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1
SIX SIGMA CALCULATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a slide rule that implements
formulas associated with the Six Sigma quality analysis
program.

2. Description of the Related Art

With the advent of the worldwide marketplace and the
corresponding consumer demand for highly reliable
products, quality has become an increasingly important
issue for manufacturers. When manufactured products hav-
ing defects are produced and sold, the result is lost manu-
facturing time as well as unfavorable publicity for the
manufacturer. The quality of a company’s product line can
therefore play a decisive role in determining the company’s
reputation. As a result of this pressure for defect-free
products. increased emphasis is being placed on quality
control at all levels; it is no longer just an issue with which
quality control managers are concerned. This has led to
various initiatives designed to improve quality, such as the
Total Quality Management (TQM) and the Six Sigma qual-
ity analysis programs. An overview of the Six Sigma pro-
gram is presented by Mikel J. Harry and J. Ronald Lawson
in “Six Sigma Producibility Analysis and Process
Characterization,” Addison Wesley Publishing Co.. pp. 1-1
through 1-5, 1992.

The goal of the Six Sigma program is to significantly
reduce the number of defects within products, particularly
when those products involve a large number of components.
To this end, the Six Sigma program makes use of various
statistical tests that workers and managers use to measure
the quality of products, both in development and in produc-
tion. Some of these tests involve specific terminology. An
“opportunity” is anything that must be correct to produce a
defect-free product or service, or alternatively, anything that
might go wrong and keep the product from working. For
example, opportunities could be steps in a manufacturing
process, or parts and leads on a circuit card assembly. The
total number of all the opportunities in a given product is
known as that product’s “opportunity count” (OpCount). A
“defect” refers to any variation in a characteristic of a
product (e.g. its length, width, weight, etc.) that is far enough
removed from its target value to keep the product from
functioning properly. “Defects per unit” (DPU) is the aver-
age number of defects per unit (i.e. defects per product). This
rate is often normalized to one million opportunities and
referred to as “the number of defects per million opportu-
nities” (DPMO). In general, DPMO is given by

DPMO=DPUx10%V0pCount 63

The “First Time Yield (FTY)” is the percentage of units
that are completely defect-free. As discussed on pp. 2—4
through 2-8 of the Harry and Lawson reference, the FTY
can generally be approximated by the well known Poisson
relation:

FTY="2rY

@

The “Sigma Rating” and “C,,;” are also measures of how
defect-free a product is and are based on Gaussian statistics,
as explained below. Production quality can be tracked by
plotting in histogram form a parameter that measures a
specific characteristic of the product being manufactured
(e.g. its length) against frequency of production. FIG. 1
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shows such a histogram that comprises various bars 10, in
which the height of a bar represents the number of products
falling within a certain range of the parameter. The bars 10
tend to congregate around a center bar 10, which is ideally
near the optimum design point for the parameter under
consideration. According to the well-known Central Limit
Theorem, a histogram of a large sample will tend towards a
Gaussian distribution 14, regardless of whether. say, Poisson
or binomial distributions for the parameter being considered
are assumed. This Gaussian distribution function 14 is given
by

. __lewvaf

X) = — 2
7 oY 2n
for —oo<x <o, in which the statistical mean is given by p, and
G is the standard deviation. Approximately 68% of the area
of function 14 lies within one standard deviation (16) of the
mean J, 95% within 2c of it, and 99.9999598% within 6G
of p.

Over time, however, the mean p may shift away from the
optimum design point and tend towards a new mean p'. This
may be due to degradation of tools used in manufacturing
the product, for example. This is accounted for within the
Six Sigma formalism in an ad hoc way by assuming an
additional shift to the mean of 1.5 ¢ to give a modified
Gaussian distribution 16, as shown in FIG. 2. in which the
Gaussian distribution 14 has also been replotted. The frac-
tion of the modified Gaussian distribution 16 (in which
w'=p+1.50) that lies beyond the 60 point of the unmodified
(Gaussian distribution 14 corresponds to 3.4 parts per million
(ppm). which is typically the DPMO goal of the Six Sigma
program. Thus, a DPMO of 3.4 ppm is said to be equivalent
to a Sigma Rating of 6. In general, the Sigma Rating can be
determined by calculating the DPMO, correlating this value
with the equivalent area underneath the modified Gaussian
distribution 16 between 400 and some lower limit closer to
y', and determining how many standard deviations from the
unmodified mean p this lower limit is displaced. Thus. a
higher DPMO corresponds to a smaller Sigma Rating and
vice versa. The Sigma Rating can also be expressed by C,,.
which is discussed on pp. 5-11 through 5-13 of the Harry
and Lawson reference. For the case at hand, it can be
expressed as:

C,¢=(Sigma Rating—1.5)/3 @)
Thus, the parameters DPMO. the Sigma Rating and C,, are
alternative expressions of the frequency of defects with
respect to the total number of opportunities.

To calculate these parameters can be cumbersome, even if
a hand-held calculator is used. To avoid the inconvenience
of using calculators, look-up tables are often used instead, in
which the various parameters of interest are listed in col-
umns and correlated with each other. Nevertheless, these
tables do not provide the user with enough flexibility. e.g. it
is generally necessary to interpolate between the listed
values. Furthermore, the user is not presented information in
a way that is interactive, so that a “fecl” for the numbers and
the relationship of the various quantities to each other is lost.

Existing slide rules, even those concerned with statistical
processes, do not address the concerns of the Six Sigma user
adequately. For example, the “SPC Tutor” by Dimensional
Data Systems, 1990, is designed to look at various process
capabilities, including C,,. but these are not correlated with
other parameters of importance to the Six Sigma user such
as DPU, FTY, OpCount, DPMO and the Sigma Rating.
Thus, this particular slide rule is of no benefit to the Six
Sigma user.
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SUMMARY OF THE INVENTION

The present invention is for a slide rule that calculates
various parameters associated with the Six Sigma quality
analysis program with a single movement of the slide. The
user saves time by avoiding the tediousness associated with
spreadsheet and electronic calculations. The slide rule gives
the user the flexibility to make calculations rapidly and
correlate the various parameters discussed herein with each
other simultaneously, permitting him to quickly analyze the
performance of processes and parts in a product.

The invention includes a sliding scale display section that
is preferably a sliding sheet which has scales printed on it for
quantities such as DPMO, Sigma Rating, C,, and OpCount.
The sliding sheet slips into a stationary scale display section
that preferably includes scales for DPU and FT'Y located on
opposite sides of a window that mates with the OpCount
scale. The stationary section also includes windows that
permit the other scales of the sliding sheet to be viewed. By
aligning the OpCount scale with either the DPU scale or the
FTY scale, the user can calculate the carresponding DPMO,
Sigma Rating, and C,, values. The DPU, OpCount and
DPMO scales are preferably logarithmic,

Further features and advantages of the invention will be
apparent to those skilled in the art from the following
detailed description. taken together with the accompanying
drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a histogram illustrating how a large sample of
products tends towards a Gaussian distribution with respect
to a manufacturing parameter;

FIG. 2 is a graph showing a typical Gaussian distribution
and a mean shifted Gaussian that characterizes Six Sigma
analysis; and

FIG. 3 is an elevation view illustrating a preferred
embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The invention functions like a slide rule and allows the
user to correlate, with a single movement of the slide,
various parameters that are commonly used in the Six Sigma
quality analysis program, such as DPU, OpCount, FTY,
DPMO, Sigma Rating and C,,. It comprises scales for
preferably each of these quantities, some of which are
slidable, so that, for example, values of OpCount and DPU
can be selected to generate related statistical quantities such
as DPMO, Sigma Rating and C,,,.

The preferred embodiment is shown in FIG. 3 (drawn
roughly to scale), and includes a sliding scale display section
that is preferably a sliding sheet 20 which slides in and out
of a stationary scale display section that is preferably a
stationary pocket section 22, both of whose ends are open.
The sliding sheet 20 is preferably made of rigid paper stock
or plastic and preferably has four scales printed on it: a
DPMO scale 24, a Sigma Rating scale 26, a C,, scale 28 and
an OpCount scale 30. Thus, scales 24, 26, 28 and 30 slide in
and out of the stationary pocket section 22 with their sliding
sheet 20. All of the scales disclosed herein preferably
include a series of marks that are periodically designated
with numbers to indicate their values. The stationary pocket
section 22 preferably comprises a facesheet 32 and a rear
sheet (not shown), both of rigid paper stock or plastic and
secured together with metal fasteners 36, so that the sliding
sheet 20 is housed securely in the stationary pocket section.
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Thumb notches 38 are cut into one or both ends of the
facesheet 32 as well as the rear sheet of the stationary pocket
section 22 to allow the user to more easily grasp the sliding
sheet 20 after it has been inserted into the stationary pocket
section.

The facesheet 32 preferably has two scales printed on it,
a DPU scale 40 and an FTY scale 42, as well as three
windows 44 (i.e. holes cut into the facesheet) which permit
scales 24, 26, and 28 of sliding sheet 20 to be viewed when
this sheet is inserted into the stationary pocket section 22,
and another window 46 for the OpCount scale 30. Window
46 permits OpCount scale 30 to be aligned on either DPU
scale 40 or FTY scale 42. Alongside the windows 44 are
respective printed indicators 48 that are preferably mutually
aligned arrows that point towards corresponding values on
their respective scales. In addition, the facesheet 32 prefer-
ably includes printed material next to each of the scales 40
and 42 as well as windows 44 and 46 to guide the user as to
the meaning of each scale. For example, the words “Defects
per Unit” (or “DPU”) can be printed above the DPU scale
40, “First Time Yield” (or “FTY”) next to the FTY scale 42,
and so on.

DPU scale 40, OpCount scale 30 and DPMO scale 24 are
preferably logarithmic scales. The parameters DPU,
OpCount and DPMO are related to each other through the
linear relationship given by equation (1), so that if values for
any two of these three parameters are known, the third can
be calculated. The most commonly encountered situation is
when DPU and OpCount are known. In this case, values for
these parameters are selected with the DPU and OpCount
scales 40 and 30 by aligning the two values with each other,
and the corresponding value for DPMO is read off the
DPMO scale 24 with its indicator 48. In the less commonly
encountered situation in which values for DPMO and either
DPU or OpCount are known, the DPMO value can be
selected with the indicator 48 of the DPMO scale 24, and
then the DPU (or OpCount) value can be found on its
respective scale, with the value of the remaining parameter
then being read off of its scale. .

The parameters Sigma Rating and C,,, are related to each
other by equation (4), and to DPMO through the Gaussian
function relationships discussed above. Since there is a
one-to-one relationship between these parameters, a known
value for one establishes the other two. The scales for
DPMO 24, Sigma Rating 26 and C,,; 28 are spatially aligned
with respect to each other on the sliding sheet 20 so that their
values under their respective indicators 48 reflect this one-
to-one relationship.

DPU scale 40 and FTY scale 42, which are located on the
facesheet 32, have a one-to-one relationship with each other
given by equation (2). This fact is reflected in the relative
positioning of DPU scale 4¢ and FTY scale 42, which are
preferably located on opposite sides of window 46. The
marks of OpCount scale 30 preferably extend across the full
length of window 46, so that they can be used as a guide for
the eye when making this correlation between the DPU and
FTY scales 40 and 42. Thus, if values for FTY and OpCount
are known, values for DPMO, Sigma Rating and C, can be
calculated. Preferable ranges for the scales of the parameters
disclosed herein are: DPU (1x107° to 10), OpCount (1 to
10), FTY (99.9999% to 1%), DPMO (10° to 0.02). Sigma
Rating (1.5 to 7.0), and C,,, (0 to 1.85).

‘While a particular embodiment of the invention has been
shown and described, numerous variations and alternate
embodiments will occur to those skilled in the art.
Accordingly, it is intended that the invention be limited only
in terms of the appended claims.



S
I claim:
1. A slide rule for Six Sigma calculations, comprising:
a stationary scale display section;
a sliding scale display section that slides relative to said
stationary section;
a Defects per Unit (DPU) scale displayed on one of said
sections;

an Opportunity Count (OpCount) scale displayed on the
other of said sections in alignment with said DPU scale;
and

a scale displayed on one of said sections for at least two

parameters selected from the group consisting of
Defects per Million Opportunities (DPMO), Sigma
Rating and C,, that each measure how defect-free a
product is, a statistical distribution of a specific char-
acteristic of the product and its mean-shift over time
being set to establish a one-to-one relationship between
the parameters so that a single movement of said
sliding section to align given DPU and OpCount values
with each other calculates and displays the values for
the selected parameters, the display of at least two said
parameters increasing the amount of data available to a
user and facilitating correlation of the different param-
eters.

2. The slide rule of claim 1, including scales for each of
said DPMO, Sigma Rating and C,, parameters that are
displayed so that corresponding values for each of said
DPMO. Sigma Rating and C,,, parameters are established
from given aligned values of DPU and OpCount.

3. The slide rule of claim 1, in which said OpCount scale
is displayed on said sliding section.

4. The slide rule of claim 1, in which said DPU and
OpCount scales are both logarithmic.

5. The slide rule of claim 1, further comprising a First
Time Yield (FTY) scale on the same section as and aligned
with said DPU scale.

6. The slide rule of claim §, wherein said OpCount scale
is displayed on said sliding section, said stationary section
includes a window for said OpCount scale, and said DPU
and FTY scales are displayed on said stationary section
along opposite sides of said window in alignment with each
other.

7. The slide rule of claim 6, including scales for each of
said DPMO. Sigma Rating and C,, parameters that are
displayed on said sliding section in alignment with each
other and with said OpCount scale, said stationary section
including respective windows for viewing said DPMO,
Sigma Rating and C,, scales.

8. The slide rule of claim 1, in which said DPU scale
extends from about 1x107° to about 10, and said OpCount
scale extends from about 1 to about 10°.

9. A slide rule for Six Sigma calculations, comprising:

a stationary scale display section;

a sliding scale display section that slides relative to said

stationary section;

a First Time Yield (FTY) scale displayed on one of said

sections;

an Opportunity Count (OpCount) scale displayed on the

other of said sections in alignment with said FTY scale;
and

a scale displayed on one of said sections for at least two

parameters selected from the group consisting of
Defects per Million Opportunities (DPMO), Sigma
Rating and C,,, that each measure how defect-free a

5,731,572

10

15

20

25

30

35

45

50

55

65

6

product is, a statistical distribution of a specific char-
acteristic of the product and its mean-shift over time
being set to establish s one-to-one relationship between
the parameters so that a single movement of said
sliding section to align given FT'Y and OpCount values
with each other calculates and displays the values for
the selected parameters, the display of at least two said
parameters increasing the amount of data available to a
user and facilitating correlation of the different param-
eters.

10. The slide rule of claim 9. including scales for each of
said DPMO, Sigma Rating and C,, parameters that are
displayed so that corresponding values for each of said
DPMO. Sigma Rating and C,, parameters are established
from given aligned values of FTY and OpCount.

11. The slide rule of claim 9, in which said OpCount scale
is displayed on said sliding section.

12. The slide rule of claim 9, in which said OpCount and
DPMO scales are both logarithmic.

13. The slide rule of claim 9. in which said FTY scale
extends from about 1% to about 99.9999%. and said
OpCount scale extends from about 1 to about 105,

14. A slide rule for Six Sigma calculations, comprising:

a stationary scale display section;

a sliding scale display section that slides relative to said
stationary section;

a scale representing Opportunity Count (OpCount) dis-
played on one of said sections;

a plurality of scales representing at least two of a first set
of Six Sigma parameters consisting of Defects per
Miilion Opportunities (DPMO), Sigma Rating and C,,
that each measure how defect-free a product is and are
displayed on the same section as said OpCount scale;
and

at least one scale representing at least one of a second set
of Six Sigma parameters consisting of Defects per Unit
(DPU) and First Time Yield (FTY) displayed on the
other of said sections, a statistical distribution of a
specific characteristic of the product and its mean-shift
over time being set to establish a one-to-one relation-
ship between the parameters in said first set so that a
single movement of said slide scale display to align
said OpCount and second set parameter scales calcu-
lates and displays the values for the selected parameters
in said first set, the display of at least two said param-
eters increasing the amount of data available to a user
and facilitating correlation of the different parameters.

15. The slide rule of claim 14, in which said OpCount
scale is displayed on said sliding section.

16. The slide rule of claim 15, including scales for each
of said DPU and FTY parameters displayed on said station-
ary section, wherein said DPU and FTY scales are aligned
with each other.

17. The slide rule of claim 16, said stationary section
including a window for said OpCount scale, wherein said
DPU and FTY scales are displayed along opposite sides of
said window.

18. The slide rule of claim 14, including scales for each
of said DPMO, Sigma Rating and C,,, parameters.

19. The slide rule of claim 14, including logarithmic
scales for each of said DPMO, DPU and OpCount
parameters.



