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Introduction

Many quality characteristics cannot be
conveniently represented numerically.

In such cases, each item inspected is classified
as either conforming or nonconforming to
the specifications on that quality characteristic.

Quality characteristics of this type are called
attributes.

Examples are nonfunctional semiconductor
chips, warped connecting rods, etc,.



Types of Control Charts

Control Charts for Variables Data

X and R charts: for sample averages and ranges.

X and s charts: for sample means and standard deviations.
Md and R charts: for sample medians and ranges.

X charts: for individual measures; uses moving ranges.

Control Charts for Attributes Data

p charts: proportion of units nonconforming.
np charts: number of units nonconforming.

c charts: count of nonconformities.

u charts: count of nonconformities per unit.




Attribute

[ The term Attribute refers to those quality
characteristics that conform to
specifications or do not conform to
specifications.

L Attri
1. W
2. W

oute are used:

nere measurements are not possible.

nere measurements can be made but are not

made because of time, cost, or need.



Attribute (cont.)

. A nonconformity is a departure of a quality
characteristic from its intended level or
state that occurs with a severity sufficient
to cause an associated product or service
not to meet a specification requirement.

] Defect is concerned with satisfying
intended normal, or reasonably
foreseeable, usage requirement.



Attribute (cont.)

] Defect is appropriate for use when
evaluation is in terms of usage.

1 Nonconformity is appropriate for
conformance to specifications.

1 The term Nonconforming Unit is used to
describe a unit of product or service
containing at least one nonconformity.



Attribute (cont.)

] Defective is analogous to defect and is
appropriate for use when unit of
product or service is evaluated in terms
of usage rather than conformance to
specifications.

[ Limitations of variable control charts:
These charts cannot be used for quality
characteristics which are attributes.



Attribute (cont.)

Types of Attribute Charts:

1. Nonconforming Units (based on the
Binomial distribution): p chart, np chart.

2. Nonconformities (based on the Poisson
distribution): c chart, u chart.



Type of Attribute Charts

p charts

* This chart shows the fraction of nonconforming or defective product
produced by a manufacturing process.

» It is also called the control chart for fraction nonconforming.

np charts

e This chart shows the number of nonconforming. Almost the same as
the p chart.

¢ charts

 This shows the number of defects or nonconformities produced by a
manufacturing process.

U charts

 This chart shows the nonconformities per unit produced by a
manufacturing process.



The P Chart

J The P Chart is used for data that consist of the

proportion of the number of occurrences of an
event to the total number of occurrences.

1 It is used in quality to report the fraction or
percent nonconforming in a product, quality
characteristic, or group of quality
characteristics.



The p charts

e |n this chart, we plot the percent of defectives
(per batch, per day, per machine, etc.).

e However, the control limits in this chart are not
based on the distribution of rate events but
rather on the binomial distribution (of
proportions).



L

L

The P Chart

It can be used to control one quality
characteristic, as is done with X bar and R chart,

Or to control a group of quality characteristics
of the same type or of the same part,

Or to control the entire product.

It can be established to measure the quality
produced by a work center, by a department, by
a shift, or by an entire plant.



The P Chart

d Itis frequently used to report the
performance of an operator, group of
operators, or management as a means of

evaluating their quality performance.

J The subgroup size of the P chart can be
either variable or constant.



Formula

* Fraction nonconforming:

p = (np)/n
e where p = proportion or fraction nc in the
sample or subgroup, n = number in the
sample or subgroup, np = number nc in the
sample or subgroup.




Example

* During the first shift, 450 inspection are made of book-
of the month shipments and 5 nc units are found.
Production during the shift was 15,000 units. What is
the fraction nc?

p = (np)/n=5/450=0.011

e The p,1is usually small, say 0.10 or less.

 If p>0.10,indicate that the organization is in serious
difficulty.



p-Chart construction for constant
subgroup size

Select the quality characteristics.

Determine the subgroup size and method
Collect the data.

Calculate the trial central line and control
limits.

Establish the revised central line and control
limits.

Achieve the objective.



Select the quality characteristics

The quality characteristic?
— A single quality characteristic
— A group of quality characteristics
— A part
— An entire product, or
— A number of products.



Determine the subgroup size and
method

The size of subgroup is a function of the proportion
nonconforming.

If p =0.001, and n = 1000, then the average number nc,
np = 1. Not good, since a large number of values would
be zero.

If p=0.15,and n = 50, then np = 7.5, would make a
good chart.

Therefore, the selection subgroup size requires some
preliminary observations to obtain a rough idea of the
proportion nonconforming.



Collect the data

 The quality technician will need to collect
sufficient data for at least 25 subgroups.

 The data can be plotted as a run chart.

e Since the run chart does not have limits, its is
not a control chart.



Calculate the trial central line and
control limits

e The formula:

UCL:E+3\/ P P)
n
LCL:p—s\/ P~ P)
n
D= Z b _ average of p for many subgroups

>'n

* n=number inspected in a subgroup



The p-chart for Constant Subgroup
Sizes

e The Centerline and Control Limits

Centerline(p) =p = — _ _ . —
Total number of units examined in all subgroups under investigation

= { Total number of defectives 1n all subgroups under investigation }




e Construction of a p-chart

— An Example

e As an illustration, consider the case of an importer
of decorative ceramic tiles. Some tiles are cracked
or broken before or during transit, rendering them
useless scrap. The fraction of cracked or broken tiles
is naturally of concern to the firm. Each day a
sample of 100 tiles is drawn from the total of all
tiles received from each tile vendor.
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Centerline (p) = 183/3000 = 0.061

0.061(1-0.061)
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— For a stable process, the probability that any
subgroup fraction will be outside the three-
sigma limits is small.

— Also, if the process is stable, the probability is
small that the data will demonstrate any other
indications of the presence of special causes of
variation.

— But if the process is not in a state of statistical
control, the control chart provides an
economical basis upon which to search for and
identify indications of this lack of control.



— For this p-chart -- or, in fact, for any of the attribute
control charts -- the exact probabilities that a stable
process will generate points indicating a lack of control
are impossible to calculate because even a stable
process exhibits variation in its mean, dispersion, and
shape.

— Nevertheless, the exact value of these probabilities is
not too important for ordinary applications; what is
important is the fact that they are small.

— Therefore, if a point does lie beyond the upper or
lower control limits, we will infer that it indicates a lack
of control.

— Additionally, for p-charts, the six other rules for out-of-
control points described in Chapter 6 can all be
applied. In order to do so, we need to compute the
boundaries for the A, B, and C zones.



7.4.2 Construction of a p-chart

— Boundary between upper zones B and C

In our example this value is 0.061 + 0.024 = 0.085

— Boundary between lower zones B and C

In our example this value is 0.061 - 0.024 = 0.037.



— Boundary between upper zones A and B

p+2.[PUTP) 6 0614 2(0.024)=0.109
n

— Boundary between lower zones A and B

p—2.PUTP) 6 061-2(0.024) = 0.013
n




P Chart of Number Cracked
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np Chart

* The np chart is almost the same as the p chart.
Central line = np,

UCL =npg +34/Npo (L— Po)
LCL=np, _3\/npo (1-po)

e If p,is unknown, it must be determined by collecting
data, calculating UCL, LCL.
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1
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Instructions

		Instructions:

		1.  The next sheet is an example problem. It was created from the sheet called template. Select the cells at the top of the columns to see the

		formulas.

		2a.  The following sheet, called template, should be copied before using the program. This activity is accomplished by selecting EDIT,

		selecting MOVE OR  COPY SHEET, selecting CREATE A COPY, and locating the new sheet called, template (2), in the dialog box.

		2b.  The template is designed for the recommended minimum of 25 subgroups; however 35 are possible without changing the formulas.  The

		procedure is to copy the formulas to the additional subgroups.  Then click on the template chart to get  the chart icon.  Select CHART

		WIZARD and obtain step 1.   Change the range to include additional rows for the appropriate columns.  This activity is accomplished by

		either changing the range in the dialog box or dragging the mouse and using the control key.

		2c.  The control limits and central line are automatically calculated and displayed with the plotted points as data are entered.

		2d.  The chart is designed for a maximum of 35 points.  If more are desired, add additional ones with the appropriate formulas.

		2e.  It is sometimes necessary to adjust the scales to have a pleasing chart appearance.

		2f.   It is usually necessary to change the decimal point for different data.

		2g.  When space is available and it is desired, the chart can be located on the sheet with the data and then printed full size.



&Cnp-Chart Instructions
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Example Problem

		ID Number		Subgroup		n		np		UCL		np-bar		LCL

				1		300		3		12.0		5.24		0.0

				2		300		6		12.0		5.24		0.0

				3		300		4		12.0		5.24		0.0

				4		300		6		12.0		5.24		0.0

				5		300		20		12.0		5.24		0.0

				6		300		2		12.0		5.24		0.0

				7		300		6		12.0		5.24		0.0

				8		300		7		12.0		5.24		0.0

				9		300		3		12.0		5.24		0.0

				10		300		0		12.0		5.24		0.0

				11		300		6		12.0		5.24		0.0

				12		300		9		12.0		5.24		0.0

				13		300		5		12.0		5.24		0.0

				14		300		6		12.0		5.24		0.0

				15		300		7		12.0		5.24		0.0

				16		300		4		12.0		5.24		0.0

				17		300		5		12.0		5.24		0.0

				18		300		7		12.0		5.24		0.0

				19		300		5		12.0		5.24		0.0

				20		300		0		12.0		5.24		0.0

				21		300		2		12.0		5.24		0.0

				22		300		3		12.0		5.24		0.0

				23		300		6		12.0		5.24		0.0

				24		300		1		12.0		5.24		0.0

				25		300		8		12.0		5.24		0.0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum/np-bar				131		5.24



&Cnp-Chart Example Problem
Ch. 7, Ex. 2
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Example Problem
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Page &P
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Number Nonconforming

np-Chart



Template

		ID Number		Subgroup		n		np		UCL		np-bar		LCL

				1						0.0		0		0.0

				2						0.0		0		0.0

				3						0.0		0		0.0

				4						0.0		0		0.0

				5						0.0		0		0.0

				6						0.0		0		0.0

				7						0.0		0		0.0

				8						0.0		0		0.0

				9						0.0		0		0.0

				10						0.0		0		0.0

				11						0.0		0		0.0

				12						0.0		0		0.0

				13						0.0		0		0.0

				14						0.0		0		0.0

				15						0.0		0		0.0

				16						0.0		0		0.0

				17						0.0		0		0.0

				18						0.0		0		0.0

				19						0.0		0		0.0

				20						0.0		0		0.0

				21						0.0		0		0.0

				22						0.0		0		0.0

				23						0.0		0		0.0

				24						0.0		0		0.0

				25						0.0		0		0.0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum/np-bar				0		0



&Cnp-Chart Template
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Instructions

		Instructions:

		1.  The next sheet is an example problem. It was created from the sheet called template. Select the cells at the top of the columns to see the

		formulas.

		2a.  The following sheet, called template, should be copied before using the program. This activity is accomplished by selecting EDIT,

		selecting MOVE OR  COPY SHEET, selecting CREATE A COPY, and locating the new sheet called, template (2), in the dialog box.

		2b.  The template is designed for the recommended minimum of 25 subgroups; however 35 are possible without changing the formulas.  The

		procedure is to copy the formulas to the additional subgroups.  Then click on the template chart to get  the chart icon.  Select CHART

		WIZARD and obtain step 1.   Change the range to include additional rows for the appropriate columns.  This activity is accomplished by

		either changing the range in the dialog box or dragging the mouse and using the control key.

		2c.  The control limits and central line are automatically calculated and displayed with the plotted points as data are entered.

		2d.  The chart is designed for a maximum of 35 points.  If more are desired, add additional ones with the appropriate formulas.

		2e.  It is sometimes necessary to adjust the scales to have a pleasing chart appearance.

		2f.   It is usually necessary to change the decimal point for different data.

		2g.  When space is available and it is desired, the chart can be located on the sheet with the data and then printed full size.
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Example Problem

		ID Number		Subgroup		n		np		UCL		np-bar		LCL

				1		300		3		12.0		5.24		0.0

				2		300		6		12.0		5.24		0.0

				3		300		4		12.0		5.24		0.0

				4		300		6		12.0		5.24		0.0

				5		300		20		12.0		5.24		0.0

				6		300		2		12.0		5.24		0.0

				7		300		6		12.0		5.24		0.0

				8		300		7		12.0		5.24		0.0

				9		300		3		12.0		5.24		0.0

				10		300		0		12.0		5.24		0.0

				11		300		6		12.0		5.24		0.0

				12		300		9		12.0		5.24		0.0

				13		300		5		12.0		5.24		0.0

				14		300		6		12.0		5.24		0.0

				15		300		7		12.0		5.24		0.0

				16		300		4		12.0		5.24		0.0

				17		300		5		12.0		5.24		0.0

				18		300		7		12.0		5.24		0.0

				19		300		5		12.0		5.24		0.0

				20		300		0		12.0		5.24		0.0

				21		300		2		12.0		5.24		0.0

				22		300		3		12.0		5.24		0.0

				23		300		6		12.0		5.24		0.0

				24		300		1		12.0		5.24		0.0

				25		300		8		12.0		5.24		0.0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum/np-bar				131		5.24
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Example Problem
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Template

		ID Number		Subgroup		n		np		UCL		np-bar		LCL

				1						0.0		0		0.0

				2						0.0		0		0.0

				3						0.0		0		0.0

				4						0.0		0		0.0

				5						0.0		0		0.0

				6						0.0		0		0.0

				7						0.0		0		0.0

				8						0.0		0		0.0

				9						0.0		0		0.0

				10						0.0		0		0.0

				11						0.0		0		0.0

				12						0.0		0		0.0

				13						0.0		0		0.0

				14						0.0		0		0.0

				15						0.0		0		0.0

				16						0.0		0		0.0

				17						0.0		0		0.0

				18						0.0		0		0.0

				19						0.0		0		0.0

				20						0.0		0		0.0

				21						0.0		0		0.0

				22						0.0		0		0.0

				23						0.0		0		0.0

				24						0.0		0		0.0

				25						0.0		0		0.0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum/np-bar				0		0
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Number Nenconforming

np-Chart

25 -

m 11 12 13 14 145

Subgroup Number



¢ Chart

 The procedures for c chart are the same a s those for
the p chart.

e |f count of nonconformities, co, is unknown, it must
be found by collecting data, calculating UCL & LCL.

UCL=c+3+c LCL=c-34C




C = = 5.64

Je _14 UCL=5.64+3+/5.64 =12.76
g

25 Example
ID Number|Subgroup C UCL c-bar LCL

MY 102 1 7 12.76 = 5.64 0 LCL=5.64—3+/5.64
MY113 2 6 12.76 5.64 0

MY121 3 6 12.76 = 5.64 0 =-148=0
MY 125 4 3 12.76 5.64 0

MY 132 ) 20 12.76 5.64 0

MY 143 6 8 12.76 5.64 0

MY 150 7 6 12.76 5.64 0

MY 152 8 1 12.76 5.64 0

MY 164 9 0 12.76 5.64 0

MY 166 10 ) 12.76 5.64 0

MY172 11 14 12.76 5.64 o)

MY 267 22 4 12.76 5.64 0

MY278 23 14 12.76 5.64 0

MY 281 24 4 12.76 5.64 0

MY 288 25 ) 12.76 5.64 0



Instructions

		Instructions:

		1.  The next sheet is an example problem. It was created from the sheet called template. Select the cells at the top of the columns to see the

		formulas.

		2a.  The following sheet, called template, should be copied before using the program. This activity is accomplished selecting on EDIT,

		selecting MOVE OR  COPY SHEET, selecting CREATE A COPY, and locating the new sheet called, template (2), in the dialog box.

		2b.  The template is designed for the recommended minimum of 25 subgroups; however 35 are possible without changing the formulas.  The

		procedure is to copy the formulas to the additional subgroups.  Then click on the template chart to get  the chart icon.  Select CHART

		WIZARD and obtain step 1.   Change the range to include additional rows for the appropriate columns.  This activity is accomplished by

		either changing the range in the dialog box or dragging the mouse and using the control key.

		2c.  The control limits and central line are automatically calculated and displayed with the plotted points as data are entered.

		2d.  The chart is designed for a maximum of 35 points.  If more are desired, add additional ones with the appropriate formulas.

		2e.  It is sometimes necessary to adjust the scales to have a pleasing chart appearance.

		2f.   It is usually necessary to change the decimal point for different data.

		2g.  When space is available and it is desired, the chart can be located on the sheet with the data and then printed full size.
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Example Problem

		ID Number		Subgroup		c		UCL		c-bar		LCL

		MY102		1		7		12.76		5.64		0

		MY113		2		6		12.76		5.64		0

		MY121		3		6		12.76		5.64		0

		MY125		4		3		12.76		5.64		0

		MY132		5		20		12.76		5.64		0

		MY143		6		8		12.76		5.64		0

		MY150		7		6		12.76		5.64		0

		MY152		8		1		12.76		5.64		0

		MY164		9		0		12.76		5.64		0

		MY166		10		5		12.76		5.64		0

		MY172		11		14		12.76		5.64		0

		MY183		12		3		12.76		5.64		0

		MY185		13		1		12.76		5.64		0

		MY198		14		3		12.76		5.64		0

		MY208		15		2		12.76		5.64		0

		MY222		16		7		12.76		5.64		0

		MY235		17		5		12.76		5.64		0

		MY241		18		7		12.76		5.64		0

		MY258		19		2		12.76		5.64		0

		MY259		20		8		12.76		5.64		0

		MY264		21		0		12.76		5.64		0

		MY267		22		4		12.76		5.64		0

		MY278		23		14		12.76		5.64		0

		MY281		24		4		12.76		5.64		0

		MY288		25		5		12.76		5.64		0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum		141
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Template

		ID Number		Subgroup		c		UCL		c-bar		LCL

				1				0		0		0

				2				0		0		0

				3				0		0		0

				4				0		0		0

				5				0		0		0

				6				0		0		0

				7				0		0		0

				8				0		0		0

				9				0		0		0

				10				0		0		0

				11				0		0		0

				12				0		0		0

				13				0		0		0

				14				0		0		0

				15				0		0		0

				16				0		0		0

				17				0		0		0

				18				0		0		0

				19				0		0		0

				20				0		0		0

				21				0		0		0

				22				0		0		0

				23				0		0		0

				24				0		0		0

				25				0		0		0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum		0
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Instructions

		Instructions:

		1.  The next sheet is an example problem. It was created from the sheet called template. Select the cells at the top of the columns to see the

		formulas.

		2a.  The following sheet, called template, should be copied before using the program. This activity is accomplished selecting on EDIT,

		selecting MOVE OR  COPY SHEET, selecting CREATE A COPY, and locating the new sheet called, template (2), in the dialog box.

		2b.  The template is designed for the recommended minimum of 25 subgroups; however 35 are possible without changing the formulas.  The

		procedure is to copy the formulas to the additional subgroups.  Then click on the template chart to get  the chart icon.  Select CHART

		WIZARD and obtain step 1.   Change the range to include additional rows for the appropriate columns.  This activity is accomplished by

		either changing the range in the dialog box or dragging the mouse and using the control key.

		2c.  The control limits and central line are automatically calculated and displayed with the plotted points as data are entered.

		2d.  The chart is designed for a maximum of 35 points.  If more are desired, add additional ones with the appropriate formulas.

		2e.  It is sometimes necessary to adjust the scales to have a pleasing chart appearance.

		2f.   It is usually necessary to change the decimal point for different data.

		2g.  When space is available and it is desired, the chart can be located on the sheet with the data and then printed full size.
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Example Problem

		ID Number		Subgroup		c		UCL		c-bar		LCL

		MY102		1		7		12.76		5.64		0

		MY113		2		6		12.76		5.64		0

		MY121		3		6		12.76		5.64		0

		MY125		4		3		12.76		5.64		0

		MY132		5		20		12.76		5.64		0

		MY143		6		8		12.76		5.64		0

		MY150		7		6		12.76		5.64		0

		MY152		8		1		12.76		5.64		0

		MY164		9		0		12.76		5.64		0

		MY166		10		5		12.76		5.64		0

		MY172		11		14		12.76		5.64		0

		MY183		12		3		12.76		5.64		0

		MY185		13		1		12.76		5.64		0

		MY198		14		3		12.76		5.64		0

		MY208		15		2		12.76		5.64		0

		MY222		16		7		12.76		5.64		0

		MY235		17		5		12.76		5.64		0

		MY241		18		7		12.76		5.64		0

		MY258		19		2		12.76		5.64		0

		MY259		20		8		12.76		5.64		0

		MY264		21		0		12.76		5.64		0

		MY267		22		4		12.76		5.64		0

		MY278		23		14		12.76		5.64		0

		MY281		24		4		12.76		5.64		0

		MY288		25		5		12.76		5.64		0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum		141



&Cc-Chart Example Problem

Page &P of &N



Example Problem

		



&A

Page &P

c

UCL

c-bar

LCL

Subgroup Number

Count of Nonconformities

c-Chart



Template

		ID Number		Subgroup		c		UCL		c-bar		LCL

				1				0		0		0

				2				0		0		0

				3				0		0		0

				4				0		0		0

				5				0		0		0

				6				0		0		0

				7				0		0		0

				8				0		0		0

				9				0		0		0

				10				0		0		0

				11				0		0		0

				12				0		0		0

				13				0		0		0

				14				0		0		0

				15				0		0		0

				16				0		0		0

				17				0		0		0

				18				0		0		0

				19				0		0		0

				20				0		0		0

				21				0		0		0

				22				0		0		0

				23				0		0		0

				24				0		0		0

				25				0		0		0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum		0
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25
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Instructions

		Instructions:

		1.  The next sheet is an example problem. It was created from the sheet called template. Select the cells at the top of the columns to see the

		formulas.

		2a.  The following sheet, called template, should be copied before using the program. This activity is accomplished selecting on EDIT,

		selecting MOVE OR  COPY SHEET, selecting CREATE A COPY, and locating the new sheet called, template (2), in the dialog box.

		2b.  The template is designed for the recommended minimum of 25 subgroups; however 35 are possible without changing the formulas.  The

		procedure is to copy the formulas to the additional subgroups.  Then click on the template chart to get  the chart icon.  Select CHART

		WIZARD and obtain step 1.   Change the range to include additional rows for the appropriate columns.  This activity is accomplished by

		either changing the range in the dialog box or dragging the mouse and using the control key.

		2c.  The control limits and central line are automatically calculated and displayed with the plotted points as data are entered.

		2d.  The chart is designed for a maximum of 35 points.  If more are desired, add additional ones with the appropriate formulas.

		2e.  It is sometimes necessary to adjust the scales to have a pleasing chart appearance.

		2f.   It is usually necessary to change the decimal point for different data.

		2g.  When space is available and it is desired, the chart can be located on the sheet with the data and then printed full size.
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Example Problem

		ID Number		Subgroup		c		UCL		c-bar		LCL

		MY102		1		7		12.76		5.64		0

		MY113		2		6		12.76		5.64		0

		MY121		3		6		12.76		5.64		0

		MY125		4		3		12.76		5.64		0

		MY132		5		20		12.76		5.64		0

		MY143		6		8		12.76		5.64		0

		MY150		7		6		12.76		5.64		0

		MY152		8		1		12.76		5.64		0

		MY164		9		0		12.76		5.64		0

		MY166		10		5		12.76		5.64		0

		MY172		11		14		12.76		5.64		0

		MY183		12		3		12.76		5.64		0

		MY185		13		1		12.76		5.64		0

		MY198		14		3		12.76		5.64		0

		MY208		15		2		12.76		5.64		0

		MY222		16		7		12.76		5.64		0

		MY235		17		5		12.76		5.64		0

		MY241		18		7		12.76		5.64		0

		MY258		19		2		12.76		5.64		0

		MY259		20		8		12.76		5.64		0

		MY264		21		0		12.76		5.64		0

		MY267		22		4		12.76		5.64		0

		MY278		23		14		12.76		5.64		0

		MY281		24		4		12.76		5.64		0

		MY288		25		5		12.76		5.64		0

				26
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				30

				31

				32

				33

				34

				35

				Sum		141
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Template

		ID Number		Subgroup		c		UCL		c-bar		LCL

				1				0		0		0

				2				0		0		0

				3				0		0		0

				4				0		0		0

				5				0		0		0

				6				0		0		0

				7				0		0		0

				8				0		0		0

				9				0		0		0

				10				0		0		0

				11				0		0		0

				12				0		0		0

				13				0		0		0

				14				0		0		0

				15				0		0		0

				16				0		0		0

				17				0		0		0

				18				0		0		0

				19				0		0		0

				20				0		0		0

				21				0		0		0

				22				0		0		0

				23				0		0		0

				24				0		0		0

				25				0		0		0

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum		0
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Revised

e Qut-of-control: sample no. 5, 11, 23.

Jo-cg 141-20-14-14
g —9dg 25-3

=4.23

Chew =
UCL=cy +34/co =4.23+31/4.23 =10.40

LCL=cy —34/co =4.23-3/4.23 =-1.94=0



u Chart

 The u chart iIs mathematically equivalent to the c
chart.

¢, Xc

u=— U=

N 2N

0 _ u
UCL:U+3\/E LCL=u —3\E
n




U_Zc _3389 ..
Exam P le Sn 2823
ID Number| Subgroup n C u UCL | u-Bar LCL
30-Jan 1 110 | 120 1.091 151 1.20 0.89
31-Jan 2 82 94 1146 156 1.20  0.84
1-Feb 3 96 89 0927 154 120 0.87
2-Feb 4 115 162 1409 151 1.20 0.89
3-Feb S 108 | 150 1.389 1.52 1.20 0.88
4-Feb 6 56 82 1464 164 1.20 0.76

28-Feb 26 101 105 1.040 153 1.20 0.87
1-Mar 27 122 | 143 1172 1.50 1.20 0.90
2-Mar 28 105 132 1.257) 152 1.20 0.88
3-Mar 29 98 100 1.020 1.53 § 1.20 # 0.87
4-Mar 30 48 60 1.250 1.67 1.20 0.73



Instructions

		Instructions:

		1.  The next sheet is an example problem. It was created from the sheet called template. Select the cells at the top of the columns to see the

		formulas.

		2a.  The following sheet, called template, should be copied before using the program. This activity is accomplished by selecting EDIT,

		selecting MOVE OR  COPY SHEET, selecting CREATE A COPY, and locating the new sheet called, template (2), in the dialog box.

		2b.  The template is designed for the recommended minimum of 25 subgroups; however 35 are possible without changing the formulas.  The

		procedure is to copy the formulas to the additional subgroups.  Then click on the template chart to get  the chart icon.  Select CHART

		WIZARD and obtain step 1.   Change the range to include additional rows for the appropriate columns.  This activity is accomplished by

		either changing the range in the dialog box or dragging the mouse and using the control key.

		2c.  The control limits and central line are automatically calculated and displayed with the plotted points as data are entered.

		2d.  The chart is designed for a maximum of 35 points.  If more are desired, add additional ones with the appropriate formulas.

		2e.  It is sometimes necessary to adjust the scales to have a pleasing chart appearance.

		2f.   It is usually necessary to change the decimal point for different data.

		2g.  When space is available and it is desired, the chart can be located on the sheet with the data and then printed full size.
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Example Problem

		ID Number		Subgroup		n		c		u		UCL		u-Bar		LCL

		30-Jan		1		110		120		1.091		1.51		1.20		0.89

		31-Jan		2		82		94		1.146		1.56		1.20		0.84

		1-Feb		3		96		89		0.927		1.54		1.20		0.87

		2-Feb		4		115		162		1.409		1.51		1.20		0.89

		3-Feb		5		108		150		1.389		1.52		1.20		0.88

		4-Feb		6		56		82		1.464		1.64		1.20		0.76

		6-Feb		7		120		143		1.192		1.50		1.20		0.90

		7-Feb		8		98		134		1.367		1.53		1.20		0.87

		8-Feb		9		102		97		0.951		1.53		1.20		0.88

		9-Feb		10		115		145		1.261		1.51		1.20		0.89

		10-Feb		11		88		128		1.455		1.55		1.20		0.85

		11-Feb		12		71		83		1.169		1.59		1.20		0.81

		13-Feb		13		95		120		1.263		1.54		1.20		0.86

		14-Feb		14		103		116		1.126		1.52		1.20		0.88

		15-Feb		15		113		127		1.124		1.51		1.20		0.89

		16-Feb		16		85		92		1.082		1.56		1.20		0.84

		17-Feb		17		101		140		1.386		1.53		1.20		0.87

		18-Feb		18		42		60		1.429		1.71		1.20		0.69

		20-Feb		19		97		121		1.247		1.53		1.20		0.87

		21-Feb		20		92		108		1.174		1.54		1.20		0.86

		22-Feb		21		100		131		1.310		1.53		1.20		0.87

		23-Feb		22		115		119		1.035		1.51		1.20		0.89

		24-Feb		23		99		93		0.939		1.53		1.20		0.87

		25-Feb		24		57		88		1.544		1.64		1.20		0.77

		27-Feb		25		89		107		1.202		1.55		1.20		0.85

		28-Feb		26		101		105		1.040		1.53		1.20		0.87

		1-Mar		27		122		143		1.172		1.50		1.20		0.90

		2-Mar		28		105		132		1.257		1.52		1.20		0.88

		3-Mar		29		98		100		1.020		1.53		1.20		0.87

		4-Mar		30		48		60		1.250		1.67		1.20		0.73

				31

				32

				33

				34

				35

				Sum/u-bar.		2823		3389		1.200
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Template

		ID Number		Subgroup		n		c		u		UCL		u-Bar		LCL

				1						0.000		0.00		0.00		0.00

				2						0.000		0.00		0.00		0.00

				3						0.000		0.00		0.00		0.00

				4						0.000		0.00		0.00		0.00

				5						0.000		0.00		0.00		0.00

				6						0.000		0.00		0.00		0.00

				7						0.000		0.00		0.00		0.00

				8						0.000		0.00		0.00		0.00

				9						0.000		0.00		0.00		0.00

				10						0.000		0.00		0.00		0.00

				11						0.000		0.00		0.00		0.00

				12						0.000		0.00		0.00		0.00

				13						0.000		0.00		0.00		0.00

				14						0.000		0.00		0.00		0.00

				15						0.000		0.00		0.00		0.00

				16						0.000		0.00		0.00		0.00

				17						0.000		0.00		0.00		0.00

				18						0.000		0.00		0.00		0.00

				19						0.000		0.00		0.00		0.00

				20						0.000		0.00		0.00		0.00

				21						0.000		0.00		0.00		0.00

				22						0.000		0.00		0.00		0.00

				23						0.000		0.00		0.00		0.00

				24						0.000		0.00		0.00		0.00

				25						0.000		0.00		0.00		0.00

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum/u-bar		0		0		0.000
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Instructions

		Instructions:

		1.  The next sheet is an example problem. It was created from the sheet called template. Select the cells at the top of the columns to see the

		formulas.

		2a.  The following sheet, called template, should be copied before using the program. This activity is accomplished by selecting EDIT,

		selecting MOVE OR  COPY SHEET, selecting CREATE A COPY, and locating the new sheet called, template (2), in the dialog box.

		2b.  The template is designed for the recommended minimum of 25 subgroups; however 35 are possible without changing the formulas.  The

		procedure is to copy the formulas to the additional subgroups.  Then click on the template chart to get  the chart icon.  Select CHART

		WIZARD and obtain step 1.   Change the range to include additional rows for the appropriate columns.  This activity is accomplished by

		either changing the range in the dialog box or dragging the mouse and using the control key.

		2c.  The control limits and central line are automatically calculated and displayed with the plotted points as data are entered.

		2d.  The chart is designed for a maximum of 35 points.  If more are desired, add additional ones with the appropriate formulas.

		2e.  It is sometimes necessary to adjust the scales to have a pleasing chart appearance.

		2f.   It is usually necessary to change the decimal point for different data.

		2g.  When space is available and it is desired, the chart can be located on the sheet with the data and then printed full size.
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Example Problem

		ID Number		Subgroup		n		c		u		UCL		u-Bar		LCL

		30-Jan		1		110		120		1.091		1.51		1.20		0.89

		31-Jan		2		82		94		1.146		1.56		1.20		0.84

		1-Feb		3		96		89		0.927		1.54		1.20		0.87

		2-Feb		4		115		162		1.409		1.51		1.20		0.89

		3-Feb		5		108		150		1.389		1.52		1.20		0.88

		4-Feb		6		56		82		1.464		1.64		1.20		0.76

		6-Feb		7		120		143		1.192		1.50		1.20		0.90

		7-Feb		8		98		134		1.367		1.53		1.20		0.87

		8-Feb		9		102		97		0.951		1.53		1.20		0.88

		9-Feb		10		115		145		1.261		1.51		1.20		0.89

		10-Feb		11		88		128		1.455		1.55		1.20		0.85

		11-Feb		12		71		83		1.169		1.59		1.20		0.81

		13-Feb		13		95		120		1.263		1.54		1.20		0.86

		14-Feb		14		103		116		1.126		1.52		1.20		0.88

		15-Feb		15		113		127		1.124		1.51		1.20		0.89

		16-Feb		16		85		92		1.082		1.56		1.20		0.84

		17-Feb		17		101		140		1.386		1.53		1.20		0.87

		18-Feb		18		42		60		1.429		1.71		1.20		0.69

		20-Feb		19		97		121		1.247		1.53		1.20		0.87

		21-Feb		20		92		108		1.174		1.54		1.20		0.86

		22-Feb		21		100		131		1.310		1.53		1.20		0.87

		23-Feb		22		115		119		1.035		1.51		1.20		0.89

		24-Feb		23		99		93		0.939		1.53		1.20		0.87

		25-Feb		24		57		88		1.544		1.64		1.20		0.77

		27-Feb		25		89		107		1.202		1.55		1.20		0.85

		28-Feb		26		101		105		1.040		1.53		1.20		0.87

		1-Mar		27		122		143		1.172		1.50		1.20		0.90

		2-Mar		28		105		132		1.257		1.52		1.20		0.88

		3-Mar		29		98		100		1.020		1.53		1.20		0.87

		4-Mar		30		48		60		1.250		1.67		1.20		0.73

				31

				32

				33

				34

				35

				Sum/u-bar.		2823		3389		1.200
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Template

		ID Number		Subgroup		n		c		u		UCL		u-Bar		LCL

				1						0.000		0.00		0.00		0.00

				2						0.000		0.00		0.00		0.00

				3						0.000		0.00		0.00		0.00

				4						0.000		0.00		0.00		0.00

				5						0.000		0.00		0.00		0.00

				6						0.000		0.00		0.00		0.00

				7						0.000		0.00		0.00		0.00

				8						0.000		0.00		0.00		0.00

				9						0.000		0.00		0.00		0.00

				10						0.000		0.00		0.00		0.00

				11						0.000		0.00		0.00		0.00

				12						0.000		0.00		0.00		0.00

				13						0.000		0.00		0.00		0.00

				14						0.000		0.00		0.00		0.00

				15						0.000		0.00		0.00		0.00

				16						0.000		0.00		0.00		0.00

				17						0.000		0.00		0.00		0.00

				18						0.000		0.00		0.00		0.00

				19						0.000		0.00		0.00		0.00

				20						0.000		0.00		0.00		0.00

				21						0.000		0.00		0.00		0.00

				22						0.000		0.00		0.00		0.00

				23						0.000		0.00		0.00		0.00

				24						0.000		0.00		0.00		0.00

				25						0.000		0.00		0.00		0.00

				26

				27

				28

				29

				30

				31

				32

				33

				34

				35

				Sum/u-bar		0		0		0.000
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* For January 30:

c 120
UJan3O :H — m 2109

1.20
UCL =1.20+3.,— =1.51
Jan 30 110

1.20
LCL =1.20-3.|—— =0.89
Jan 30 110



Count of nonconfonnities/Unit

u-Chart

1.800

——1

0.600

T2 3 4 5 B 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 X7 28 29 30

Subgroup Number
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