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Abstract — Industries with high volume demand
tend to have various equipments that can perform
the same task. Many of these tasks produce items that
in order to sample them would require destroying
them. Validation is necessary in this case. Using
Design of Experiments, various treatments are
applied, during a validation process, to the
equipment, to prove that the outcome from each one
will be repeatable, reproducible, expected and
within the acceptable range. By using equipments
from the same manufacturer, same brand, same
model, and same capacity but in another location of
the plant, the industries use the term “like-for-like”
to lower or ease the validation process. However,
the design space used by the manufacturer of the
equipments allows it to provide the same equipment
various times but with difference in their expected
outcome; resulting in differences in the items
produced by the industries in those equipments.

Key Terms — Design of Experiments, Design
Space, “Like-for-Like”, Validation.

DEFINE

Many exclude “like-for-like”
changes from their change control program. The
FDA and other international regulators are becoming
more skeptical to these changes because a product
can be very sensitive to even the smallest changes.
For example, when changing a defective pump that
produces the input flow rate of product to a dryer;
a pump of the same model, same design and same
manufacturer was purchased to replace the defective
pump, by definition a “like-for like” change.
However, the new pump operates more efficiently,
causing a difference in the particle size distribution

companies

of the final product that fails to meet the expected
outcome. [1]

In that regard, using two equipments from the
same manufacturer, same model and same design,
which at the same time use the same single accessory
that allows packaging the specific form of the
product would still be exposed to two different
variables, the location at the plant and the difference
of efficiency of both equipments.

The packages as outputs from the two
equipments will not be exactly the same. In order to
test such outputs, tests are performed that result in
destroying the package and damaging the integrity
of the product inside. Therefore, validation, the
process of establishing documented scientific
evidence that a process or equipment is capable of
consistently delivering quality results [2], is required
for the packaging equipment.

During the validation process, the Design of
Experiments, an information gathering exercise
where variation is present that applies different
treatments to understand the effects on the product,
is used as a way to objectively present the scientific
evidence required. In the case of the packaging
equipments, treatments are formed by varying the
parameters used as inputs that are, generally,
temperature, pressure, and exposure time.

Design Space, the combination of input
variables and process parameters that have been
demonstrated to provide assurance of quality [3], is
intended to be characterized as a result by the Design
of Experiments; to further explain the differences
that the two variables, location and efficiency are
having on “like-for like” packaging equipments.

To understand the “like-for-like” presumption a
table will be shown using two different equipments
and the same set of accessories. The equipments



used will be named: A and C; on the other hand, the
two accessories will be: A0 and Al.

MEASURE

Using the packaging equipment settings, a
matrix of 16 treatments is created to understand the
effects that it has on the samples and characterize if
the design space is significantly different. Using an
industrial tensile strength tester, a variable response

accessory would also be considered a “like-for-like”
change.

ANALYZE

Using various commands from data sheet
software, we obtain the following table:

Table 2
Basic Statistics

is obtained for each equipment/ accessory Equipment A C
arrangement.
Acc A0 Al A0 Al
Tablel Max 2114 | 2160 | 2254 | 2174
Parameter Matrix
Min 1.403 1.309 1.242 1.446
Y (Ibf) StDev | 0.22645 | 0.21279 | 0.2243 | 0.22702
Parameters
Equipment A Equipment C Mean 1.775 1.796 1.822 1.845
T P time i
©F | (psi) s) A | a1t | a0 | Al C\(’)g]['f?;ceit 0.12756 | 0.11845 | 0.12314 | 0.12305
1.76 | 1.81 | 1.73 | 1.75
258 60 4.00 8 0 0 8
205 | 195 | 1.91 | 1.90 According to the coefficient of variance,
258 90 4.00 1 7 2 0 ; ; ;
Tio T30 T Tes Tt equipment A with accessory Al is the most
230 60 4.00 3 9 9 7 consistent combination. Overall, changing from
L7a | 162 1 176 | 156 | equipment A to C would not be exactly the same.
230 60 9.00 4 7 8 7
147 | 1.71 | 166 | 157 However, if the “like-for-like” change is done with
230 %0 4.00 > 3 9 9 the accessories instead, changing accessory AQ for
187 | 1.87 | 1.85 | 2.06 ’
230 90 9.00 4 7 9 1 Al, on equipment C is almost equal, the same cannot
1871 210 190 | 217 be said for Equipment A, showing the highest
258 90 9.00 0 1 5 4 '
196 | 216 | 198 | 1.95 different when changing from accessory AO to Al.
258 60 9.00 4 0 0 8 Using Statistical Software Minitab, a graph is
157 | 182 | 158 | 1.44 9 » agrap
230 90 4.00 6 3 9 6 shown for each equipment/ accessory combination
230 60 9.00 1'2 2 1;3 1‘2 3 1‘5 ! that shows how the three factors affect the response:
179 | 1.73 | 205 | 1.78
258 90 4.00 5 3 7 9 Main Effects Plot for EGA A0
211 | 1.80 | 1.87 | 2.15 Data Means
258 90 9.00 4 6 5 0 o PP fime
210 | 1.94 | 225 | 2,07
258 60 9.00 4 1 4 7
186 | 1.85 | 1.82 [ 2.02
230 | 90 | 900 | 5 5 7 9 g i /
144 | 145 | 124 | 158
230 60 4.00 1 8 2 2
172 | 1.83 | 1.88 | 1.95
258 60 4.00 9 4 2 9

Using the accessory A0 and then changing to the
Al on one of the equipments, would be considered a
“like-for like” change, similarly, using Equipment A
and then changing to Equipment C using a specific

Figure 1
Main Effects Plot for Equipment A with Accessory A0
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Main Effects Plot for Equipment A with Accessory Al
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Main Effects Plot for Equipment C with Accessory A0
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Main Effects Plot for Equipment C with Accessory Al

The temperature appears to affect the response
in the same way for each combination. The exposure
time has the same slope for the temperature only in
the last combination, equipment C with accessory
Al. In the other three combinations, the exposure
time has the same inclination which is different to all
other lines. The pressure is different in all
combinations and does not have the same slope as
any other line. In a main effects plot, a horizontal line
means that the different levels of the factors do not
affect the response. Therefore, the pressure affects

the response the least of the three factors followed
by the exposure time and then, by the temperature.
The temperature is the factor that most affects the
response.

In some of following analysis, there is the
requirement that the data follows a normal
distribution; four graphs are shown to prove the
normality of the data.
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Figure 5
Normal Probability Plot for Equipment A with Accessory A0
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Figure 6
Normal Probability Plot for Equipment A with Accessory Al
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Figure 7
Normal Probability Plot for Equipment C with Accessory A0
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Figure 8
Normal Probability Plot for Equipment C with Accessory Al

Graphically, if most of the points are within the
two edge lines then the data follows a normal
distribution. Statistically, if the P-Value is higher
than 0.05, then the data follows a normal
distribution. Therefore, all of the combinations
follow a normal distribution.

The following analysis is a Hypothesis Test,
used to prove a null hypothesis where the mean from
population 1 is different from population 2. The
following lines were extracted from Minitab 17.
Note: A confidence level of 95%, Error type | of 0.05
is used.

Two-Sample T-Test: EQA A0 vs EqA Al

N Mean StDev SE Mean
EgA A0 16 1.775 0.226 0.057
EqA Al 16 1.796 0.213 0.053
Difference = pu (EqA AO) - u (EqA Al)
Estimate for difference: -0.0211
95% ClI for difference: (-0.1800, 0.1378)
T-Test of difference = 0 (vs #): T-Value = -0.27
P-Value = 0.788 DF =29

Two-Sample T-Test: EQC A0 vs EqQC Al

N Mean StDev SE Mean
EqC A0 16 1.821 0.224 0.056
EqC Al 16 1.845 0.227 0.057
Difference = p (EqC AO) - u (EqC Al)
Estimate for difference: -0.0234
95% ClI for difference: (-0.1866, 0.1397)
T-Test of difference = 0 (vs #): T-Value = -0.29
P-Value = 0.771 DF =29

Two-Sample T-Test: EQA A0 vs EQC A0

N Mean StDev SE Mean
EgA A0 16 1.775 0.226 0.057
EqC A0 16 1.821 0.224 0.056
Difference = n (EqA A0) - u (EqC A0)
Estimate for difference: -0.0463
95% CI for difference: (-0.2092, 0.1167)
T-Test of difference = 0 (vs #): T-Value = -0.58
P-Value = 0.566 DF =29

Two-Sample T-Test; EQA Al vs EqC Al

N Mean StDev SE Mean
EgA Al 16 1.796 0.213 0.053
EqC A1l 16 1.845 0.227 0.057
Difference = u (EqA Al) - u (EqC A1)
Estimate for difference: -0.0486
95% ClI for difference: (-0.2077, 0.1105)
T-Test of difference = 0 (vs #): T-Value = -0.62
P-Value =0.537 DF =29

There are four comparisons shown, the first two
are for the “like-for-like” change of one accessory to
the other in the same equipment, the other two, are
for the “like-for-like” change of one of the
equipments to the other using the same accessory.
Using the value of 29 degrees of freedom, given by
Minitab in the last line of each comparison, a critical
value of £2.045 is obtained.
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Figure 9
Critical T Value
Any negative T-value lower than -2.045 or any
positive T-value higher than 2.045, would fall in the
rejection area giving enough evidence to reject the
null hypothesis. Likewise, if the P-value is lower
than 0.025 then there is enough evidence to reject the
null hypothesis. In all of the comparisons, these two



are not met; therefore, there is not enough evidence 1 Chart of EqC A1
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Process Capability Report for EQC A1
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Figure 17
Equipment C with Accessory Al Capability Analysis

In order for a process to be capable of
performing under specifications, it must have a Cpk
or process capability index of 1.33 or higher. The
magnitude of Cpk relative to Cp is the direct measure
of how off-center the process is operating. Cp may
be equal or higher than Cpk. Cpk takes process
centering into account. In other words, Cpk deals
with the case of a process with a mean that is not
centered between the specification limits. On the
other hand, Cp only measures the spread of the
specifications relative to the six sigma spread in the
process [4]. This analysis is dependant of the
specification limits used. This process only
specification is that the response must be higher than
1.0 Ibf. As an upper specification limit, a value of 2.6
Ibf is used, however, it is not required; if a higher
value is chosen the values of Cpk change. The most
capable combination is equipment A with accessory
Al with a Cpk of 1.84. In this case, the value of Cp
or Process Capability is equal to Cpk, this only
happens when the mean of the process is centralized
in respect to the specifications established. The
other three combinations may have difficulty
meeting customer requirements with Cpk values
lower than 1.33; the Cpk values are 1.28, 1.16 and
1.10 for combinations equipment A with accessory
AQ, equipment C with accessory Al and equipment
C with accessory AOQ, respectively.

Finally, a Design of Experiment is performed
using the matrix of 16 treatments. The following
results are extracted from Minitab.

Factorial Regression: EqA AQ versus T (F), P (psi), time (5)

Figure 18
Equipment A with Accessory A0 DOE Analysis

The DOE Analysis has two sections, the first is
ANOVA or Analysis of Variance and the second is
the Coded Coefficients. Both these sections are
based on a Hypothesis Test. In the analysis of
variance section if the F-value is higher than the
critical F-value, or if the P-value is lower than 0.05,
then there is enough evidence to reject the null
hypothesis. The null hypothesis would be that the
factor has no influence over the response. Using 1
degree of freedom for the numerator and 8 for the
denominator, the critical F-value is 5.318. On the
other hand, in the coded coefficients section, if the
T-value is higher than the positive critical value or
lower, than the negative critical value, or if the P-
value is lower than 0.025, then there is enough
evidence to reject the null hypothesis. The null
hypothesis would be that the factor has no impact
over the response. To find the critical T-value, it is
necessary to calculate the degrees of freedom; using



error type | = 0.025, k = factors = 3 and n =
repetitions = 2.

degrees of freedoms = 2¥(n—1)=23(2-1)=38 )

The critical T-value would be +2.306. For the
first combination, equipment A with accessory AQ,
the factors time and temperature influence the
response. On the other hand, the factor pressure, the
interaction between temperature and pressure, the
interaction between temperature and time, the
interaction between pressure and time, as well as the
interaction between the three factors do not influence
the response. The same conclusion can be reached
using the critical T-value in the coded coefficients
section.

Factorial Regression: EqA AL versus T (F), P (psi), time (s)

Figure 19
Equipment A with Accessory A1 DOE Analysis

For the second combination, equipment A with
accessory Al, the factors time and temperature, as
well as, the interaction between the temperature and
pressure, influence the response. On the other hand,
the factor pressure, the interaction between

temperature and time, the interaction between
pressure and time, as well as the interaction between
the three factors do not influence the response. The
same conclusion can be reached using the critical T-
value in the coded coefficients section.

Factorial Regression: EqC AQ versus T (F), P (psi), time (5)

Figure 20
Equipment C with Accessory A0 DOE Analysis

For the third combination, equipment C with
accessory A0, the factors time and temperature
influence the response. On the other hand, the factor
pressure, the interaction between temperature and
pressure, the interaction between temperature and
time, the interaction between pressure and time, as
well as the interaction between the three factors do
not influence the response. The same conclusion can
be reached using the critical T-value in the coded
coefficients section.

For the fourth combination, equipment C with
accessory Al, the factors time and temperature, as
well as, the interaction between pressure and time
influence the response. On the other hand, the factor



pressure, the interaction between temperature and
pressure, the interaction between temperature and
time, as well as the interaction between the three
factors do not influence the response. The same
conclusion can be reached using the critical T-value
in the coded coefficients section.

Factorial Regression: EqC AL versus T (F), P (psi), time (5)

Figure 21
Equipment C with Accessory A1 DOE Analysis

IMPROVE

In the two cases shown, either changing from an
accessory to the other in the same equipment, or
changing from one equipment to the other while
using the same accessory, has been proven that any
of the two can be treated as a “like-for-like” change.
There is enough scientific evidence to support this
fact. However, all this analysis must be done prior to
execute such changes. There are some minor
differences that have to be taken into consideration
that can alter a process outcome if it is very sensitive
to minor changes. For instance, taking into
consideration the DOE analysis, both cases where

the accessory Al is employed show that it is
influenced or impacted by a different interaction of
the factors depending on the equipment used. In that
regard, changing equipment A for equipment C
while using the same accessory AQ, appears to be the
most adjusted “like-for-like” change in this article.
The main effects plot supports this fact for this
change and their variance coefficient is different but
not that high of a difference. These two
combinations were under performing in the
capability analysis but it can be adjusted, if the upper
specification is higher. All of the combinations
showed to be in control, their data followed a normal
distribution and the hypothesis test showed that no
combination had a significant difference between
another. Therefore, it is possible to approve any of
the changes analyzed, there has to be documented
proof that some adjustments are made and scientific
evidence like the analysis made here to support the
reason for these changes.

CONTROL

For any process that has been around a long time
in any company, there has to be a population data.
The population data may be extracted from the
various tests done over time or from the validation.
If a “like-for-like” change is made it is necessary to
test various samples over time from the new
equipment/ accessory arrangement to gather
information to obtain population data. The reason
behind this is to see if the adjustments done in the
improve phase were accurate and not only provides
the expected outcomes like the previous
arrangement but also are within the acceptable
range. If this is not true, and the process acquires a
new mean, first of all, it is necessary to check if the
adjustments made are the cause for this. If they are,
it may a possibility reverting the adjustments and
check if the process achieves an acceptable mean
that satisfies the requirements. If that possibility is
discarded, there should be a fishbone diagram
analysis to find the root-cause and implement a
corrective action/ preventive action. As long as there
are no more changes to equipment/ accessory



arrangement there is not necessity for validation. If
the root cause is found to be a defective equipment
piece that will require some type of validation or the
justification analysis shown above to not do the
validation for that change.
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