or the C process distribution.

346 d) The term non-parametric is a third form of data
observation. In variable data, there is measurement
such as dimension, where there can be a continuous
scale of a vast number of different readings in the
attribuite data, there is only 'good' or 'bad' 'pass' or
'fail'.

346 e) In non-parametric data, there are no measurements

as in
variables but only ranking of units from the best to

worst.

346 o The power of non-parametric ranking is that it takes

only a
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3.4.6 g

3.4.6 h)

1)

2)

test.

3)

4)

3.4.6 g

comparison between extremely small sample size
from the two processes. ... often three from B
process and three from C processes, to ensure with a
high degree of confidence, that one is better than the
other.

The pre-requisites of B Vs C.

e Final validation of previous techniques that had
isolated the Xs

e Two processes to be validated

e Two sets of units, a good and bad to be validated
(pair’s comparison).

Significant of End-count
overlap end count

There are twenty ways which three Bs and three Cs
can be

ranked in order of these there is only one way out of
twenty in which the three Bs come out on top and
the three Cs are at the bottom.

When that happens, the hypothesis of no difference
is
rejected. Such a rejection is the objective of B Vs C

There is only one in twenty or 5%, risk that 3 Bs
come out

on top and 3 C's are at the bottom, it is through
chance alone.

Concluding that B is better than C represents a one
in twenty or 5%, chance or risks. This is known as

the alpha risk.

This formula can be use also
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No. of combination M is

(nB)! X (nC)!

Where nB = no.s of B samples
nC = no.s of C samples
1 =is a factorial

In the case of 3 B’s and 3 C’s
the alpha risk is

(3 +3)!

Bx2x1)+(Bx2x1)

6 x5 x4 x3 x2 x1

0.05 or 5%

The alpha risk then is (1/M)

(n[B]D! x (nC)!
thus 1/M = —ecemmeeeeee -

( L (N1
hB n 3
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3.4.7 Scatter Plots

347 a) After identifying the factors that is causing the
variation in
response (output) the RED X, PINK X ..... team
should also know how the factor level variation is
affecting the response.

347 b) Knowing the relationship between the factor level
and the

output will help to establish a realistic tolerance.

347 c¢) If there is no relationship between the output and the

factor
is level, then the factor is not important and it's value
and tolerance can be placed at much less
conservative levels that are the most economical.
347 d) From the above, the output variation observed factor

level will be the same at all level. Changing factor's

level will only bring about a change in the average
value and does not significantly affect the capability
of the output.

347 e) For this type of correlationship, we would only apply

tolerance control which is usually the least
economical control method.

347 1) From the relationship curve below, it indicate a non-
linear
relationship curve. Discovering non-linear
relationship is like finding a pot of gold at the end of
the rainbow.
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347 g The non-linear relationship provide an opportunity to

reduce output variation simply by choosing the
correct level to run.

3.4.7 h) The most benefit is generally gained by selecting the
factors level to coincide with the position on the
curve where the slope is least, or visually where the
curve is flat.

3.4.7. 1) Procedure for determining the Realistic Tolerances

1) Select the output to be met. Practically RED X and
PINK X etc. will have been pinpoint using earlier
DOE methods.

2) Select a range of values for the RED X factor that is
likely
to fine-tune the output. Run at least 30 such values of
the RED X and note the corresponding output
values. Plot the results.

3) Draw a median line, called the line of regression
through
the thirty plots. Draw two parallel lines on each side
of the median so as to contain all but one of the
thirty points. Draw a vertical line through the center
of the thirty points, to intercept the two external
parallel lines.

The width (between the two external parallel lines
and the vertical line) is known as the vertical scatter.

Vertical scatter is a measure of the total contribution
to the output of all the variables added together,
other than the particular factor X.
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For factor X to be RED X, the vertical scatter must
be the lowest value. If this intercept is large, the
factor is a PINK X or even PALE PINK X rather
than RED X.

4) If the output is a customer requirement, or there is a
+/- specification (tolerance) limit, plot these points
on the Y axis and draw two lines from their upper
specification intersects the upper boundary of the
scatter. Drop two lines from these intersection points
perpendicular to the X-axis.

5) The horizontal intercept on the X-axis between these
two lines determines the maximum tolerances
permitted in order to ensure conformance to
specifications. This would specify a minimum CD of
I.O. Using the pre control rules, the horizontal
intercept could be divided into four equal parts and
only the middle half allowed as the preferred
tolerance for the RED X. This would ensure a
minimum cp of 20. Further, the larger value of the
RED X variable should be at the center of the
horizontal intercept.

6) These realistic target values and tolerances for the
RED X should be compared against existing values
and tolerances and the necessary changes made to
ensure zero defects.
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