How to perform process capability studies

John H. Rutherford

ABSTRACT: Many factors are involved in a production
process. In the absence of outside influences, the process produces
a predictable series of events that are collectively referred to as
process capability. To determine process capability, a capability
index, which compares the natural tolerance of the process to
specification limits, is calculated. A process capability study is
done to determine whether a process is capable of performing
within specifications. If a process is found to be incapable,
corrective actions are taken.In addition to the process capability
study, this paper presents information on the machine capability

studly.
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|\ /I any elements are involved in
the process of producing cor-

rugated boxes—raw materials,
manufacturing and testing equip-
ment, manufacturing procedures,
and personnel. The term process re-
fers to any set of conditions or causes
that work together to produce a
given result. Within a process, there
are many factors that work together
to achieve the end result—in this
case, the production of corrugated
boxes. When allowed to operate with-
out interference from outside influ-
ences, the process produces a
predictable series of effects that

leads to a product that consistently
performs within a given range. This
series of effects, which can also be
described as the normal behavior of
the process when in statistical con-
trol, is known as process capability
(1).

This paper covers the generation
of a process’s capability index, which
is necessary to (a) determine the abil-
ity of the process to stay within de-
sired specification limits, (b)
demonstrate the steps recommended
to conduct a process capability study,
and (¢) discuss the benefits of the
machine capability study.
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Determining process
capability statistically

In order to determine process capa-
bility, the range of tolerance is com-
pared to the process’s statistical
limitations. The range of tolerance
is the range between the upper and
lower specification limits. These lim-
its are usually agreed upon between
the customer and vendor. The sta-
tistical limitations, on the other hand,
are defined by the process and are
set at =3 standard deviations (x30);
this includes 99.7% of all process out-
put and is the basis for control chart
work. The statistical limitation of a
process is defined as six sigma (60)
and may also be called the natural
tolerance of the process (2).

A process’s capability index is a
comparison of its natural tolerance
to the specification limits. The capa-
bility index, Cp, can be calculated
with the following formula:

Cp=(USL —LSL)/60 Q)
where
Cp = Capability index
USL = Upper specification limit
LSL = Lower specification limit
60 = Natural tolerance.

When the capability index is equal
to or greater than 1.0, the process is
capable of operating within the pro-
cess tolerance (60), or within speci-
fications. If the value is less than 1.0,
the process is not capable of operat-
ing within 60.

Unfortunately, the capability in-
dex does not accurately indicate pro-
cess shifts, or the “centering” of the
process. As a result, Cpk is often



1. Examples of process spreads (range of tolerance) as they compare to specification limits

(a)

Upper specification limit

Cases where process spread is less

than the difference between
specifications. Spread (A) is an
example of a process in control and
centered, well within specification
Spreads (B) and (C) are capable of
meeting specifications as long as they
do not change. Spreads (D) and (E)
may be in statistical control but are not
capable of meeting specifications.

Lower specification limit

l;

(b)

Upper specification limit

s
S

c

Lower specification limit

V

Cases where process spread is equal
to the ditference between specification
limits. Spread (A) is in control and
capable of meeting specifications if it
stays in control and no changes ocour
to the process. Spreads (B) and (C)
may be in control, but the processes
drifted from center and are no longer
capable of always meeting
specifications

(c)

Upper
spacification limit \

A

Cases where process spread is greater
than the difference between
specification limits. All processes may

Lower

be in control, but none are capable of
meeting specifications, even if the
process mean is centerad between
specification limits, as with Spread (A).

used to predict process capability.
Cpk is determined by calculating two
indices—an index for comparing the
upper specification limit with the up-
per process limit and an index for
comparing the lower specification
limit with the lower process limit.
The formulae used for the determi-
nation are as follows:

Cpu = (USL —X)/30 2
and

Cpl = (X —LSL)/30 €)
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c
A
specification limit BV

where
Cpu = Upper half capability index
Cpl = Lower half capability index

USL = Upper specification limit

LSL = Lower specification limit

X = Process average

30 = 3 standard deviations.

The smaller value calculated from
Eq. 2 or3isused as the process Cpk.
While specifying what is an accept-
able Cpk is negotiable between pro-

ducer and user, most statisticians
define a Cpk equal to or greater than
1.33 as being capable. A Cpk of 1.33
is equivalent to a centered process
with a capability of +40 (3). The
higher minimum value of Cpk (1.33,
as opposed to 1.0 for Cp) permits
process shifts within the specifica-
tion limits without causing the pro-
cess to produce out-of-specification
product.

The following statements apply to
the capability index, Cpk:

* Cpk indicates whether the pro-
cess can operate within specifica-
tion limits.

» If Cpkis equal to Cp, the process
is centered between the specifica-
tion limits.

* If Cpkis between 0 and 1.0, some
of the 60 spread falls outside the
specification limits.

* IfCpkisbetween 1.0 and 1.33, the
60 spread is completely within
specification limits but does not
allow a safe margin of error for
process shifts.

» If Cpk is negative, even the pro-
cess mean is outside the specifica-
tion limits (2).

For example, a Cpk of 0.70 means
that 70% of a 30 spread falls be-
tween the process average and the
nearest specification limit. The other
30% is outside the specification lim-
its. Figure 1 (}) demonstrates how
the spread of a process may compare
to specification limits.

Process capability study

A process capability study is done to
determine whether a process is ca-
pable of performing within specifica-
tion. The study generally follows a
five-step approach (1):

1. Collect data from the process.

2. Determine if the data describe a
“normal” process. This is best
done by arranging the data into a
histogram. If the distribution is



2. Process capability study of starch viscosity at the singlefacer. Original study included gathering 36 sets of data over a two-week period.
(a) Original data show process is out of control. Eight averages and four ranges are outside of control limits. (b) Frequency distribution of
individual viscosity tests taken during process capability study. Distribution indicates bimodal data.
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normal, proceed to Step 3. If it is
not, determine the cause. A non-
normal distribution has little
chance of being capable.

3. Plot statistical patterns. This is
done by using control charts.

4. Interpret the patterns. Determine
if the process is in control accord-
ing to the control chart.

5. If the control chart shows data
points outside 60 limits, there is
usually an assignable cause. Find
and eliminate these causes. Once
all assignable causes are found
and the process is in control, com-
pare it to specifications to deter-
mine if it is capable.

A process capability study is used
to determine the predictability of a
process over time. There is no given
time frame or set amount of data to
be collected. However, it is good
practice to collect at least 20 data
points to prepare an adequate con-
trol chart for determining statistical
control. These points should be col-
lected as quickly as possible so that
out-of-control situations can be iden-
tified and assignable causes can be
eliminated. Several sets of data are
often collected and charted. If the
data are in statistical control, then
the distribution of the process out-
put can be compared to specifica-
tions to determine if the spec-
ifications can consistently be met.
Depending on the process being
studied, these data could be collected
in a few days (such as with the board
edge crush test or board caliper), a
period of weeks (e.g., when measur-
ing starch viscosity), or perhaps
longer (such as when collecting
steam pressure or corrugator roll
wear data). It is important to allow
enough time so that any special (as-
signable) cause that affects the pro-
cess capability can be identified.

The outcome of a process capabil-
ity study may describe one of the
following scenarios:

* The process is statistically in con-
trol and capable of meeting cus-
tomer specifications.
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* The process is in control statisti-
cally but is not capable of meet-
ing customer specifications. This
can occur when specification lim-
its are too restrictive or the pro-
cess is operating at an average
too near one of the specification
limits.

* The process is out of statistical
control but still capable of meet-
ing customer specifications. This
can happen if specification limits
are too wide and if the process
average is near the center of the
specification range. Any shift of
the process or other loss of con-
trol can easily push it outside the
specification limits.

* The process is out of statistical
control and is not capable of meet-
ing customer specifications.

Once the status of the process has
been determined, problem-solving
techniques can be used to reduce
variability and bring the process into
statistical control. Once this is
achieved, the task of meeting cus-
tomer specifications begins.

An example of a process capabil-
ity study is shown in Fig. 2. The
consistency of starch viscosity at the
singlefacer was in question. A vis-
cosity measurement was made three
times per shift, and the data were
collected for two weeks; the control
chart includes 36 sets of data. Fig-
ure 2(a) shows that starch viscosity
is out of control, in both average and
range. Over the course of the study,
eight viscosity points fell outside the
control limits, and four range points
were out of control. A histogram of
the individual viscosity checks [Fig.
2(b)] taken during the study clearly
indicates that the distribution is not
normal; it is skewed to the left and
somewhat bimodal (two data peaks:
one at 30-31 seconds and another at
40 seconds).

If plant personnel kept track of
the assignable causes that led to the
out-of-control points, each of those
points could be removed from the
charts, and new control limits could

be calculated. If the remaining data
appear normal and the new chart is
in control, then process capability
can be determined. If the process is
still out of control, and assignable
causes can be found for out-of-con-
trol data, that data can be removed
and a new chart prepared. Assum-
ing that this was done for the viscos-
ity data, a new histogram indicates
that the remaining data distribution
is approaching normal. The process
is now in control [Fig. 3(a)], the new
histogram is shown in Fig. 3(b), and
process capability can finally be cal-
culated. From the remaining data,
the standard deviation can be esti-
mated with the following formula:

R/d, = Standard deviation (4

where
R = Average range
d = Statistical constant.

2
and Cp and Cpk can be calculated.
In this case, 17 data points remained
after all causes were resolved. The
capability index, Cp, was 1.26, an
indication that the processis capable
of meeting specifications. However,
a Cpk of 0.99 indicated that some
values are falling outside the speci-
fication limits of 30+5 seconds.
Therefore, the process is not capable
of meeting these specifications 100%
of the time.

It is not likely that all assignable
causes can be identified on a chart
with many out-of-control points. Ad-
ditionally, even if all assignable
causes are found, preferably 75-80%
of the original data should remain
for a valid study. A more likely sce-
nario is shown in Fig. 4(a). After
addressing all assignable causes that
could be found, more data were col-
lected and a new control chart con-
structed. This time all 36 data points
fell within the control limits. The his-
togram, Fig. 4(b), shows a normal
distribution of the data. With the
process in control and normal, the
process capability study can be com-
pleted by calculating Cp and Cpk.
This time Cp = 1.23, still indicating



3. Process capability study of starch viscosity at the singlefacer. (a) This scenario assumes that all assignable causes were found and the
out-of-control points could be resolved. (b) Frequency distribution of individual viscosity tests remaining in process capability study,assuming

assignable causes could be identified to allow removal of some test results from the distribution. The shape of the data approaches a normal
bell curve distribution.
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4. New process capability study of starch viscosity at the singlefacer. (a) This scenario assumes that, after resolving as many data points
as possible, the process was still out of control. Therefore, more data were collected and replotted. Since the assignable causes that were
found were controlled, this time the data were in statistical control. Capability can be determined. (b) Frequency distribution of individual
viscosity tests a from repeated process capability study. Assignable causes were addressed, and a new study was done. The data form a
normal bell curve distribution.
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Cpu = 35-30.83 = 1.04 . Cpk = Cpu = 1.04
3(1.35)

Since Cpk < 1.33, the process is not capable
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aprocess capable of meeting specifi-
cations. Cpkis 1.04, indicating a pro-
cess that meets specifications but
leaves little room for process shifts.
The Cpu is 1.04 while the Cplis 1.43,
indicating that the process is shifted
to the high side of the specification
limits. Because Cpkis less than 1.33,
the process is not capable.

Corrective actions

When a process is incapable of meet-
ing specifications, there are three
steps that can be taken to resolve
the problem (5): (a) accept the situa-
tion and sort, rework, and/or scrap
the product that falls outside speci-
fications, (b) change the specifica-
tions, or (¢) change the process.
Most plants have at some time
followed Step (a). This is usually not
acceptable because it costs the plant
time and money. Step (b) may be
used if the plant and its customer
determine that the as-received prod-
uct is acceptable, and changing the
specifications to match process per-
formance is not going to adversely
affect the finished product. However,
changing specifications to match the
natural process tolerance is risky and
must have the agreement of all in-
volved parties—even if the “cus-
tomer” is the corrugator crew and
the “vendor” is the starch system.
The first consideration should be
to change the process. This is best
accomplished by eliminating assign-
able causes of variation and chang-
ing procedures to better center the
process within the specification lim-
its. This should be done in consider-
ation of cost problems that may arise.
If bringing the process into full ca-
pability involves excessive cost (capi-
tal expense, lost production, ete.),
the specifications should be re-
viewed. Remember that the natural
tolerance of the process should not
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exceed 75% of the specification (Cpk
= 1.33) and that natural process drift
occasionally leads to defectives. As
previously mentioned, specifications
that are as wide as the product (and
customer) can accept help minimize
manufacturing costs (2).

Machine capability study

One variation of the process capabil-
ity study that should also be consid-
ered is the machine capability study.
This study, done on a particular ma-
chine such as a flexo rather than
studying the entire process, can be
done rapidly and provides a snap-
shot of the machine’s potential capa-
bility.

The basic premise of a machine
capability study is to measure capa-
bility with all sources of variation
removed or controlled. In order to
do a study, the process on a given
machine is chosen and the following
conditions should be met:

e All current machine conditions
should be noted.

* One operator should perform this
and all future studies.

* All samples must come from the
same raw materials. If studying
the corrugator, board should be
made from one set of roll stock.
At the flexo, boxes should all come
from one order.

* The same gauge(s)/testing
device(s) must be used through-
out the study.

* Do not assume the measuring de-
vice for the test is accurate. Check
its calibration (this goes back to
controlling variation).

* Collect data, at least 20 points at
a time, and plot to determine sta-
tistical control.

* Once control is established, col-
lect and measure 100 consecutive
samples.

* (Calculate machine capability in
the same manner as previously
described.

Machine capability is particularly
useful in studying finishing
equipment’s ability to produce con-
sistent slot depth, slot width, print
crush, ete. It can also be used at the
corrugator cutoff knife, for caliper
off the corrugator, and for pin adhe-
sion. It is a relatively quick study
and can be conducted on new equip-
ment, after a machine rebuild, after
amajor part change (like a feed roll),
or as a troubleshooting tool.
Process capability studies are use-
ful tools for any area in the boxplant.
They can help plant personnel find
causes of variation in their processes;
by controlling these sources of varia-
tion, they can improve the plant’s
productivity and reduce many forms
of waste. The techniques presented
give any plant the rudiments for per-
forming its own process capability

studies. IT
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