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U-CONTROL CHART WITH CONSTANT SAMPLE SIZE

4@ WHAT IS IT?

A “u-chart” is a control chart for a particular type of attributes data. The role of
any control chart is to monitor how a system changes over time. The attributes
data plotted on a u-chart typically monitors the number of nonconformities
produced. A nonconformity can be anything present on an item that should not
be there, or alternatively, features that should be present, but are not. The
number of errors on invoices, the number of scratches or blemishes found on a
car window, the number of areas not completed on application forms, could all
be plotted on a u-chart. This type of attributes data is defined as having no
maximum number to the number of potential nonconformities. If ten invoices
are checked for errors, there is no limit to the number of errors that can poten-
tially be found. The data is not constrained by the sample size, unlike other
types of attributes data. Unlike the c-chart, the u-chart can deal with varying
sample sizes. The u-chart with a constant sample size is presented here, and
with a varying sample size later in this section.
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Header information

ATTRIBUTES CONTROL CHART

Product / Service

Chat  mp  [gnp
mu

Quality measure

Measurement device

Radiator grill type Oc Eyes
User name Location _ Chart no.
Elaine Watson Injection molding press | AVG. =0.96 UCL =2.04 n =2
DATE Sep ] [ [Sep 2 [ [ [Sep 3] [ [ \ [ [ I5ep 5 [ [
TIME 9:00]11: 0 [3:00]5:00]9:00]11:00] 1:00 | 2:00]5:00]9:00]11:00] 1:00 [3:00]5:00] [1:00 [3:00]5:00 [9:00]11:00] 1:00 [3:00]5:00
6.0 1 3 4 5 6 7 8 9 1 12 13 14 19 20 21 22 23 24
' T T T T
| | | |
1 1 1 1
5.0 =] Upper control limit u
N
4.0 \\
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2.0
VALY / 1\
yi y AR A yARRY y '
_ 7 71\ 71\ \ \ 7\
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/ \./ \ / \
o]
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1. Black spot I I i I
2. Scratch \ \ I ]l \ \ I \
3. Splay I = 1 |
4. Sink | Discrepancy tally | \ ‘
5. Flow line I L ] [
6. Other I
7.
8.
9.
10. N .
Total number (np,@) | 2 1 0153 1 4 | O 2 3 | 0 4 1 3 o) 1
Proportion (p{0) 1.0 050015 |05 ]2.0|0.0 1.0 |15 |0.0|1.0 200515 |0.0]| 05
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WHEN IS IT USED?

Use a u-chart with a constant sample size when you can answer “yes” to all of the
following questions:

1.

Do you need to assess the variability in the system?

All control charts are used to assess whether the variation in a process is
generated by special or common causes. Control charts are maintained on an
ongoing basis in order to minimize the chance of reacting inappropriately to the
variation by either overcontrolling or undercontrolling the system or process.

Can the data be collected or does a collection of data already exist?
The data must be generated on an ongoing basis. Control charts analyze a series
of data points, not a single data point.

Is the time order of the data preserved?

Since control charts are designed to study the behavior of a system over time, it
is critical that the data is recorded in the order it is collected and produced.
Mixing the order of the data would be like editing a movie film with no
attention given to the sequence of events.

Is the data in attributes format?

Usually this data comes from a process whose aim is to judge whether a
condition exists. Do parts have defects? Are there any errors in the invoices?

Is information missing on the forms? Data that is measured using a measuring
instrument, for example, weight or height are “variables,” and different types of
charts are used.

Can the data value exceed the size of the subgroup?

For example, if 50 parts are being checked and they either pass or fail the
check, then the maximum number of parts that can pass or fail is 50, the
subgroup size. In this case an np- or p-chart is used, NOT a u-chart. If, how-
ever, the check involves counting the number of faults found on the 50 parts,
then more than 50 faults could be found, and a u-chart is used.

Are all the subgroups the same size?

A u-chart can be used with a constant or varying sample size. The u-chart with
a constant sample size is presented here, and with a varying sample size later in
this section.

Has the characteristic to be charted been operationally defined?
Operational definitions are important when collecting attributes data. Each
data collector must have the same idea of what makes a nonconformity so the
results will be consistent. Without an operational definition data is unreliable and
the chart may be meaningless. The operational definition must be set prior to
data collection.
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— HOW IS IT MADE?

These steps assume that the relevant data has been collected. The u-chart is
constructed using the following steps:

1.

COMPLETE THE HEADER INFORMATION.

Complete the header information at the top of the chart. Header informa-
tion includes such items as product/service, user name, chart type (in this
case a u-chart), location, quality measure, and measurement device. It is
important that this information is completed, so that others can easily read
and understand the chart.

RECORD THE DATA.

Record the data on the control chart paper either from the data collection
sheet or directly onto the chart paper as the data is collected. Fill in the row
marked “Total number” with the number of occurrences of faults or
nonconformities. This is known as the ¢ for each subgroup. In the example,
the c is the number of faults found on the radiator grills. Fill in the row
marked “Subgroup size.” Since the subgroup is constant in this chart, it is
not necessary to write this number in every box. Write it in the first box on
the chart paper and draw an arrow indicating that it is the same for all the
subgroups. It is important to maintain the data in the order it was produced.
Do not rearrange the order of the subgroups, as this will hide any trends in
the data.

Attributes control chart paper has a section labelled “Type of discrepancy.”
In this section, list the types of faults found in each subgroup during data
collection.

During data collection, record any significant changes or observations on
the chart paper or on a separate process log (often located on the back of
the chart paper) as they occur. These notes help interpret the control chart.

There are two rows in which to record sample identifiers; they are titled
“Date” and “Time.” Do not be limited by these titles. Use them to record
not only the date and time, but also other useful identifiers, such as loca-
tion or operator.

The example u-chart with completed header information and recorded data
follows:

Copyright© 1992-2000 PQ Systems, Inc.
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ATTRIBUTES CONTROL CHART

Product / Service Radiator gril %'/1:2 Eg E'Sp Quality measure Visual concerns Measurement device Eyes
User name Location _ Chart no.
Elaine Watson Injection molding press | AVG. = UCL = LCL= n =
DATE Sepll | Sep 2 Sep 3 [ [ Tsep4] [5ep ]
TIME 9:00[11:00] 1:00 | 3:00] 5:00 | 9:00 [11:00] 1:00 | 3:00] 5:00] 9:00] 11:00] 1:00 | 3:00 | 5:00] 9:00/ 11:00] 1:00 | 3:00| 5:00 | 9:00| 11:00] 1:00 | 3:00 |5:00|
i 2 38 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Type of
1. Black spot | | | | | | | I |
2. Scratch | I |l | 1] Il 1] 1] 1]
3. Spla Il |
4. Sink
5. Flow line | | I |
6. Other |
7.
8.
9.
10.
Total number np(@) | 2 | 4 | 3 1 013 |1 4 O |12 |2 |3 o |2 4 10 |35 |2 4 |1 3 o |1 2 1
Proportion (p, u)
Subgroup size (n) 2 +—»

3. CALCULATE THE NUMBER OF FAULTS PER UNIT (U) FOR
EACH SUBGROUP.

In order to complete the control chart, the number of faults or defects per
unit must be calculated. The faults per unit, known as u, is found by dividing
the “Total number,” c, by the “Subgroup size,” n.

U=

So, for the first subgroup the value of u is:

u = %
=1.0
The value of u for the second subgroup is:
4
U = 7
=2.0

The value for u should be recorded so there are enough decimal places in the u
values to see differences between the values. Often no decimal places are
required. However, when recording small u values, two or more decimal
places may be required. In the example, one decimal place is sufficient.
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Continue calculating the u values for each subgroup. Enter the u values in
the row marked “Proportion” on the control chart paper.

4. CALCULATE THE OVERALL AVERAGE.

The average proportion of failures or nonconformities is known as . It is
found by adding all the proportions (u’s) and dividing by the number of
subgroups, known as k.

total proportions

1/_! =
number of subgroups

Zu
k

In the sample u is:
1.0+2.0+25+...+0.5
- 25

u

24
25

= 0.96

The value for u should be recorded to one more decimal place than the u
values. The value for U is recorded on the control chart in the header
information in the space marked “AVG.”

5. CALCULATE THE CONTROL LIMITS.

Control limits are lines drawn on the chart, and are used when interpreting
the data. These limits come from variation in the system, not from specifica-
tions or requirements. Ideally, at least 25 subgroups should be used to
calculate the control limits. However, the more subgroups available, the
more accurate the control limits will be. If fewer than 25 subgroups are
available, consider the limits as “trial” limits, and recalculate them after
enough data has been collected.

The symbol for the upper control limit is UCL,,, and the symbol for the lower
control limit is LCL,,. The formula for the upper control limit is:

UCL, = 7+3, |1
n
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So, UCL, for the example is:

.= 096 +34/096
2

0.96 + 3 (0.69282)
0.96 +2.078
= 3.04

UCL

Control limits should be recorded to one more decimal place than the u
values. The formula for the lower control limit is:

LCL,= u -3 |4
n

So, LCL,, for the example is:

LCL,= 0.96 -3 [0-96
2

= 0.96-2.078
=-1.118=0
Note that the equation for the lower control limit is virtually the same as

that for the upper control limit. If the lower control limit turns out to be
negative, as in the example, then the limit has no meaning and is not used.

Record the values for the control limits in the spaces marked “UCL” and
“LCL” at the top of the chart.

. SCALE THE CONTROL CHART.

The term “scaling” refers to numbering the lines on the left-hand side of
the chart. The chart should be numbered (scaled) evenly so the values can
be plotted conveniently, and the resulting chart is uncluttered and easy to
read. Scaling can be the most difficult step in constructing a control chart.
It is important to understand that the scale for the chart is not determined
solely by the calculations performed; it is equally decided by considering
ease of plotting and readability of the final chart. The calculations should
be seen as a guide in determining the final scale.

Begin by finding the largest u value from the “Proportion” row on the
chart. Compare this value to the upper control limit and write down the
larger of the two. In the example, the largest u value is 2.0 and the upper
control limit is 3.04. So, the larger value is 3.04.
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Next, divide the larger value by two-thirds of the total number of lines on
the control chart. (Use only two-thirds of the available lines in order to
leave space outside the control limits to plot future shifts.) This calculation
will provide the increment value for each line on the control chart. In the
example, there are 30 lines on the chart paper, so use 20 lines (two-thirds)
to find the increment value.

The increment value is: M = 0.152

20

Round the increment value upward as necessary to get an easy-to-work-
with number, such as 0.1, 0.2, 0.5, 1, 2, 5, or 10. In the example, 0.152 was
round to 0.2. This means that each line represents 0.2.

To scale the chart, label the bottom line as zero and move upward from
zero, adding the increment value. Label each dark reference line. In the
example, the dark reference lines were labelled 0, 1.0, 2.0, 3.0, 4.0, 5.0,
and 6.0. The example completed through this step follows:

ATTRIBUTES CONTROL CHART

Chart
type

Quality measure
Radiator grill Eg Esp Y Visual concerns

Product / Service
Eyes

‘ Measurement device

Location
Injection molding press

User name
Elaine Watson

Chart no.

AVG. = 0.96 UCL = 3.04 LCL= O n=2

DATE Sept] [ [ T Toepel [ T [ Toepa| [ [ T T[sepa] [ ] [ceps] [ |

I
TIME 9:00]11:00 1:00 [ 3:00[ 5:00] 9:00 [11:00 1:00 [ 3:00[ 5:00 [ 9:00[ 11:00] 1:00 [ 3:00 [ 5:00] 9:00[ 11:001 1:00 [ 3:00 5:00] 9:00[ 11:00] 1:00 [ 3:00[5:00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

6.0

50

4.0

3.0

20
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7. DRAW THE AVERAGE LINE AND CONTROL LIMITS.
Draw a solid dark horizontal line on the chart to represent u. Label the line
withu.
Draw dashed horizontal lines to represent the upper and lower control

limits. Label each control limit with the correct symbol, UCL,and LCL,,.
The completed example follows:

ATTRIBUTES CONTROL CHART

Product / Service Chart Quality measure Measurement device
Radiator grill ‘ (ypae Eg E Ep v Visual concerns Eyes
User name Location _ Chart no.
Elaine Watson Injection molding press | AVG. = 0.96 UCL = 3.04 LCL=0 n=2
DATE Sep1] I I I [5ep 2] I I [oepa] I I I bep 4] I I I [Sep 5] I I I
TIME 9:00 [11:00 [1:00 [3:00 [5:00 [9:00 [11:00 [1:00 [3:00 [5:00 [9:00 [11:00 [1:00 |3:00 |5:00 l9:00]11:00 [1:00 [3:00 |5:00 [9:00 [11:00 [1:00 [3:00 5:00
60 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
5.0
4.0
UCLy R — N N NN
2.0
o 10
o]
Type of
1. Black spot | | | | | | | Il |
2. Scratch Il Il Il 1] 1] 1]
3. Splay Il |
4. Sink | | | | | |
5. Flow line | | I |
6. Other | |
7.
8.
o.
10
Total number (np@) | 2 | 4 3 1 o 3 1 4 |0 2 2 3 (0] 2|4 o 3 2| 4 1 3 o 1 2 1
Proportion (p,(d) 1.0 120115 |05]|00|15 |05 |20 |00[1.0 |10 |15 |0.0|1.0 |2.0|0.0|15 | 1.0|2.0 05|15 |0.0|05 |10 |05
Subgroup size (n) 2 +—»
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8. PLOT THE U VALUES ON THE CHART.

Starting with the first subgroup, plot each u value on the control chart.
Connect the dots with straight lines. The completed example follows:

ATTRIBUTES CONTROL CHART

Product / Service Chart  gp onp Quality measure Measurement device
Radiator grill type Oc Hu Vieual concerns Eyes
User name Location _ Chart no.
Elaine Watson Injection molding press | AVG. =0.96 UCL =3.04 LCL=0 n =2
DATE Sep1] | [ [ Tsepe] [ [ T Tsepa] [ [ [ Toepa] [ [ | Iseps| [ [ ]
TIME 9:00 [11:00 [1:00 [3:00 [5:00 [9:00 [11:00 [ 1:00 [3:00 [5:00 [9:00 [11:00 [ 1:00 |3:00 [5:00 [9:00]11:00 [1:00 [2:00 |5:00 [9:00 [11:00 [1:00 [3:00 [5:00
6.0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
5.0
4.0
WCly 5p _El==E=d=a=—f=—t =t === e —— P Py e e P
20
/ 71\ AL \
N VAR A A} . VAR
_ 7 VIAN 7T\ Y 7 \ Y
u 1.0 /N7 \ AN \ 7/ N Z1\
7 7 .y ay .y 7 ay X
7 \/ \ / \ 7/ \ 17 \ \
7 7 A4 17 A} v 4 A
o 7 \ 7 AN 4 \[/ A}
Type of discrepancy
1. Black spot [N | | | I I Il I
2. Scratch | I |l | 1] Il 1] 1] | | 1] | |
3. Spla Il
4. Sink | | | | | |
5. Flow line | | I |
6. Other
7.
8
9.
10.
Total number (np(®) | 2 4 3 1 o013 1 4 (0] 2 2 o) o |2 4 | O o) 2 | 4 1 o) [0 1 2 1
Proportion (p(W) 1.0 20|15 |05[00]15 [05]|20|00[1.0|10 [15 |0.0[10 [20]0.0[15 | 1.0]20|05|15 |0.0|05]|10 |05
Subgroup size (n) o

179
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9. INTERPRET THE CONTROL CHART.

The u-chart is interpreted using the basic rules for control chart interpreta-
tion. These are explained fully in “Control chart interpretation” at the end
of this section. However, a list of the basic rules for interpreting out-of-
control conditions is shown below.

1. Any point lying outside the control limits.

2. Run of seven points:
a. Seven or more points in a row above or below the center line.

b. Seven or more points in a row going in one direction, up or down.

3. Any nonrandom pattern, including the following typical cases:
a. Too close to the average.
b. Too far from the average.
c. Cycles.

The example u-chart shows that the faults on the radiator grills are stable,
with no special causes of variation. The system can be improved only by
reducing the common causes of variation in the radiator grill production
process.

When no special causes are evident, as in the example, systems are de-
clared to be stable. The control limits calculated previously are simply
drawn onto new chart paper, and as subgroups continue to be collected,
they are plotted on the chart. This will allow the user to make decisions
about the system’s stability as each new subgroup is plotted. New control
limits are calculated only when a change is made to the system.

Care must be taken when interpreting a u-chart. Sometimes the data will
not behave as expected. In this case, the control limits will look odd in
comparison to the data, that is, too wide or too narrow. If this occurs,
change the type of control chart to an X-MR chart.

The control limits of attributes charts can be compared directly to specifi-
cations or requirements, enabling the user to evaluate the capability of the
system to meet the requirements. In the example, the control limits read
UCL 0f3.04, and u of 0.96. This information shows that the radiator grill
production process produces many faults. The chart shows that there is an
average of one fault per radiator grill, obviously a major problem. The
challenge is to reduce that number consistently.

See the notes, “Getting the most from control charts,” at the beginning of
this section for more information on how to use and benefit from this
powerful tool.
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%% APPLICATIONS

The applications for the u-chart with a constant sample size are the same as the
c-chart.
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U-CONTROL CHART SELECTION FLOW CHART

Which
control
chart?

Is it
variables
data?

Use Subgrou
X-MR chart, |«¢Yes group
page 93.
No
I (attributes data)
N*o
Use
XR-chart, v
page 73.
Can the
Yes data being collected
(aspects) be larger than the
subgroup?

Equal sized Equal sized

IYeS subgroups? Nol IYes subgroups? Nol
Use
Use c-chart, Use u-chart, np-chart, Use p-chart,
page 157 page 182. page 111 page 138.
or u-chart,
page 169. ‘:)'ag::‘:g'
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U-CONTROL CHART WITH VARYING SAMPLE SIZE
O WHAT 1S 1T?

A “u-chart” is a control chart for a particular type of attributes data. The role of
a control chart is to monitor how a system changes over time. The attributes
data plotted on a u-chart typically monitors the number of nonconformities
produced. A nonconformity can be anything present on an item that should not
be there, or alternatively, features that should be present but are not. The
number of errors on invoices, the number of scratches or blemishes found on a
car window, the number of areas not completed on an application form, can all
be plotted on a u-chart. This type of attributes data is defined as having no limit
to the number of potential nonconformities. If ten invoices are checked for
errors, there is no maximum to the number of potential errors that can be
found. The data is not constrained by the sample size, unlike other types of
attributes data. Unlike the c-chart, the u-chart can deal with a varying sample
size.

Copyright© 1992-2000 PQ Systems, Inc.
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u-control chart

WHEN IS IT USED?

Use a u-chart with a varying sample size when you can answer “yes” to all of
the following questions:

1. Do you need to assess the variability in the system?
All control charts are used to assess whether the variation in a process is
generated by special or common causes. Control charts are maintained on an
ongoing basis in order to minimize the chance of reacting inappropriately to the
variation by either overcontrolling or undercontrolling the system or process.

2. Can the data be collected or does a collection of data already exist?
The data must be generated on an ongoing basis. Control charts analyze a
series of data points, not a single data point.

3. Is the time order of the data preserved?
Since control charts are designed to study the behavior of a system over time, it
is critical that the data is recorded in the order it is collected and produced.
Mixing the order of the data would be like editing a movie film with no
attention given to the sequence of events.

4. Is the data in attributes format?
Usually this data comes from a process whose aim is to judge whether a
condition exists. Do parts have defects? Are there any errors in the invoices? Is
information missing on the forms? Data that is measured using a measuring
instrument, for example weight or height, are “variables,” and different types of
charts are used.

5. Can the data value exceed the size of the subgroup?
For example, if 50 parts are being checked and they either pass or fail the
check, then the maximum number of parts that can pass or fail is 50, the
subgroup size. In this case an np- or p-chart is used, NOT a u-chart. If, how-
ever, the check involves counting the number of faults found on the 50 parts,
and more than 50 faults could be found, a u-chart is used.

6. Do the subgroups vary in size?
If the sample size is constant, then it is simpler to complete a c-chart or a u-
chart with constant sample size, both these charts have been presented earlier in
this section.

7. Has the characteristic to be charted been operationally defined?
Operational definitions are important when collecting attributes data. Each
data collector must have the same idea of what makes a nonconformity so the
results will be consistent. Without an operational definition, data is unreliable and
the chart may be meaningless. Therefore, the operational definition must be set
prior to data collection.
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% How IS IT MADE?

These steps assume that the relevant data has been collected. The u-chart is
constructed using the following steps:

1. COMPLETE THE HEADER INFORMATION.

Complete the header information at the top of the chart. Header informa-
tion includes such items as product/service, user name, chart type (in this
case a u-chart), location, quality measure, and measurement device. It is
important that this information is completed, so that others can easily read
and understand the chart.

2. RECORD THE DATA.

Record the data on the control chart paper either from the data collection
sheet or directly onto the chart paper as the data is collected. Fill in the row
marked “Total number” with the number of faults or nonconformities. This
is known as the ¢ for each subgroup. In the example the c is the number of
defects found in the dock audits. Fill in the row marked “Subgroup size”
with the number of parts, forms, etc. checked. In the example this is the
number of dock audits completed each day. It is important to maintain the
data in the order it was produced. Do not rearrange the order of the sub-
groups, since this will hide any trends in the data.

Attributes control chart paper has a section labelled “Type of discrepancy.”
In this section list the types of faults found in each subgroup during data
collection.

During data collection, record any significant changes or observations on
the chart paper or on a separate process log (often located on the back of
the chart paper) as they occur. These notes help interpret the control chart.

There are two rows in which to record sample identifiers; they are titled
“Date” and “Time.” Do not be limited by these titles. Use them to record
not only the date and time, but also other useful identifiers, such as loca-
tion or operator.

The example u-chart with completed header information and recorded data
follows:
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ATTRIBUTES CONTROL CHART

Product / Service

Quality measure Measurement device

Chart n
EOTA-8A support brace | type Eg E' up Dock audit defects Eyes
User name Location _ Chart no.
Eric Johnson Dock AVG. = ucL = LCL= n=

Feb 9| Feb 10] Feb 11| Feb 12 Feb 15| Feb 16| Feb 17 | Feb 18 Feb 19| Feb 22]Feb 23 Feb 24| Feb 25 Feb 26 [Mar 1 [Mar 2 |Mar 3 |Mar 4 [Mar 5 [Mar & [Mar 9 [Mar 10]Mar 11 [Mar12[Mar15|

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

© (o[~ o [0 [&]w|v =

s

Totalnumber (np(0) | & [ 17 [ 186 [ 15 |25 [ 9 |19 |6 |14 [ 17 |13 [ 156 |16 22 |13 [10 |14 [ 9 |23 21|51 [ 31 |5 [ 8 |12

Proportion (p. u)

Subgroup size (n)

el &l 4] 418
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3. CALCULATE THE NUMBER OF FAULTS PER UNIT (U)

FOR EACH SUBGROUP.

In order to complete the control chart, the number of faults or defects per
unit checked must be calculated. The number of faults per unit, known as u,
is found by dividing the “Total number,” c, by the “Subgroup size,” n.

u= —
n

So, for the first subgroup the value of u is:

m=¢
=1.0
The value of u for the second subgroup is:
17
iy
=2.1
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The value for u should be recorded so there are enough decimal places in
the u values to see differences between the values. Often no decimal
places are required. However, when recording small u values, two or more
decimal places may be required. In the example, one decimal place was
sufficient.

Continue calculating the u values for each subgroup. Enter the u values in
the row marked “Proportion” on the control chart paper.

4. CALCULATE THE OVERALL AVERAGES.
a. Calculate the average number.

The average proportion of failures or nonconformities is known as u. It
is found by totalling the “Total number” row (¢’s) and dividing it by the
total of the “Subgroup size” row (n’s).

;L
- Xn
In the example u is:
B §+17+18+....+8+ 12
YT 8+8+9+... . +4+8

_ 407
204

= 2.00

The value for u should be recorded to one more decimal place than the
u values. The value for u is recorded on the control chart in the header
information in the space marked “AVG.”

Caution: Calculating u by totalling the subgroup proportion (u’s) and
dividing by the number of subgroups is not correct. This will give a
different value based on the subgroups, not on the data.
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b. Calculate the average subgroup size.

The average subgroup size is known as n. It is found by totalling the
“Subgroup size” row (n’s) and dividing it by the number of subgroups (k).

n==

k
In the example 1 is:
§+8+9+....+4+8
25

ﬁ:

204
25
8.2

The value for n should be recorded to one decimal place. The value for 1 is
recorded on the control chart in the headers in the space marked “ n.”

5. CALCULATE THE CONTROL LIMITS.

Control limits are lines drawn on the chart, and are used when interpreting
the data. These limits come from variation in the system, not from specifica-
tions or requirements. Ideally, at least 25 subgroups should be used to
calculate the control limits. However, the more subgroups available, the
more accurate the control limits will be. If fewer than 25 subgroups are
available, consider the limits as “trial” limits, and recalculate them after
enough data has been collected.

Calculating control limits for a u-chart with varying sample sizes involves a
number of steps. First, calculate general control limits for all the data.
Second, identify subgroups where the size of the sample taken is signifi-
cantly different from the rest of the subgroups. “Significant” means that the
general control limits will be unsuitable for the data, and revised control
limits are required. The revision of the control limits needs to occur if the
subgroup size varies by more than 25 percent from the average subgroup
size. Third and finally, perform specific control limit calculations for the
subgroups that have been identified as varying significantly.
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a.

Calculate the control limits for all the data.

The symbol for the upper control limit is UCL,,, and the symbol for the
lower control limit is LCL,,. The formula for the upper control limit is:

UCL,= u+3, [H
n

So, UCL,, for the example is:

UCL,= 2.00 + 3. [2:00

8.2
= 2.00+3 (0.49386)
2.00 + 1.48159

= 3.48

Control limits should be recorded to one more decimal place than the u
values. The formula for the lower control limit is:

ICL,= -3

So, LCL,, for the example is:

LCL,= 2.00-3_ [2:00
8.2
= 2.00 - 1.48159
=0.52

Note that the equation for the lower control limit is virtually the same as
that for the upper control limit. If the lower control limit turns out to be
negative, then the limit has no meaning and is not used.

Record the values for the control limits in the spaces marked “UCL”
and “LCL” at the top of the chart.

Identify the subgroups requiring re-calculated control limits.

To calculate the subgroups requiring separate control limits, it is
necessary to calculate the maximum and minimum subgroup sizes that
are acceptable. These are the sizes that vary by 25 per cent either side
of the average subgroup size, n. The calculations are as follows:

Maximum acceptable subgroup size = nx 1.25
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For the example:
Maximum acceptable subgroup size = 8.2 x 1.25
=10.25

This means that any subgroup size that is larger than 10.25 will require
re-calculated control limits.

Minimum acceptable subgroup size = 7 x 0.75

For the example:
Minimum acceptable subgroup size = 8.2 x 0.75
=6.15

This means that any subgroup size that is smaller than 6.15 will require
re-calculated control limits.

Next, go through the row marked “Subgroup size” and look for
subgroups outside the acceptable sizes. In the example the subgroup
sizes being identified as requiring recalculated limits, are when the
subgroup size is 11 or larger and 6 or smaller. The subgroups identified
in the example are 17 (4), 19 (12), 20 (12), 21 (16), 23 (4), and 24 (4).
Identify them with a cross or mark for reference.

c. Calculate the control limits for the subgroups with too large or
too small a subgroup size.

When calculating these control limits the subgroups whose subgroup
size is larger will have control limits that are narrower than the control
limits for the other subgroups. Conversely, subgroup sizes that are
smaller will have control limits that are wider than the control limits for
the other subgroups.

The control limits formula is similar to the general one stated earlier,
except that instead of dividing by np, divide by the actual subgroup size
n. The formulas are as follows:

UCL,=ii +3

LCL,= -3
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In the example, the recalculations for subgroup 17 are:

UCLyji=17) = 2.00 +34 /2%

= 2.00+3/0.50
= 2.00+2.121
= 4.12

LCLu(k=17) = 2.00-3 2_2’0

2.00-2.121
-0.121= 0

Remember, the control limits should be recorded to one more decimal
place than the u values, and if the lower control limit turns out to be
negative, as in the example, then the limit has no meaning and is not
used.

Continue to calculate the control limits for the other subgroups
identified. The results can be placed in a table. This makes for easy
reference when constructing the control chart. The example completed
through this step follows:

Subgroup n UCL, LCL,
17 4 4.12 -
19 12 3.22 0.78
20 12 3.22 0.78
21 16 3.06 0.94
23 4 4.12 -
24 4 4.12 -

The dash indicates a negative control limit, which is not used.
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6. SCALE THE CONTROL CHART.

The term “scaling” refers to numbering the lines on the left-hand side of the
chart. The chart should be numbered (scaled) evenly so the values can be
plotted conveniently, and the resulting chart is uncluttered and easy to read.
Scaling can be the most difficult step in constructing a control chart. It is
important to understand that the scale for the chart is not determined solely
by the calculations performed; it is equally decided by considering ease of
plotting and readability of the final chart. The calculations should be seen as
a guide in determining the final scale.

Begin by finding the largest u value from the “Proportion” row on the chart.
Compare this value to the largest upper control limit and write down the
larger of the two. In the example, the largest u value is 3.9 and the largest
upper control limit is 4.12. So, the larger value is 4.12.

Next, divide the larger value by two-thirds of the total number of lines on
the control chart. (Use only two-thirds of the available lines in order to
leave space outside the control limits to plot future shifts). This calculation
will provide the increment value for each line on the control chart. In the
example, there are 30 lines on the chart paper, so use 20 lines (two-thirds)
to find the increment value.

. o412
The increment value is: E =02

Round the increment value upward as necessary to get an easy-to-work-
with number, such as 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, or 10. In the
example, there was no need to round up the increment value as 0.2 is easy
to use. This means that each line represents 0.2.

To scale the chart, label the bottom line as zero and move upward from
zero, adding the increment value. Label each dark reference line. In the
example, the dark reference lines were labelled 0, 1, 2, 3, 4, 5, and 6. The
example completed through this step follows on the next page:
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ATTRIBUTES CONTROL CHART

Product / Service

Quality measure Measurement device
EOTA-8A Support Brace

Dock audit defects Eyes

Chart  mp  Onp
type Oc Hu

User name Location Chart no.

Eric Johnson AVG. = 2.00 UCL =248 LCL= 0.52 h=562

Dock

DATE Feb 9 | Feb 10| Feb 1 | Feb 12| Feb 15 |Feb 16 [Feb 17 }Febm}FeHQ\FebZZFebz.’)FebM}FebZ Feb26|Mar1 Mar2 Mar3 }Mar4 [Mar5 [Mar & Mar 9 ‘WIaMO‘Marﬁ [Mar12 [Mar15
TIME

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

6.0

50

4.0

3.0

2.0

7. DRAW THE AVERAGE LINE AND CONTROL LIMITS.
Draw a solid dark horizontal line on the chart to represent u. Label the line
with u.

Draw dashed horizontal lines to represent the upper and lower control limits.
Label each control limit with the correct symbol, UCL and LCL,,. Remem-
ber to draw the control limits so they vary according to the correct sub-
group. The example completed through this step follows:

ATTRIBUTES CONTROL CHART

Product / Service Chart Quality measure . Measurement device
EOTA-8A support brace |  type EE le.p Dock audit defecte ‘ yes
User name Location _ Chart no.
Eric Johnson Dock AVG. = 2.00 UCL= 248 LCL= 052 n=252
DATE Feb 9 [Feb 10] Feb 11 | Feb 12| Feb 15 |Feb 16 |Feb 17 |Feb 18 Feb 19 [Feb 22|Feb 23 Feb 24 Feb 25 [Feb 26 [Mar 1_Mar 2 [Mar 3 |Mar 4 Mar5 Mar & [Mar 9 Mar 10 Mar 1l Mar12 Mar5|
TIME [ T T T T T 1 rrrrrrrrrrr 171
601 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
50
40 X o0
v !
ucLy e e e R I e PR e PR O N - —=
3.0 B e
u 20
1.0 o e :
[T~ - o e S e e T S T T Y T CE T = == ===
i v
L
Type of
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Totalnumber np@)| & [ 17 [ 18 |15 (23| 9 (19 | 6 |14 [ 17 [13 [ 16 [16 ][22 [13 10 [14 | 9 |25 21|51 2|3 |8 [12
Proportion (p.(1) 1.0121]120]19 29|13 |27]|0&8|1.8 | 21|19 |19 |18 |24 |16 |13 |35 | 1119 |18 3239|0520 |15
Subgroup size (n) sl el 9le&el 87 71 &1 8 el 71 61 919 el &l 4 sl12| 121wl & 4] 418
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8. PLOT THE U VALUES ON THE CHART.

Starting with the first subgroup, plot each u value on the control chart.
Connect the dots with straight lines. The completed example follows:

ATTRIBUTES CONTROL CHART

Product / Service

Quality measure
EOTA-8A support brace

hart  gOp  gnp
WmWu

Cl
type Oec Dock audit defects

‘ Measurement device

Eyes
User name Location _ Chart no.
Eric Johnson Dock AVG.= 2.00 UCL= 348 LCL= 0.52 n=282
DATE &bs}&bw} Feb“}FeHZ Feb|5}Feb16}Feb|7}Feb!&}Fele}FebZZFebZﬁ}FebM}Fsb% FebZG}MaH }MarZ }Marﬁ}MaM—}Mars }Mar&}MarS}MarIO}Mar“ }Mzrﬂ}Mzr@
TIME
6oLt 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
5.0
4.0 == o —
UCLy fdcodocobocdoocloocbocdooooctoodecboaooodeoafoadoaald i A= ——
e --F- I\
JALY T \
50 7 AR 7 1}
71\ 7/ L}
71\ 71\ 7 \
I/ \\ I/ \\ AN II \\ I/ \\
u 20 7 NT/TX AN 7 Ay Y
7 1/ AV 7 \ L W4
7 7 N/ \ \T—/
7 N\ / ~ \/
10 A4 n 7
n
LOLy Fd==f===f==a==sfr==te=a==ctomd=ecEoteodeaat ==ty = b= =
| i i
L L L
Type of

© @ |N o |on |00 =

i

Totalnumber (vp(@)| & [ 17 [18 |15 [25] 9 [19 ] 6 |14 [ 1713 [15 16 [22 [ 13 [10 |14
Proportion (p(3)) 10121120119 (29|13 |27]08|1.8 | 21]19 |19 |18 |24 |16 | 15|35
|Subgroup size (n) &1 61918867 71 &1 & 81 71 619

25 |21 |51 | 31| 3 | 8 [12
1.9 [1.6 132 ]39]08]20 |15
21121161 &1 4] 4] 86

|2 o

9. INTERPRET THE CONTROL CHART.

The u-chart is interpreted using the basic rules for control chart interpreta-
tion. These are explained fully in “Control chart interpretation” at the end of

this tool. However, a list of the basic rules for interpreting out-of-control
conditions is shown below.

Any point lying outside the control limits.
2. Run of seven points:

a. Seven or more points in a row above or below the center line.

b. Seven or more points in a row going in one direction, up or down.
3. Any nonrandom pattern, including the following typical cases:

a. Too close to the average.

b. Too far from the average.
c. Cycles.

The example u-chart shows two points outside the control limits (subgroups 21
and 22). These indicate that special causes of system variation are present and
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should be investigated. In this case, the team discovered both shipments had
been damaged in transit. The way the goods had been handled was different
than normal. The team put a system in place to prevent this from reoccurring.

When no special causes are evident, the control limits calculated previously
are simply drawn onto new chart paper. As subgroups continue to be col-
lected they are plotted on the chart. This will allow the user to make deci-
sions about the system’s stability as each new subgroup is plotted. New
control limits are calculated only when a change is made to the system.

Care must be taken when interpreting a u-chart. Sometimes the data will
not behave as expected. In this case, the control limits look odd in com-
parison to the data, that is, too wide or too narrow. If this occurs, change
the type of control chart to an X-MR chart.

The control limits of attributes charts can be compared directly to specifica-
tions, or requirements, enabling the user to evaluate the capability of the
system to meet the requirements. In the example, the control limits read: UCL
of 3.48, u of 2.00 and LCL of 0.52. This information shows that each audit on
average finds 2 defects. The challenge is to reduce the number of defects
consistently, in this case by working with the supplier.

See the notes, “Getting the most from control charts,” at the beginning of
this section for more information on how to use and benefit from this
powerful tool.

\7}% APPLICATIONS

Remember to use a u-chart if your sample size varies; if the sample size is
constant either a ¢- or a u- chart can be used.

ALL INDUSTRIES.

Safety incidents per hours worked in a week or month

Orders received per operator or sales representative per day, week,
or month

Number of on-site sales calls made per representative per day or week
Phone calls taken per operator per hour or day
Audits completed per auditor over a week or month

Nonconformities found on ISO 9000, ISO 14000, or safety audits
completed in a week

Sales calls per sales person per day or week
Inquiries per advertisement placed per month
Procedures viewed per assessor per day, week, or month
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ADMINISTRATION
* Documents found misfiled per day, week, or month
* Errors in documents completed in a day or week
For example: letters, invoices, purchase requisitions, purchase orders

* Calls to a help desk in comparison to the number of employees, or
number of computer operators

* Number of responses to job advertisements placed in a month
* Number of adjustments made to invoices per week or month
* Number of supplier deliveries per supplier per week or month
» Number of checks raized per supplier per month

MANUFACTURING

* Errors on drawings produced per week

* Number of times a drawing is reworked per week or month
 Printing errors on all jobs produced per day or week

* Number of deviations from the production schedule in comparison to the
number of jobs scheduled per day or week

* Number of times equipment failed in comparison to the number of pieces
of equipment, per day, week, or month

 Parts produced per hour worked over a day or week

* Number of times batches are reworked in comparison to the total
produced per day, shift, week, or month (where they can be reworked
more than once)

* Defects on a product sample
For example: scratch, blemish, printing error, dent, incorrect color, marks

» Number of picking errors when putting together a multiple product order
in comparison to the number of orders per shift, day, or week

SERVICE
» Registrations for training courses per week or month
* Errors per documents produced per day or week

For example: legal documents, application forms, bank transactions,
a book, newspaper, or magazine

» Technical support calls per product to a software house per day
» Errors per line of code in software programs

» Nonconformities found in a clean audit sample
For example: dishes, plane, train, bus, restaurant, hotel room, clothes in a
dry cleaner

» Customers served per employee per hour, day or week
For example: in a bank, in a restaurant, at a store checkout, in a hotel, in
an airport
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