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Introduction

About ThisManual

The LabVIEW Satistical Process Control Toolkit Reference Manual
describes the LabVIEW add-on package you can use for implementing
statistical process control functions.

Organization of This Manual

This manual is organized as follows:

e Chapter 1, Introduction to Satistical Process Control in LabVIEW,
contains installation instructions, gives an overview of Statistical
Process Control (SPC), and discusses the LabVIEW SPC Toolkit
VlIsand examples.

»  Chapter 2, Control Chart VIs, describes the control chart VIs,
which include the variables charts, attributes charts, chart drawing,
and rule checking VIs. The control chart VIs compute control limits
for control charts, create control chart graphs, and apply rulesto
control chart data that detect out-of-control conditions.

»  Chapter 3, Process Satistics VIs, describes the process statistics
Vs, which are useful for process capability analysis and for
viewing and measuring process distribution.

e Chapter 4, Pareto Analysis VIs, describes the Pareto analysis Vs,
which include the Pareto Counter VI, the Pareto Chart VI, and the
Cause Code Lookup V1. TheArray to Bar/Comb VI, which the
Pareto AnalysisVIsuse asasubVI, is also included.

*  TheAppendix, Customer Communication, contains forms you can
useto request help from National Instruments or to comment on our
products and manuals.

* The Glossary contains an alphabetical list and description of terms
used in this manual, including abbreviations, acronyms, metric
prefixes, mnemonics, and symbols.

© National Instruments Corporation iX LabVIEW SPC Toolkit Reference Manual



About This Manual

Conventions Used in This Manual

The following conventions are used in this manual:

bold

italic

bold italic

monospace

A

Warning:

Caution:

Note:

LabVIEW SPC Toolkit Reference Manual

Bold text denotes menus, menu items, and VI
input and output parameters.

Italic text denotes emphasis, a cross reference, or
an introduction to a key concept. Italic text al'so
denotes avariable such as filename  or N when
it appearsin atext passage.

Bold italic text denotes a note, caution, or
warning.

Monospace font denotes text or characters that
you enter using the keyboard. File names,
directory names, drive names, sections of code,
programming examples, syntax examples, and
messages and responses that the computer
automatically printsto the screen also appear in
thisfont.

Thisicon totheleft of bolditalicized text denotes
awarning, which alerts you to the possibility of
damage to you or your equipment.

Thisicon to theleft of bold italicized text denotes
a caution, which alerts you to the possibility of
data loss or a system crash.

Thisicon totheleft of bold italicized text denotes
a note, which alerts you to important
information.

X © National Instruments Corporation



LabVIEW Data

Types

About This Manual

Each VI description gives a data type picture for

each input and output parameter, asillustrated in
the following table.

Control

Data Type

T
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Signed 8-hit integer

Signed 16-hit integer

Signed 32-bit integer

Unsigned 8-hit integer

Unsigned 16-bit integer

Unsigned 32-bit integer
Single-precision floating-point number
Double-precision floating-point number
Extended-precision floating-point number
String

Boolean

Array of signed 32-bit integers

Cluster

File Refnum

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and
terms are listed in the Glossary.

© National Instruments Corporation
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About This Manual

Related Documentation

Thefollowing documents contain information that you may find hel pful
as you read this manual:

Your LabVIEW tutorial
Your LabVIEW user manual

American Society for Quality Control. American National
Sandard. Definitions, Symbols, Formulas, and Tables for Control
Charts, 1987. Publication number: ANSI/ASQC A1-1987.

Breyfogle, Forest W., Statistical Methods for Testing, Devel opment,
and Manufacturing, John Wiley and Sons, 1992.

Montgomery, Douglas C., Introduction to Satistical Quality
Control, J. Wiley and Sons, 2nd edition, 1991.

Wheeler, Donad J. and Chambers, David S., Understanding
Satistical Process Control, SPC Press, 2nd edition, 1992.

Customer Communication

National Instruments wants to receive your comments on our products
and manuals. We are interested in the applications you devel op with our
products, and we want to help if you have problemswith them. To make
it easy for you to contact us, thismanual containscomment and technical
support forms for you to complete. These forms are in the appendix,
Customer Communication, at the end of this manual.
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| ntr oduction to Statistical
Process Control in
LabVIEW

This chapter contains the installation procedure, gives an overview of
Statistical Process Control (SPC), and discusses the LabVIEW SPC
Toolkit VIs and examples.

| nstallation
Thefollowing sections containinstructionsfor installing the SPC Tool kit
on Windows, Sun SPARCstation, and Macintosh. The SPC Toolkit
comes in compressed form on floppy disks. Installing the SPC Toolkit
requires approximately 4 MB.

Windows

You caninstall the SPC Toolkit from the DOS prompt, the WindowsFile
Manager, or with the Run... command from the File menu of the
Program Manager.

1. Insertthefirst SPC Toolkit disk into the 3.5-in. disk driveand runthe
SETUP.EXEprogram using one of the following three methods.

a From Windows, select Run... from the File menu of the
Program Manager. A dialog box appears. Type X\SETUP
(where X is the proper drive designation). Press <enter> or
select OK.

b. From Windows, launch the File Manager. Click on the drive
iconthat containstheinstallation disk. Find SETUP.EXEinthe
list of files on that disk and double-click on it.

2. After you choose an installation option, follow the instructions that
appear on the screen. Theinstaller will prompt you to name the
directory that contains LabVIEW and its associated files.

After you install the LabVIEW SPC Toolkit, your LabVIEW directory
should contain a new SPCdirectory, and the LabVIEW Functions and
Controls menuswill contain SPC entries the next time you launch
LabVIEW.

© National Instruments Corporation 1-1 LabVIEW SPC Toolkit Reference Manual



Introduction to Statistical Process Control in LabVIEW Chapter 1

SPARCstation

Y ou caninstall the SPC Toolkit as shown in the following steps. Y ou do
not need root privilegesto install the SPC Toolkit, but you must be able
to write to the LabVIEW directory where the SPC Toolkit will be
installed.

On systemsrunning Solaris 2.2 or later you must determine whether your
system is running the volume manager, by entering the following
command:

ps -a | fgrep vold

The following message usually appears to tell you that the volume
manager is running:

14818 pts/9 S 0:01 /usr/sbin/vold
If volume manager is running, install the SPC toolkit as follows:

1. Usethecd command to changeto adirectory where you have write
permission, such as/var/tmp  or your home directory.

2. Insert thefirst SPC Toolkit disk into the 3.5 in. disk drive.
3. Typevolcheck

4. Typetar xf /vol/dev/aliases/floppyO INSTALL to
extract the installation script.

5. Toruntheinstalation script, type ./INSTALL . Follow the
instructions on the screen. Theinstaller will prompt you to namethe
directory that contains LabVIEW and its associated files.

If volume manager isnot running or if your system runs Solaris 1, install
the SPC toolkit as follows:

1. Usethecd command to changeto adirectory where you have write
permission, such as/var/tmp  or your home directory.

2. Insert thefirst SPC Toolkit disk into the 3.5 in. disk drive.

3. Typetarxf/dev/rfdOcINSTALL to extract theinstallation
script.

4. Toruntheinstallation script, type ./INSTALL . Follow the
instructions on the screen. Theinstaller will prompt you to namethe
directory that contains LabVIEW and its associated files.

LabVIEW SPC Toolkit Reference Manual 1-2 © National Instruments Corporation



Chapter 1

M acintosh

Introduction to Satistical Process Control in LabVIEW

After you install the LabVIEW SPC Toolkit, your LabVIEW directory
should contain anew SPCdirectory, and the LabVIEW Functions and
Controls menus will contain SPC entries the next time you launch
LabVIEW.

1. Insert thefirst SPC Toolkit disk into the 3.5 in. disk drive and
double-click on the LabVIEW SPC Toolkit Installer icon.

2. After you select the Install button, you are prompted to select a
destination directory. Select your LabVIEW folder.

3. Follow the instructions on the screen.

After you install the LabVIEW SPC Toolkit, your LabVIEW directory
should contain a new SPCdirectory, and the LabVIEW Functions and
Controls menus will contain SPC entries the next time you launch
LabVIEW.

Requirementsfor Using the SPC Toolkit

Some of what you need to build an SPC application isalready part of the
LabVIEW programming environment. The SPC Toolkit package adds
the missing pieces you need to complete your application. The SPC
Toolkit consists of aset of VI librariesthat implement key SPC functions
such as control charts, process statistics, and Pareto analysis. The SPC
Toolkit also contains several subVIsthat generate the typical SPC
graphical presentations.

To use Statistical Process Control effectively, you must be trained in
SPC methods. SPC training is necessary because success in an SPC
program depends on educated judgment and experience. Rote
application of pre-existing templates is no substitute for this judgment.
The SPC Toolkit package is away to use LabVIEW to create SPC
applications. If you are using this package to analyze and improve your
process, you must receive training in SPC methods or have access to
someone who has SPC expertise.

Two good sources on Statistical Process Control methods are the
Wheeler and Chambers work and the Montgomery work cited in the
Related Documentation section of About This Manual. The first
reference can help you understand how to apply SPC methods, and the

© National Instruments Corporation 1-3 LabVIEW SPC Toolkit Reference Manual



Introduction to Statistical Process Control in LabVIEW Chapter 1

second reference provides a good theoretical and mathematical basis
for SPC.

Y ou must have LabVIEW programming experience to use this package.
Y ou can explorethe simple examplesincluded inthe SPC_EXMHMibrary
after going through Chapter 1 in both the LabVIEW user and tutorial
manuals which cover basic LabVIEW principles. To modify the more
advanced SPC application examples successfully, however, you must be
an advanced LabVIEW user.

In the next section you will take a brief look at the organization of the
SPC Vls. Then the following section guides you through some of the
LabVIEW programming techniques you will usein statistical
processing.

SPC Toolkit Organization

VI Libraries

Note:

The SPC Toolkit is organized into three sections: VI Libraries, Custom
Controls, and Examples.

After you have read this chapter, you are ready to begin using the SPC
Toolkit Vls. Click on the block diagram to activate it and select SPC
under the Functions menu. Y ou see the menu and submenu shown inthe
following illustration. Then select the VI you want; theicon
corresponding to that VI will appear in the block diagram, ready for you
towireit.

Thescreensillustrated in thismanual weretaken on the Macintosh. | f
you areusing Sun or Windows, your screenswill look dightly different,
but the information on the screensisthe same across all three
platforms.

LabVIEW SPC Toolkit Reference Manual 1-4 © National Instruments Corporation
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Structs & Constants )
Arithmetic 1 4
Trig & Log 4
Comparison »
Conversion >
String 4
Array & Cluster 4
File 1/0 >
Dialog & Date/Time )
Miscellaneous >
Ui ...
Analysis
DAQ
GPIB
Network
Serial
m Control Charts
Tutorial » | Process Statistics »
Utility » | Pareto Analysis 4

vVvVvwew

The Control Chart VIsinclude ViIsfor calculating control chart limitsfor
both attributes and variables charts, drawing control chart graphs, and
applying run rules to control charts.

TheProcess Statistics VIsinclude Visfor estimating process distribution
and capability, calculating and plotting histograms, and functions for
plotting and fitting normal probability distribution functions to
histograms.

The Pareto Analysis VIsinclude Vs for counting and sorting assigned
causes and for creating Pareto charts.

When you view the VIsfrom your block diagram using the hel p window,
notice that some of the input parameters are labeled in bold typeface.
Bold typeface identifies parameters that should be wired to make the V1
operate properly. Plain typeface identifies input parameters that are
optional. Optional parameters can help you take advantage of advanced
modes of operation, but are not necessary for the VI to work. When you
do not wire the optional input parameters they are automatically set to
reasonable default values.

© National Instruments Cor poration 1-5 LabVIEW SPC Toolkit Reference Manual
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Custom Controls

A set of custom controlsfor SPC graphsand legends are also installed as
part of the LabVIEW front panel Controls menu. Theseinclude XY
graphs specially preformatted to match the multiplot XY graphs output
by the various SPC subVIs. The following illustration shows the SPC
Graphs & Legends palette with a set of custom controls for use with the
SPC Toolkit Vls.

Numeric
Boolean

String

Array & Cluster
Graph

Path & RefNum
Decorations

Control...

il

Ed

The custom controls are installed as part of SPC Toolkit. These custom
controls are pre-formatted and labeled X-Y graphs and legends for
wiring directly to the outputs of the drawing VIs for control charts,
process statistics and Pareto analysis. They are asfollows:

Basic Control Chart. A pre-formatted X-Y graph for use with the Draw
Control Chart V1.

Control Chart Linescluster. A cluster displaying valuesfor the control
chart linesfor use asalegend with all the drawing VIsfor control charts.

Control Chart with Zones. A pre-formatted X-Y graph for use with the
Draw Control Chart with Var Limits V1.

Control Chart Zonescluster. A cluster displaying valuesfor the control
chart zones A, B and C, for use as alegend with the Draw Control Chart
with Zones VI.

LabVIEW SPC Toolkit Reference Manual 1-6 © National Instruments Corporation
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Control Chart with Var Limits. A pre-formatted X-Y graph for use
with the Draw Control Chart with Var Limits V1.

Control Chart (show pts not in control). A pre-formatted X-Y graph
useful for highlighting out of control points. See the example VI X-bar
& SChart correct limitsin SPC_EXMP.llb for ademonstration of how
to use this type of graph format.

Control Chart with Zones (show pts). A pre-formatted X-Y graph
useful for highlighting out of control points on a Control Chart with
Zones. Seethe example VI Zone Rule Test (Nelson) Examplein
SPC_EXMP.lIb for ademonstration of how to use this type of graph
format.

Control Chart and Limitscluster. A cluster containing apre-formatted
X-Y graph and three numeric indicators for the control chart lines. This
isauseful organization and grouping for acontrol chart and limit values.

Run Chart with Limits. A pre-formatted X-Y graph for use with the
Draw Run Chart V1.

Tier Chart. A pre-formatted X-Y graphfor usewiththe Draw Tier Chart
VI.

Histogram Bar Graph with Limits. A pre-formatted X-Y graphfor use
with the Draw Vertical Bar Graph with Limits VI.

Normal PDF Graph with Limits. A pre-formatted X-Y graph for use
with the Normal PDF Graph with Limits V1.

Histogram and Normal PDF Plot. A pre-formatted X-Y graph for use
with histogram and superimposed normal PDF plot with limits. See the
example VI Proc Cap Example 2in SCP_EXMP.lIIb for a
demonstration of how to use this type of graph format.

Pareto Chart. A pre-formatted X-Y graph for use with either Pareto
Chart output of the Pareto Chart VI.

Pareto Chart legend. A pre-formatted table indicator for use with the
legend output of the Pareto Chart VI.

LabVIEW SPC Toolkit Examples

There are two libraries of examples with the SPC Toolkit. The
SPC_EXMP.lIb library contains basic to intermediate SPC examples.

© National Instruments Cor poration 1-7 LabVIEW SPC Toolkit Reference Manual
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These examples are useful for getting started and learning how to group
the SPC VlIsto perform typical SPC calculations and presentations.

TheSPC_DEMO.lIb (SPC demonstration library) containsan example
application, the Real-time SPC Demo , that analyzes process data
acquired point by point. Thisisamore advanced V1 that you could
modify once you are more proficient at using the SPC Toolkit.

These libraries of examples are contained in the SPC directory in your
LabVIEW folder or directory.

| mplementing SPC Applicationsin LabVIEW

This section discusses the main components that make up an SPC
application and guides you through some of the programming techniques
you can usein your statistical processing. These programming
techniques include representation of process data, viewing raw process
data, creating control charts and determining whether your processisin
control, detecting out-of-control points, and using process capability and
Pareto analysis.

This section also directs you to the relevant standard LabVIEW features
or the additional SPC Toolkit features to use when implementing an
application. Definitions of the SPC terms used in this overview appear in
the Glossary at the end of this manual. All examples that appear in this
section are located in the SPC_EXMP.lIb library.

Representation of Process Data in LabVIEW

In SPC applications, some key characteristics of the process are
measured or counted, and then tracked. In this manual, measurements of
these processes are referred to asindividual observations or individuals.
These measurements are often grouped into samples or subgroups. The
number of observationsin asampleisreferred to asthe samplesize (also
known as subgroup size). Deciding which measurements to make, how
many and how often to make them, and how they are grouped is beyond
the scope of thismanual. See “rational subgrouping” in the sources cited
in the Related Documentation section of About This Manual for more
information on this topic.

In the SPC VlIsfor calculations on variable (measured) data, samples
consisting of a number of individual observations are handled as 2D
arrays. Thearraysare set up where each row isasample, and the columns

LabVIEW SPC Toolkit Reference Manual 1-8 © National Instruments Corporation
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contain the observations. To usethese VIs, group your measured process
datainto appropriate 1D array samples (subgroups), and then group the
samplestogether to form a2D array. All samplesin a2D array must be
the same size. The control chart Vs automatically calculate sample size
by measuring the width of the 2D array. Y ou can use the LabVIEW
Reshape Array function to convert a1D array to a2D array.

If you have a sample (subgroup) size of one, you can keep your datain
1D arrays. In this case, you will be limited to using the X & moving
Range chart or mX-bar & moving Range Vs. Attribute data, such as
number of defects per unit, are handled as 1D arrays.

There are two ways you can graphically present your measured datain
LabVIEW—asyou acquire each data point or sample, and after you have
acquired a collection of samples. LabVIEW has several standard
methods for viewing process data. Three basic graph types—the
waveform chart, the waveform graph, and the XY graph—are all useful
to you.

Y ou can implement arun chart (aplot of theindividual observations
plotted in time order) by wiring a 1D array containing your observations
to the standard waveform graph. If you want to monitor your incoming
dataone point at atime, use awaveform chart. If you are plotting al the
points at once, you can use awaveform graph.

SPC chartstypically plot process dataagainst reference lines, which may
be specification limits, control chart limits, or some other useful
reference. In LabVIEW, you can usean XY graph to plot aset of points
and reference lines by specifying the reference lines as X-Y pairs. The
LabVIEW SPC Toolkit automatically generates these types of XY
graphs for you.

The SPC Toolkit includes a set of custom SPC controls, including XY
graphs that are preformatted for various types of SPC charts and chart
legends. These charts are preformatted to work with the SPC Vs that
create SPC graphs.

If you are updating awaveform chart one point at atime, you can group
each point into a cluster with the reference points, and wire the cluster to
your waveform chart.

Viewing Raw Process Data

Itisuseful to view your raw process data before calculating control limits
and plotting control charts. The SPC Vs provide three methods for
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viewing your raw process data—abasic run chart, ahistogram, and atier
chart. An example of abasic run chart isillustrated in Figure 1-1. A run
chart isaplot of the individual measurements plotted in time order. It is
displayed onan XY graph and generated by the Draw Run Chart V1. The
specification limitsare shown against theindividualsintheexample. The
block diagram for the example VI Basic Run Chart isillustrated in
Figure 1-2.

Figure 1-1. Basic Samples Observations-->
Run Chart M

Upper Specification Limit Lower Specification Limit

Hreos | <
Run Chart
Individuals L
74.06
===l ==f ===l ==F === ==F==" Upper Spec Limits [ -~ _ -
74.04
1 Spec Mean -
74.02-F—%}
Lower Spec Limit | -~ _ -
74.00-
] Upper Mat. Lim
73.98
I Process Mean
73.96
Fe======f==cd=====F==q===1"-~F~-" Lower Mat. Lim
73.94-
0 20 40 60 B0 100 120 140 160 180 200 El

Figurel-2. Diagram

for Basic Run Chart [Run Chart]

IUpper Specification Limitl
ILower Specification Limit]

51 |

Ishow spec h‘mits| ......

o

bl 111
b )

Another useful reference for viewing the raw process datais the natural
process limits, calculated from the average mean and sigma of the group
of samples. The natura process limits measure the distribution of the
process data. The natural process limits are typically the process mean
+/- 3.0 * process sigma. The Process Mean and Sigma V|1, in the process
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Figure 1-3. Basic
Histogram Plot

Introduction to Satistical Process Control in LabVIEW

statisticslibrary, estimates the process mean and sigmafrom the process
samples.

For viewing the distribution of your data, a histogram is useful. The
General Histogram VI computes a histogram, automatically estimating a
reasonable number of bins based on Sturges' rule. Y ou can also choose
the number of bins, or specify bin sizes. LabVIEW then plots the
histogram using the Vertical Bar Graph VI and an XY graph.

Y ou can superimpose the specification limits on the histogram, which the
Vertical Bar Graphwith LimitsVI doesfor you. Figure 1-3 showsabasic
histogram plot of the individual observationsin the 2D samples array
plotted against both the natural process limits cal culated by the Process
Mean and Sigma V1, and the specification limits. Figure 1-4 illustrates
the block diagram for the Basic Histogram Plot VI example.

Samples Observations-->

Upper Specification Limit Lower Specification Limit

Histogram with Limits| *# histogram binSEEI
Histogram |~
80—
Upper Spec Limit |..--~..
60 : - ; Spec Mean "
i { Lower Spec Limit |..--~
40 : =TT : Upper Nat. Limit
: - : Process Mean ="
20 4 4
H |_ H Lower Mat. Limit [ .
Seoe L—— &Rk
73.94 7396 7398 74.00 7402 T4.04 74.06
(o]
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Figure 1-4. Diagram for
Basic Histogram Plot
SamEles
[pBL]
Histogram with Limnits
[Upper Specification Limit yo+ll
e
[Lower Specification LimitI |_
W W EXT ||process meanl
{ I % EXT ||process sigma I
1]

Another useful way to view the raw process dataison thetier chart, also
known as atolerance diagram. This plot charts the observations in each
samplein astraight, vertical line. With this vertical line plot, you can

visualize the spread and | ocation of the observationsin each sample. The
Draw Tier Chart VI generates the tier chart for you, as shown in Figure
1-5. Figure 1-6 illustrates the block diagram for the Basic Tier Chart V1.

Figure 1-5. Basic
Tier Chart

Upper Specification Limit Lower Specification Limit
flza 05

Tier Chart

Upper Spec Limit [~ .o
T4.06-
....................... SRR ISURVI SRR SO Spec Mean
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4
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Figure 1-6. Diagram
for Basic Tier Chart

Introduction to Satistical Process Control in LabVIEW

Samélesl

=] |Tier Chart
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lLower Specification Limitl h
|Dis 1a Spec'
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T
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lshow natural process h'mitsl-"'

sigma multiplier||3.0

P )

Creating Control Chartsand Determining Whether the Processis

in Control

Y ou use control chartsto determineif aprocessisin control. The
LabVIEW SPC Toolkit Vs generate the following standard types of
control charts.

* Variablescharts:
—  X-bar and standard deviation (X-bar & s Chart VI)
—  X-bar and range (X-bar & R Chart V1)
— X and moving range (x & mR Chart VI)
— moving average and moving range (mX-bar & mR Chart V1)

e Attributes Charts:
— p(pChartVl)
— np (np Chart VI)
— u(uChartVl)
— c(cChartVI)

The control chart Vs calculate the control limits for a control chart.
Normally, the control chart Vs use the process data to calculate the
control limits. Y ou must choose the set of samples from which to
calculate the control limits. Variables charts typically use the first 20 to
30 samples of sample sizefour or five, for atotal of about 100 individual
observations of the process. The control chart VIs can aso calculate
control limits from standard values.

Once the VI calculates the limits, there are several waysto plot the
control charts with corresponding Vs that will generate the XY graphs
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for the different chart styles. The most common presentation is a control
chart that draws the data against the three standard error control limits
illustrated in Figure 1-7, in which the Draw Control Chart VI does the
graphing. Figure 1-8 shows the block diagram for this VI example.

Figure 1-7. X-bar
and S Control Chart
Example

X-bar Chart
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Figure 1-8. Diagram ‘
for X-bar and S Control —bar Chart

Chart Example —
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X oy, E’:z‘v“‘ [%-bar Chart Markers]|
Far® raw !
0 L R 1 e 5 ]

.S Chart
[2a35]

[S-Chart Markers]
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Figure 1-9. p Chart
Example, Var Limits

Figure 1-10. Diagram
for p Chart Example,
Var Limits

Introduction to Satistical Process Control in LabVIEW

The Draw Chart with Zones V1 divides the area between the three sigma
control limitsinto six zonesthat are one sigmawide, and drawsthe zones
against the control chart points. This presentation is useful when you
want to apply rules to the chart to detect out-of-control points. This use
of azones chart isillustrated in the next section, Detecting
Out-of-Control Points (Figures 1-13 and 1-14).

Some of the attributes charts calculate variable control limits, which are
plotted by the Draw Chart with VVar Limits V1. Thefront panel and block
diagram of the p Chart with Variable Limits VI Example, which usesthe
Draw Chart with Var Limits VI, are shown in Figures 1-9 and 1-10.

r :*® units non-conforming

p Chart

0.12-
0.10-

coe L] 4 LA AL
0404-"\/ vr’. "“o/“ K

0.02-]
0.00-!

o 2 4 6 8 10 12 14 16 18 20

|t

lr # units non-conforming]

[vs2l}—
Chart
b Char

[os2]}—n 72 P )
p chart chart p Chart Markers

|'.=IJE|

Detecting Out-of-Control Points and Process Shift

After avariableor attribute chart V1 calculatesthe control limits, you can
determineif the processisin control. The most basic way to determineif
aprocessisin control isto observe which points exceed the upper and
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lower control limits. The Check Limits VI identifies the index of each
sample that exceeds the process limits.

Figure 1-11 showsthe Check Limits VI applied to the X-bar chart in the
X-bar & Range Chart Check Limits example; its block diagram is
illustrated in Figure 1-12. Notice that, out of the given 40 samples, 25
samples (index zero to 24) are selected for calculating the control limits.
The VI calculates the points of the remaining samples for the graph, but
does not include them in the control limit calculation.

Figure 1-11. X-bar Samples _ Observations—
& Range Chart Check
Limits Example

X-bar Chart
ucLx[74.014 | cLx[74.001 | LCLx([73.988 K-bar [et et
UCLX  foo e,
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CLx L
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w0
74.01 gt 2 Lol
24.00 2 e RA ) \bR .'\J(
: VYYY L V¢

73.99

73.98

0 S 10 15 20 235 30 33 40

Range Chart

0.0 UCLrE 05 cLr0.023 LeLrpoon | [Range [atgaty]
’ 4 ucLr

0.04

1 A £l o e
0.03 * <

Visd i [ T1ln of lo o &l eS| [our
0.02 g W PR 1 l/ \.’ '/ w 'le' ‘vl y -
0.01 i b\,j
0.00

1] S 10 15 20 25 30 35 40

LabVIEW SPC Toolkit Reference Manual 1-16 © National Instruments Corporation



Chapter 1

Figurel-12. Diagram
for X-bar & Range
Chart Check Limits
Example

Introduction to Satistical Process Control in LabVIEW

Plot ¥-bar chart
Pﬁszmi [£5] |[%-bar Chart
draw
L chart ucL | [@BL]|lucLx
= | CL [—[DBL]f|CLx
LCL |—[@BL]|LCLx
Control Limits computed | B ———
from first 25 samples . .
m - — HE Litaits T :Points Exceeded Limits]
(U3 [ EEN i
Check Timits on
1
Samples|| [pBL] ;::n“ both charts
DA pr——
B: ¢t fomm ;g“ e 3]
Graph 40 samples on Limits =
control chart Sarnples that exceeded limits
224 [=a5] |[Range Chart]
UCL — UCLr]
= [ CL | cLr]
Plot R chart Lol LCLr

Control points calculated from a process can stay within the control
limits but still exhibit nonrandom behavior such as repeated patternsin
the data. To detect such patterns you can use the rule checker Visto
apply run rulesto the control chart array. The run rulesincluded in the
SPC Toolkit are AT& T/Western Electric and Nelson rules. Therule
checker Vlsidentify theindices of samplesthat violatetherunrules. Y ou
canindividually enable run rules. Figure 1-13 shows the Zone Rule Test
(AT&T/WE) Example, which appliesthe AT& T/Western Electric rules
to an X-bar chart. Figure 1-14 showsthe block diagram for this example.
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Figure 1-13. Zone
Rule Test
(AT&T/WE) Example

Figure 1-14. Diagram
for Zone Rule Test
(AT&T/WE) Example
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Rule 2 - Two out of three consecutive points outside 2 std errors (Zone A or beyond),
Rule 3 - Four out of five consecutive points outside 1 std errors (Zone B or beyond).
Rule 4a - Seven consecutive points on one side of the center line.

Rule 4b - Eight consecutive points on one side of the center line.

Samélesl Control Chart with Zones|
[0BL] s [==3]
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[ab<]

4a/4b

Out of Control Points

[us2]

After you have identified samples that have violated run rules, you can
recal culate the control limits by calling the Control Chart VI again, and
passin thelist of sampleindicesto ignore.

Beforeignoring a samplein a control limit calculation, you must know
what caused the sampleto be out of contral (that is, you need to know
the assignable cause).

Y ou can also apply run rules to detect process shift, which indicates that
control chart limits should be recal culated because the process has
changed (shifted with respect to the center line). The Process Shift
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Detector VI uses four rules to detect process shift and identifies the first
point of the process shift.

Process Capability Analysis

Using process capability analysis, you can quantify the ability of your
process to create product within specification. Once your processisin
control, you can calculate its capability, which is a predictor of the
process performance, as long as the process remainsin control. It is
misleading to perform these computations unless your processisin
control. If it isnot in control, process capability analysisis no longer
predictive, but can till characterize the past performance of your
process.

Two common measures of process capability are the process capability
index (PCI or Cp), which measures the process variability with respect
to the specification limits, and the centered capability index, or Cpk,
which measures how centered the processis with respect to the
specification limits. The Compute Process Capability V1 performs these
calculations.

If your processis normally distributed, you can estimate the process
fraction non-conforming in parts per million. The Compute Process
Capability VI performs this computation, but isinvalid unless the
process is normally distributed. One method for determining whether
your process is normally distributed isto view ahistogram of the
observations against a normal curve fitted to the histogram.

It is useful to visualize the distribution of the process relative to the
specification limits. Figure 1-15 shows a histogram of the process
observations against the specification limitsand natural processlimits. A
normal distribution curve isfitted to the histogram. The process
capability measures, Cp, Cpk, and reject rate, are also calculated and
displayed. Figure 1-16 illustrates the block diagram for this example.
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Figure 1-15. Process
Capability Example 1

Figurel-16. Diagram
for Process Capability
Example 1
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In SPC applications, you often need to quantify and prioritize assignable
causes that prevent a process from being in control or otherwise prevent
aproduct from conforming to specifications. Y ou can assign causesto a
sample when you detect samples being out of control from a control

chart. There are other thingsthat can prevent a product from conforming
to specifications that need to be analyzed such as tabulated results from
product inspection. Y ou can totalize, order, and present causes using the
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Pareto Vls. Figure 1-17 shows the Pareto analysis and presentation
example, Pareto Chart Example. Figure 1-18 illustrates the block
diagram for this example.

Figure 1-17. Pareto [Causes
Chart Example |21
Cause Frequency @
Frequency Graph Cumulative Freq. Legend
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'z " 1 Mo Sold
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. Ininnl== ]
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kS
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Figure 1-18. Diagram
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This chapter describes the control chart VIswhich include the variables
charts, attributes charts, chart drawing, and rule checking VIs. The
control chart VIscompute control limitsfor control charts, create control
chart graphs, and apply rules to control chart datathat detect
out-of-control conditions.

Calculating Control Chart Limitsand Points

Thevariablesand attributes chart VIs compute the pointsto be plotted on
the control charts, as well as the center line and control limits for the
control chart. The process datainput to the chart VIsisaone- or
two-dimensional array of samples. The control chart Vs pass output
arrays and chart limits clusters to one of the chart drawing VIsto create
the desired control chart graph.

The chart limits cluster contains the upper control limit (UCL), center
line (CL), lower control limit (LCL), and the standard error from which
the upper and lower control limits are calculated. The limits are center
line +/- 3 standard errors by default.

To compute the control limits from the input sample data, you select a
subset of the array input to the Control Chart VI by wiring an index
specifier. The index specifier designates the start and end index of the
samples the control chart limit calculations use. Y ou can also exclude
specific samples from the control limit calculation by wiring an array of
the sampleindicesto theindicesto ignoreinput of the V1. Doing thisis
useful when samples are detected to be out of control by one of the rule
checking VIs. The# samplesin calc output returns the actual number of
samplesthe VI used to calculate the control limits. If you do not wire
either input, the VI calculates the control limits from the entire input

array.

Normally the control limits are calculated from the input sample data,
however the control chart VIswill calculate control limits based on
standard values if you wire the chart limit srcinput cluster.
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The standard error multiplier input specifies the multiplier for the VI to
use when cal culating the upper and lower control limits, normally three.
Y ou do not need to wire thisinput unless you are using upper and lower
control limitsthat are not at +/- 3.0 standard errors.

VariablesChart Vis

Y ou use variables chartsto detect out-of-control conditions on measured
processvalues. The VlIsfor creating variables charts generate outputsfor
two control charts—sample mean and variation. The chart for sample
mean tracks variation in the mean of each sample against control limits.
The chart for sample variation tracks the variation in the distribution of
each sample against control limits. A typical variables control chart VI,
the X-bar & R Chart VI, is shown in the following illustration.

chart limit src (opt) il ®-bar-bar
samples X X S X-bar
index spec (opt) =& w-bar & imX-bar chart limits
indices to ignore (opt) f R chart _LRange R
std error multiplier (3) R chart limits
R-bar/d2
# samples in cale

The variables chart VIs, whose names appear in the following list, are
described in more detail in this chapter.

¢ X-bar & sChart

o X-bar & R Chart

* X & mR Chart

¢ mX-bar & mR Chart

» Single Point X-bar & R/S

e Single Point x/mX-bar & mR

The X-bar & s Chart and X-bar & R Chart Vs take atwo-dimensiona
input array of samples, where each column contains an individual
observation within a sample, and each row is a sample. The sasmple size
is the number of columnsin the 2-D array. The X-bar & R Chart VI is
limited to sample sizes of 25 or less (25 columns). The X-bar & s Chart
V1 has no limit on the sample size.
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Thex & mR Chart VI and mX-bar & mR Chart VI take a
one-dimensional input array of individual observations. The VIs
calcul ate the moving average range from n consecutive observations,
where n is sample size input. By default, n is set to two.

The Single Point X-bar & R/S VI calculates points for sample mean and
variation control charts one sample at atime and uses both the range and
sample standard deviation calculations. This VI is useful for calculating
individual pointsfor a control chart when generating control chartsin
real time. It is still necessary to use the X-bar & sor X-bar & R VI for
calculating the control limits.

The Single Point x/mX-bar & mR V1 calculates the individual pointsfor
an X and moving range or moving average and moving range control
chart. This V1 isuseful for calculating individual points for a control
chart when generating control chartsin real time. It is still necessary to
usethe X & mR or mX-bar & mR VI for calculating the control limits.

The variables control chart Vs are each described in more detail later in
this chapter.

AttributesChart Vis

Y ou use attributes charts to detect out-of-control conditions on process
datathat is counted, such asthe number of parts defectivein asample of
n units inspected. The attributes charts included in the SPC Toolkit are

the following.
* pchart

e np chart
* cchart

* uchart

The attributes chart Vs take one or more one-dimensional arrays as the
input data. The p chart and u chart can handle both afixed sample size or
variable sample sizes. If the sample sizes are variable, the VI calculates
the variable control limits.
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A typical attributes chart V1, the p Chart V1, is shown in the following
illustration.

chart limit src (opt) sy ————— # samples in cale
r:® units non-conforming/sa... p: fraction non-conforming

¥

n: sample size (variable) I n L-UCLp
n: sample size (constant) fpchart %’LCLP

std error multiplier (3) p chart limits

index spec (opt)

indices to ignore (opt)

Theattributes chart VIsgenerate outputsfor asingle control chart. Inputs
are one or more 1D arrays that contain values counted from the process.
The output includes an array of pointsfor the control chart and the chart
limits. In the case of the p chart (shown in the preceding illustration) and
the u chart, the sample size inspected may vary for each value of # units
non-conforming, or the sample size may be constant. So, you can choose
one of the following two inputs: a scalar input for a constant number
inspected, n, or an array input for a variable number inspected, n. You
should use only one of these two inputs.

The output arrays UCL and LCL are the variable control limits (p and
u chartsonly). The chart limits cluster contains the average upper control
limit (UCL), center line (CL), averagelower control limit (LCL), and the
standard error from which the VI calculates the upper and lower control
limits.

The attributes chart Vs are described in more detail |ater in this chapter.

Vlisfor Drawing Charts

The control chart VI library contains several Vs for graphing control
charts and raw process data. Y ou can also use the built-in LabVIEW
waveform chart and XY graphsto present SPC data. The VIsin this
library use the XY graph to draw limits against control chart points, a
format that istypical of SPC graph presentations. The following
illustration shows atypical diagram using the control charts and draw
control charts Vls.
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Control Chart VIs

:X-bar Chartl
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[5 Chart]

[S-Chart Markers|

Custom controls already preformatted for use with the VIs for drawing
charts are available in the SPC Graphs & Legends Control Menu.

Vlisfor Plotting Control Chart Points and
Limits

The control chart Vs calculate control chart limits and points. The Vis
inthefollowing list generate agraph of center lines, the upper and lower
limit lines, and the computed points from the control chart.

e Draw Control Chart—to use with constant control limits—thisis
your basic control chart graph

*  Draw Chart with Zones—draws zones or warning limits (from
constant control limits)—useful for testing run rules

e Draw Control with Var Limits—to use with variable control limits
(p and u charts)

These Vs are described in more detail later in this chapter.

Vlisfor Creating Graphs of Raw Process Data

The Draw Run Chart and Draw Tier Chart Vs create graphs that are
independent of the type of control chart you use, and are convenient for
viewing the individual observations that make up your samples. This
class of graphswill optionally plot your data against specification limits
or natural process limits.
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Specification limits are user-defined tolerances for the process output.
Natural process limits are computed from the samples and represent the
process mean and 3 sigma. The natural process limits are not control
limits, but are astatistic of thevariability in your raw data. The Draw Run
Chart and Draw Tier Chart Vs are described as follows.

e Draw Run Chart VI—plots arun chart of the individuals within
each sample in order of occurrence. ThisVI optionaly displays
specification limits and/or natural process limits (process mean and
3 sigma) against the data.

* Draw Tier Chart VI (variables charts only)—plots al observations
(individuals) within each sample. ThisV1 optionally displays
specification limits and/or natural process limits (process mean and
3 sigma) against the data.

These Vls have adisplay mode specifier that you can use to turn on and
off drawing of the specification limits or the natural process limits. The
display specifier also designatesthe sigmamultiplier for the V1 to usefor
the natural process limits (default 3). Y ou can leave the display mode
input unwired, in which case the graphing VI will use the defaults. The
defaults are not the same for al the Vls.

The x-axis on al the graphsin the control chart VI library is labeled by
sample number (the default starting sample number is zero). You can
wire a different number to suit your needs. Notice that array index
counting in LabVIEW is zero-based; therefore, numbering samples
starting from zero istheleast confusing method to use. The control chart
VlIsuse simple (X,Y) pairs to define horizontal limit lines drawn on the
XY graph.

An easy way to use these graphing VIsisto copy the graph on the front
panel of the VI, and paste it on the front panel of your application. The
graph already has appropriate |abels, colors, and patterns selected for all
the graph lines. Y ou can then size and customize the graph display to fit
your needs.

Y ou can also use waveform charts (sometimes called strip charts) to plot
your control charts, in which case the VI passesinformation to the chart
one sample at atime. The SPC Toolkit does not provide VIsfor strip
chart presentation. To draw control chart, natural process, or
specification limits against your control chart points, cluster the limit
values with your point, and wire the cluster to your waveform chart.

The VlIsfor drawing charts are described in more detail later in this
chapter.
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Rule Checker Visfor Testing Out of Limits, Run Rulesand
Process Shift

The SPC Toolkit contains the following rule checker Visto test whether
points exceed the control limits or whether any of the run rules are
violated, and to detect process shift.

e Check Control Limits—identifies samples that exceed the upper
and lower control limits.

*  Rule Checker (AT& T/WE)—identifies samples that violate one or
more of the selected AT& T/Western Electric run rules.

¢ Rule Checker (Nelson)—identifies samplesthat violate one or more
of the selected Nelson run rules.

*  Process Shift Detector—detects process shift with respect to center
line.

*  Check Sequence—identifies samples violating ageneric n out of m
sequence.

After aVI hasidentified out-of-control points, you can wire the rule
checker VI output to the indices input of the control chart VIsand
exclude these samples from the control limit calculation.

Therule checker Vs are described in more detail later in this chapter.

Variables Chart VIs

As described earlier in this chapter, you use the variables chart ViIsto
detect out-of-control conditions on measured process characteristics.
These Vs generate outputs for control charts for sample mean and
variation.

X-Bar & sChart

Computes points and limits for X-bar and s control charts. These are
control charts for showing mean and sample standard deviation.
Optionally, you can choose arange of indices for samples to use and
indices of samples to ignore in the control limit calculation. The VI
outputs the actual number of samples used to cal culate the control limits.
By default, control limitsare calculated from theinput samples. Y ou can
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aso calculate control limits from standard values by wiring the chart
limit srcinput.

chart limit src (opt) il ®-bar-bar
samples X W S X-bar
index spec (opt) =& w-bar & &= X-bar chart limits

indices to ignore (opt) __l,— s chart ts
std error multiplier (3) s chart limits
s-bar/c4
# zamples in cale

samples X. Samples on which to compute control limits and points for
the X-bar and s charts. Each row is asample with n observations, where
n is the number of columnsin the 2D array. N is aso known as the
subgroup size. The minimum sample/subgroup size is 2.

index spec. Use this cluster to choose arange of samplesto use for the
control limits calculation.

start index. Index of the first sample to include in the
control limit calculation. Default iszero, whichistheindex
of thefirst samplein samples X array.

end index. Index of thelast sampletoincludein the control
limit calculation. Default is zero which selects the last
samplein samples X array.

If you do not wirethiscluster, the VI includes all sasmplesin the samples
X input array in the control limit calculation.

indicesto ignore. Indices of samplesto exclude from the control limit
calculation. Thisisuseful for eliminating out-of-control points from the
control limit calculation. By default, thisis an empty array.

std error multiplier. The multiplier to use for the upper and lower
control limits. Normally you leavestd error multiplier unwired, and the
V1 setsthe control chart limitsto +/- 3.0 standard errors. The default is
3.0.

X-bar-bar. Thisis an estimate of the process mean based on the grand
average of the samplesincluded in the control limit calculation. If the
control limits are calculated from standard values, thisis set to the
standard mean.

X-bar. The mean of each input sample. Thisisthe array plotted on the
X-bar control chart.
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-bar chart limits. This cluster contains the limits for the X-bar chart.

X

UCLXx. The upper control limit for the X-bar chart.

CLx. The center line for the X-bar chart.
Clx = X-bar-bar or standard mean and is also the estimated
process mean, if calculated from the input samples.

L CLx. Thelower control limit for the X-bar chart.

Bl [

standard error. The standard error associated with CLx.

S. The sample standard deviation of each input sample. Thisisthe array
plotted on the s control chart.

schart limits. This cluster contains the limits for the s chart.

UCLs. The upper control limit for the s chart.

HlE

CLs. Thecenter linefor theschart. Cls=s-bar if calculated
from theinput samples, or is standard SO or standard sigma

*cA.
L CLs. The lower control limit for the s chart.
standard error. The standard error associated with CLs.
s-bar/c4. Thisis an estimate of the process sigma (standard deviation)

based on the average standard deviation of the samplesincluded in the
control limit calculation.

# samplesin calc. The number of samplesthe VI used in the control
limits calculation. If the control limits are calculated from standard
values, thisis set to standard s0/c4 or sigma.

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired, this cluster defaults to the common
case where the chart limits are calculated from the data in the input
sample array. Y ou do not have to wire this cluster unless you want the
chart limitsto be calculated from standard values. When using standard
values, the center line for the X-bar control chart, X-bar-bar, is set to std
mean, and the center line for the s control chart, s-bar, is set to std O, or
std sigma* c4.

sour ce. Selects one of three sources for chart limits

calculation:
0: from data—chart limits are calculated from the datain
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the samples X array as qualified by the index spec and
indices to ignore inputs (default selection).

1: use std mean, SO—chart limits are calcul ated from
standard values for mean and sample standard variation
2: use std mean, sigma—chart limits are calculated from
standard values for mean and sigma.

std mean. The standard mean value to use when
calculating chart limits from standard values.

std sO/sigma. The standard sO or sigmavaueto usein
calculating chart limits from standard values.

The control limit calculations for the chart limits are as follows.
If standard values are used for the control limit calculations, then
X (X-bar-bar) is set to std mean

's(s-bar) isset to std SO or std sigma* ¢4, otherwise, X and
sare calculated from the input samples as specified by theindex spec and
indices to ignore inputs.

UCLx = X + stderr multDiD

L,
CLx = X

LCLx = X + stderr muItDiD

T,

standard error =

CyA/N

5,/1- in)

UCLs = s+ stderr muItDC—4D
U 4 [

CLs =

w

LCLs = s-stderr mult

ESJl—cZD
T
o % 0O
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standard error = ———

X-Bar & R Chart

Computes points and limits for X-bar and Range control charts. These
are control charts for charting mean and range. Optionally, you can
choose arange of indices for samples to use and indices of samplesto
ignorein the control limit calculation. The VI outputs the actual number
of samplesit uses to calculate the control limits.

Note: Usethe Range Chart for samples or subgroups of 25 or less, because
for sample size of ten or more, the sample range loses efficiency of
sample variance. For sample sizes of ten or larger, you should use the
X-bar & sChart VI instead of Range Chart.

chart limit sre (opt) B [ ¥-bar-bar
samples X X X-bar
index spec (opt) o mdu bar b e BmX—-bar chart limits
indices to ignore (opt) f R chart _I—Range R
std error multiplier (3) R chart limits
R-bar/d2

# zamples in cale

samples X. Samples on which to compute control limits and points for
the X-bar and Range charts. Each row is a sample with n observations
where nisthe number of columnsinthe 2D array. N isalso known asthe
subgroup size. The maximum sample/subgroup size permitted is 25, the
minimum is 2.

a3 index spec. Use this cluster to choose a range of samplesto use for the
control limits calculation.

start index. Index of the first sample to include in the
control limit calculation. Default iszero, which istheindex
of thefirst samplein samples X array.

end index. Index of thelast sampletoincludein the control
limit calculation. Default is zero, which selects the last
samplein samples X array.
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If you do not wire this cluster, the VI includes all the samplesin the
samples X input array in the control limit calculation.

indicestoignore. Indices of samplesto exclude from the control limit
calculation. Excluding samplesis useful for eliminating out-of-control
points from the control limit calculation. By default, thisis an empty

array.

E

std error multiplier. The standard error multiplier to use for the upper
and lower control limits. Normally you leave std error multiplier
unwired, and the VI setsthe control chart limitsto +/- 3.0 standard errors.
The default is 3.0.

g

X-bar-bar. Thisis an estimate of the process mean based on the grand
average of the samplesincluded in the control limit calculation. If the
control limits are calculated from standard values, thisis set to the
standard mean.

B

X-bar. The mean of each input sample. Thisisthe array plotted on the
X-bar control chart.

X-bar chart limits. This cluster contains the limits for the X-bar chart.
UCLx. The upper control limit for the X-bar chart.

CLXx. The center line for the X-bar chart.

Clx = X-bar-bar or standard mean and is also the
estimated process mean if calculated from the input
samples.

EE

L CLx. The lower control limit for the X-bar chart.

standard error. The standard error associated with CLX.

EE

range R. Therange of each input sample. Thisisthe array plotted on the
R control chart.

R chart limits. This cluster contains the limits for the Range chart.

UCL . The upper control limit for the R chart.

CLr. The center line for the R chart. CLr = R-bar if
calculated from the input samples, otherwise thisis
standard RO or standard sigma* d2.

LCLr. The lower control limit for the R chart.
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standard error. The standard error associated with CLr.

R-bar/d2. Thisis an estimate of the process sigma (standard deviation)
based on the average range of the samples included in the control limit
calculation. If the control limits are cal culated from standard values, this
is set to standard RO/d2 or standard sigma.

# samplesin calc. The number of samplesthe VI used in the control
limits cal culation.

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired this defaults to the common case
where the chart limits are calculated from the datain the input sample
array. You do not have to wire this cluster unless you want the chart
limitsto be calculated from standard values. When using standard values
the center line for the X-bar control chart, X-bar-bar is set to std mean,
and the center line for the Rcontrol chart, R-bar, is set to std RO, or std
sigma*d2.

sour ce. Selects one of three sources for chart limits
calculation:
0: from data—chart limits are calculated from the datain
the samples X array as qualified by the index spec and
indicesto ignore inputs (default selection).
1: use std mean, RO—chart limits are calculated from
standard values for mean and sample standard variation
2: use std mean, sigma—chart limits are calculated from
standard values for mean and sigma.

std mean. The standard mean value to use when
calculating chart limits from standard values.

std RO/sigma. The standard RO or sigmavaueto usein
calculating chart limits from standard values.

The control limit calculations for the chart limits are as follows.
If standard values are used for the control limit calculations, then
):( (X-bar-bar) is set to std mean

R (R-bar) is set to std RO or std sigma* d2, otherwise,
X and R are calculated from the input samples as specified by the index
spec and indices to ignore inputs.
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UCLx = X + stderr multd RO X + AR for stderr mult = 3.0

RO
CLx = X
_ oRpo_ § 5 _
LCLx = X + stderr mult/——== X — A,R for stderr mult = 3.0
/-
standard error = —R—

_ d;R _
UCLr = R+ stderr mult—as—— = D4R for stderr mult = 3.0
2

CLr =R

_ [usﬁj _
LCLr = R-—stderr mult Dd—D = D4R for stderr mult = 3.0
g% 0

d.R
standard error = ——
d2

X& mR Chart

Computes points and limits for individuals x and moving Range charts.
These are control charts for charting mean and moving range. This VI
computes for amoving range from n consecutive observations. By
default, nistwo. Optionally, you can choose arange of indices for
individualsto use and indices of individualsto ignorein the control
calculation. The actual number of individualsthe V1 usesto calculate the
control limitsisalso output. By default, control limitsare cal culated from
the input samples. Y ou can aso calculate control limits from standard
values by wiring the chart limit srcinput.
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chart limit src (opt) 2 B x-bar & mR-bar /d2
individuals x Py, x
index spec (opt) =& HEMA Bmx chart limits
indices to ignore (opt) f chait 1moving range mR
std error multiplier (3) mR chart limits
n: sample size (2) # individuals in cale

individuals x. Individual observations (or samples of subgroup size 1)
on which to compute control limits.

index spec. Use this cluster to choose arange of individualsto use for
control limits calculation.

start index. Index of the first individua to include in the
control limit calcul ation. Default iszero or index of thefirst
individual inindividuals x array.

end index. Index of the last individua to include in the
control limit calculation. Default is zero which selects the
last sample inindividuals x array.

If you do not wirethis cluster, al valuesin individuals x input array are
included in the control limit calculation.

indicestoignore. Indicesof individual sto excludefrom the control limit
calculation. Thisisuseful for eliminating out-of-control points from the
control limit calculation. By default, thisis an empty array.

g

std error multiplier. The multiplier to use for the upper and lower
control limits. Normally you leavestd error multiplier unwired, and the
V1 setsthe control chart limitsto +/- 3.0 standard errors. The default is
3.0.

g

x-bar. Thisis an estimate of the process mean based on the average of
the individuals included in the control limit calculation. If the control
limits are calculated from standard values, thisis set to the standard
mean.

B

X. Theindividual observations. Thisisthe array plotted on the x control
chart.

x chart limits. This cluster contains the limits for the x chart.

UCLx. The upper control limit for the x chart.
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CLx. The center line for the x control chart. Clx = x-bar or
standard mean and is al so the estimated process mean if
calculated from the input individuals.

L CLx. The lower control limit for the x chart.

HE E

standard error. The standard error associated with CLx.

moving range mR. The moving range of individuals
{x1i], -..., X[i-n+1]}, where n isthe sample size. Thisisthe array plotted
on the mR control chart.

mR chart limits. This cluster contains the limits for the mR chart.
UCLmr. The upper control limit for the mR chart.

CLmr. The center line for the mR control chart.
Clmr = mR-bar if calculated from the input data
individuals, or standard RO or standard sigma* d2.

LCLmr. The lower control limit for the mR chart.

standard error. The standard error associated with
CLmr.

e [

mR-bar/d2. Thisisan estimate of the process sigma (standard deviation)
based on the average of the moving range between individual s included
in the control limit calculation.

#individualsin calc. The number of individualsthe VI usesin the
control limits calculation.

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired this defaults to the common case
wherethe chart limitsare calculated from the datain theinput individuals
array. You do not have to wire this cluster unless you want the chart
limitsto be cal culated from standard val ues. When using standard values
the center line for the x control chart, x-bar is set to std mean, and the
center line for the mR control chart, mR-bar, is set to std RO, or std
sigma* d2.

sour ce. Selects one of three sources for chart limits
calculation:
0: from data—chart limits are calculated from the datain
theindividuals x array as qualified by the index spec and
indices to ignore inputs (default selection).
1: use std mean, RO—chart limits are calculated from
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standard values for mean and range
2: use std mean, sigma—chart limits are calculated from
standard values for mean and sigma.

std mean. The standard mean value to use when
calculating chart limits from standard values.

std RO/sigma. The standard RO or sigmavalueto usein
calculating chart limits from standard values.

n: sample size. The number of consecutive individual valuesto usein
the moving range calculation. n: samplesizemay rangefrom 2to 25. By
default, n: samplesizeis?2.

x-bar & mR-bar/d2. This cluster contains estimates on process mean
and sigmabased on individualsincluded in the control limit calculation,
or on standard values.

x-bar. Thisisan estimate of the process mean based on the
average of the individuals included in the control limit
calculation. If the control limits are calculated from
standard values, thisis set to the standard mean.

mR-bar/d2. Thisisan estimate of the process sigma based
onthe average of the moving rangesincluded in the control
limit calculation. If the control limits are calculated from
standard values, thisis set to the standard R0/d2, or the
standard sigma.

The control limit calculations are as follows.
If standard values are used for the control limit calculations, then
X (x-bar) is set to std mean

mR (MR-bar) is set to std RO or std sigma* d2,
otherwise, X and mR are calculated from the input samples as specified
by the index spec and indices to ignore inputs.

% + stderr multE0RI= & + E,R for stderr mult = 3.0

UCLx fd, 0

CLx = x
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LCLx = X+ —stderr multg%lz%: x—E,R for stderr mult = 3.0
2

standard error = mR
d,

__ M,mRD
UCLmr = mR + stderr mult 0= D,mR for stderr mult = 3.0
g% 0O

CLmr = mR

__ M,mRD
LCLmr = mR-stderr mult Koy D;mR for stderr mult = 3.0
g Y% o

[#l,mR0
standard error = G——]
0d 0

mX-bar & mR Chart

Computes points and limitsfor mX-bar and moving Range charts. These
are control charts for charting moving average and moving range. This
V| computes moving average and range over n observations. By default,
nis 2. Optionally, you can choose arange of indices for individuals to
use and indices of individuals to ignore in the control calculation. The
actual number of individualsthe VI usesto calculate the control limitsis
also output. By default, control limits are calculated from the input
samples. Y ou can aso calculate control limits from standard values by
wiring the chart limit srcinput.

chart limit src (opt) m¥-bar-bar & mR-bar /d2
indiriduals x moving Average mX-bar
index spec (opt) [ H#=mX-bar chart limits
indices to ignore (opt) %moving Range mR
std error multiplier (3) mR chart limits
n: sample size (2) # jndividuals in cale

individuals x. Individual observations (or samples of subgroup size 1)
on which to compute control limits.
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index spec. Use this cluster to choose arange of individualsto use for
control limits calculation.

start index. Index of the first individual to include in the
control limit calculation. Default iszero or index of thefirst
individua inindividuals x array.

end index. Index of the last individual to includein the
control limit calculation. Default is zero which selectsthe
last sample inindividuals x array.

If you do not wirethis cluster, al valuesin individuals x input array are
included in the control limit calculation.

indicestoignore. Indicesof individual sto excludefrom the control limit
calculation. Thisisuseful for eliminating out-of-control points from the
control limit calculation. By default, thisis an empty array.

std error multiplier. The multiplier to use for the upper and lower
control limits. Normally you leavestd error multiplier unwired, and the
V1 setsthe control chart limitsto +/- 3.0 standard errors. The default is
3.0.

x-bar-bar. Thisisan estimate of the process mean based on the moving
average of theindividualsincluded in the control limit calculation. If the
control limits are calculated from standard values, thisis set to the
standard mean.

moving Average mX-bar. The moving average of individuals
{x[i], ...., X[i-n+1]}, where nis the sample size. Thisisthe array plotted
on the x control chart.

mX-bar chart limits. This cluster contains the limits for the moving
UCL mx. The upper control limit for the moving average
chart.

CLmx. The center line for the x control chart. Clmx = x-
bar-bar or standard mean and is also the estimated process
mean if calculated from the input individuals.

L CLmx. Thelower control limit for the moving average
chart.

standard error. The standard error associated with CLmx.
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moving range mR. The moving range of individuals
{x1i], -..., X[i-n+1]}, where n isthe sample size. Thisisthe array plotted
on the mR control chart.

mR chart limits. This cluster contains the limits for the mR chart.
UCLmr. The upper control limit for the mR chart.

CLmr. The center line for the mR control chart.
Clmr = mR-bar if calculated from the input data
individuals, or standard RO or standard sigma* d2.

LCLmr. The lower control limit for the mR chart.

standard error. The standard error associated with
CLmr.

HE HE

#individualsin calc. The number of individualsthe VI usesin the
control limits calculation.

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired this defaults to the common case
wherethe chart limits are cal culated from the datain the input individual
array. You do not have to wire this cluster unless you want the chart
limits to be calculated from standard values. When using standard
values, the center line for the mX-bar control chart, X-bar-bar, is set to
std mean, and the center line for the mR control chart, mR-bar, is set to
std RO, or std sigma* d2.

sour ce. Selects one of three sources for chart limits
calculation:
0: from data—chart limits are calculated from the datain
theindividuals x array as qualified by the index spec and
indices to ignore inputs (default selection).
1: use std mean, RO—chart limits are calculated from
standard values for mean and range
2: use std mean, sigma—chart limits are calculated from
standard values for mean and sigma.

std mean. The standard mean value to use when
calculating chart limits from standard values.

std RO/sigma. The standard RO or sigmavalueto usein
calculating chart limits from standard values.
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n: sample size. The number of consecutive individual valuesto usein
the moving range calculation. n: samplesizemay rangefrom 2to 25. By
default, n: samplesizeis?2.

mX-bar & mR-bar/d2. Thiscluster contains estimates on process mean
and sigmabased on individual s included in the control limit calculation,
or on standard values.

mX-bar-bar. Thisisan estimate of the process mean based
on the average of the moving averagesincluded in the
control limit calculation. If the control limitsare calculated
from standard values, thisis set to the standard mean.

mR-bar/d2. Thisisan estimate of the process sigma based
onthe average of the moving rangesincluded in the control
limit calculation. If the control limit\ sare calculated from
standard values, thisis set to the standard R0/d2, or the
standard sigma.

The control limit calculations are as follows.

If standard values are used for the control limit calculations, then
X (X-bar) is set to std mean
mR (MR-bar) is set to std RO or std sigma * d2,

otherwise, X and mR are calculated from the input samples as specified
by the index spec and indices to ignore inputs.

UCLx = X +stderr muItDlD: X + AR for stderr mult = 3.0

o,/
CLx = ):(

LCLx = X +stderr mutER A= X - AR for stderr mult = 3.0

RS

standard error =

d,~/n

__ [d,mRJ __
UCLmr = mR + stderr mult D—a-—D = D,mR for stderr mult = 3.0
g % 0O
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_ WmRd
LCLmr = mR-stderr mult Earniby D;mR for stderr mult = 3.0
g Y% 0

[H,mRD
standard error = G———1
0d 0

Single Point X-Bar & R/S

Computes single points for both X-bar and Range or X-bar and s control
charts. Computing single points is useful for plotting control charts one
point at atime while you are collecting samples. Y ou must continue to

usethe X-bar & R or X-bar & sChart VIsto calculate the control limits
for the chart.

W w-bar X-bar
sample X &;49 range R
= S std dev s

sample X. Sample on which to compute the control chart points. sample
X contains two or more individual observations.

X-bar. The mean of the input sample. Wire this output to the waveform
chart to create an X-bar control chart.

range R. The range of the input sample. Wire this output to the
waveform chart to create an range R control chart.

std dev S. The sample standard deviation of the input sample. Wirethis
output to the waveform chart to create an s control chart.

H B E E
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Single Point x/mX-bar & mR

Computes single points for the x and moving range or moving average
and moving range control charts. Computing single pointsis useful for
plotting control charts one point at atime while you are collecting
samples. You must still usethe x & mR Chart or mX-bar & mR Chart
Vlsto calculate the control limits for the chart. This V1 isreentrant so
that you can use multiple copies. Each timeit is called, this VI savesa
copy of the previousn-1 individualsto usein cal cul ating the next moving
Average and Range.

individual x iy B individual x
n: sample size (2) 15t i - moving Average mX-bar
first point (F) - (08_MR}...... moy¥ing Range mR

iy alid mX-bar ZmR

individual x. Individua on which to compute the control chart points.

n: sample size. The sample size to use for the moving average and
moving range calculations. n: sample size ranges from 2 to 25. By
default, sample sizeis 2.

first point(F). Usethisinput to initialize the VI. first point should be
TRUE for thefirst point, FALSE afterwards. The VI will calculate the
first point moving range mR as zero.

individual x. Wire this output to the waveform chart to create an
X control chart.

moving Aver age mX-bar. The average of the current individual x and
the previous sample size n-1 individual x values. Wire this output to the
waveform chart to create a moving average control chart.

moving Range mR. The range of the current individual x and the
previous sample size n-1 individual x values. Wire this output to the
waveform chart to create a moving range control chart.

valid mX-bar/mR. Thisis set to TRUE when the VI has accumul ated
sample size n points to calculate the moving Average and Range. For
example, for sample size n = 2, the VI would have to be called twice in
order to have accumulated 2 individual x valuesfrom which it calculates
the moving average and range. Until sample size n values have been
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accumul ated, the moving average and range are calculated from a
smaller sample size, and valid mX-bar/mR is set to FALSE.

AttributesChart Vls

i E

As described earlier in this chapter, you use the attributes chart VIsto
detect out-of-control conditions on counted process data.

p chart

Computes points and limitsfor ap chart, acontrol chart for fraction non-
conforming. Number of unitsinspected n can be constant for all r or vary
for each element of r. Calculates both variable and constant chart limits.
Optionally, you can choose arange of indices for samples to use and
indicesof samplestoignoreinthecontrol calculation. The actual number
of samplesthe V1 uses to calculate the control limitsis also output. By
default, control limits are calculated from the input samples. Y ou can
aso calculate control limits from standard values by wiring the chart
limit srcinput.

chart Timit src (opt) emmmmmmm—my ————— # samples in cale
r:® units non-conforming/sa... v p: fraction non-conforming
n.!!“ . ....

n: sample size (rariable) =f - UCLp
n: sample size (constant) f %LCL]}

std error multiplier (3) p chart limits

index spec (opt)

indices to ignore (opt)

p chart

r: # units non-confor ming/sample unit. The number of units non-
conforming in each sample inspected.

n: sample size (variable). The number of unitsinspected per sample for
each value of r. Usethis array if avariable number of units were
inspected for each entry inr. The array length must be the same the
length of the array .

n: samplesize (constant). Usethisinput if the same number of unitswas
inspected for each entry inr. Otherwise, if you are providing an array for
n, leave thisinput unwired.
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std error multiplier. The multiplier to use for the upper and lower
control limits. Normally you leavestd error multiplier unwired, and the
V1 setsthe control chart limitsto +/- 3.0 standard errors. The default is
3.0.

index spec. Use this cluster to choose arange of samplesto useinr for
the control limits calculation.

start index. Index of thefirst element of r toincludein the
control limit calculation. Default iszero, which istheindex
of thefirst sampleinr array.

end index. Index of the last element of r to includein the
control limit calculation. Default is zero which selects the
last ssmpleinr array.

If you do not wire this cluster, the VI includes all elementsin ther input
array in the control limit calculation.

indicesto ignore. Indices of r to exclude from the control limit
calculation. Thisinput isuseful for eliminating out-of-control points
from the control limit calculation. By default, thisis an empty array.

# samplesin calc. The number of samples used in the control limits
calculation.

p: fraction non-conforming. The number of units non-conforming
divided by the number inspected. Thisisthe fraction non-conformingin
each input sample. Thisisthe array plotted on the p control chart.

UCLp. Thevariable limit for the upper control limits. If std error
multiplier isthree, thiswill be p-bar + 3 standard errors. The standard
error calculation varies with n.

LCLp. Thevariable limit for the lower control limits. If std error
multiplier isthree, thiswill be u-bar - 3 standard errors. The standard
error calculation varies with n.

p chart limits. This cluster contains the constant limits for the p chart.

average UCL p. The average value of the variable upper
control limit for the p chart. If the number inspected is
constant, use this for the upper control limit.

CLp. The center line for the p chart, p-bar or standard p0.
p-bar isthe estimated fraction non-conforming for the
processif calculated from the input data.
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DBL] average L CL p. The average value of the variable lower
control limit for the p chart. If the number inspected is

constant, use this for the lower control limit.
standard error. The standard error associated with CLp.

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired this defaultsto the most common case
where the chart limits are calculated from the data in the input array(s).
Y ou do not have to wire this cluster unless you want the chart limits to
be calculated from standard values. When using standard values the
center line for the control chart, p-bar, is set to pO.

sour ce. Selects one of two sources for chart limits
calculation:

0: from data—chart limits are calculated from the datain
the input arrays as qualified by the index spec and indices
to ignore inputs (default selection).

1: use std pO—chart limits are cal culated from the standard
value pO0.

std p0. The standard pO value to use when calculating chart
limits from standard values. The center line for the control
chart p-bar will then be set to pO.

The control limit calculations are as follows:

If standard values are used for the control limit calculations, then
p-bar is set to std pO, otherwise, p-bar is calculated from the input
samples as specified by the index spec and indices to ignore inputs.

r
p= z— if calculated from input data, otherwise p = p0

n
() = 1

UCLp = p+stderr mult J@
CLp=p
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LCLp = p—stderr mult ,p(l_n—p)

standard error = _D(ln— P)

np Chart

Computes points and limits for an np chart, a control chart for number
non-conforming. Optionally, you can choose a range of indices of
samplesto use and indices of samplestoignoreinthe control calculation.
The actual number of samplesthe VI usesto calculate the control limits
isalso output. By default, control limits are calculated from the input
samples. Y ou can also calculate control limits from standard values by
wiring the chart limit srcinput.

r :® units non-conforming/sa... 3 r :® units non-conforming/sa...
n: sample size —f "'!nzb“"
std error multiplier (3) chart np chart limits

chart Timit src (opt) s ————— # samples in cale

index spec (opt) ﬂ
indices to ignore (opt)

r: # units non-confor ming/sample unit. The number of units non-
conforming per sample inspected.

n: sample size. Number of unitsin each sample.

std error multiplier. The multiplier to use for the upper and lower
control limits. Normally you leavestd error multiplier unwired, and the
V1 setsthe control chart limitsto +/- 3.0 standard errors. The default is
3.0.

index spec. Use this cluster to choose arange of samplesinr to use for
the control limit calculation.

start index. Index of thefirst element of r toincludein the
control limit calculation. Default iszero, which istheindex
of thefirst samplein samples X array.
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end index. Index of the last element of r to include in the

control limit calculation. Default is zero, which selectsthe
last ssmpleinr array.

If you do not wirethiscluster, the VI includesall elementsinrinput array
in the control limit calculation.

indicesto ignore. Indices of r to exclude from the control limit
calculation. Thisis useful for eliminating out-of-control points from the
control limit calculation. By default, thisis an empty array.

# samplesin calc. The number of samples used in the control limits
calculation.

r: # units non-confor ming/sample unit. The number of units non-
conforming found per sample unit. Thisisidentical to the input array r.
These are the points plotted on the np control chart.

np chart limits. This cluster contains the limits for the np chart.

E

UCLnp. The upper control limit for the np chart. If Std
error multiplier isthree, thiswill be np-bar + 3 standard
errors.

CLnp. The center line for the np chart, np-bar or standard
pO* n. np-bar is the estimated number non-conforming for
the process if calculated from the input data.

:

E

LCLnp. Thelower control limit for the np chart. If Std
error multiplier isthree, thiswill be np-bar - 3 standard
errors.

E

standard error. The standard error associated with CLnp.

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired this defaultsto the most common case
wherethe chart limitsare calculated from thedatain theinput array. Y ou
do not have to wire this cluster unless you want the chart limitsto be
calculated from standard values. When using standard values, the center
line for the control chart, np-bar, is set to n*p0.

sour ce. Selects one of two sources for chart limits
calculation:

:

0: from data—chart limits are calculated from the datain
the input arrays as qualified by the index spec and indices
to ignore inputs (default selection).
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1: use std pO—chart limits are cal cul ated from the standard
value pO0.

std p0. The standard p0 val ue to use when calculating chart
limits from standard values. The center line for the control
chart n*p-bar will then be set to n*p0.

The control limit calculations are as follows:

If standard values are used for the control limit calculations, then
np-bar is set to std n* pO, otherwise, np-bar is calculated from the input
samples as specified by the index spec and indices to ignore inputs.

r
n(r array length)

p = , if calculated from input data,

otherwise p = p0

UCLnp = nx p+ stderr mult./(np(1-p))
CLnp=nxp

LCLnp = nx p—stderr mult./(np(1-p))
standard error = ./np(1-p)

c Chart

Computes points and limits for ac chart, a control chart for number of
non-conformities or defects. Optionally, you can choose a range of
indicesfor samplesto use and indices of samplesto ignorein the control
calculation. The actual number of samplesthe VI usesto calculate the
control limitsisalso output. By default, control limitsare calculated from
the input samples. Y ou can also calculate control limits from standard
values by wiring the chart limit srcinput.
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chart Timit sre (opt) ey ————— # samples in calc
c:® defects/sample c:® defects/sample

std error multiplier (3) ¢ chart limits

index spec (opt)
indices to ignore (opt)

c: # defects/ sample. The number of non-conformities or defects per
sample inspected.

std error multiplier. The multiplier to use for the upper and lower
control limits. Normally you leavestd error multiplier unwired, and the
V1 setsthe control chart limitsto +/- 3.0 standard errors. The default is
3.0.

index spec. Use this cluster to choose arange of samplesin c to use for
the control limit calculation.

start index. Index of thefirst element of ctoincludein the
control limit calculation.The default is zero, which isthe
index of thefirst samplein samples X array.

end index. Index of the last element of ¢ to include in the
control limit calculation. The default is zero, which selects
thelast samplein c array.

If you do not wire this cluster, the VI includes all elementsin ¢ input
array in the control limit calculation.

indicestoignore. Indices of ¢ to exclude from the control limit
calculation. Thisisuseful for eliminating out-of-control points from the
control limit calculation. By default, thisis an empty array.

# samplesin calc. The number of samples used in the control limits
calculation.

c: #non-confor mities/inspection unit. The number of non-conformities
or defects found per sample unit. Thisisidentical to the input array c.
These are the points plotted on the c control chart.

c chart lines. This cluster contains the limits for one c chart.

UCL c. The upper control limit for the ¢ chart. If std error
multiplier isthree, thiswill be c-bar + 3 standard errors.
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CLc. The center line for the ¢ chart, c-bar or standard cO.
c-bar isthe estimated number of non-conformities for the
processif calculated from the input data.

multiplier isthree, thiswill be np-bar - 3 standard errors.

standard error. The standard error associated with CLc.

L CLc. Thelower control limit for the ¢ chart. If std error

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired thisdefaultsto the most common case
wherethe chart limitsare calculated from thedatain theinput array. You
do not have to wire this cluster unless you want the chart limitsto be
calculated from standard values. When using standard val ues, the center
line for the control chart, c-bar, is set to cO.

sour ce. Selects one of two sources for chart limits
calculation:

0: from data—chart limits are calculated from the datain
theinput arrays as qualified by the index spec and indices
to ignore inputs (default selection).

1: use std cO—chart limits are calcul ated from the standard
value c0.

std 0. The standard cO value to use when calculating chart
limits from standard values. The center line for the control
chart c-bar will then be set to c0.

The control limit calculations are as follows:

If standard values are used for the control limit calculations, then
c-bar isset to std c0, otherwise, c-bar iscalculated from theinput samples
as specified by the index spec and indices to ignore inputs.

c
t= —2— if calculated from the input data,
c array length

otherwise ¢ = c0

UCLc = ¢+ stderr mult ./©

CLc=cC
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LCLnp = c—stderr mult J/©

standard error = /¢

u Chart

Computes points and limits for au chart, a control chart for fraction of
non-conformitiesor defects. Number of unitsinspected n can be constant
for al c or vary for each element in c. Calculates both variable and
constant chart limits. Optionally, you can choose a range of indices for
samplesto useand indices of samplestoignoreinthe control calculation.
The actual number of samplesthe V1 usesto calculate the control limits
isalso output. By default, control limits are calculated from the input
samples. You can also calculate control limits from standard values by
wiring the chart limit srcinput.

chart limit sre (opt) ey ———— # samples in cale
c:® defects/sample u: average ® defects/unit

c
n: sample size (rariable) I n L-UCLu
n: sample size (constant) _I_I:uchart l-===-1le-i3l-u
std error multiplier (3) u chart limits
index spec (opt)
indices to ignore (opt)

c: # defects/sample. The number of non-conformities or defects found
for each number inspected.

n: sample size (variable). The number of unitsinspected for each value
of c. Usethisarray if avariable number of units were inspected for each
entry in c. The array length must be the same as the length of the array c.

n: samplesize (constant). Usethisinput if the same number of unitswas
inspected for each entry in c. Otherwise, if you are providing an array for
n, leave thisinput unwired.

std error multiplier. The multiplier to use for the upper and lower
control limits. Normally you leavestd error multiplier unwired, and the
V1 setsthe control chart limitsto +/- 3.0 standard errors. The default is
3.0.

index spec. Use this cluster to choose arange of samplesin u to use for
the control limit calculation.

LabVIEW SPC Toolkit Reference Manual 2-32 © National Instruments Corporation



Chapter 2

g

Control Chart VIs

[Us2] start index. Index of thefirst element of utoincludeinthe
- control limit calculation.The default is zero, which isthe
index of thefirst samplein samples X array.

end index. Index of the last element of u to include in the
control limit calculation. The default is zero, which selects
the last samplein c array.

If you do not wire this cluster, the VI includes all elementsin uinput
array in the control limit calculation.

indicesto ignore. Indices of u to exclude from the control limit
calculation. Thisisuseful for eliminating out-of-control points from the
control limit calculation. By default, thisis an empty array.

u: aver age# defects/unit. The number of defectsdivided by the number
inspected. Thisisthe average number of non-conformities or defects per
unit inspected. This array is plotted on the u control chart.

UCLu. Thevariable limit for the upper control limits. If std error
multiplier isthree, this output will be u-bar + 3 standard errors.

L CLu. Thevariablelimit for the lower control limits. If std error
multiplier isthree, thiswill be u-bar - 3 standard errors. The standard
error calculation varies with n.

u chart limits. This cluster contains the constant limits for the u chart.

average UCL u. The average value of the variable upper
control limit for the u chart. If the number inspected is
constant, use this for the upper control limit.

CLu. The center line for the u-chart, u-bar or standard uO.
u-bar is the estimated fraction of non-conformities or
defects for the process if calculated from the input data.

average L CLu. The average value of the variable lower
control limit for the chart. If the number inspected is
constant, use this for the lower control limit.

standard error. The standard error associated with CLu.

g E B

chart limit src. Specifies whether or not to use standard values for the
chart limit calculations. If unwired thisdefaultsto the most common case
where the chart limits are calculated from the datain the input array(s).
Y ou do not have to wire this cluster unless you want the chart limits to
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be calculated from standard values. When using standard values, the
center line for the control chart, u-bar, is set to u0.

sour ce. Selects one of two sources for chart limits
calculation:

0: from data—chart limits are calculated from the datain
theinput arrays as qualified by the index spec and indices
to ignore inputs (default selection).

1: use std uO—chart limits are cal culated from the standard
value u0.

std u0. The standard u0 value to use when cal culating chart
limits from standard values. The center line for the control
chart u-bar will then be set to u0.

c
0= z— , if calculated from input data,
n

otherwise 0 = u0

"0 =50
UCLu = o+ stderr multﬁ
CLu=1

LCLu = O-stderr multﬁ

standard error = ﬁ
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As described earlier in this chapter, you use the draw control chart VIs
for graphing control charts and raw process data.

Draw Control Chart

Given an array of control chart points and the chart limits cluster as
created by the chart Vs, creates a control chart (XY graph indicator)
with points plotted against upper and lower control limitsand center line.

points P S trol chart
chart limits drac-.ﬁa“ control chart lines

starting sample number (0)

points. The pointsto be plotted on the control chart, normally the output
of one of the control chart VIs, such asan X-bar array.

chart limits. This cluster is output by the control chart VIs.
UCL. The upper control limit for the control chart.
CL. The center line for the control chart.

LCL. Thelower control limit for the control chart.

standard error. The standard error associated with CL.

SEEE

starting sample number. The sample number of the first sample the VI
usesto label the chart x-axis. If you do not wire thisinput, sample
labeling on the x-axis will start at zero.

control chart. A control chart XY graph with points and limit lines
drawn. Y ou can wirethisto the Basic Control Chart custom SPC control.

control chart lines. This cluster is useful asalegend for the limit lines.
Y ou can wire this to the Control Chart Lines custom SPC control.

UCL. The upper control limit value for the control chart.

EE

CL. The center line value for the control chart.
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L CL. The lower control limit value for the control chart.

Draw Chart with Zones

Given an array of control chart points and the chart limits cluster as
created by the chart Vs, creates a control chart graph (XY graph
indicator) with points plotted against zones. This V1 isuseful when
visually applying run rulesto a control chart.

control chart with zones

points
draw

chart limits chart control chart lines
e 0] ﬂ
starting sample number (0)

points. The pointsto be plotted on the control chart. (Normally the
output of one of the control chart Vs, such as an X-bar array).

chart limits. This cluster is output by the control chart VIs.

UCL. The upper control limit for the control chart.

CL. The center line for the control chart.

LCL. Thelower control limit for the control chart.
standard error. The standard error associated with CL.

# zones. The number of zonesto mark on the control chart. If you do not
wirethisinput, three zones—zone A, B, and C—are marked on the chart.

starting sample number. The sample number of thefirst samplethe VI
uses to label the chart x-axis. If you do not connect this input, sample
labeling on the x-axis will start at zero.

control chart with zones. A control chart XY graph with points and
horizontal zonelinesdrawn. Y ou can wire thisto the Control Chart with
Zones custom SPC control.

control chart zones. Thiscluster is useful asalegend for the zonelines.
Y ou can wire this to the Control Chart Zones Cluster custom SPC
control.
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zone A+. The upper 3 standard error control limit valuefor
the control chart.

zone B+. The upper 2 standard error control limit value for
the control chart.

zone C+. Theupper 1 standard error control limit value for
the control chart.

CL. The center line value for the control chart.

zone C-. Thelower 1 standard error control limit value for
the control chart.

zone B-. Thelower 2 standard error control limit value for
the control chart.

B B EE B E

zone A-. Thelower 3 standard error control limit value for
the control chart.

Draw Chart with Var Limits

Given an array of control chart points, arrays for the upper and lower
control limits, and the control chart limits cluster as created by the chart
Vs, createsavariablelimits control chart (XY graphindicator). Usethis
V1 with the u chart and p chart if you have a variable number n per unit
inspected.

po:;*éi = P trol chart with var limits
LCL _l_df?:;ﬁanmcontrol chart lines

chart limits mrn |

starting sample number (0)

points. The pointsto be plotted on the control chart, normally the output
of one of the control charts, such asan u chart array.

UCL. The variable upper limit to be drawn on the control chart.
LCL. The variable lower limit to be drawn on the control chart.

chart limits. This cluster is output by control chart Vls.
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average UCL. The average upper control limit for the
control chart.

CL. The center line for the control chart.

average L CL. The average lower control limit for the
control chart.

standard error. The standard error associated with CL.

H [ [

starting sample number. The sample number of the first sample the VI
usesto label the chart x-axis. If you do not wire thisinput, sample
labeling on the x-axis will start at one.

control chart. A control chart XY graph with points and variable limit
lines drawn. Y ou can wire this to the Control Chart with Var Limits
custom SPC control.

control chart lines. This cluster is useful as alegend for the constant
limit lines. Y ou can wire this to the Control Chart Lines custom SPC
control.

UCL. Theaverage upper control limit valuefor the control
chart.

CL. The center line value for the control chart.

EE E

L CL. Theaveragelower control limit value for the control
chart.

Draw Run Chart

Draws arun chart of the individuals making up the samples X array in
time order. The VI interprets the individual observationsin the samples
array to be in time order by row, and the individual s within each row by
column. Optionally, the VI plots the specification limits and/or the
natural process limits against the observations.
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starting individual number (0)
samples X =——, &
uppetr spec limit
lower spec limit f
process mean
process sigma
display mode (F F,3)

Y ou can turn on and off drawing of the specification limits or the natural
process limits, and choose the sigma multiplier to use for the natural
process limits (default three), by wiring in the display mode. If you do
not wire the display mode, the VI does not draw the specification limits
and natural process limits by default.

samples X. The points to be plotted on the run chart. Each row isa
sample with n observations where n is the number of columnsin the 2D
array. N isaso known asthe subgroup size. Y ou can generate arun chart
fromalD array by wiring it to abuild array primitive beforewiring it to
the samples X input.

starting individual number. The individual number of the first
individual the VI usesto label the chart x-axis. If you do not wire this
input, sample labeling on the x-axis will start at zero.

upper spec limit. The upper specification limit of the process.
lower spec limit. The lower specification limit of the process.

process mean. The estimated process mean. See the description of the
Process Mean and Sigma V1 in Chapter 3, Process Statistics VIs, for an
explanation of how the process mean and process sigma values are
calculated.

process sigma. The estimated process sigma.

display mode. Optional display mode specifier. If unwired, the VI will
not draw the specification and natural process limits by default. This
cluster contains the following.

show spec limits. If TRUE, the VI will draw the
specification limits on the chart. The default is FAL SE.

show natural processlimits. If TRUE, the VI will draw
the natural process limits on the chart. The default is
FALSE.
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DBL] NP limit sigma. The sigma multiplier for the natural
process limits. By default, thisis 3.0. The natural process

limits drawn on the chart will then be
process mean +/- NP limit sigma* process sigma.

Note: If you wirethe display mode cluster to change one of the default
settings, you must specify all three elements.

run chart. An XY graph with theindividual observationsin each sample
plotted in order of occurrence. Optionally the VI plots the upper and
lower specification limits and the mean specification value, and/or the
natural process limits and process mean against the sample plots. You
can wire this to the Run Chart with Limits custom SPC control.

Draw Tier Chart

Draws atier chart (also known as a tolerance diagram). Plots the spread
of the observationsin each sample. Optionally, the specification limits
and/or the natural processlimitsare also plotted against the observations.

starting sample number (0)
samples X =——yw 7}
upper spec limit — ey
lower spec limit
process mean —,—
process sigma
display mode (F F,3)

tier chart

Y ou can turn on and off drawing of the specification limits or the natural
process limits, and choose the sigma multiplier to use for the natural
process limits (default three), by wiring in the display mode. If you do
not wire the display mode, the specification limits and natural process
limits are not drawn.

samples X. The values to be plotted on the tolerance chart. Each row is
asamplewith n observationswhere nisthe number of columnsin the 2D
array. nisalso known as the subgroup size.

starting sample number. The sample number of the first samplethe VI

usesto label the chart x-axis. If unwired, sample labeling on the x-axis
will start at zero.
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upper spec limit. The upper specification limit of the process.
lower spec limit. The lower specification limit of the process.

process mean. The estimated process mean. See the description of the
Process Mean and Sigma V1 in Chapter 3, Process Statistics VIs, for an
explanation of how the process mean and process sigma values are
calculated.

ElEIE]

process sigma. The estimated process sigma.

display mode. Optional display mode specifier. If unwired, the VI will
not draw the specification limitsand the natural processlimitsby default.
This cluster contains the following.

i

show spec limits. If TRUE, the VI will draw the
specification limits. The default is FALSE.

show natural process limits. If TRUE, the VI will draw
the natural process limits on the plot. The default is
FALSE.

NP limit sigma. The sigma multiplier for the natural
process limits. By default, thisis 3. The natural process
limits drawn on the plot will then be
process mean +/- NP limit sigma* process sigma.

Note: If you wirethe display mode cluster to change one of the default
settings, you must select all three elements.

tier chart. A graphinwhichthe V1 plotsthe observationsin each sample
vertically. Optionally the VI plots the upper and lower specification
limits and the mean specification value, and/or the natural processlimits
and process mean against the sample plots. Y ou can wirethisto the Tier
Chart custom SPC control.
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Rule Checker Vs

As described earlier in this chapter, you use the rule checker VIsto test
whether points exceed the control limits or whether any of the run rules
areviolated.

Check Control Limits

Given aset of control chart points, and the upper and lower control limits
from the control chart Vs, this VI checks for points that exceed the
control limits. If such pointsexist, the VI liststheindex of each point that
exceeds the limits, in the order of how much each point exceeds the
control limits.

points

o points exceeded limits
Limits out of control points

upper control limit
lower control limit —

points. The points plotted on the control chart, normally the output of
one of the control chart Vs, such as an X-bar array.

upper control limit. Theupper limit linefrom the control chart VI limits
cluster.

lower control limit. Thelower limit linefrom the control chart VI limits
cluster.

points exceeded limits. TRUE if any of the points exceeded the limits

TF .
given.

BEEEE

out of control points. Liststheindex of each point in the points array
that exceeded the limits. The out of control pointsare listed in order of
how much each point exceedsthe control limits. The most extremely out-
of-control point islisted first, followed by the next most out-of-control
point, and so forth.
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Rule Checker (AT& T/WE)

Applies AT& T/Western Electric run rules to the input points array.
Given a set of control chart points, and the center line and std error
from the control chart Vs, this VI checks whether points are out of
control (or non-randomly distributed) according to the rules enabled.

rule 4a/4b
points
center line
std error
rule enable

rule violations
—

—r

out of control points

The front panel in the following illustration lists which rules you can
enable. The VI outputs the rules that are violated along with the first
point and length of the sequence of pointsviolating therule, and alist of

all pointsviolating

any of the enabled rules.

points

enter line

C
~

std error

~

rule enable !

rule riolations

rule 4a/4b

43

ab out of control poms

Rule 1 - One point outside 3 std errors

Rule 2 - Two out of three consecutive points outside 2 std errors (Zone A or beyond),
Rule 3 - Four out of five consecutive points outside 1 std errors (Zone B or beyond).
Rule 4a - Seven consecutive points on one side of the center Tine.

Rule 4b - Eight consecutive points on one side of the center line.

VI limits cluster.

1 BE B

TF

© National Instruments Cor poration

points. The points plotted on the control chart, normally the output of
one of the control chart Vs, such as an X-bar array.

center line. The center line from the control chart VI limits cluster.
std error. The standard error associated with CL from the control chart

ruleenable. Therun rulesto apply to the points array. Each element of
thearray correspondstoarulel, 2, 3, 4 from element O to 3, in that order
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(see front panel for rule explanation). Set the corresponding element to

TRUE for each rule you want to apply. (An easy way to do thisfrom the
diagram isto use an unsigned 8-bit integer, set the appropriate bits, and
then use the number for binary array conversion.)

rule4a/db. Selectsrule 4a or 4b, when rule 4 is enabled.

ruleviolations. This cluster lists the rules being violated and which
seguence of points violated the rule.

rule. Therule violated (1, 4a, and so forth).

first point. Theindex of the first point of the sequence of
points violating the given rule.

run length. The length of the sequence of points violating
thegivenrule.

out of control points. Liststhe index of each point in the points array
that the VI identified as out of control according to the applied rules.

Rule Checker (Nelson)

AppliesNelsonteststo theinput pointsarray. Given aset of control chart
points, and the center lineand std error from the control chart Vs, this
V1 will check whether points are out of control (or non-randomly
distributed) according to the enabled Nelson tests.

points
center line -~

std error MNtests
test enable ~w§m

tests flagged

out of control points

The front panel in the following illustration lists which tests you can
enable. The VI outputs the rules that are violated along with the first
point and length of the sequence of pointsviolating thetests, and alist of
all pointsviolating any of the enabled tests.
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tests flagged

out of control points

Test 1 - One point beyond Zone & (3 std errors).

Test 2 - Nine points in a row in Zone C (center line) or beyond.

Test 3 - Six points in a row steadily increasing or decreasing.

Test 4 - Fourteen points in a row alternating up and down.

Test 5 - Two out of three points in a row in Zone A or beyond (outside 2 std errors).

Test & - Four out of five points in a row in Zone B or beyond (outside 1 std errors).

Test 7 - Fifteen points in a row in 2one C (within 1 std errors) above and below center line.

Test 8 - Eight points in a row on both sides of the center line with none in Zones C (within 1 std errors)|

points. The points plotted on the control chart, normally the output of
one of the control chart Vs, such as an X-bar array.

center line. The center line from the control chart VI limits cluster.

std error. The standard error associated with CL from the control chart
VI limits cluster.

4 EE [

TE test enable. The run rules to apply to the points array. Each element of
the array correspondsto atest 1, 2, 3, ... 8 from element 0to 7, in that
order (see front panel for test explanation). Set the corresponding
element to TRUE for each test you want to apply. (An easy way to do this
from the diagram is to use an unsigned 8-bit integer, set the appropriate
bits, and then use the number to binary array conversion.)

testsflagged. This cluster lists the tests violated and which sequence of
points violated the test.

test. The test violated (1, 4, and so forth).

first point. The index of the first point of the sequence of
points violating the given test.

run length. Thelength of the sequence of pointsviolating
the given test.
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out of control points. Liststheindex of each point in the points array
that the VI identified as out of control according to the applied tests.

Process Shift Detector

Uses run rules to detect a process shift in a control chart with respect to
the center line. Returns whether or not a process shift was detected, and
if s0, the index of the first point of shift and the pattern detected are
output. This VI can be used to determine when to recal cul ate control
limits.

points e i process shift detected

" first point of shift
P shi ipattern #

center line

The VI searches for the following patterns that signal a process shift:

Pattern 1: At least 10 out of 11 consecutive data points are on the same
side of the center line.

Pattern 2: At least 12 out of 14 consecutive data points are on the same
side of the center line.

Pattern 3: At least 14 out of 17 consecutive data points are on the same
side of the center line.

Pattern 4: At least 16 out of 20 consecutive data points are on the same
side of the center line.

points. The points plotted on the control chart, normally the output of
one of the control chart VIs, such asan X-bar array.

center line. The center line from the control chart VI limits cluster.

process shift detected. If true, the VI detected one or more of the four
patternslisted above in the control chart points with respect to the center
line, indicating a process shift.

first point of shift. If process shift detected istrue, thisoutputstheindex
of thefirst point in the detected process shift. This point can be used as
the start index for recalculating control limits.
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pattern £ If process shift detected istrue, this outputs the number of the
first pattern [1 to 4] the VI found.

Sequence Checker

Searches Boolean input array point exceeds bound for # violations per
run set to TRUE within run length. Vauesin the point exceeds bound
array areset to TRUE if they violate somerulelimit. Returns arrays with
the index of each violation point and run length associated with that

point. You usethisVI asageneric building block in therule checker Vls.

point exceeds bound
#® yiolations per run
run length —

rviolation start point

violation run length

For example, to test the rule four out of five points above two standard
errors, set # violations per run to four and run length to five, test
whether each of the control chart pointsis greater than center line plus
two standard errors, and wire resulting boolean array to point exceeds
bound input.

point exceeds bound. Set each element to TRUE if point exceeds test
bound.

# violations per run. The number of violations per run length that
indicate arule has been violated.

run length. Therun length for therule.
violation start point. Start point of each sequence violating the rule.

violation run length. The length of each sequence violating therule.
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This chapter describes the process statistics Vs, which are useful for
process capability analysis and for viewing and measuring process
distribution.

The process statistics Vs perform the following operations.

e compute process mean and sigma

e compute process capability ratios and reject rates

e create and graph histograms

* plot normal probability distribution functions against histograms

and process specification limits

Process Mean and Sigma

Computes process mean and sigma and upper and lower natural process
limits from process samples. Y ou can estimate the process sigmain
several ways. If the sample sizeis greater than one, you can use either
sample standard deviation s or range R to estimate the process sigma.
You select sor R by the type input. If the sample sizeisone, the VI
automatically uses the moving range to estimate the process sigma.

samples X % ¢ = process mean
type:s/R (s) & - process sigma
n for moving Range (2) f upper NPL
sigma multiplier (3) Tower NPL
samples X. Samples on which to compute process mean and process
sigma. Each row is a sample with n observations where n is the number

of columnsin the 2D array. To calculate process mean and sigmaon a
1D array, use the array builder primitive to create a 2D array and then
wire to the samples X input.

type: S/R. Type of process sigma computation to perform.
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S: base process sigma estimate on mean sample standard deviation
(default)
R: base process sigma estimate on mean sample range

Note: If samplesizeis 1, process sigma estimate is based on mean moving
range.

sigma multipler. The sigmamultiplier for calculating upper NPL and
lower NPL. By default, sigmais multiplied by 3.0.

process mean. Mean of the process, estimated from X-bar-bar (or x-bar
if sample sizeisone).

process sigma. The sigma of the process, estimated from

g B E

S it typeissS,
Cs

if typeisr, or

Kl

mR if ssmplesizeis 1.
d;

upper NPL. The upper natural process limit of the process computed as
process mean + sigma multiplier * process sigma. By default, thisis
process mean + 3.0 * process sigma.

lower NPL. The lower natural process limit of the process computed as
process mean - ssigma multiplier * process sigma. By default, thisis
process mean - 3.0 * process sigma.

N

n for moving Range. Thisinput isignored unless the sample size
(number of columns) in the input array samples X is one, in which case
the moving rangeis used as a basis for estimating process mean and
sigma. n for moving Range ranges from 2 to 25. By default, n for
moving Rangeis set to 2.

g
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Compute Process Capability

Given the specification limits and the pr ocess mean and processsigma,
computesthe process capability ratiosCp, Cpk, and Cpkm aswell asthe
estimated process fraction non-conforming in parts per million (ppm).
Notice that the fraction non-conforming is valid only if the processis
normally distributed. Computes one-sided upper and one-sided lower in
addition to two-sided process capability ratios and fraction non-
conforming.

mode 1 E CpU & CpL
upper spec limit cCp Cp
lower spec limit — %cp,'f_ - Cpk

=]
process mean _,— e — 1 Cpkm
process sigma | fraction non-conf (ppm)

sigma tolerance (6) U & L fraction non-conf (ppm)

upper spec limit. The upper specification limit of the process.
lower spec limit. The lower specification limit of the process.

process mean. The estimated process mean. See the description of the
Process Mean and Sigma V|1 in this chapter, for an explanation of how
the values for process mean and process sigma are cal cul ated.

process sigma. The estimated process sigma.

mode. Selects whether to calculate two-sided, one-sided upper only or
one-sided lower only process capability and fraction non-conforming.
By default mode is two-sided.

0: two-sided—Cpk and fraction non-conf are cal cul ated with respect to
both the upper and lower specification limits.

1: upper only—Cpk and fraction non-conf are calculated with respect
to the upper specification limit only. In this case, Cpk = CpU and
fraction non-conf = fraction > USL.

2: lower only—Cpk and fraction non-conf are calculated with respect
to the lower specification limit only. In this case, Cpk = CpL and
fraction non-conf = fraction <L SL.

Thevalues Cp and Cpkm are always calcul ated from both the upper and
lower specification limits, regardless of the value of mode.

sigmatolerance. The sigma multiplier to usein the process capability
calculations. If sigmatoleranceisleft unwired, avalue of 6.0 isused by
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default, which is the tolerance spread most commonly used for process
capability calculations.

CpU & CpL. Thiscluster contains the one-sided upper and lower
process capability ratios.

CpU. The one-sided upper process-capability ratio.

CpU = Upper spec limit — process mean
PY=05 sigma tolerance* process sigma

By default, 0.5 sigma tolerance=3.0.

CpL. The one-sided lower process-capability ratio.

CpU =-Process mean — lower spec limit
PY=05 sigma tolerance* process sigma

By default, 0.5 sigma tolerance=3.0.

Cp. The process capability index (also known as PCR or PCI).
P p! apability ( )

Cp= Upper speclimit —lower spec limit
P sigma tolerance* process sigma

Cp isalways calculated with respect to both the upper and lower
specification limits. By default, sigma toler ance=6.0.

Cpk. The centered capability ratio also known as the Cpk index.
Cpk= MIN(CpU, CpL).

Cpkm. A centered process capability ratio.
p p ap y

Cpu = Upper spec limit — lower spec limit
P sigma tolerance* tau

where tau=

rupper spec limit-lower spec limit12
O 2 oo

J process sigma? + %)rocess mean —
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fraction non-conf. The estimated fraction non-conforming in parts per
million based on anormal process distribution.

U & L fraction non-conf. This cluster contains the estimated fraction
non-conforming in parts per million above and below the specification
limits.

fraction>USL . The estimated fraction non-conforming in
parts per million above the upper spec limit based on a
normal process distribution.

"DBL | fraction<L SL. The estimated fraction non-conforming in
parts per million below the lower spec limit based on a
normal process distribution.

I f your processdistribution isnot normal, thefraction non-conforming
estimates are invalid.

Sample Statistics VI

HE E

Compuites statistics on the input array sample X.

median

>yf\ v mean
sample X HAY sample std dev
Stats 1 skewness

kurtosis

sample X. Individual observations on which to compute sample
statistics.

median. The center value of the pointsin sample X when sorted in
ascending order. If the number of pointsin sample X iseven, the median
is the average of the center pair of points.

mean. The average of the pointsin sample X.

sample std dev. sample standard deviation computed as:

[sum(x[i] —X)Z
n-1

where n isthe number of pointsin X.

© National Instruments Corporation 35 LabVIEW SPC Toolkit Reference Manual



Process Satistics VIs Chapter 3

skewness. degree of asymmetry in the distribution of the pointsin
sample X around the mean. A normal distribution has a skewness of 0.

Skewness is computed as

sum (x[i]-x)3

n*sample std dev®
where n isthe number of pointsin X.

kurtosis. The relative peakedness or flatness of the distribution of the
pointsin sample X. A normal distribution has akurtosis of 3. Kurtosisis
computed as

sum (x[i]-x)*

n*sample std dev?*

where n is the number of pointsin X.

General Histogram

Finds the discrete histogram of the input sequence X based on the given
bin specifications.

X 7D histogram
bins B m— N 1
max —I_I i # outside
min | —— error
# bins
inclusion

ToBL) X. Theinput data.
bins specifies the boundaries of each bin of the histogram.

Theinput Binsisan array of clusterswhere each cluster definestherange
of valuesfor abin. The cluster includes the following elements.

lower specifies the lower boundaries of the bin.
upper specifies the upper boundaries of the bin.
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132 ] inclusion specifies how the boundaries of each bin are
treated. The acceptable values for inclusion are listed as

follows.
0: lower
1. upper
2. both

Choosing 0 causes the lower boundary to be part of the bin
but not the upper boundary. Choosing 1 isexactly opposite.
Both boundaries can be included by choosing 2.

If no bin specifications are provided in the input bins, the
inputs max, min, # bins, and inclusion will be used to
specify a set of uniformly spaced bins.

max specifies the maximum value to include in the histogram. This
parameter is optional as explained below.

min specifies the minimum value to include in the histogram. This
parameter is optional as explained below.

If you do not wire the inputs max and min, the VI will use the maximum
and minimum values in the input sequence Xd.

# bins specifies the number of binsin the histogram. This parameter is
optional as explained below.

If #binsisleft unwired, the number of binswill be determined according
to Sturges Rule (number of bins =1 + 3.3log(sizeof (X))).

inclusion specifies how the boundaries of each bin are handled. The
valid valuesfor inclusion are:

0: include the lower boundary

1: include the upper boundary

2 include both boundaries

histogram specifies the resulting histogram.
axis specifies the center values for each bin of Histogram.

The centers of each bin are set according to the following equation and
returned in the output array axis.

lower + upper

center[i] = 5
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# outside is the output cluster. # outside contains three elements:
P

133 ] total. Upon successful execution, the element total will
contain the total number of pointsin X not falling in any
bin.

The elements above and below have meaning only if Bins
are specified such that Bin[0].upper =< Bin[1].lower <
Bin[1].upper, and so on.

132 above represents the number of valuesin X above
Bin[sizeof(Bins)-1].upper.

below represents the number of valuesin X below
Bin[Q].lower.

error. No errors are returned. This output maintains compatibility with
the Advanced Analysis Library General Histogram V1.

Fit Nrml PDF to Histogram

Given the bin centers from a histogram (axis values output from the
General HistogramV1), the estimated sigma of the observations for the
histogram, and the total number of observationsin the histogram,
calculatesthe height for anormal probability distribution function (PDF)
that fits the histogram.

bin centers fit hist
sigma Jﬂk normal PDF height
number of observations — |

bin centers. The x-axis values for the center of each histogram bin.
Connect the x values output of the histogram VI to thisinput.

sigma. The estimated sigma of the observations from which the
histogram was created. See the description of the Process Mean and
Sigma V1 or the Sample Statistics VI in this chapter for an explanation
of how thisvalueis calculated.

032 | number of observations. The number of observations from which the
histogram was created.
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normal PDF height. The height of the normal PDF that will fit the
histogram. Use this as an input to the Plot Normal PDF VI or Normal
PDF Graph with Limits V1.

Normal PDF Graph with Limits

Given the specification limits and the pr ocess mean and process sigma,
createsagraph of anormal probability distribution function (PDF) of the
process against the specification limits and process mean and sigma.

# PDF points to plot (S0)
PDF width (+/- sigma)
PDF height

upper spec limit - | ./t }mnmormal PDF
lower spec limit —_',— qrap graph with limits
process mean
process sigma
display mode (T,T,3) secoocooooooo

Y ou can turn on and off drawing of the specification limits or the natural
process limits, and specify the sigma multiplier to use for the natural
process limits (default 3), by wiring in the display mode. If you do not
wire the display mode, the VI automatically draws the specification
limits and natural process limits.

upper spec limit. The upper specification limit of the process.
lower spec limit. The lower specification limit of the process.

process mean. The estimated process mean. See the description of the
Process Mean and SigmaV | in this chapter for an explanation of how the
process mean and process sigma is calcul ated.

process sigma. The estimated process sigma.

# PDF pointsto plot. The number of pointsto create for the normal
PDF plot. In most cases, you can leave thisunwired. By default 50 points
are plotted.

PDF height. The height to draw the PDF. If zero, the VI will draw the
PDF with aheight proportional to 1/(processsigma), corresponding to an
area of one under the PDF curve. When fitting anormal PDFto a

1 BE EEE
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histogram, use the PDF height output from the Fit Normal PDF to

Histogram V1.
PDF width. The width to draw the PDF in terms of +/- sigma. If
unconnected, the VI draws the PDF from -3 sigmato +3 sigma by
default.
display mode. Optional display mode specifier. If you do not wire this

cluster, the specification limits and the natural process limits will be
drawn by default. This cluster contains the following inputs.

show spec limits. If true, the specification limits will be

drawn.
show natural processlimits. If true, the natural process

limits will be drawn on the plot.

032 ] NP limit sigma. The sigma multiplier for the natural
processlimits. By default, thisisthree. The natural process

limits drawn will then be
process mean +/- NP limit sigma * process sigma.

Note: If you wirethe display mode cluster to change one of the default
settings, you must specify all three elements.

normal PDF graph with limits. An XY graph with the normal PDF of
the process plotted against the specification limits and process mean and
standard deviation. Y ou can wire this output to the normal PDF graph
with Limits custom SPC control.

Plot Nor mal PDF

Given the process mean and sigma, creates a graph of a normal
probability distribution function (PDF) for the process. Also returns an
array of XY valuesfor the normal distribution. This graph is useful for
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viewing the estimated distribution of asample or group of samplesor for
plotting a normal PDF against a histogram.

# points to plot (S0) ——
process mean
process sigma —J A

PDF height —_"— graph =
PDF width (+7- sigma)

zanormal PDFralues

zmnormal PDF graph

process mean. The estimated pr ocess mean. See the Process Mean and
Sigma VI or the Sample Mean and Std Dev VI to calculate this value.

process sigma. The estimated pr ocess sigma. Seethe Process Mean and
Sigma VI or the Sample Statistics VI to calculate this value.

# pointsto plot. The number of pointsto create for the PDF plot.
Normally, you can leave this unwired. By default, 50 points are plotted.

PDF height. The height to draw the PDF. If O, the VI will draw the PDF
with a height proportional to 1/sigma, corresponding to an area of 1
under the PDF curve. When fitting anormal PDF to a histogram, usethe
PDF height output from the Fit Normal PDF to Histogram VI.

PDF width. Thewidth to draw the PDF in termsof +/- sigma. By defaullt,
the width is 3, and the VI draws the PDF from -3 sigmato +3 sigma.

normal PDF values. XY values making up the PDF plot. An array of
clusters made up of the following inputs.

X. The X value of each normal PDF plot point.
Y. TheY axisvalue of each normal PDF plot point.

This output can also be treated as an XY graph output; you can wire it
directly to an XY graph.

normal PDF graph. An XY graph of anormal PDF with the specified
height, width, and number of points.
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Vertical Bar Graph with Limits

Creates avertical bar graph centered at each of the bin centers x[] and
plots the specification limits and natural process limits as vertical lines
against the bar graph. This type of bar graph is useful for viewing the
results of a histogram against relevant limits.

bin centers/axis x|[]

histogram y[] o0
upper spec limit & | rﬂhﬂln vertical bar graph
lower spec limit _J_ with limits
pProcess mean

process sigma
display mode (T,T,3) socccoooooooe

Y ou can turn on and off drawing of the specification limits or the natural
process limits, and specify the sigma multiplier to use for the natural
process limits (default 3), by wiring in the display mode. If you do not
wire the display mode, the VI will draw the specification limits and
natural process limits (at +/-3 sigma) by default.

histogram y[]. Each element of thisarray isarranged so that the number
of observationsin each bin of the histogram is from left to right. Thisis
an output from the Histogram V1 or the General Histogram V1.

bin center s/axis x[]. The x-axis values for the center of each histogram
bin. Connect the x values output of the Histogram or General Histogram
VI to thisinput.

upper spec limit. The upper specification limit of the process.
lower spec limit. The lower specification limit of the process.

process mean. The estimated process mean. See the description of the
ProcessMean and SigmaV | in this chapter for an explanation of how the
process mean and pr ocess sigma are cal cul ated.

process sigma. The estimated process sigma.

16 EEE B [

display mode. Optional display mode specifier. If unwired, the VI will
draw the specification limits and the natural process limits by default.
Cluster of the following inputs.

show spec limits. If set to TRUE, the VI draws the

specification limits. By default, thisis TRUE.

LabVIEW SPC Toolkit Reference Manual 312 © National Instruments Corporation



Chapter 3

Note:

f

Process Satistics VIs

show natural processlimits. If set to TRUE, the VI draws
natural process limits on the plot. By default, thisis
FALSE.

"DBL | NP limit sigma. The sigma multiplier for the natural
process limits. The natural process limits are drawn at

process mean +/- NPLimit sigma* process sigma. By
default, thisis 3.0.

If you wire the display mode cluster to change one of the default
settings, you must specify all three elements.

vertical bar graph with limits. Centered vertical bar graph, in which
each bar isthe height given in the histogram input and is centered at the
values given in the bin centersinput. Y ou can wire this output to the
Histogram Bar Graph with Limits custom SPC control.

Vertical Bar Graph

Creates a centered vertical bar graph. Bars are centered at the X[] values
with height y[]. Can be used to plot a histogram.

histogran | [] se—]
) Ll hdh bar graph
bin centers x[] e

histogram. Each element of thisarray is arranged so that the number of
observationsin each bin of the histogram isfrom left to right. Thisisan
output from the Histogram V1.

bin centers. The x-axis values for the center of each histogram bin.
Connect the x values output of the histogram V1 to thisinput.

bar graph. Centered vertical bar graph. Each bar is of the height given
in the histogram input and centered at the values given in the bin
centersinput.
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Rotate Graph

Given amultiplot XY graph, transposesthe X and Y values so that the
graph isrotated clockwise 90°.

multi-
plot X-Y graph rotated X-Y

graph

You can use this general purpose VI to rotate any XY graph. It is
particularly useful for plotting horizontal histograms and normal
distributions when comparing them against the Y axis of control charts.

mult|_-pllot'X-Y graph. An array of clusters of an array of clusters
containing:

[DBL] X. X value of point.

[DBL] Y. Y value of point.

Thisarray isequivalent to an X-Y multi-plot graph.

rotated X-Y graph. An array of clusters of an array of clusters
containing:
[DBL] X. X value of point.

[DBL] Y.Y value of point.

Thisarray isequivaent to amulti-plot graph in which theinput X and Y
values have been transposed.
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This chapter describes the Pareto analysis Vs, which include the Pareto
Counter V1, the Pareto Chart V1, and the Cause Code Lookup V1. The
Array to Bar/Comb VI, which the Pareto AnalysisVIsuseasasubVl, is
also included.

e Pareto Counter—given either an unsorted list of causes or alist of
causes and corresponding count, produces a set of Pareto totals for
each cause, including frequency, cumulative frequency, percentage
of total, and cumulative percentage of total for each cause. The VI
sortsthe list from the cause with the highest occurrence to the cause
with the lowest occurrence.

*  Pareto Chart—given a set of Pareto values, creates a Pareto chart of
the frequency of occurrence of each cause, and a Pareto chart of the
percentage contribution of each cause.

e Cause Code Lookup—given an unsorted list of numeric cause
codes, and alist of the cause for each cause code, produces of list of
causes with the count for each cause, sorted from the cause with the
highest count to the cause with the lowest count.

See Figure 1-17 in Chapter 1 for an example of aPareto chart application.

The Pareto Counter V1 will accept two alternative inputs. Y ou can either
passin an unsorted list of causes (an array of strings) or an array of
clusterswith each cluster containing acause string and the corresponding
total number of occurrences of that cause. Y ou may be using numeric
cause codes instead of strings. In this case, you can use the Cause Code
Lookup V1 to count the number of occurrences of cause codes and
generate alist of cause strings with the count for each cause to be passed
to the Pareto Counter V1. If no cause string is given for a cause code, the
code itself will be put in string form.
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Pareto Counter

Given an unsorted list of causes and the number of occurrencesfor each
cause, sortsthelist from the cause with the largest number of occurrences
to the smallest and computes Pareto statistics for each cause.

causes Pareto values

causes with count total # of occurrences

causes with count. An array of clusters for which the number of
occurrences for each cause is aready counted. If the causeinput is
empty, the VI calcul atesthe Pareto val ues from the causes with the count
input.

causes with count. The number of occurrences of cause.
cause. The name of the assigned cause.

The causes with count array has the number of occurrences for each
cause counted. If the causes input is empty, the Pareto values are
calculated from the causes with count input.

Pareto Values. An array of clusters consisting of the following outputs.
cause.
frequency. The number of occurrences of cause.
[x32] cumulative frequency. Thetotal of occurrences at the

time this value was read.

[x32] per cent of total. The percent contribution of cause.
[x32] cumulative percent. Thetotal of percentages at the time
this value was read, sorted by frequency of occurrence of
reach cause.
total # of occurrences. The total number of occurrences of all causes.
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Pareto Chart

Given a set of Pareto values (output of the Pareto Counter V1), creates
two Pareto charts and the associated legend. One isabar chart of the
frequency of occurrence of each cause. The other isabar chart of the
percentage contribution of each cause. Thelegendisalist of cause codes
with their rank in atable (2D array of strings) format.

B .= Pareto chart (freq)
Pareto values wzzzzzrr Pareto ezPareto chart (percent)
chart Rrees;

Pareto Values. An array of clusters consisting of the following.
cause. The name of the assighed cause.
frequency. The number of occurrences of cause.

cumulativefrequency. Thetotal number of occurrencesat
the time this value was read.

per cent of total. The percent contribution of cause.

1H EEE

cumulative percent. Thetotal of percentages at the time
this value was read.

Entries are sorted by frequency of occurrence of each cause.

Pareto chart (freq). Bar graph of frequency of occurrence of each cause
with superimposed cumulative plot of frequency. Y ou can wirethis

output to the Pareto Chart custom SPC control.

Pareto chart (percent). Bar graph of percentage contribution of
occurrence of each cause with superimposed cumulative plot of

frequency. Y ou can wire this output to the Pareto Chart custom SPC
control.

Legend. A table (2D array of strings) listing the cause (string) for each
bar in the Pareto chart from the rank of 1 (cause with highest frequency

of occurrence) on. Y ou can wire this output to the Pareto Chart Legend
custom SPC control.
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Pareto Analysis VIs Chapter 4

Cause Code L ookup

Given an unsorted list of numeric cause codes (an array of numbers), and
a cause code lookup list containing the cause string for each cause code,
returnsasorted list of causeswith the count of the number of occurrences
of each cause.

cause codes ||

causes with count
code lookup table %833

cause codes. Array of 32-bit integers.
code lookup table. An array of clusters consisting of the following.

[x32] cause code. The code for cause.
cause name. String associated with the cause code.
causes with count. An array of clusters consisting of the following.

[x32] causes on count. The number of occurrences of cause.

cause. Name of cause.
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Chapter 4 Pareto Analysis VIs

Array to Bar/Comb Graph

Makes avertical bar graph from a single array of numbers. The X-axis
values begin at xq with increments of dx. The width of the bars can be
between 0 (singleline“comb plot”) to 100 percent (space between bars).
The Pareto Graph VI uses this general purpose bar graph as asubVI.

width (100%)
y Array yo
>d<o (0.0) _I_J:?“M bar graph
% (1.0) I
baseline (0.0)
alignment (O=Left)

width. Width of bar in percent. Default is 100 percent.
y Array. An array of heights for each bar.
Xg- The reference point of first bar. Default is 0.0.
dx. Bar spacing. Default is 1.0.
baseline. Baseline of bar graph. Default is 0.0.
gh:gtgfnt Alignment of bar from reference point x.
1= Center
2 =Right
Default isO = Left.
bar graph. An XY graph.
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Appendix

WL Customer Communication

For your convenience, this appendix contains forms to help you gather
theinformation necessary to help us solve technical problemsyou might
have as well as aform you can use to comment on the product
documentation. Filling out acopy of the Technical Support Form before
contacting National Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance
around the world. In the U.S. and Canada, applications engineers are
available Monday through Friday from 8:00 am. to 6:00 p.m. (Central
time). In other countries, contact the nearest branch office. Y ou may fax
guestions to us at any time.

Corporate Headquarters

(512) 795-8248
Technical Support fax:

Branch Offices
Austraia
Austria
Belgium
Denmark
Finland
France
Germany
Italy

Japan
Netherlands
Norway
Spain
Sweden
Switzerland
U.K.

© National Instruments Cor poration A-1

(800) 328-2203
(512) 794-5678

Phone Number
(03) 879 9422
(0662) 435986
02/757.00.20
457626 00
(90) 527 2321
(1) 48142400
089/741 31 30
02/48301892
(03) 3788-1921
03480-33466
32-848400

(91) 640 0085
08-73049 70
056/2051 51
0635 523545

Fax Number
(03) 8799179
(0662) 437010-19
02/757.03.11
45767111
(90) 502 2930
(1) 481424 14
089/714 60 35
02/48301915
(03) 3788-1923
03480-30673
32-848600

(91) 640 0533
08-73043 70
056/20 51 55
0635 523154
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Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and

use the completed copy of thisform as areference for your current configuration. Completing this
form accurately before contacting National Instrumentsfor technical support helps our applications
engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem,
include the configuration forms from their user manuals. Include additional pagesif necessary.

Name

Company

Address

Fax () Phone (__ )

Computer brand Model Processor

Operating system (include version number)

Clock speed MHz RAM MB Display adapter

Mouse _yes ~_ no Other adaptersinstalled

Hard disk capacity MB Brand

Instruments used

Boardsinstalled (include revision and configuration)

LabVIEW Version VI Librariesinstalled (other than standard libraries)

The problemis:

List any error messages:

The following steps reproduce the problem:




Documentation Comment Form

National |nstruments encourages you to comment on the documentation supplied with our products.
This information helps us provide quality products to meet your needs.

Titlee LabVIEW® Statistical Process Control Toolkit Reference Manual
Edition Date: September 1994
Part Number: 320753A-01

Please comment on the compl eteness, clarity, and organization of the manual.

If you find errorsin the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Phone ( )

Mail to:  Technical Publications Faxto:  Technical Publications
National Instruments Corporation Nationa Instruments Corporation
6504 Bridge Point Parkway, MS 53-02 MS 53-02

Austin, TX 78730-5039 (512) 794-5678



A
Assignable Cause

Attribute Data

Attributes Chart

B
block diagram

Boolean controls
and indicators

¢ Chart

Prefix Meaning Value
V2 micro- 106
m- milli- 10°3
k- kilo- 108

A cause that can be detected and identified as contributing to process
variation.

Data from counting process results such as number of units non-
conforming per inspected sample, or number of defects per inspected
sample containing n units. As opposed to measured data, attribute data
has a discrete number of possible values. p, np, u and c control charts
are used to track attribute data.

A control chart that tracks whether a processisin control by tracking
attribute data—data counted from the process. p, np, u, ¢ charts are
attributes charts.

Pictorial description or representation of a program or algorithm. In
LabVIEW, the block diagram, which consists of executableicons called
nodes and wiresthat carry data between the nodes, is the source code for
the V1. The block diagram resides in the Diagram window of the VI.

Front panel objects used to manipulate and display or input and output
Boolean (TRUE or FAL SE) data. Several styles are available, such as
switches, buttons and LEDs.

Control chart that uses number of defects per sample to monitor the
stability of the process. Each sample contains n units, and contains ¢
defects per sample (zero or more defects per unit). The value of n must
be constant from sample to sample.
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Glossary

center line

cluster

connector
control

control chart

control limits

Cp process
capability index

Cpk centered
capability ratio

current V1

D

Diagram window
Defect

LabVIEW SPC Toolkit Reference Manual G-2

A line on acontrol chart representing average long-term value of the
statistic plotted on the control chart.

A set of ordered, unindexed data elements of any datatype including
numeric, Boolean, string, array, or cluster. The elements must be all
controls or al indicators.

Part of the VI or function node that containsits input and output
terminals, through which data passes to and from the node.

Front panel object for entering datato aV1 interactively or to asubVI
programmatically.

A charting method for determining the stability of a process; that is,
whether or not aprocessisin a state of statistical control. Shewart
control charts monitor process stability by plotting sample statistics
against a center line and control limits.

Upper and lower limits on a control chart represent the amount of
variation about a center line that can be attributed to chance causesfor a
given process characteristic. Control chart points that fall outside the
control limits signal that the processis not in control and that some
action should be taken. Control limits may be calculated from process
data or from standard values.

A measure in sigma units of the process capability that isaratio
of the spread between the specification limits over the m sigma spread of
the process variation, where mis normally 6.

A measure in sigma units of the process capability with respect to how
well the processis centered relative to the specification limits, also
known as distance to nearest specification.

V1 whose Panel window, Diagram window, or icon editor window isthe
active window.

V1 window that contains the block diagram code.

A measured characteristic of a specific unit of product or service that
prevents the unit from meeting a specification requirement or is
otherwise undesirable. In a unit, one or more defects are possible, and
many different types of defects are possible. Also known asa
non-conformity, if the characteristic prevents the unit from meeting a
specification requirement.
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F

fraction non-
conforming

front panel

H
Help window

Histogram

I
icon
in-control process

indicator
individual
observation

M

matrix
measurement data

moving Average
chart

moving Range Chart

Glossary

the number of unitsin a sample not conforming to specification divided
by the total number of unitsin the sample.

Theinteractive user interface of aV1. Modeled from the front panel of
physical instruments, it is composed of switches, slides, meters, graphs,
charts, gauges, LEDs, and other controls and indicators.

Specia window that displays the names and |ocations of the terminals
for afunction or subV1, the description of controls and indicators, the
values of universal constants, and descriptions and data types of control
attributes.

A graphical summary of datain which theindividual values are sorted
by the range of values into which they fall (also known as bins), and in
which the number of individuals falling within a each bin is counted.
The datais plotted by showing the number of values (frequency) in each
bin.

Graphical representation of anode on ablock diagram.

A stable process whose variation is due only to chance causes; that is,
no assignable causes of variation are present.

Front panel object that displays output.
A single measurement of a process characteristic.

Two-dimensional array.

Datathat isaresult of observations or measurements of a characteristic
that has a continuous range. As opposed to attribute data, measurement

dataisnot discrete; that is, any discreteness in measurement data is due
to the resolution of the measuring device, not the characteristic.

Control chart that uses the average of n successive individual
observations from a process to track the stability of the process mean.
Thistype of control chart istypically used when the sample sizeis one.

Control chart that uses the range between n successive individual
observations from a process to track the stability of the process
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Glossary

N

natural process
limits

non-conforming unit
normally distributed

np Chart

numeric controls
and indicators

@)
observation

P
p chart

Panel window
plot

pop up
pop-up menus

Pareto chart

variation. Thistype of control chart istypically used when sample size
isone.

The limits which contain a stated fraction of the individual
observations in a population. For anormally distributed population, the
stated fraction is typically the process mean +/- 3.0 sigma.

A unit of product or service that does not meet a specification
requirement.

If aprocessisnormally distributed, expected values for individuals
within the process population fall on anormal or bell-shaped curve.

Control chart that uses the number of non-conforming unitsin a sample
to monitor the stability of the process. The sample contains n units, and
zero or more units may be non-conforming. The value n be constant
from sample to sample.

Front panel objects used to manipulate and display or input and output
numeric data.

A measurement of a process characteristic.

Control chart that uses the fraction of non-conforming unitsin a sample
to monitor the stability of the process. The sample contains n units, and
Zero or more units may be non-conforming. The value n may vary from
sample to sample.

V1 window that contains the front panel, the execution palette, and the
icon/connector pane.

A graphical representation of an array of data shown either on agraph or
achart.

To call up aspecial menu by clicking on an object with the right mouse
button.

Menus accessed by command-clicking, usually on an object. Menu
options pertain to that object specifically.

A chart of aset of counted or totalized characteristics in which the
characteristics are ranked in order of their frequency of occurrence. In
SPC, Pareto charts are normally used to evaluate relative contribution of
assignable causes and prioritize corrective action.
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process capability

pull-down menus

R
R (Range) chart

representation

run chart

run rules

S
s (std dev) chart

sample
(or subgroup) size

sample

specification limits

standard values

subdiagram
subgroup
subVI

Glossary

A measure of the ability of a process to produce product within
specification, assuming the processis stable. Specificaly the variability
that can be expected for agiven process characteristic with respect to the
specification limits for the characteristic.

Menus accessed from amenu bar. Pull-down menu options are usually
genera in nature.

Control chart that uses the sample range R to track the stability of the
variation in the process. Sample range is max sample value minus min
sample value. Sample size must be two or more.

Subtype of the numeric datatype, of which there are signed and
unsigned byte, word, and long integers, aswell as single-, double-, and
extended-precision floating-point numbers, both real and complex.

A chart of theindividual observationsin aset of samples plotted in time
order of occurrence.

Rules applied to a consecutive set of points on a control chart, that are
used to detect changes in the process such as out-of-control conditions,
or process shift.

Control chart that uses the sample standard deviation sto determine the
stability of variation in the process. Sample size must be two or more.

For measurement data, thisis the number of observations (or
individual measurements) making up the sample. For attribute data, this
isthe number of units ninspected for the counted characteristic.

a set of measurements (observations) or units (from which counted data
istaken) used as a basis for evaluating the process.

Limits that define the range within which a product or characteristic
conforms to specification or user requirements (also known as tolerance
limits).

known standard values for process range, sample standard deviation,
mean or sigma from which control limits can be calculated.

Block diagram within the border of a structure.
a set of measurements (observations) taken from alarger set.
VI used in the block diagram of another VI; comparable to a subroutine.
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Glossary

T
tier chart

top-level VI

u chart

V
variables chart

VI library

w
waveform chart

wire
Wiring tool

X
x (individual) chart

X-bar chart

A chart in which the individual observationsin each sample are plotted
vertically. It isauseful means of visualizing the variation or spread in
each sample.

V1 at the top of the VI hierarchy. Thisterm distinguishesthe VI fromits
subVls.

Control chart that uses the average number of defects per sample to
monitor the stability of the process. The sample contains n units, and
contains c defects per sample (zero or more defects per unit). The value
n may vary from sample to sample.

A pair of control charts that track whether a processisin control by
tracking mean and variability of samples of measured data. Variables
chartsinclude X-bar and s, X-bar and R, x and mR charts, and mX-bar
and mR charts.

Special file that contains a collection of related Vs for a specific use.

A numeric plotting indicator modeled after a paper strip chart recorder,
which scrolls asit plots data.

Data path between nodes.
Tool used to define data paths between source and sink terminals.

Control chart that uses the individual observations from a processto
track the stability of the process mean. This type of control chart is
typically used when sample size is one.

Control chart that uses the sample mean, X-bar, to track the stability of
the process mean. Sample size must be two or more.
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