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ABSTRACT

ANALYSIS AND EVALUATION OF BURST TEST METHODS USING
RESTRAINING FIXTURES

By

Rosamari Feliu-Bdez

Three restrained burst tests were performed: two for blisters and one for pouches.
For both, blisters and pouches, four basic behaviors were found. First, burst pressure
varies inversely with package size. Second, unrestrained burst pressures are lower than
the restrained burst pressures. Third, burst pressure is inversely proportional to plate
separation. Fourth, restraining fixtures do not necessarily reduce variability or improve
repeatability. In fact, different patterns were found for raw variance and coefficients of

variation for unrestrained and restrained burst tests results for blisters and pouches.

Another experiment was performed with the purpose of correlating burst peel
strength and tensile peel strength for Tyvek/Plastic chevron seal pouches. Correlation
between burst peel strength and tensile peel strength could not be confirmed even though

burst peeling times and tensile peeling times were controlled to be the same.
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CHAPTER 1. INTRODUCTION



The assurance of the seal integrity of any package, but especially of packages
for medical and food products, is one of the most critical steps of any quality control
program. There are different ways to measure the seal strength of a package. The most
commonly used tests for this purpose are the tensile or peel test, and the burst or gas
pressurization test. Although the tensile test has been used through the years in
industry, it has some inconveniences: it is a time consuming test because many strips
have to be cut from a package in order to get a “true measure” of the seal strength. In
cases in which only some sample strips are tested, there is a possibility that some of the
weak areas may be overlooked. The burst test, on the other hand, has gained acceptance
in industry because it does not require as much time and it is easier to perform. Also, it
provides an evaluation of the entire package system not only of the seal. Burst testing
of packages subjects the entire sterile package system to some of the stresses that
packages encounter in the manufacturing, distribution and use environment [5].

This research project focused its investigation on the burst test. Burst testing
consists of increasingly pressurizing a package until it breaks. The pressure required to
break the package is recorded as a measure of the seal strength. Since most packages
for medical purposes are made with at least one flexible side the internal pressure tends
to deform the package during the test. In the case of pouches, it deforms both sides;
while in the case of blisters or trays, which are packages formed by a preformed plastic
sheet with flexible, semi-rigid, or rigid cover, it tends to deform only the lid or the lid
material. This deformation of the package may direct the force of the pressure to

specific areas depending on the package geometry and on the type of seal. In doing so,



it may influence the resulting burst values. It is also known that the package size, seal
peel strength, and material thickness, among other factors, affect the burst values.

In recent years, the idea of using restraining fixtures in the burst test has been
developed by engineers, researchers, and people from industry in general. A standard
method of restrained burst test has been proposed to the American Society for Testing
and Materials (ASTM). Members of leader companies like Carleton Technologies,
Medtronic, Rexam Medical Packaging, and TM Electronics have been providing
reasons for using restraining fixtures in the burst test.

One of these reasons is that with restraining plates there is a greater chance to
find the weakest point. As said before, when the package is inflated in an unrestrained
burst test it tends to deform. This deformation creates stress concentrators in some
areas of the package causing them to break at the point of stress concentration. The
main concern is that the package does not deform in the same way each time and that it
does not necessarily break on the weakest point but as a result of the stress
concentration caused by the deformation. Restraining plates are thought to limit the
extent and variation of deformation. Because all seal surfaces are exposed to the same
forces with restraining plates then there is a greater chance of finding the weakest point.
A second reason these people believe, is that restraining fixtures will provide more
consistent test results, and that the use of the restraining plates will help reduce or
eliminate the effect of other variables like package size and geometry. The possibility
that the repeatability of the burst test can be improved by using restraining plates is the

main reason why people in industry nowadays are proposing a new standard.



The purpose of this thesis project is to provide an analysis of the burst test
method using restraining plates, to study its advantages and disadvantages, and to
evaluate the applicability of this type of test in different situations. This analysis will
include the package size and package geometry effects on restrained burst tests results.
Since the restrained burst pressure is known to vary with the restraining plate
separation, an analysis of plate separation (gap) effect will be provided and the
theoretical relationship between the restrained burst pressure and plate separation will
be analyzed. Also an overall comparison between the unrestrained burst test results and

the restrained test results will be performed.



CHAPTER 2. LITERATURE REVIEW



RESTRAINED BURST TEST METHODS FOR BLISTERS

In 1994, David Bohn, from Medtronic, Inc., wrote in his article “Using Burst
Testing to Evaluate Sterile Blister Packaging” about research being planned for totally
restricted burst testing [S]. It was not until 1996, that John Spitzley, from Medtronic,
Inc., wrote and designed a test plan (PTP9609121) in order to define the tests and
procedures required to determine the effect of a restraining fixture on the burst values of
packages of widely varying sizes and geometries [18]. They decided to do this because
blisters have one flexible side and they think that one of the effects of the internal
pressure in an unrestrained burst test is a “doming” of the lid which can alter the shape
of the package. This may direct the force of the pressure to specific areas depending on
package geometry thus influencing the resulting burst values. Medtronic’s theory was
that if the lid of the package were prevented from “doming™ by a restraining fixture, the
result may be to minimize the effects of package size and geometry on the resultant
burst values. This test plan was put in practice in the School of Packaging. The results

will be shown later on in this report.
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RESTRAINED BURST TEST METHODS FOR POUCHES

In January 1992, the use of restraining plates for food flexible pouches was
mentioned in section 4.3.4 of the MIL-P-44073 D - Military Specification Packaging
and Thermoprocessing of Foods in Flexible Pouches [13]. Its revised edition, from
February 1996, MIL-PRF-44073E - Performance Specification for Packaging of Food
in Flexible Pouches, mentions in section 4.3.7 the use of restraining fixtures [14]. It
says that the internal pressure resistance shall be determined by pressurizing the
pouches while they are restrained between two rigid plates spaced 1/2 inch +/- 1/16 inch
apart. It mentions the use of the plates for open package (three-seal tester) and for
closed package (four-seal tester). Also, it specifies the parameters to be used in the test,
how the pouches should be examined and the criteria that should be used to consider a
test failure.

Professor Kit Yam, from Rutgers University, published in 1993 an article
“Relationship between Seal Strength and Burst Pressure for Pouches”, in which he
mentioned the use of restraining plates [22]. The purpose of his study was to find the
relationship between peel and burst tests. The burst test was performed using restraining
fixtures. The article explained, based on force analysis, that the seal strength (S)
obtained from the peel test is equivalent to the product of the burst pressure (P) and half
of the plate separation (D) used for the burst test (S = P*(D/2)). Yam wrote the
equation as (S = (P*R)), where R = D/2. He emphasized in his article that the validity
of this equation is based on the assumption that the peeling times for the peel test and

the burst test should be the same.



Thomas Wachala, from Carleton Technologies, in 1994, published a study
“Restrained Vs Unrestrained Pressure Testing”, in which he compared both burst test
methods [20]. He explained in his article how the package is not the only factor
affecting the burst test results. He thinks that the method of holding the package during
the test can also have a big effect. Wachala also says that some of the advantages of the
restrained burst test method are: that it helps to test the packages more uniformly by
exposing all surfaces to the same forces and that this test provides a greater chance to
find the weakest point of the package. Also he mentioned as an advantage that the
restraining fixture would minimize the effects of package geometry and that the plate
separation could be standardized for use for specific packages at multiple locations. He
thinks that the unrestrained test, if done at multiple locations, has greater potential for
large differences in burst values. The disadvantages for using restraining fixtures, he
says, include higher burst values, and the need for a variety of plates to accommodate
various package sizes.

On January 21 1997, Committee F 2.6 of the American Society for Testing and
Materials (ASTM), presented a draft proposal for a Standard Test Method for Burst Test
Seal Strength Testing of Flexible Packages using Internal Air Pressurization within
Restraining Plates [4]. This standard method in particular is to be applicable to
packages with seals that are intended to have a peelable seal feature. In this proposed
standard method, the restraining plate burst method is described as a rapid means of
evaluating minimum seal strength and tendencies for package seal failure when the

package is exposed to an internal pressure. The use of the restraining fixtures is



recommended in order to maintain dimensional stability while the package is
pressurized.

Also, Neil Lorimer, from Rexam Medical Packaging made a presentation
“Understanding Restrained Burst Testing”, on April, 1997 to the ASTM F02
Subcommittee on Medical Packaging, in which he explained reasons for performing
restrained burst testing [12]. One of the reasons he provided was that restrained burst
testing provides a rapid means of evaluating minimum seal strength (burst strength).
The other reason is that this test is more efficient and economical to perform than force
gage testing of peel strength. He also mentioned in his presentation that restrained burst
testing can reliably detect the weakest area of a package seal placed around the
perimeter of a flexible package and that this is very important when developing
correlation between peel and burst test. It is important to recognize that tests values for
burst strength are correlated only to the weakest areas of the pouch seal and not to the
entire distribution of seal strength values. He thinks that in order to find correlation
between burst and force gage peel tests it is better to use restrained burst testing results
than the unrestrained burst test results. Pouches, when tested in an unrestrained mode,
tend to burst in the middle of the bag in spite of where the weakest point is really
located. This appears to be because a crease appears there, which concentrates stress.

Appendix D, at the end of this report, provides a detailed list of reasons why
members of leader companies are suggesting the use of restraining fixture in the burst

test.
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RESTRAINED BURST TEST STUDIES PERFORMED AT

MICHIGAN STATE UNIVERSITY - SCHOOL OF PACKAGING

During fall 1996 we started working with restrained burst test methods for
blisters and pouches. Dr. Hugh E. Lockhart, Professor at Michigan State University
School of Packaging is in charge of this project. We have worked together on the design
of all the tests, the design of test fixtures, the experimental designs, and in the analysis
and interpretation of the results. We learned from our experiments three basic
behaviors that hold for both pouches and blisters. The first one is that in burst testing,
the burst pressure required to break a package decreases as the package size increases.
The second one is that unrestrained burst pressures are lower than restrained burst
pressures. The third one is that as the plate separation decrease, the burst pressure
required to break a package increase [9, 10, and 11]. These three behaviors were
observed while testing pouches and blisters and the results will be discussed in this
report.

The literature review presented above demonstrates that there is some work that
has been done in order to explain burst test methods using restraining fixtures. There is
certainly an effect of package size and of plate separation distance on the burst test
results. There is also a difference between the unrestrained burst test method and the
restrained method. The intent of this thesis project is to study and analyze these effects
on the burst test results, and to understand the main differences between restrained and

unrestrained burst test methods.



CHAPTER 3. THEORY
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RELATIONSHIP BETWEEN PEEL TEST AND BURST TEST

As mentioned in the literature review section, Professor Kit Yam, from Rutgers
University has worked on correlating peel test with restrained burst test results. In his
article [22), he explained that the seal strength (S) obtained from the peel test is
equivalent to the product of the burst pressure (P) and half of the plate separation (D)
used in the burst test (S = P*(D/2)). He derived this equation based on the assumption
that the walls of the pouch take approximately a circular shape when the air pressure
exerts a tensile force on the seal to peel it apart. The Y component of forces (tensile

peel) around the seal area can be represented by:

1”

de

—>
s~}

7 »  Seal Plane
X

Fy

Figure 1. Force Diagram in Seal Area
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dFy =P R sin 0 d0
Fy = force peeling a one inch width of the seal
P = internal pressure
R = half plate separation
Fy=/,"" PRsin6 do
Fy=PR ; Fy can be substituted by S (Ib./in) at rupture
S=PR
He emphasized in his article that the validity of this equation is based on the assumption
that the peeling times for the peel test and the burst test should be the same. The tensile
peeling time is a function of gauge length, crosshead speed and strain-stress properties
of the pouch material and the seal. The burst peeling time is a function of plate
separation, rate of pressurization and stress-strain properties of the pouch material and

the seal. Professor Yam presented data in his article to support his theory.
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BURST TEST THEORY - UNRESTRAINED & RESTRAINED CASES

During summer 1997, Dr. Gary Burgess, Professor at Michigan State University,
got involved in the development of this project. He developed theoretical equations,
based on force diagrams, in order to explain the pouch behavior during an unrestrained
and a restrained burst test. The following equations and diagrams were provided by Dr.

Burgess.

Pouch Burst Testing:

L, W are the internal dimensions of the flat pouch

before pressurization

Figure 2. Pouch in its Flat Configuration
When the package is pressurized the center section of the pouch tries to become

circular. The pouch “shrinks”.

The internal dimensions are now L| and W'and are
smaller than Ll and W,l respectively.

@' <L) and (W< W)

w! Figure 3. Pressurized Pouch - Unrestrained Case
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Unrestrained Case:

The force diagram, in Figure 4, represents a half center section strip of width h in an
unrestrained burst test at failure. The work needed to peel the seals apart can be
described by the vector component of the force in Y direction, perpendicular to the

plane of the seal.

Vs \ s ¥
|
|

Figure 4. Force Diagram of Half-Center Section Strip - Unrestrained Case

\
the vertical component = 2Fy=PW h=2Sh;

P=[2S)/W] (1

~
Il

where pressure

h = width of the strip

wn
I

seal strength (lb./inch) in a 180 ° degree peel test
(force required to peel seal apart / the width of the strip)

W'= diameter of the pouch (See Figure 5, next page)
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Still

Figure S. Diagram of Half-Center Section Strip - Inflated Pouch

If the center section is approximated as a circle, assuming that the strip does not stretch

much along its perimeter, then;

AW =2w (n * diameter = circumference)

w2 W)/, W'= 636 W (it shrinks about 1/3) @)
Substitute equation (2) in (1);

Peritical = [(T S) / W)]; Paitical = Burst Pressure 3)

So, for the unrestrained case the burst pressure is a function of seal strength and

pouch size. With this equation, some predictions can be made:

1. The burst pressure increases as the seal strength increases

2. The burst pressure decreases as the width of the package increases. Therefore,
bigger pouches are weaker in burst, even when seal strength is the same.

3. Dimension “L” has no effect on Paitical. The burst pressure depends only on the
smaller dimension (W); so lengthening of the pouch while keeping the width the

same should not affect the burst strength.
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Restrained case:

Figure 6. Pressurized Pouch - Restrained Case

The restraining plates apply force over the contact length x. This force is equal and
opposite to the air pressure P inside and so these forces cancel and do not enter the force
balance. The vertical components of the pressure along the curved parts are balanced

by the seal tension, assuming the material does not stretch

t 1

1 \
4 D/2
T

]

Figure 7. Force Diagram of Half-Center Section Strip - Restrained Case
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P(D/2)h P(D/2)h b

Figure 8. Force Diagram of Half-Center Section Strip - Restrained Case

From the figure above;
x + [W2*(D/2)]+ [/2*(D/2)] = W x =W - [n* D/2] 4)
2Fy=2Sh=2*(pDh/2); p=[(28S)/D] ©))

SO Peritical = [(2 S) / D]

So, for the restrained case the burst pressure is a function of seal strength and plate
separation. With this equation, some predictions can be made:
1. The burst pressure increases as the seal strength increases.

2. The burst pressure increases as the distance between the plates decreases.
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It is important to notice that the unrestrained case is a special case of the restrained case.
If D gets bigger and bigger, then eventually it will be unrestrained. This happens when
x = 0; which from equation (4) above happens when D = [(2 W) / t]. When this D
value is substituted into equation (5), the following can be obtained,

Paiical = {(28) / [(2W) / =]} ; Periten = [(7 S) / W]

which is the burst pressure obtained for the unrestrained case. See equation (3)

Both cases can be put in a single graph.

Restrained;
Peritcal Poitea = (2S/D)

Unrestrained:

@sw) | Peritical = (TS/W)

|

ﬂ
(2Wim)

D = Plate Separation (Gap Size)

Figure 9. Relationship between Critical Burst Pressure and Plate Separation

It can be seen from the graph that the restrained results could be represented
theoretically as a hyperbolic function. Beyond a certain D (plate separation) value,

there is no contact between the package and the plates and the test is similar to an
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unrestrained one. In this case Paiical is independent of D and the data cannot be
represented with a hyperbolic function anymore. The results provided by Dr. Burgess
agree with the results provided by Dr. Kit Yam in his article “Relationship between

Seal Strength and Burst Pressure for Pouches’[22].



CHAPTER 4. MATERIALS AND METHODS
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PART A - BLISTERS:
L. UNRESTRAINED VS RESTRAINED BURST TEST RESULTS
Materials Tested:
1. Medtronic Accessories Package (P/N 119401-001)
Seal Perimeter (13.5”)
2. Medtronic Thera Small Outer IPG Package (P/N 119679-001)
Seal Perimeter (20.0™)
3. Medtronic Standard Leads Outer Package (P/N 119421-001)
Seal Perimeter (27.57)
4. Medtronic Myocardial Leads Outer Package (P/N 119553-001)

Seal Perimeter (33.0”)

Test Methods Used:
1. ARO 2600 Burst and Creep Tester - Medtronic’s Operating Procedure PE026
2. Medtronic’s Test Plan PTP9609121

“Effect of a Restraining Fixture on the Burst Values of Sterile Packages”

Equipment:
1. Test-A-Pack 2600 Burst Tester - Carleton Technologies with closed fixture
2. Burst Test Restraining Fixture (14.5” x 11.5” x 3/8”) — Medtronic’s design and

construction. See Figure 10, next page.
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Procedure:

One half (50) of the packages of each kind were burst tested in an unrestrained
mode, and the other half (50) were burst tested using Medtronic’s restraining fixture.
Each group of (50) packages was tested on two days, 25 each day. This allowed
evaluation of day effect as a result of starting and stopping the test sequence.

The blisters were placed with or without the restraining plates in the closed package
fixture; depending if restrained or unrestrained burst test, respectively, was being
performed. A needle punctured the lid of the blister. The package was pressurized until

it broke. The pressure required to break the package was recorded.

Experimental Design:
See Table 1. Sampling Procedure for Blisters - Unrestrained Vs Restrained Burst

Test Results, next page.

Data Analysis:

Test results were analyzed statistically for significant difference between the means
using one-way and two-way analysis of variance, and t-tests as appropriate. The results
were further analyzed to determine if there were differences in variation between the

two test methods.



25

«0T'0 deo 6 = Ananisusg W OMd
§ = AnAnisusg § = 18y MO 100-6L9611 N/d
§ = 91wy MO[ L = dnjag anixig % €v = HY wdoo:s aeyoed 19N
0 sojdures ¢7 sajdures ¢7 Doll=1 96/42/01 [[ew§ eIy L
«07'0 =den 6 = Ananisuog o OMd
¢ = AjAnisusg § =318y MO[] 100-6L9611 N/d
¢ = 91ey MO[] L = dnyag ainyxig % v = wd g9 aleyoed 19INO
0S sojdures g7 sojdwes ¢7 DolT=1 96/£2/01 [lews eIy
«¥1°0=dep 6 = AuAnIsuag
¢ = ANAnisuag § = 218y MO[] 1# "OMd
¢ =318y MO[] gl =dmpgamxiy | % ¢y = HY wdog:g 100-10v611 N/d
0S sojdwes g7 sajdwes ¢z Do,0Z=1 96/£7/01 a3exoed A10ss200Y
10 =dep 6 = ANAnIsuag
§ = AnAnisuag § = 91ey Mo[] 1# "93d
§ = 91ey mo[q gl =dneg aumixig | 9% ¢p = HY wd gz 100-10¥611 N/d
0§ sodwes ¢z sadures ¢7 Doll=1 96/27/01 a3eyoed A10ss200Y
P3Isa L, sojdureg NESEIITUALE sidPuBIBg Anprung
Jo RqunN IR IVL dANEBRY aul [ Jeg
[B10L PIuIBIISY pIurBI)SAIU() 2 auanjesduwd ], Keq adL] a8eyoeq

SHNSIY ISI, ISINg PIUIBIISNY SA PIUIBAISIIU() - SI)SIY 10J JAnpadosq Surdueg *| qeL

NIISHA TVININIIALXT




o TR ANIaTd N A



26

«100=dep § = AjAnisuag v# “OMId
§ = AJIAnISuUag ¢ = 918y MO[] 100-€5S611 N/d
¢ = 91eyg MO 6 = dmag asnixiy % € = HY weogol a3exyjoed [eIpIeOOAN
0S sajdwes g7 sajdwies ¢z D.1Z=1 96/S1/11 piepueig JainQ
«10°0=dep S = ANAIISUSS b ONd
§ = AAnIsusg ¢ =91y MO 100-€5S611 N/d
¢ = 918y MO[J] 6 = dnjog amxig % €V = A we 08 a8eyor( [eIpIeOOAN
0$ sojdwes g7 sajdures ¢7 D,07=1 96/1/11 pepuelg 193nQ
«S1o=dep § = Ananisusg €4 "OMId
¢ = Ananisuag § =918y MO 100-12¥611 N/d
¢ = a1y MO[ [ = dmag anixiyg % €V = I ‘w'e 00'8 a8eyor( spes]
0S sojdwes g7 sadues ¢z D,0Z=1 96/62/01 pIepueig JaInQ
«S1°0=dep ¢ = ANAnIsuag €4 "OMd
¢ = ANAnIsusg § = a1y MO[] 100-1Z611 N/d
§ = 91ey Mo[q [ = dyog armixiy % €V = HY Wweogol agexoed spes]
0 sojdues ¢7 sajdues ¢ Doll=1 96/87/01 pIepuels 131nQ
p31sa ], sajdumeg sId)oweIBg SEIEINTALE Anprung
Jo Jdquiny 1L 19 dAnePRYy duin, ueg
[®10]L PauIBIISY paurea)saau() % dameraduwd Keq adL] aBeyoeyg

S)[NSIY ISIL, ISINgG PIUTBIISIY SA PIUTBIISAIU() - SII)SIY 10§ danpadosq Surgdureg °| dqe L,

NOILVANILLNOD - NDISAd 'TVINIINIIAdXT




27

IL. PACKAGE SIZE AND GAP SIZE EFFECT

Materials Tested:
1. Medtronic Accessories Package (P/N 119401-001)
Seal perimeter = 13.5”
2. Medtronic Thera Small Outer Package (P/N 119679-001)
Seal perimeter = 20.0”
Test Methods Used:
1. ARO 2600 Burst and Creep Tester - Medtronic’s Operating Procedure PE026
2. Medtronic’s Test Plan PTP9609121
“Effect of a Restraining Fixture on the Burst Values of Sterile Packages”.
Equipment:
1. Test-A-Pack 2600 Burst Tester - Carleton Technologies with close package fixture.
2. Medtronic’s Burst Test Restraining Fixtures (See Figure 10)

Box #1, #2, #3, #4, & #5 - the difference in boxes is the plate separation
Procedure:

All the packages were burst tested in the restraining fixture. Each group of 24
packages, at 3 different gaps, was tested on 2 days, 12 each day. This allowed
evaluation of day effects .

The blisters were placed within the restraining fixture. A needle punctured the lid
of the blister. The package was pressurized until it broke. The pressure required to

break the package was recorded. The same procedure was repeated for the three gaps.
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Data Analysis:
The results were analyzed statistically for significant differences between means
using one-way and two-way analysis of variance. The results were further analyzed to

test the effect of gap size on variance.
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PART B — POUCHES:
L. UNRESTRAINED VS RESTRAINED BURST TEST RESULTS

II. PACKAGE SIZE AND GAP SIZE EFFECT

A single test was conducted to compare unrestrained vs. restrained burst test results and
also to analyze the effects of package and gap size on the burst test results.
Materials Tested:
1. Package #1 - Oliver Products Company
(5”x 107) Chevron Seal Pouch
Pouch Raw 1073 B/Tyvek Pouch W/48 Gage PET
Plastic (2.6 mil) / Tyvek (7.0 mil)
Basis Weight (76.83 g/m’ or 2.26 oz/yd?)
Average Peel Strength (2.1 Ib./in.)
Seal Perimeter (16.5™)

Seal Width (3/8”)

2. Package #2 - Oliver Products Company
(7 x 117) Chevron Seal Pouch
Pouch Raw 1073 B/Tyvek Pouch W/48 Gage PET
Plastic (2.6 mil) / Tyvek (7.2 mil)
Basis Weight (75.10 g/m® or 2.21 oz/yd®)
Average Peel Strength (2.2 1b./in.)
Seal Perimeter (19.0”)

Seal Width (3/8”)
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3. Package #3 - Oliver Products Company
9’x 127) Chevron Seal Pouch
Pouch Raw 1073 B/Tyvek Pouch W/48 Gage PET
Plastic (2.6 mil) / Tyvek (7.1 mil)
Basis Weight (74.85 g/m? or 2.21 oz/yd?)
Average Peel Strength (2.0 1b./in.)
Seal Perimeter (21.5”)

Seal Width (3/8”)

Test Methods Used:
1. ARO 2600 Burst and Creep Tester Operating Procedure

2. INSTRON Tensile Tester (Model 4201) Operating Procedure

Equipment:
1. Test-A-Pack 2600 Burst Tester - Carleton Technologies with open package fixture.
2. Burst Test Aluminum Restraining Fixture (12” x 12” x %”).

See Figure 11, next page.

3. INSTRON Tensile Tester Machine — Model 4201
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Procedure:
A group of 30 packages were peel tested. There were 3 package sizes, 5 pouches
each, in 2 days. Four (4) locations (A, B, D, and E) were tested from each pouch. See

figure below.

Figure 12. Pouch Seal Locations
The peel strength of the sides (A and E) was compared with the peel strength of the
chevron area (B and D) to see if they were statistically different.

A group of 420 packages were burst tested. There were 3 package sizes, at 7
different modes, 10 samples each, in 2 days. The testing modes consisted of two (2)
types of unrestrained modes: chevron up or chevron down and five (5) types of
restrained modes: gap heights of 0.25”, 0.50”, 0.625”, 0.75”, and 1.0”, were used.
Chevron up means that the pouch was placed with the plastic side looking up and
chevron down means that it was placed with the Tyvek side looking up. So, in general,
there were 3 sizes * 7 modes * 10 samples * 2 days = 420 packages. The size of the
three different packages was determined by measuring the seal perimeter. The seal
perimeter values really represent the inner border of the sealed area.

The pouches were placed with or without the restraining plates in the open package

fixture, depending if restrained or unrestrained burst test, respectively, was being
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performed. The pouches were slid over the test fixture’s inflation port until its top
portion touched the metal stops. The actuator was pressed down to clamp the pouch in
place. The package was pressurized until it broke. The pressure required to break the

package was recorded. The same procedure was repeated for the seven different modes.

Experimental Design:
See Tables 3 and 4, next page. Sampling Procedure for Pouches — Peel Test and

Burst Test, respectively.

Data Analysis:

The results were analyzed statistically for significant differences between the means
using one-way and two-way analysis of variance. The results were further analyzed to
determine if there were differences in variation between the three different package

sizes and the seven different modes.
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Part C - CORRELATION BETWEEN BURST TEST AND PEEL TEST

FOR POUCHES
Materials Tested:
1. Package#4 - Ethicon Endo Surgery
(6” x 10”) Plastic/Tyvek and Chevron Seal Pouch
Plastic (2.5 mil) / Tyvek (6.8 mil)
Seal Widths (A=3.5/8”, B and D = 2", E=3/8")
Test Methods:

1. ARO 2600 Burst and Creep Tester Operating Procedure
3. INSTRON Tensile Tester (Model 4201) Operating Procedure

4. ASTM F-88 — 94 Standard Test Method for Seal Strength of Flexible Barrier

Materials

Equipment:
1. INSTRON Tensile Tester Machine - Model 4201

2. Test-A-Pack 2600 Burst Tester - Carleton Technologies - with the open package
fixture.

3. Burst Test Aluminum Restraining Fixture (12” x 12 x %”).
(See Figure 11)

4. Stopwatch CASIO with sensitivity of .01 minute.
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Procedure:

According to Yam [22], the validity of the equation relating burst pressure and
seal strength is based on the assumption that the peeling times for the peel test and the
burst test are the same. He explained that the tensile peeling time is proportional to the
elongation and inversely proportional to the crosshead speed; t, = (60 * AL)/v.
tp is the tensile peeling time, AL (in) is the elongation, v is the crosshead speed (in/min),
and 60 is the factor used to convert from minutes to seconds. The tensile peeling time
(t,) changes as the crosshead speed in the INSTRON machine changes.

In order to find a crosshead speed to make the tensile peeling time equal to burst
peeling time (t, =t ) the following equation was used: t, =t, = (60 * AL) / v in the form
v=(60 * AL) / t, . The burst peeling time (t,) was obtained from the burst test and AL
is taken as 2w, twice the seal width, so it was possible to solve for v.

The assumption that AL = 2w was made because the elongation of the materials
(Tyvek and plastic) was negligible when compared to the elongation of the seal at peak
load. AL, is the elongation of the specimen during the peel test and w is the seal width.
In order to verify that assumption, a tensile test for the Tyvek and plastic materials of
the pouch and a peel test for the seal were performed and compared.

As described by Professor Kit Yam in his article [22], a restrained burst test was
performed for all pouches. Three different gaps were used: 0.25”, 0.50”, and 1.0”. The
flow rate, which is the speed at which the air enters the package, was set at 1, 5, and 9
when testing the packages at each gap. The other two parameters were set at a specific
value and kept constant (sensitivity = 1 and prefill = N). The time between initial

pressurization and pouch bursting (t, = burst peeling time), changed as the flow rate was
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changed. The burst peeling time (t,), burst pressure values, and the location of failure
were recorded for each sample. The burst peeling time was measured using a
stopwatch.

One-inch wide specimens were cut, according to ASTM F88 - 94, from four

different pouch locations. See figure below.

Figure 13. Pouch Seal Locations

The gauge length in the INSTRON machine was set to TR (R = plate separation
divided by two) so that the area of the specimen acted upon by the tensile peel test was
the same as the area acted upon by the burst test [22]. Since the gaps tested in this
experiment were 0.25”, 0.50”, and 1.0”, the gauge length used were 0.40”, 0.80”, and
1.60”, respectively. The tensile peeling time (t;), and the seal strength at peak (S) were

recorded for each sample. The tensile peeling time was measured using a stopwatch.



The predicted burst pressure was calculated using the equation P = (S/R) or P =
(2S/D); where P is the predicted burst pressure, S is the seal strength at peak obtained
from the peel test, D is the plate separation, and R is half of the plate separation. The

predicted burst pressure was compared with the experimental burst pressure.

Experimental Design:
See Table 5. Sampling Procedure for Pouches - Correlation Between Burst Test

and Peel Test, next page.

Data Analysis:
The predicted values were calculated with the minimum and total seal strength.

The predicted and observed results were plotted to see their agreement.
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Even though blisters and pouches are different types of packages and required
different fixtures to perform the tests, the obtained results were similar. As mentioned,
in the literature review chapter, three behaviors were observed while testing blisters and
pouches. Part A and Part B of this chapter are intended to discuss these three behaviors

for the blisters and pouches, respectively.

Part A (for blisters) and Part B (for pouches) are both divided in three sections.
In the first section the results show that unrestrained burst pressures are lower than
restrained burst pressures. The second section will show results that demonstrate the
package size effects and the plate separation or gap effects on the burst values. It was
observed that the burst pressure required to break a package is inversely proportional to
package size and plate separation (gap size). The third section of both parts provides a

summary of the results obtained for the blisters and pouches, respectively.

Part C, show the results of an experiment that was performed with a different
pouch than the one used in Part B. The purpose of this experiment was to correlate burst
and peel test. The formulas used and the procedure followed were based on Professor
Kit Yam’s research, published in 1993 [22]. A summary of the results obtained in this

experiment is provided at the end of Part C.

The results were analyzed statistically for significant differences between the
means using one-way and two-way analysis of variance (ANOVA). Generally a log

transformation of the data helps to stabilize the variances. The ANOV As were run for



both, the raw data and for the logged data. The analysis of residuals for each ANOVA
showed somewhat improved conformance to normality for the logged data. The
ANOVA results were essentially the same in regard to significance and we report only
the results of ANOV As performed on the raw data. A comparison between the
variances and the coefficients of variation of the raw data was performed for each
experiment. These results are reported following the ANOVA results on each section.

Statistical significance is determined at the o = 0.05 level unless otherwise noted.
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L__UNRESTRAINED VS RESTRAINED BURST TEST RESULTS

The main purpose of this section is to compare unrestrained with restrained burst

test results and to show how unrestrained burst pressures are lower than the burst

pressures obtained when using a restraining fixture. Even though the package size

effects will be discussed in section II, the results in this section also point out how

the burst values within the unrestrained mode and within the restrained mode vary

inversely proportional with package size.

UNRESTRAINED RESULTS:

Table 6. Unrestrained Results for Blisters

PKG | n Avg. Std | C.of | Min | Max | Range | Burst/Perimeter
# (in. HO) | Dev | Var (Burst/inch)
(%)
1 50 121.4 10.21 | 841 | 95.0 | 1474 52.4 9.0
2 50 73.1 363 | 497 | 64.1 | 82.1 18.0 3.7
3 50 39.0 2.68 | 687 | 312 | 443 13.1 1.4
4 50 38.4 191 | 497 | 339 | 424 8.5 1.2

One (1) variable: Package Configuration
Seal Perimeter Package #1 = 13.5”
Seal Perimeter Package #2 = 20.0”
Seal Perimeter Package #3 = 27.5”
Seal Perimeter Package #4 = 33.0”

It can be seen from the table above that the average burst values vary inversely

with the package size. The smaller package has a higher burst value than the bigger

package.




Table 7. Unrestrained Burst Test for Blisters
ANOVA One-way analysis - Package Size Effect

Source | Degrees Sum
of of of Mean F Feriticat | P vame | Conclusion
Variation | Freedom | Squares | Square | caculated
PKG PKG Size
Size 3 229432 | 76477 | 2386.46 | 2.6507 | 0.000 Effect
Error 196 6281.1 32 -—- --- -— ---
Total 199 235713 -—- — — — ---

The one-way analysis of variance in the table above shows statistically significant

differences between package size. So, package size affects the unrestrained average

burst test values.

The t-test comparison of PKG #3 and PKG #4 resulted in a p value = 0.20.

Therefore, packages 3 and 4 are not statistically different from each other in an

unrestrained burst test. All other s-test results showed significant differences, so

packages 1 and 2 are different from each other and from packages 3 and 4. Differences

in shape and angles in the four types of blisters or trays could be responsible for these

results.




RESTRAINED RESULTS:

Table 8. Restrained Results for Blisters

47

PKG | n Avg. Std | C.of | Min | Max | Range Burst / Gap
# (in. H;O) | Dev | Var Perimeter (in)
(%) (Burst/inch)
1 50 153.7 1072 | 6.97 | 1284 ]190.7 | 623 114 .14
2 50 113.2 837 | 739 | 841 | 1350| 509 5.7 .20
3 50 114.5 740 | 646 | 986 | 1319 | 333 42 15
4 50 86.8 356 | 410 | 76.5 | 94.0 17.5 2.6 .01

Two variables: Package Configuration and Gap Height. The variables cannot be
separated for statistical analysis because the experiment design does not allow it.
Seal Perimeter Package #1 = 13.5”
Seal Perimeter Package #2 = 20.0”
Seal Perimeter Package #3 = 27.5”
Seal Perimeter Package #4 = 33.0”

In this case it is not possible to estimate the package effect and the gap effect
individually because the two variables are changing at the same time.

The t-test comparison of PKG #2 and PKG #3 resulted in a p value = 0.41.
Therefore, packages 2 and 3 are not statistically different from each other in a restrained
burst test. All other #-test results showed significant differences. Because the gap and
package size were confounded, valid analysis for gap and size was impossible.
Therefore, another experiment was designed, and the analysis of this one is reported on

page 55.
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COMPARISON BETWEEN UNRESTRAINED & RESTRAINED RESULTS:

A two-way analysis of variance was performed for each package configuration to

see the effect of test method (unrestrained Vs restrained) and day on the results. We

found statistical evidence of differences between test methods and no statistical

evidence that days affected the burst test values. For all reported analyses we pool the

samples from the separate days for each package.

Table 9. Restrained Vs Unrestrained Results for Blisters

PKG Configuration n | Unrestrained | Restrained | Ratio
Average Average
(in. H;0) (in. H;0)
PKG #1
Accessories 50 121.4 153.7 1.3
PKG #2
Thera Small Outer IPG 50 73.1 113.2 1.6
PKG #3
Standard Leads Outer 50 39.0 114.5 2.9
PKG #4
Myocardial Leads Outer | 50 38.4 86.8 23

Table 9, above, shows that, at each package configuration, restrained average

burst pressures are higher than unrestrained average burst pressures.

Table 10. Overall Package Size and Test Method Effect on Burst Test Results for
Blisters - ANOVA Two-way Analysis

Source Degrees Sum
of of of Mean F F P Conclusion
Variation | Freedom | Squares | Square | caiculsted | criticst | Value
PKG PKG Size
Size 3 317044 | 105681 | 2229.6 | 2.63 | 0.000 Effect
Test _ Test Method
Method 1 240850 | 240850 | 5081.2 | 3.87 | 0.000 Effect
Interaction Interaction
3 26384 | 87946 | 18554 | 2.63 | 0.000 Effect
Error 392 18576 474 --- --- - ---
Total 399 602854 - -- -— -— -—
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The two-way analysis of variance in the table above shows strong statistical
evidence of differences between packages and test methods. So, in general, test
methods and package size, both affect the average burst test results. This analysis
also demonstrated an interaction between package and test method, but interaction
accounted for a relatively small percentage of the variation.

Figure 14, next page, shows the relationship between average unrestrained and
restrained burst test values Vs package seal perimeter (package size). It can be seen
from this figure that within the restrained testing mode, the burst pressure decreases as
the seal perimeter increases. The same behavior was observed when the package was
tested in an unrestrained mode. This figure also shows that restrained burst pressure
was higher than the unrestrained burst pressure for all package sizes.

Figures 15 and 16, in the following pages, present box plots of the burst pressure for
four different package sizes for unrestrained and restrained burst test, respectively.
These plots indicate that an increase in package seal perimeter produce a lower
unrestrained burst pressure. These box plot also shows the variability of the
unrestrained burst pressure within each package size (seal perimeter) as well as the
variability between different package sizes. It can be seen in both figures that the
distribution of unrestrained burst pressure at a particular package size is reasonably
symmetrical, and the variability in unrestrained burst pressure appears to be higher for
the smaller packages than for the bigger ones. Also, variability seems to be greater for
restrained than for unrestrained. Tables 11 and 12 summarize the analysis for variances

and coefficients of variation.
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COMPARISON BETWEEN VARIANCES:

Table 11. Test for equality of two variances for Blisters
(F- test for Unrestrained Vs Restrained)

Package |Unrestrained | Restrained F-Ratio p-value
(Variance) | (Variance)

1 104.24 114.92 1.10 7.34E-01
2 13.18 70.06 532 3.28E-08
3 7.18 54.76 7.62 4.76E-11
4 3.65 12.67 3.47 2.58E-05

The F-ratio was calculated dividing the higher variance over the lower variance.
The calculated two-sided p values were compared against 0.05. It can be seen in the
table above that the variances for packages #2, #3, and #4 are statistically different. For
all cases, the restrained variances are higher than the unrestrained variances.
COMPARISON BETWEEN COEFFICIENTS OF VARIATION:

Table 12. Comparison between Coefficients of Variation for Blisters
(Unrestrained Vs. Restrained)

Package #1
Test Mode | Standard Average Coeff. Of | Standard

Deviation (in. H0) Variation | Error (CV)

Unrestrained 10.21 121.40 8.41 0.8469
Restrained 10.72 153.70 6.97 0.7008
Comparing | Difference | Std Error Z-ratio p-value
in CVs (Difference)
UR &R 1.44 1.10 1.31 0.19
Package #2

Test Mode | Standard Average Coeff. Of | Standard
Deviation (in. H;O) | Variation | Error (CV)

Unrestrained 3.63 73.10 4.97 0.4978
Restrained 8.37 113.20 7.39 0.7434
Comparing | Difference | Std Error Ratio p-value

in CVs (Difference)
UR &R 243 0.89 271 0.01
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Table 12. Comparison between CoefTicients of Variation for Blisters

(Unrestrained Vs. Restrained) Continuation

Package #3
Test Mode | Standard Average Coeff. Of | Standard
Deviation (in. H;O) | Variation | Error (CV)
Unrestrained 2.68 39.00 6.87 0.6904
Restrained 7.40 114.50 6.46 0.6490
Comparing | Difference | Std Error Ratio p-value
in CVs (Difference)
UR &R 041 0.95 043 0.67
Package #4
Test Mode | Standard Average Coeff. Of | Standard
Deviation (in. H20) Variation | Error (CV)
Unrestrained 1.91 38.40 4.97 0.4986
Restrained 3.56 86.80 4.10 0.4108
Comparing | Difference | Std Error Ratio p-value
in CVs (Difference)
UR &R 0.87 0.65 1.35 0.18

In order to compare coefficients of variation we used the standard errors of each
coefficient of variation [16] and the root mean square formula to determine the standard
error of the difference. The difference in coefficients of variation was calculated as the
higher coefficient of variation minus the lower coefficient of variation. The statistical
significance was determined using the standardized difference called the Z-ratio and
standard normal distribution. The obtained two-sided p values were compared against
0.05. It can be seen from the table above that package #2 was the only one that shows
statistical difference between the coefficients of variation. The coefficient of variation
for package #2 for the restrained case is higher than the coefficient of variation for the

unrestrained case.
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II. PACKAGE SIZE AND GAP SIZE EFFECT

The results that will be shown in this section will demonstrate the effects of

changing the package (blister) and gap size on the burst pressure. It will be seen

that both, package size and gap size, vary inversely proportionally with burst

pressure.

GENERAL RESULTS:

Table 13. Restrained Results for Blisters — Package Size and Gap Size Effects

Package #1 Accessories Package (P/N 119401-001)

Gap | n Avg. Std CoefT. Min Max | Range Burst per
Size (in.H;O) | Dev | of Var. Perimeter
(in.) (%) (Burst/Inch)
020 ] 24 | 124.10 841 6.78 109.30 | 139.90 | 30.60 9.19
0.10 ] 24 | 15193 | 11.16 7.34 125.00 | 170.70 | 45.70 11.25
001 | 24 | 23570 | 13.56 575 | 21420 ) 265.20 | 51.00 17.46
Seal Perimeter = 13.5 inch

Package #2 Thera Small Quter Package (P/N 119679-001)

Gap | n Avg. Std CoefT. Min Max | Range Burst per
Size (in.H;O) | Dev | Of Var Perimeter
(in.) (%) (Burst/Inch)
020 | 24 | 104.07 8.00 7.65 85.50 | 116.90 | 31.40 5.24
0.10 | 24 | 130.63 5.19 3.97 120.20 | 139.70 | 19.50 6.53
001 | 24 | 157.77 4.55 2.88 150.60 | 164.70 | 14.10 7.89

Seal Perimeter = 20.0 inch

It can be seen from Table 13 that average burst values vary inversely with the

gap size. Smaller gaps produce higher burst values. Also, it can be noticed that the

average burst value at any gap size is different for different package geometries. The

smaller package (seal perimeter) has a higher average burst value than the bigger

package.




STATISTICAL RESULTS:
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A two-way analysis of variance was performed for each package configuration

to see the effect of gap and day on the results. We found statistical evidence of

differences between the gap sizes. On the other hand we found no statistical evidence

that days affected the burst test values. For all reported analyses we pool the samples

from the separate days for each package.

Overall Package and Size Effects

Table 14. Overall Package Size and Gap size Effect on Burst Test Results
For Blisters - ANOVA Two way Analysis

Source Degrees Sum \
of of of Mean F F P Conclusion
Variation | Freedom | Squares | Square | caculated | crideat | Value
PKG PKG Size
Size 1 56894 | 56894.2 | 695.53 | 3.91 | 0.000 Effect
Gap , Gap Size
Size 2 170359 | 85179.3 | 1041.3 | 3.06 | 0.000 Effect
Interaction Interaction
2 26236 | 13118.0| 160.37 | 3.06 | 0.000 Effect
Error 138 11292 818 - -—- -
Total 143 264781 --- - --- -

This two-way analysis of variance shows strong statistical evidence of

difference in average burst value between packages and among gap sizes. This

analysis also shows an interaction between package and gap sizes.
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Figure 17, next page, shows the relationship between burst pressure and gap
size. It can be seen from this figure that for both packages the burst pressure decreased
as the gap size increased. This figure also shows that package #1 with a seal perimeter
of 13.5 inches required higher burst pressure to break than package #2, which has a seal
perimeter of 20.0 inches. So, burst pressure varies inversely proportionally with
package and gap size.

Figures 18 and 19, on the following pages, presents box plots of the burst
pressure at three different gaps for packages #1 and #2, respectively. These plots
indicate than an increase in gap size produces lower burst pressures. These box plots
also show information about the variability within and between gap sizes. The
distribution of burst pressure at a particular gap, for package #1, was reasonably
symmetrical for gaps 0.10” and 0.20”. Also, the variability that was found at each gap
was very similar. For package #2, the distribution of burst pressure at a particular gap
was reasonably symmetrical for gaps 0.01” and 0.10”. The variability that was found at
gap = 0.20” was greater than for the other two gaps. Also see Tables 15, 16 and 17.

Figures 20, 21, and 22 are also box plots but presented in a different way: burst
pressure Vs. package seal perimeter at gaps 0.20™, 0.10”, and 0.10”, respectively.
These plots provide information about variability within and between different package
sizes. The three figures show that, for the three gaps, the distribution of burst pressure
within a certain package size was reasonably symmetrical. The variability between

package sizes differed more at gaps 0.10” and 0.01”. Also see Tables 15, 16 and 17.
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COMPARISON BETWEEN VARIANCES:

Table 15. Comparison between Variances for Blisters
Package Size and Gap Size Effects
(Bartlett’s Test for Homogeneity of Variances)

Package #1
Gap Standard | Variance In Chi-Square | p-value
(inches) Deviation (Variance)
0.20 8.41 70.73 426 5.06 7.95E-02
0.10 11.16 124.55 4382
0.01 13.56 183.87 5.21
Average 126.38 4.77
Package #2
Gap Standard | Variance In Chi-Square | p-value
(inches) Deviation (Variance)
0.20 8.00 64.00 4.16 845 1.46E-02
0.10 5.19 26.94 3.29
0.01 4.55 20.70 3.03
Average 37.21 3.49

The Bartlett’s test for homogeneity of variances [16] is suggested when there are
more than two groups of variances to be compared. With this test an overall
comparison between the variances can be done. When comparing the obtained
p value with 0.05 it can be seen that there is no statistical difference between the
variances coming from different gaps for package #1. On the other hand, there are

statistical differences between variances for package #2.



Table 16. Pairwise Comparisons of Variances for Blisters
(Package Size and Gap Size Effects)

Package #1
Variance Variance at Variance at
at Gap = 0.20" Gap =0.10" Gap =0.1"
70.73 124.55 183.87
Pairwise F-Ratio p-value
Comparisons
0.20&0.10 1.76 0.18
0.20 & 0.01 2.60 0.03
0.10 &£ 0.01 1.48 0.36
Package #2
Variance at Variance at Variance at
Gap =0.20" Gap =0.10" Gap =0.1"
64.00 26.94 20.70
Pairwise F-Ratio p-value
Comparisons
0.20&0.10 2.38 0.04
0.20 & 0.01 3.09 0.01
0.10 & 0.01 1.30 0.53

The F-ratio was calculated dividing the higher variance over the lower variance.
For multiple pairwise comparisons of k treatments, p values less than [0.05/(k*(k-1)/2)]
were regarded as significant, the Bonferroni approach to multiple comparisons. For our
application k = 3 so the critical p value is .05/3 = 0.017. The obtained p value was
compared against 0.017. It can be seen in the table above that in package #2 the

comparison between gap 0.20”” and gap 0.01”” show a p value lower than the critical

value (0.017).




COMPARISON BETWEEN COEFFICIENTS OF VARIATION:

Table 17. Pairwise Comparisons of Coefficients of Variation for Blisters
(Package Size and Gap Size Effects)

Package #1
Gap Standard Average Coeff. Of Standard
(inches) Deviation (in. H;0) Variation Error (CV)
0.20 8.41 124.10 6.78 0.9826
0.10 11.16 151.93 7.35 1.0659
0.01 13.56 235.70 5.75 0.8331
Comparing Difference Std Error Z-ratio p-value
Pairs in CVs (Difference)
0.20&0.10 0.57 1.45 0.39 0.6949
0.20 & 0.01 1.02 1.29 0.79 0.4268
0.10 & 0.01 1.59 1.35 1.18 0.2392
Package #2
Gap Standard Average Coeff. Of Standard
(inches) Deviation (in. H,0) Variation Error (CV)
0.20 8.00 104.07 7.69 1.1161
0.10 5.19 130.63 3.97 0.5744
0.01 4.55 157.77 2.88 0.4166
Comparing Difference Std Error Z-ratio p-value
in CVs (Difference)
0.20&0.10 3.71 1.26 2.96 0.0031
0.20 & 0.01 4.80 1.19 4.03 0.0001
0.10 & 0.01 1.09 0.71 1.53 0.1248

In order to compare coefficients of variation we used the standard errors of each

coefficient of variation [16] and the root mean square formula to determine the standard

error of the difference. The differences in coefficients of variation were calculated as

the higher coefficient of variation minus the lower coefficient of variation. The

statistical significance was determined using the standardized difference called the

Z-ratio and standard normal distribution.
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For multiple comparisons of k = 3 treatments p-values less than 0.017 were
regarded as significant, the Bonferroni approach to multiple comparisons. For package
#2, the pair comparison between gap 0.20”” and 0.10”, and between 0.20” and 0.01”

show a p value lower than 0.017.
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IIL. SUMMARY OF THE RESULTS FOR BLISTERS:

1. Restrained burst test pressures are higher than unrestrained burst test pressures.

2. The burst value varies inversely with the gap size. Smaller gaps produce higher
burst values.

3. In general, the package with smaller seal perimeter produces higher burst pressures
than the bigger packages. This behavior is also true for the restrained burst test
method. The burst value at any gap size is higher for smaller packages than for
bigger packages.

4. There was no pattern in the difference in variation between restrained and
unrestrained burst tests:

a. There is statistical difference in raw variances between restrained and
unrestrained burst test for packages #2, #3, and #4. For all cases the restrained
variances are higher than the unrestrained variances.

b. There is no statistical difference in coefficients of variation between restrained
and unrestrained burst test for packages #1, #3, and #4. Package #2 was the
only one that shows statistically significant difference between coefficients of
variation. For package #2 the restrained coefficient of variation is higher than
the coefficient of variation for the unrestrained case.

5. There was no pattern in the difference in variation between gaps:

a. There is statistically significant difference in raw variance and coefficients of
variation between gaps for package #2. No statistical difference, in raw variance
and coefficients of variation, between gaps was found for package #1.

Differences in shape and geometry can explain this gap effect on variation.
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PART B — POUCHES:

As mentioned before, the first section of Part B is intended to compare unrestrained and
restrained burst test results. In section II package size and gap size effects will be
studied. The last section of this chapter consists of a summary of the results obtained for

pouches.

L UNRESTRAINED VS RESTRAINED BURST TEST RESULTS

UNRESTRAINED RESULTS:

Table 18. Unrestrained Results for Pouches

Unrestrained Chevron Up
PKG | n | Average | Std | C.of | Min | Max | Range Burst per

# (in. HO) | Dev | Var Perimeter
(%) (Burst/inch)

1 20 59.69 9.73 |16.30}43.00] 77.30 | 34.30 3.62

2 20 45.65 11.51 ]25.21131.40| 65.60 | 34.20 2.40

3 20 41.55 6.85 |1649{2620]| 4990 | 23.70 1.93

Unrestrained Chevron Down
PKG | n | Average | Std | C.of | Min | Max | Range Burst per

# (in. H;O) | Dev | Var Perimeter
(%) (Burst/inch)

1 20 48.74 10.49 | 21.52 | 38.30| 69.80 | 31.50 2.95

2 20 45.77 14.15 [ 30.92|29.80| 65.70 | 35.90 241

3 20 43.32 552 |12.74|33.80| 50.80 | 17.00 2.01

Seal Perimeter Package #1 = 16.5”
Seal Perimeter Package #2 = 19.0”
Seal Perimeter Package #3 = 21.5”

It can be seen from the table above that the average burst values vary inversely
with the package size. The smaller package has a higher burst value than the bigger

package.
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Table 19. Overall Package Size and Chevron Effect in Unrestrained Burst Test

Results for Pouches - ANOVA Two-way Analysis

Source Degrees Sum
of of of Mean F F P Conclusion
Variation | Freedom | Squares | Square | caculated | criticest | Value
PKG PKG Size
Size 2 2957 1479 1450 | 3.08 | 0.000 Effect
Chevron No Chevron
Effect 1 274 274 269 |392] 0.104 Effect
Interaction Interaction
2 958 479 470 | 3.08 | 0.011 Effect
Error 114 11681 102 -—- -—- - -
Total 119 15871 --- --- --- --- -

The two-way analysis of variance in the table above shows strong statistical

evidence of differences between packages. On the other hand, no statistical evidence of

difference between chevron up and chevron down was found. So, in general, package

size affects the average burst test results and the way the chevron is positioned

does not. This analysis also demonstrated a weak interaction between package and

chevron position but interaction accounted for a relatively small percentage of the

variation.

Figure 23, shows the relationship between unrestrained burst test values Vs package

seal perimeter. This figure shows that as the package seal perimeter increases the

unrestrained burst pressure decreases. It also shows that for package #1, with seal

perimeter 16.5”, there was a difference in burst pressure between chevron up and

chevron down. On the other hand, no difference was found between chevron up and

chevron down for packages #2 and #3. A possible reason for the difference in results

could be because packages, when tested unrestrained, do not deform in the same way

each time. It is possible that during this test package #1 varied more in deformation
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than the other two packages. This could be the source of the weak interaction effect
found in the analysis of variance

Figures 24 and 25, on the following pages, are box plots which present unrestrained
burst pressure Vs. package seal perimeter for chevron up and chevron down,
respectively. In both cases it can be seen that as the package seal perimeter increased
the unrestrained burst pressure decreased. Both plots show that package #2 (seal
perimeter = 19.0””) was the one with higher variability and package #3 (seal perimeter
21.5”) the one with lower variability. When comparing both figures it can be seen that
there is not much difference between the two, meaning that there is not much difference
in variability due to chevron effects. Tables 23 to 26 summarize the analyses for the

variances and coefficients of variation.
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RESTRAINED RESULTS:
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Table 20. Restrained Results for Pouches - per Gap Size

Gap =1.0”
PKG | n | Average | Std | Coeff. | Min | Max | Range Burst per
# (in. HO) | Dev Var Perimeter
(%) (Burst/inch)
1 20 84.18 1294 | 15.37 | 66.90 | 113.20| 46.30 5.10
2 20 73.24 6.81 930 [62.80| 86.70 | 23.90 3.85
3 20 64.85 9.12 1406 | 48.10] 81.00 | 32.90 3.02
Gap =0.75”
PKG | n | Average | Std | Coeff. | Min | Max | Range Burst per
# (in. H;O) | Dev Var Perimeter
(%) (Burst/inch)
1 20 | 10222 | 13.63 | 13.33 [ 73.20| 128.70 | 55.50 6.20
2 20 91.40 13.82 | 15.12 | 65.90| 114.90 | 49.00 4.81
3 20 76.72 948 | 12.36 | 5890/ 90.70 | 31.80 3.57
Gap = 0.625”
PKG | n | Average | Std | Coeff. | Min | Max | Range Burst per
# (in. H;O) | Dev Var Perimeter
(%) (Burst/inch)
1 20 111.05 1190 | 10.72 { 87.60 | 128.10]| 40.50 6.73
2 20 107.97 9.89 9.16 |84.70| 125.70 | 41.00 5.68
3 20 89.38 894 | 10.00 |69.40]104.90| 35.50 4.16
Gap = 0.50”
PKG | n | Average | Std | Coeff. | Min | Max | Range Burst per
# (in. H;O) | Dev Var Perimeter
(%) (Burst/inch)
1 20 124.37 10.17 8.18 | 105.7] 143.7 | 38.00 7.54
2 20 | 12233 6.59 539 |1055] 133.6 | 28.10 6.44
3 20 | 102.54 7.65 746 |8530| 116.3 | 31.00 4.77
Gap = 0.25”
PKG | n | Average | Std | Coeff. | Min | Max | Range Burst per
# (in. H;0) | Dev Var Perimeter
(%) (Burst/inch)
1 20 | 19642 | 1572 | 8.00 |166.9| 2242 | 57.30 11.90
2 20 | 19589 | 1838 | 938 |147.1| 2247 | 77.60 10.31
3 20 [ 17525 | 22.11 | 12.62 [ 144.7| 2210 | 76.30 8.15

Seal Perimeter Package #1 = 16.5”
Seal Perimeter Package #2 = 19.0”
Seal Perimeter Package #3 = 21.5”
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It can be seen from the table above that the average burst values vary inversely
with the gap size. Smaller gaps produce higher burst values. The average burst value is
also different, at any gap size, for different package sizes. The smaller package has a

higher average burst test value than the bigger package.
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COMPARISON BETWEEN UNRESTRAINED & RESTRAINED RESULTS:

A two-way analysis of variance was performed for each package size to see the

effect of test method (unrestrained Vs restrained) and day on the results. We found

statistical evidence of differences between test methods and no statistical evidence that

days affected the burst test values. For all reported analyses we pool the samples from

the separate days for each package.

Table 21. Overall Unrestrained Vs Restrained Burst Test Results for Pouches

Package #1 (S” x_10”) - ANOVA One-way analysis

Source | Degrees Sum
of of of Mean F F P vame | Conclusion
Variation | Freedom | Squares | Square | calculsted | 051138
Test Test Method
Method 1 137747 | 137747 | 111.43 | 3.9097 | 0.000 Effect
Error 138 170596 1236 --- --- --- ---
Total 139 308343 | --- -
Package #2 (7” x 11”) - ANOVA One-way analysis
Source Degrees Sum
of of of Mean F F P vae | Conclusion
Variation | Freedom | Squares | Square | caculsted | 051138
Test Test Method
Method 1 149984 | 149984 | 104.60 | 3.9097 | 0.000 Effect
Error 138 197871 1434 --- --- --- -
Total 139 347855 -—- --- --- --- ---
Package #3 (9” x 12”) - ANOVA One-way analysis
Source Degrees Sum
of of of Mean F F P vame | Conclusion
Variation | Freedom | Squares | Square | caculsted | 05,1138
Test Test Method
Method 1 100510 | 100510 | 82.76 | 3.9097 | 0.000 Effect
Error 138 167600 1214 - --- --- ---
Total 139 268110 — --- --- -— ---
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The one-way analysis of variance in the table above shows evidence of statistical

difference between unrestrained and restrained test methods on each package

configuration. So, the test method does affect the average burst values.

Another one-way analysis of variance was performed in order to compare the

unrestrained method with the biggest gap. See the table below.

Table 22. Overall Unrestrained Vs Gap = 1.0” Burst Test Results for Pouches

ANOVA One-way analysis
Package #1 (5” x 10”)
Source Degrees Sum
of of of Mean F F P vame | Conclusion
Variation | Freedom | Squares | Square | caculated | 05158
Test Test Method
Method 1 11970 | 11970 | 83.96 | 4.0069 | 0.000 Effect
Error 58 8269 143 --- --- --- ---
Total 59 20239 --- --- --- --- ---
Package #2 (7’ x 117)
Source Degrees Sum
of of of Mean F F P value | Conclusion
Variation | Freedom | Squares | Square | caculsted | 05,158
Test Test Method
Method 1 10102 10102 | 81.32 | 4.0069 | 0.000 Effect
Error 58 7205 124 --- --- --- ---
_Package #3 (9” x 12”)
Source Degrees Sum
of of of Mean F F P vare | Conclusion
Variation | Freedom | Squares | Square | cacusted | 05158
Test Test Method
Method 1 66976 | 6697.6 | 126.14 | 40069 | 0.000 Effect
Error 58 3079.7 53.1 --- - - ---
Total 59 97773 — - --- --- ---
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The results in the table above show that the average unrestrained burst values, even
when compared with the highest gap, are statistically different from the average
restrained test results. In general, average restrained burst test results are higher than
average unrestrained burst test results.

Figures 26 to 30, on the following pages, show the relationship between
unrestrained and restrained burst pressure Vs package seal perimeters, for gaps = 1.0”,
0.75”, 0.625”, 0.50”, 0.25”, respectively. These five figures show that the unrestrained
and restrained burst pressures vary inversely proportional with package seal perimeter.
It is also shown that at each package size, restrained burst pressure was always higher
than the unrestrained burst pressure. Figure 31, shows all testing modes together in one
graph. The line on the top represents the restrained burst pressure for the smallest gap
(0.25”) for three different packages. The lines on the bottom represent the unrestrained
burst pressure (chevron up and down) for the three packages. This figure shows that
gap 0.25” is a lot higher than the other gaps. This is evidence that this gap represents a
special situation.

Figures 32 to 36, present box plots of burst pressure vs. package seal perimeter for
gaps 1.0, 0.75”, 0.625”, 0.50”, and 0.25”, respectively. These plots show that the
variability at each package size tend to be similar in the first four gap but increases at
gap 0.25”. The variability between package sizes and within gaps did not follow a
specific pattern. Tables 23 to 26 summarize the analyses for the variances and

coefficients of variation.
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Table 23. Comparison between Variances for Pouches
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COMPARISON BETWEEN THE VARIANCES:

(Bartlett’s Test for Homogeneity of Variances)

Package #1
Test Standard Variance In Chi-Square | p-value
Mode Deviation (Variance)
URCU 9.73 94.67 4.55 7.16 3.06E-01
URCD 10.49 110.04 4.70
1.0" 12.94 167.44 512
0.75" 13.63 185.78 5.22
0.625" 11.90 141.61 495
0.50" 10.17 103.43 4.64
0.25" 15.72 247.12 5.51
Average 150.01 4.96
Package #2
Test Standard Variance In Chi-Square | p-value
Mode Deviation (Variance)
URCU 11.51 132.48 4.89 30.73 2.86E-05
URCD 14.15 200.22 5.30
1.0" 6.81 46.38 3.84
0.75" 13.82 190.99 5.25
0.625" 9.89 97.81 4.58
0.50" 6.59 43 .43 3.77
0.25" 18.38 337.82 5.82
Average 149.88 4.78
Package #3
Test Standard Variance In Chi-Square | p-value
Mode Deviation (Variance)
URCU 6.85 46.92 3.85 56.87 1.94E-10
URCD 5.52 30.47 3.42
1.0" 9.12 83.17 442
0.75" 9.48 89.87 4.50
0.625" 8.94 79.92 438
0.50" 7.65 58.52 4.07
0.25" 22.11 488 .85 6.19
Average 125.39 4.40
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The Bartlett’s test for homogeneity of variances [16] was used to make an

overall comparison between the variances of different testing modes. This test was

performed for each package. When comparing the obtained p values with the critical p

value (0.05) it can be seen that package #2 and package #3 show statistical difference

between the variances. When looking at the data closely we realized that the variance

obtained for gap = 0.25” was a lot higher than the variance obtained for the other gaps.

Since we thought that this gap was being responsible for the difference between the

variances, we ran a Bartlett’s test excluding gap 0.25” data.

Table 24. Comparison between Variances for Pouches

(Bartlett’s Test for Homogeneity of Variances w/o gap = 0.25”)

Package #1

Test Standard Variance Ln Chi-Square | p-value
Mode Deviation (Variance)
URCU 9.73 94.67 4.55 3.63 0.60
URCD 10.49 110.04 4.70

1.0" 12.94 167.44 5.12

0.75" 13.63 185.78 522
0.625" 11.90 141.61 495

0.50" 10.17 103.43 4.64

Average 133.83 4.86
Package #2

Test Standard Variance Ln Chi-Square | p-value
Mode Deviation (Variance)
URCU 11.51 132.48 4.89 19.44 0.0016
URCD 14.15 200.22 5.30

1.0" 6.81 46.38 3.84

0.75" 13.82 190.99 5.25
0.625" 9.89 97.81 4.58

0.50" 6.59 43.43 3.77

Average 118.55 4.60




93

Table 24. Comparison between Variances for Pouches - Continuation

(Bartlett’s Test for Homogeneity of Variances w/o gap = 0.25”)

Package #3
Test Standard Variance Ln Chi-Square | p-value
Mode Deviation (Variance)
URCU 6.85 46.92 3.85 7.49 0.1868
URCD 5.52 30.47 3.42
1.0" 9.12 83.17 442
0.75" 9.48 89.87 4.50
0.625" 8.94 79.92 438
0.50" 7.65 58.52 407
Average 64.81 4.11

The results on the table above show that gap 0.25” was being responsible for the

differences in variance for package #3. This was not the case for package #2. We found

statistical difference between the variances for package #2. In order to follow up our

Bartlett’s test results for package #2 we ran an F-test for individual comparisons

between pairs of variances.

Table 25. Pairwise Comparisons of Variances for Pouches — Package #2

Test Mode Standard Variances
Deviation

URCU 11.51 132.48

URCD 14.15 200.22
1.0" 6.81 46.38

0.75" 13.82 190.99

0.625" 9.89 97.81

0.50" 6.59 43.43

0.25" 18.38 337.82
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Table 25. Pairwise Comparisons of Variances for Pouches — Package #2
Continuation

Comparisons F-ratio p-value
URCU & URCD 1.51 0.3760
URCU & 1.0" 2.86 0.0271
JURCU & 0.75" 1.44 0.4326
URCU & 0.625" 1.35 0.5148
URCU & 0.50" 3.05 0.0192
URCU & 0.25" 2.55 0.0478
URCD & 1.0 432 0.0025
JURCD & 0.75" 1.05 0.9191
JURCD & 0.625" 2.05 0.1272
URCD & 0.50" 4.61 0.0016
URCD & 0.25" 1.69 0.2632
1.0" & 0.75" 4.12 0.0034
1.0" & 0.625" 2.11 0.1124
1.0" & 0.50" 1.07 0.8877
1.0" & 0.25" 7.28 0.0001
0.75" & 0.625" 1.95 0.1537
[0.75" & 0.50" 4.40 0.0022
j0.75" & 0.25" 1.77 0.2230
[0.625" & 0.50" 2.25 0.0848
f0.625" & 0.25" 3.45 0.0096
[0.50" & 0.25" 7.78 0.0000

The F-ratio was calculated by dividing the higher variance over the lower
variance. For multiple comparisons of k treatments, p values less than [0.05/(k*(k-1)/2)]
were regarded as significant, the Bonferroni approach to multiple comparisons. For our
application k=7 so the critical p value is .05/21= 0.0024. When comparing the obtained
p values with the critical p value (0.0024) it can be seen that what is causing the
difference in variance in package #2, besides gap 0.25”, is the difference in variation
between unrestrained chevron down mode and gap 0.50”. The reason for that is not
explained. It may be an artifact of the experiment. Further experimentation will be

required to determine the cause.
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COMPARISON BETWEEN COEFFICIENTS OF VARIATION:

Table 26. Pairwise Comparisons of Coefficients of Variation for Pouches

Package #1
Test Standard Average | Coefficient | Std Error
Mode Deviation (in. H;O) |of Variation| (CVar)
URCU 9.73 59.69 16.30 2.64
URCD 10.49 48.74 21.52 3.56
1.0" 12.94 84.18 15.37 249
0.75" 13.63 102.22 13.33 2.15
0.625" 11.90 111.05 10.72 1.71
0.50" 10.17 124.37 8.18 1.30
0.25" 15.72 196.42 8.00 1.27
Package #1-Pairwise Comparisons
Pairwise Difference | Std Error Z-ratio p-value
Comparisons in CVar (Diff)
URCU & URCD 522 443 1.18 0.2388
URCU & 1.0" 0.93 3.63 0.26 0.7980
URCU & 0.75" 297 3.41 0.87 0.3837
URCU & 0.625" 5.58 3.15 1.77 0.0764
URCU & 0.50" 8.12 295 2.76 0.0059
URCU & 0.25" 8.30 294 2.83 0.0047
URCD & 1.0" 6.15 434 1.42 0.1565
URCD & 0.75" 8.19 415 1.97 0.0487
URCD & 0.625" 10.81 3.95 2.74 0.0062
URCD & 0.50" 13.35 3.79 3.52 0.0004
URCD & 0.25" 13.52 3.78 3.58 0.0003
1.0" & 0.75" 2.04 3.28 0.62 0.5350
1.0" & 0.625" 4.66 3.02 1.54 0.1232
1.0" & 0.50" 7.19 281 2.56 0.0104
1.0" & 0.25" 737 2.79 2.64 0.0084
0.75" & 0.625" 2.62 2.75 0.95 0.3403
0.75" & 0.50" 5.16 2.51 2.06 0.0399
0.75" & 0.25" 533 2.49 2.14 0.0326
0.625" & 0.50" 2.54 2.15 1.18 0.2381
0.625" & 0.25" 2.71 2.14 1.27 0.2039
0.50" & 0.25" 0.17 1.82 0.10 0.9239




96

Table 26. Pairwise Comparisons of Coefficients of Variation for Pouches

Continuation
Package #2
Test Standard Average | Coefficient | Std Error
Mode Deviation | (in. H;O) |of Variation| (CVar)
URCU 11.51 45.65 25.21 423
URCD 14.15 45.77 30.92 533
1.0" 6.81 73.24 9.30 1.48
0.75" 13.82 91.40 15.12 244
0.625" 9.89 107.97 9.16 1.46
0.50" 6.59 122.33 5.39 0.85
0.25" 18.38 195.89 9.38 1.50
Package #2-Pairwise Comparisons
Pairwise Difference | Std Error Z-ratio p-value
Comparisons in CVar (Diff)

URCU & URCD 5.70 6.81 0.84 0.4024
URCU & 1.0" 15.92 4.48 3.55 0.0004
URCU & 0.75" 10.09 4.89 2.06 0.0389

URCU & 0.625" 16.05 4.48 3.59 0.0003
URCU & 0.50" 19.83 4.32 4.59 0.0000
URCU & 0.25" 15.83 4.49 353 0.0004
URCD & 1.0" 21.62 5.54 3.90 0.0001
URCD & 0.75" 15.80 5.87 2.69 0.0071

URCD & 0.625" 21.76 5.53 3.93 0.0001
URCD & 0.50" 25.53 5.40 4.72 0.0000
URCD & 0.25" 21.53 5.54 3.89 0.0001

1.0" & 0.75" 5.82 2.86 2.04 0.0417
1.0" & 0.625" 0.14 2.08 0.07 0.9470
1.0" & 0.50" 391 1.71 229 0.0223
1.0" & 0.25" 0.08 2.11 0.04 0.9680
0.75" & 0.625" 5.96 2.85 2.09 0.0363
0.75" & 0.50" 9.73 2.59 3.76 0.0002
0.75" & 0.25" 5.74 2.87 2.00 0.0453
0.625" & 0.50" 3.77 1.69 223 0.0257
0.625" & 0.25" 022 2.09 0.11 0.9151
0.50" & 0.25" 4.00 1.72 232 0.0204
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Table 26. Pairwise Comparisons of Coefficients of Variation for Pouches

Continuation
Package #3
Test Standard Average | Coefficient | Std Error
Mode Deviation | <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>