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Thi s mast earstidy ontldalkageipsobleimosn seaming area faced by beverage
filled aluminium cansOccurrence of leakage from a seam area means the hermetical sealing
method of the cais compromised, resulting irelease of gases and syrup along with the
contamination of metal and matres into the beverages inside the ddre thesiddresses

the problem otan leakage problem in Nepal whéhne climate is moderate twt, and the
demand is quite high and increasing exponentidllyis thesis aims to investigate the
occurrence of leakages afidd out theactual reasons fat. The research aims fmrovide
necessarysolution to theleakage problem bynalysing the seaming parameterie
research scope is limited to tkeam area of the can and doesinolude other problems
related to filling,dent, corrosionor gas dosing.

This thesis separatestudiesthe seaming parameters of leakage andleakage cans he
seaming process isvestigate in detail and each seaming parameters were analysed.
important factors related to seaming operation warknowledged.The results were
obtained from the experimentation and comparative anabfstsoth leakage and nen
leakage cansThe accepted range ech seaming parameters for a proper seam formation
andstoppage of leakage were posed.The causes of leakagi@ most of the cases were
linked to some inappropriate seaming parametedsreasons for seaming parameters being
inappropriate or out of rangeere further discussed@he solutions and necessary steps to
solve thos@roblemswere suggesteavhich wouldcorrect the specified seaming parameters
and eventuayl minimise the leakage problems.



SYMBOLS AND ABBREVIATIONS

Symbols

A Internal Body Hook

B Internal Seam Length
CD Countersink Depth of the Lid
E Expected Frequency

F Observed Frequency
o Actual Overlap

TH Total height of an empty can
tb Body Thickness

te End Thickness

ts SpringForce Tolerance
Abbreviations

BH Body Hook

BHB Body Hook Butting

BP Body Plate

CH Cover Hook

CWwW Chuck Wall

DF Degree of Freedom

EP End Plate

OR Overlap Ratio

RPT Ring Pull Tab

SC Seaming Compound

SG Seam Gap



SL
SOT
ST
SW
TR

Seam Length
Stayon Tab
Seam Thickness
Seaming Wall
Tightness rating
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1 Introduction

Can beverage industlyasb e come qui te competi ti vehemar ke
initial manufacturing of a twpiece beverage cans (lid and can body) with drawing and
ironing can be traced back to 19681idrychowicz Kustra, PBko, andMilenin 2021, p.).
Hundreds of billions beverage cans aranufacturedvorldwide eachyear,and the rate is
increasing exponentiall(Selles Schmid, SancheZaballero, Ramezaniand Perez
Bernabew202Q p.1). The can packaging offers longevity to the beverage product inside.
Almost all the beverage productssesome gasesnostly carbon dioxideto increase the
internal pressure arttie shelf life of beveragelt is very important to have a hermetic seal
sothat themicroorganisms will not be allowed émterthe beveragera the chance of food
poisoning and otheserious threats will bsignificantly diminishedAFDO 2011 p.3. The
seaning technology to preserve and making airtight seal in beverage cans is remarkably

useful for industrial production.

The design of the can body is an important factor for seaming. Mostly, aluminium metal is
used to make the beverage can. During the starting phase, huge rolls of aluminium sheet
(approximately 25,000 pounds and estimated to be 30,000 feet long) undetgaadibn
treatment method from both sides and transferred to cupping phessheet is cut into flat

blanks, which are then drawn into hollow cudsrmally, the cupping press performs above

200 strokes per minute and 14 cut in 1 stroke. Those shallow cups are sent to body maker
process where the punch supports the cups, and the metal is pushed consecutively through
smaller circular ironing rings imeasing the height and decreasing the can thickness and
diameter. The speed of this process could be as much as 400 strokes per minute. During the
final stroke of body maker process, the dome is shaped at the bottom of the can using a
doming tool to provid strength, stability and assist in can packaging. The dome is the
material bulged inwards the can and shaped like an arch bridge providing strength. The
excess top part is trimmed to remove wavy and uneven edges and make a uniform can height.
After the timming process, can is sent to washer for removing lubricants and dried with hot
air blower.(Romankg Berry, and F02004 p.1527)

The critical process in making the aluminium can body is ironing combined with drawing

and deep drawing. The punch in motion draws the cup into more than one ironing rings



which consequently reduces the thickness of the can wall without changing any thickness of
the can bottom. As the thickness of the can wall reduces significantly ab@0t%a5ironing
process cannot be considered as a sheet metal forming operatioon&ritad between

the cup and punch contacts within the deformation zone and helps in pulling the material of
the cup through the punch. These frictional stress causes the deformation force to transmit
by the punch, reducing the wall thickness and detengithe final height of the can. It is
assured that the materials are uniformly distributed throughout the can walls achieved from
the ironing process. Also, desired mirror surface finishing is obtained by the can.
(SchinemanmAhmetoglu, and Altai996 p.1)

After the trimming and cleaning process, unfinished can body goes to the labelling process.
To decorate the can, wet ink is coated with clear varnish which secures the label and prevents
scratches during transport and handling to some extent. Hot airrbwsed to dry and

cure the paint. Despite aluminium being a less reactive metal, organic coating is sprayed into
inside of the can and transferred into the hot oven for curing purplisehelps to prevent

the slightly acidic beverage react with therainium and acquire the metallic taste. The next
stage is the necking process. To reduce the diameter at the top and fit the size of the lid,
necking is important. Coating must be done before necking process as the uncoated
aluminium receives greater frich from the necking tools to the can walaurner 1998

p.21) Necking is done in numerous stages with slightly different tools and die in each stage.
The steps of necking process in an individual stage are clearly illustrated in Figure 1. The
internal ol is inserted into the can and the can body is pushed through a series of
progressive necking die that gradually decreases the neck diameter. Each stage is very
difficult to recognize as the changes are so minute. These numerous stages of necking
processdone gradually helps to eradicate the formation of wrinkles in the can. After the
necking process, the flange is created at the top of the can by bending and spreading out the

top part which looks like a lip formation and allows the lid curl to be mouwnead
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Figurel. Steps of the necking procggerdan & Miran@ 2004 p.38.

The shape of the beverage can is carefully chosen combining the spherical and cuboidal
shape. Sphere shape has the less contact surface area and no weak points. However, during
packaging and stacking, it occupies larger area with void between the sptemicathers.
Cuboidal shape has great stacking capacity with almost no empty space between the cuboidal
containers but has larger edges and weakest points. Thus, a cylindrical shape is chosen for
the stability, strength and stackability of beverage cahe.cblumn strength of an empty

can should be about 250 pounds as the empty can experiences pressure during filling
(Hosford & Duncan 1994p.5]). Can seal presses tightly against the top flange and
pneumatic lift cylinder presses against the can bottom part. During this filling process, empty
can must not buckle and able to withstand huge pressure. Also, during seaming and stacking,
the can expeences huge pressure from top and bottom. So, the can walls should not be thin
enough which does not meet suchuieement. Figure 2 shows a drawing of an empty can
where all the important dimensions are labelled. The finished cans are well inspected for any
kind of defect, fractures, and pinholes. Dimensional checks and performance testing are

done, and the parameteshould be within the tolerances.



10

PARAMETERS
A- OUTSIDE BODY DIAMETER
B- FINISHED CAN HEIGHT
C- DOME DEPTH
D- NECK PLUG DIAMETER
E- FLANGE DIAMETER
F- STAND DIAMETER
G- FLANGE WIDTH
H- OVER FLANGE RADIUS
I- FLANGE ANGLE
— | J- SEAMING CLEARANCE

U™/ . | K-NECKANGLE

L- NECK HEIGHT
N- BODY SIDE WALL
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Figure2. Detailed drawing on emptycanwith all the parameteiabelled.

Lids secure the opening of the can body and seals the beverage inside the can. The design of
the lid is very important from the seaming perspective and a lid sample can be seen in figure
3. The outer curl at the top of the lid mounts around the flangarobody for seaming
purpose. Manufacturing of the lids also starts with a huge coil of aluminium sheet. The
aluminium alloy used in lids differs than that of can body as lids requires higher strength
whereas the can body requires ductility for ironing nRtaare cut from the aluminium coil,

which is like the process of can making. The blank undergoes several shell forming
processes. Basically, six types of dies and tools are used in shell forming process. They
include draw die, upper piston, die centreydo piston, die core ring and panel puiielan,
Yamazaki, Hasegawa, ItoAndNishiyama2011, p.872 This shell forming process makes

the countersink depth in lid for the chuck to grip the can during seaming. Also, panel depth
and can opening afermed through punch. The scoring operation is conducted which helps
to decrease the amount of force required to open the tab to an easy leveE(Raes,

and May2003 p.13). After the shell forming, the curling process takes place where the
outer edge of the lid is curled with a deforming tool so that the curl design uniformly fits the
can flange for seaming process. Seaming compound is then placed into the inside of the
curl. The commonly used seaming compound in beverage lids is WBC (#&tikel
Corporation 2017p.3. Seaming compounds helps to seal off the gap that may appear in

double seam and create a hermetic seal. The amount of seaming compound placed in a lid
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should be carefully planned as it is a critical process. The last process in lid making is the

tab attaching process which is joined through a rivet.

/ —
‘/, .
Scaming% {

Compound

Figure3. Sample of a lid from front (left) and back (right)

Based on tabs, there are two types of lids used in beverage industry. They are RPT (Ring
Pull Tab) and SOT (Stay on Tab) lids. At first, there were no tabs and cans were used to
open using a cutter. | n 19-8BiéhdlysmetRdl ofogenindgs we
the can lids. RPT lids contain a ring as shown in Figure 4 where the rirtgdisttifcreate a

hole in the lid and pull up the tab to create the opening. RPT lids are advantageous for
marketing scheme in beverage cans. Piuiidids will be made, and the customer opens the

tab, and the prize amount will be revealed underneathpgéeimg tab. The problem with

this type of lid was the tab containing sharp edges being tossed everywhere, polluting the

environment and being a potential hazard to the plants and animals.
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BEFORE OPENING AFTER OPENING

Figure4. Opening method cd RPT Lidwith before and after opening procedure.

Tackling this problem of littering, SOT lid was developed with a clever engineering. The
opening process starts with lifting the tab end. At first, the tab works as a sgassitever.

Lifting force is applied at the end of the tab, load is at the amdtfulcrum is at the tip of

the tab. As soon as the vent is opened, the tab works asddgstever. The load changes

to the tip of the tab and rivet acts as a fulcrum. So, lifting the tab end presses the can opening
downwards as shown in figure Shi$ principle attaches the tab within the can and prevents
the littering. As billions of cans are being manufactured and a reduction in a lid size could
save lots of aluminium. With this idea of conservation and to make the can lightweight, the
lid diamete has been reduced gradually over the years. The lid size which was 211 (68.3
mm in diameter) has now been reduced to 202 that is equivalent to 54 mm diameter
(Yamazakj Itoh, Watanabe, Hag&, Nishiyama2007, p.34).
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Lifting Force
(Effort)

Can
Opening

Tip of the tab

Figure5. Opening mechanism of SOT Lvdth clear illustration.

All the dimensions and parameters of the lid should be properly inspected. A detailed
sectionview of a 202 type SOT Lid ishown in Figure 6 labelling all the important

parameters.

Parameters
A - Curl Diameter
B - Inner Curl Diameter
C - Curl Height
D - Countersink Diameter
E - Countersink Radius
F - Countersink Depth
G - Panel Diameter
H - Panel Radius

LL 8 K - Panel Depth
« A—— L - Chuck Wall Angle

Figure6. Detailed drawing of a 202 Dia SOT Lid

e
e

The important parameters like countersink depth and chuck wall angle are very critical as it
is directly involved with the seaming process. A slight difference in these critical parameters
would lead to seaming chuck not being interference fit to thenldrasult in improper
seaming. Inner curl diameter is also critical parameter because the flange of the can needs to
fit inside the curl of the lid. The curling of the lid should be done uniformly so that the
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seaming would be consistent on all sides. The lid should be chosen according to the design
of the chuck.

1.1 Background

Thisstudy is based on academic researathanalyzatioon the seaming process in beverage
cans and leakage problems associated withA ispecific beverage product company in
Nepal, Agro Thai Foods Private Limitedas chosen for theesearchThis manufacturing

plant deals with the production of beverage filled cans. Basically, two types of beverages are
filled in this plant: Carbonated beverages and-@anbonated beverages. In case of-non
carbonated beverages, liquid nitrogen dosing is u3éeé. plantincludes the use of
machineries like compressors, chillers, cooling towers, balkgpalktizer, filler, seamer,
warmer/cooler and shrink packaging. Among all of these, seamer is the major component of
this plant. The seamer was installed irPQ@@nd has a capacity geamingl20 cans per
minute.lt is a sixheaded seamer which means that seaming operations are performed on 6

cans in 1 round.

In the previous yeas total of 35 breakdowns were occurred only in the seamer, excluding
the stoppage that occurs less than ten minutes. The rate of production could be increased if
the frequency of these long duration breakdowns could be redlzedan rejection rate is
around2% 1 2.5% for a nitrogerdosed 250ml stubby camhe rejection could be analysed,

and the root causes could be acquired. The minimisation of rejections could increase the
product yield efficiency and have a huge i

1.2 Research Problem

The demand of beverage produyetspecially canis very high in south Asian regions as the
temperatures moderateto hot, throughout the year. People are consuming a lot of energy
drinksin Nepal,whether it is a carbonated or a rcarbonated producthe consumption
volume of carbonated beverage is expected to reach 112 million intispal by 2027
(Statista, 2023)Thedemand skyrockets during the summer season and it is very difficult to
fulfil the market demand although the can line runs contislya24 hours a day. The main

problem is the leakage occurring in the cans which is fouadew hours orl-2 days when
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kept in observation after tray packaging and holding the goods upside Tioisproblem
will eventually damage the reputation of the company if the leaked products are found in the

market.Furthermore, the rejection rate of cans increases.

Other problems include dents in the can body, bulging of cans, scratch or impressions in the
can bodyJeakage found immediately after seaming and less pressured cans which are prone
to damage. The problem of machine breakdowns, especially seamer, is also a huge problem
which hampers the rate of productidre production stoppage tins&ould be reduced to
minimum by studying thepossibility of required maintenance workEhis thesis aims to
analyse the problems and offer feasible solutions so that theaogropuld benefitSome

of the questions that would be addressed in this research are:

1 Whattypes of data should be measured and gathered for the solution of leakage

occurring incans?

1 What type ofdata analysis methods could be done to know the range of acceptable

seaming parametérs

1 What kind of changes can be ddanehe current seaimg procedurisseamedesign
from the analysis of the data to stop leak&ges

1.3 Research Objective

The main purpose of this research isstodythe detailedseaming procesand analyse the
leakage occurring problems from seam are@roper study will be done on the relation
between the seamimmarameterandoccurring of leakaged his research wilfigure outall

the possible causes of leakages inscd@he literature review will provide th@formation

about the principkeof double seam technology and the technical information related to it.

All types of seaming parameterslated to double seam technologill be studied.The
favourable method adata collection will bechosen. There will be a study on the types of

data that needs to be collected so that the link between the seaming parameters and the
leakage from seaming area in cans, could be properly deduced. Various types of data analysis
methods will be conducted tevaluate the relation between the deviation in seaming
parameters and occurrence of leakage. At the end of this thesis, the most important and
critical seaming parameters are to be known and the acceptable tolerance in which the
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leakage does not ocguare to be evaluatedt will guide the seamer operators and line
engineers to perform the seaming setting in accordaitbehe result of the analysi¥his
thesis aims to enhance the performance of seaming procedure and thus help in the

mi ni mization of product rejection and boos

1.4 Limitations

Running a beverage industry requires a smooth and controlled performance of machines.
There are varioushallenges that can be faced in the beverage industry apart from leakages

occurring in the can.hese are thetherfive problems that are directly faced by the cans
1 Filling valve filling inappropriately (low fill, high fill, empty fill, foaming issues)
1 Infeed/Outfeed guides and wotf@ed guides timing outausing dents in the cans.
1 Gearratios out of sync causing damages and plant breakdown.
1 Improper nitrogen dosing leading to bulging of cans or less pressured cans.
1 Occurrence of corrosion in can body

Considering the scenario of problems faced, these types of problems are directly traced in
the cans and are easily sorted out. Furthermore, after setting and ruling out the problems,
most of these problems can be minimized to near zeropildi®emof corrosion is also

ruled out aghe frequency othe occurrence of corrosion is quite low. This is because the
productsare highly demanded and consumed within a short period of time after production.
The possibility of corrosion increases if the prodsitieing stored for a long period of time.
Unlikely, the problem of leakages is more of a concern as the frequency of leakage occurring
from seaming area is quite high and it is difficult to trace directly. Some leakages are found
directly after seaming, whereas others are found after few hofaw days. This makes the
problem challengingvhereit stands out foraddressing the problem before any other
problems. There are also other various problems related to syrup formation and circulation,
electrical and awimation problems which will not be accounted for during this research.
This thesis aims to find the right method to analyse and find the best possible solution to

address the concerned problem regarding the leakage issues from seaming area of the can.
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2 Research Methods

This section describes the methodolagyobtain the required data or information and the
approach that will be used in this reseaife problem has been identified and a suitable
approach to analyse the problem will be discussed after the literature review. The literature
review will study the process and parameters of double seam technology which will give the
right direction to thigesearch methodology.

2.1 Literature Review

Double Seam is a recently developed technology to hermetically seal beverage cans and
preserve the beverage inside the can for a long duration of time. The main principle of the
double seam is to completely block the flow of any particles in both waysasoeither

outside particles can get inside the can nor any inside particles can escape outside the can.
The name O0ODouble Seamdb refers to the two
involves a first operation roller encountering the lid curpteshape the curl into the can

flange followed by second operation roller pressing the-ftambe combination into a
hermetically sealed double seam. The machine that conducts double seam operation is called
a seamer. A normal seamer can perform dosdsen operations at 80 cans per minute.

In a modern higtspeed seamer, the performance can exceed up to 2500 cans per minute in

Ferrum F18 seamer.

To conduct a double seam operation, the basic equipment required are chuck, can, lid, first
operation roller, second operation roller and lift cylinder. First, the chuck holds the lid onto
the can body so that lid curl and can flange encounters each Diieer,. the lift cylinder
presses the can upwards from the bottom, stabilizing the can. As the can is held firmly by
chuck and lift cylinder as seen in Figure 7, both the seaming rollers consecutively come into

action and operate the double seaming process.
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Figure7. Double Seanformationin a beverage cafieHCAN, 2002)

The actual design of the seaming chuck can be seen at figure 8. The main part of the seaming
chuck is the countersink area as labelled in the figure. The countersink area is slightly angled
around 4 degrees to fit exactly in the lid countersink dégdigane, Birkeland, Wasband
Sivertsvik 2005 p.59. The topmost area of the countersink is the seaming area which
encounters the lid and the groove of seaming rollers that pressed together in a circular motion
forms a double seam. The threaded part of thelcls inserted into the chuck shafts and the

tools can be inserted into the holes seen in the chuck to tighten it. The chuck shafts are
supported with gears and several bearings inside the seamer and attached with the main gear
so the chucks will freelyatate continuously when the seamer rotates for the seaming
operation. The seaming chuck must be inspected at a regular interval because there is a huge
chance of material being wear out especially the seaming area of the(BGME 2005,

p.24) Even if trere is a minute damage in the seaming area of chuck, it can hugely affect
the hermetic sealing method of double seam and cause leakages
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Countersink

Seaming Area

Figure8. A closer look at the seaming chuekth countersink and seaming afined.

Seaming rollers play the most crucial role in double seam. For a true double seam, two sets
of rollers must perform a consecutive set of rolling operations against the chuck with initially
the first operation roller and then followed by the second operatiter. It must be ensured

that the seaming roller and chuck are not in contact during the whole operation. The seaming
rollers must be freely moving without any axial play. Figure 9 shows an actual first operation
roller and second operation roller méatured by IMETA. Each seaming rollers consists

of a durable bearing that supports the loads on the rollers during numerous seaming
operations throughout the production. The threaded part of rollers gets fitted onto the holders
which are then attached tohe r ol |l er 6s shafts in the se
supported by bearings but as the shafts do
The shafts are supported by cam movement and tension springs are also attached. There are
two specific marking stations in the seamer: one for first operation seaming and other for
second operation seaming. At the first marking station, the cam mechanism allows the shafts
of first operation rollers to release the tension in the spring and rollessaogarer to the

rotating chuck for first operation seaming. Similarly at the next marking station, the tension

in the spring is released due to cam movement and second operation rollers comes nearer to

the rotating chuck for final seaming.
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Figure9. A closer look at thdirst and second operation seaming roller.

As shown in Figure 10, the seam formation can be seen after each seaming roller operation.
Here, the grey portion represents the can flange and thehamled part represents the lid

curl. The mechanism of the first operation roller is to increase thelmess of the lid curl

and lay the curl inside of the can flange. The groove of the first operation roller is deep
enough so that curling process takes smoothly and prevents flatness of the seam. This stage
prepares the seam ready to be-fledssed. The gove of the second operation roller is
slanted and flat which makes the roller to flat press the seam and form a tightly squeezed

double seam.
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Figure10. Seam formation bySi(A) and 29 operation roller (BYBirkeland, Bergslien,
Strand, & Sivertsvilkk005, p.28D

The nature of a good quality seatwaysconsists of five layers of metalhich are laid
corresponding to each other and tipeesseddgether without leaving any space between
the layersas seen in Figurell The labelled diagram in Figure 11 is SW, Seaming Wall;
CW, Chuck Wall; SC, Seaming Compound; BP, Body Plate (can) and EP, Endi®Jate

BP

Figurell. A gooddouble seanformation(Vaganeet al. 2005p.54).

Out of five layers, three layers come from the lid eurlch are labelled as shaded paanti
two layers from the cabody flange. While metal being pressed against each other, there

may be somamperfectiongvhich will becompensatelly seaming compound that is already
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in the lid curl(Boda & Popa 2014p.10]). The seaming compound ensures that the void is

filled, and the double seamhermeticallysealed.

2.1.1 Double Seam Parameters

There are several parameters that must be taken in consideration during the double seaming
operation. Figure 12 shows all the important parameters of a double seam. The external
parameters ar&L (Seam Length) and ST (Seam Thicknes$. To measure the external
parameters, no incisions on the can seaming surface are required. Seam length is the total
length from the top of the seam to the bottom of the seam. Seam thickness represents the
total width ofthe seam. In other words, seam thickness describes the compression of five

layers of metal in a double seam.

Searm Thicknsts,

Y

T A
\;:.\‘1 Séom

Bed A
Hooalt. §\ Cover Le"’&”"‘

%l Hoole

VN

N

e

er—The con bo:&-a

Figurel2 Parameters of a double seal®arly illustrated.

The internal parameters aBody Hook (BH), Cover Hook (CH), Seam Gap (SG) and
Overlap. Body hook is the length of the can flange that is bent inwards the seam. Similarly,
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cover hook is the length of the lid curl that is bent inwards the seam. Overlap is the length
between the end of the cover hook and the end of the body hook. Overlap is a critical factor
and represents the interlocking portion between the flange and theSeam gap is a

formation of free space between the bottom of the lid curl and top of the can flange when

they are superimposed on each other during seaming process.

Basically, there are three types of critical parameters that needs to be considered for a leakage
proof seaming. They are Overlap Ratio (OR), Body Hook Butting (BHB) and Tightness
Rating. The parameters vary with the dimensional guidelines for each tgpe ahd lid.

Overlap ratio determines the overlap between body hook and cover hook to assure the
seaming compound is properly grasped under compression with standard seam thickness.
Actual Overlap (O) and Internal Seam Length (B) can be clearly showguireA.3. Overlap

Ratio of a double seam can be calculated as:

ORL g* 100 % (1)

Figurel3. Overlap in a double seam

Body Hook Butting (BHB) is another critical factor that needs to be calculated and assure
that the parameter is within range of the double seaming guidelines. Body hook butting
determines the percentage of internal seam length occupied by body hookiamganThe

guantity of empty space left behind by the body hook can be identified. Figure 14 shows the
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internal body hook (A) and internal seam length (B), which are required for the calculation
of body hook butting. Generally, Body Hook Butting can be calculated as:

BHBAG*100% )

While using a manual method through seaming teardown, BHB can be measured as:

BHL t b
BHEB S e pt 100% 3)

where, BH = Body Hook, tb = body thickness, SL = Seam Length, te = end thickness

Figurel4. Body hook butting in a double seam

Tightness Rating is one of the most critical factors in double seaming. Tightness rating is
evaluated based on occurrence of wrinkles at the end of cover hook or lid curl. There is no
measurement process to determine tightness rating and it can onlydléy isspected by

tearing out the lid curl from the seam. A proper seaming guideline requires the cover hook
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to be 100 % wrinkle free. Figure 15 clearly describes the different grade of wrinkles that can

possibly occur at the cover hook.

) ; ﬁ ﬂ& armal worim e

Figurel5. Tightness rating evaluation of a double sédoran 1999 p.1635.

Grade A shows a perfect wrinkle free cover hook with even cut edge. GradedBows
occurrence of 90%70 % wrinkle on the edge of cover hook possibly duaneven rolling
pressure or loose roller setting. Grade E shows a dent occurring in the middle of cover hook
with even cut edge due to seaming compound. Grade F shows the edge of cover hook over
ironed which is possibly due to seaming too tight. Reverseklgs can also be seen in
Figure B. This type of wrinkles appears during first operation and does not go away even if
the second operation is tight enouBlverse wrinkle does not pose a great threat in causing
leakagddirectly. However,fithe materiafolds over itself and formguckers, spursr pleat,

leakage may occyMoran1999 p 174.
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2.2 Methodology

This research will be based on quantitative analys@n the literature review, it is known

that there is possibility of measurement of every critical parameter of a seamed cans. To
study the causes of leakages and finding the similarities between every leaked can, this
research will conduct experiments thre actual leaked cans and Aeaked cans als@he
parameters that will be collected are seam length, seam thickness, body hook, cover hook,
body hook butting, overlap percentage and tightness rating. The experiment will be
conducted 0®0 leakecdcansand 50 nonleakedcansfrom 250ml nitrogen dosed juice filled
stubby cansThe cans that are to be experimented will be taken fhentans that are kept

in observation and hold upside down for a minimum of 24 himuokserve the leakage

The sectioning method will be used to measure the seaming parameters on the cans.
Sectioning method provides the accurate measurement as it is done through computer.
Sectioning method involves two types of devices. One is cutter which is used to cut the cans
using sawing blades that rotates at faster rpm. Figbirehiws the view of seam cutter
machine. The cangill be cut at two sections at diametrically opposite sides to check the

uniformness of the seam.

Figurel6. Cutter device for sectioning of cans

The view of the crossection of the seam can be seen in Figure 17, after the cans are
processed through cutter.
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Figurel7. Cans after being sectioned from cutter.

The next machine is the seam view machine. After cutting the can, the cross section of the
seam is put inside the magnifying chamber of seam view machine as shown in Bigure 1
Before putting the can, the cressction is well brushed for the better view of the seam
profile. The seam profile of the checked cans is projected to the monitor as the data is
transferred by the seam view machine to the computer through a softwanmaghified

seam profile is inspecte@nd he measurements of seam parametegsaatomatically

calculated by the software

Figurel8. Sectioned can kept on magnifying chamber of seam view.
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All the data can be collected by this sectioning method except the tightness rating. Tightness
rating is rated visually by looking at the wrinkles formation on the cover hook. For this, the
seaming area must be cut using a nose plier and coveshookd bemanually stripped off

as seen in Figur#o.

Figurel19. Manual teardown process atan

After collecting all the data, each data sets will be separately analysed and there will be
comparisons between the leaked cans andleaed cans. There will be bdragram
representation for the frequencies for each grddgta will be tested for probability
distributions and normal distributions. Also, there will be tests to find better probability
distribution curvesCorrelation analysis will be conducted to find the similarities between
data. Regression analysis will also be done to know the futmds and patterns. Lastly,
curve fittings and error analysis willlso be conducted. Overall, the critical seaming
parametersilong with their tolerance levelill be generatedt which the leakage does not
occur. There will be further analyzation on the data sets on what types of factors affect the
data sets. The discussions will be done if the data sets are too much deviated and how it can
be controlled.
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3 Results

The results were obtained through the seam view method by makindiametrically
opposite cuts at the can seaming area and observing the section view. 50 leakage cans were
taken for the experiment as well as 50 4{eskage cans. To choose the cans for
experimentation, cans were packed into a paper cartoon tray, shringlagtic film and

held upside down for a minimum of 24 houtdter 24 hours, the cans containing leakage
were observed and 50 leakage cans were taken out for experimentation. To take out the non
leakage cans, the cans were further held upside dowmfeelaand observed fondseness

or anybeveragdeakagedrom seaming area. From those cans, 50leakage cans were
selectedthatwere ensuredith full nitrogen pressuredithout any gas leakagesd taken

out for experimentatiorEach camwascut at two sections, which were diametrically opposite

and therefore 100 data were collected for each leakage ardak@gye group. Table 1 and

2 shows the seaming parameters calculated from leakage cans afehkame cans
respectively The full test report ofeaming parameteabtained from seam view machine

is shown in AppendiA to 6

Table 1 Seaming Parameters of 50 Leakage cans

ST [SH [SsG [cH BH [O OR |[BHB

S.N. TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) |(%) | (%)

1 121 266 |0 151 |[1.97 [113 |66 98 100

2 1.17 2.7 0.01 |1.55 204 |1.18 67 98 100

3 1.19 2.67 |0.03 |1.77 153 [0.98 |59 74 90

4 1.17 2.7 0.03 |1.75 1.76 |1.16 66 86 90

5 1.16 2.7 0.01 |18 156 |[0.97 |54 73 100

6 1.15 2.7 0 1.77 1.7 1.09 63 84 100

7 1.15 2.8 0.01 |1.46 2 0.94 |49 92 100
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SN ST SH SG CH BH O OR BHB TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

8 1.2 277 |0 141 1.94 [0.89 |50 92 100
9 1.17 269 |0.02 |1.84 1.73 |1.21 68 82 100
10 1.19 269 |0 1.73 1.47 |[0.84 |48 70 100
11 1.18 269 |0.02 |18 1.81 |1.21 69 87 100
12 1.19 271 |0.03 |1.78 151 |0.93 |57 76 100
13 1.21 2.7 0 1.63 1.97 |1.22 67 96 80
14 1.19 267 |0 1.583 202 |1.11 62 96 80
15 1.16 2.64 |0.03 |1.75 1.71 |1.14 |68 83 100
16 1.18 2.68 |0.03 |1.87 1.48 |0.98 |56 70 100
17 1.25 277 |0.01 |1.56 213 |1.19 62 99 70
18 1.29 272 |0.01 |1.45 211 |1.11 |59 99 70
19 1.16 264 |0.01 |1.72 1.68 |1.09 62 82 90
20 1.18 263 |0.03 |1.73 158 |1.01 |57 76 90
21 1.2 266 |0.01 |1.8 1.63 |1.07 61 78 100
22 1.19 269 |0.08 |19 156 |1.13 64 74 100
23 1.17 268 |0.03 |1.72 1.58 |0.97 |56 77 100
24 1.16 271 |0 1.82 1.77 |1.16 64 84 100
25 1.19 2.7 0.04 |1.75 1.62 |1.02 |59 78 100
26 1.21 2.7 0.11 |1.74 1.63 | 1.08 65 79 100
27 1.23 2.65 |0.03 |1.63 1.96 |1.26 71 98 100
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SN ST SH SG CH BH O OR BHB TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

28 1.25 269 (0.01 1.56 |1.83 1 56 88 100
29 1.19 2.68 |0.03 1.82 |1.69 1.15 |65 82 100
30 1.19 2.64 |0.01 1.76 | 1.56 1 59 75 100
31 1.19 2.69 |0.04 1.77 | 1.79 1.19 71 88 100
32 1.19 2.73 |0.01 176 | 152 |0.86 |48 69 100
33 1.16 2.72 |0.03 161 |1.84 1.07 65 89 100
34 1.2 2.68 |0.01 1.74 |1.98 1.36 78 97 100
35 1.19 2.66 |0.02 1.8 1.61 1.04 |59 76 100
36 1.19 273 |0 1.75 | 1.79 1.12 63 85 90
37 1.19 269 |0.12 1.79 |1.62 1.15 |68 80 90
38 1.19 272 |0.04 1.77 |1.84 1.22 69 88 100
39 1.3 271 |0.02 1.68 |1.74 1 57 87 100
40 1.28 2.7 0.01 189 |18 1.27 74 90 90
41 1.2 2.73 |0.03 1.9 1.56 1.05 |58 72 90
42 1.2 271 |0.04 1.76 | 1.63 1.01 56 77 100
43 1.27 254 |0.01 1.86 |1.73 131 77 87 100
44 1.33 265 |0 1.86 | 1.67 1.14 |66 82 100
45 1.18 2.68 |0.06 1.8 1.45 |0.96 55 70 100
46 1.2 2.69 |0.02 181 |1.71 1.14 |65 81 100
47 1.2 2.68 | 0.04 146 |2 11 61 99 90
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SN ST SH SG CH BH O OR BHB TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

48 1.22 2.68 |0.02 156 |18 0.99 57 88 90
49 1.21 2.8 0.03 149 | 2.01 1.02 55 94 100
50 1.24 |2.81 |0.06 135 [182 |0.7 38 84 100
51 1.19 268 |0 1.83 |1.73 1.22 73 85 100
52 1.19 2.65 |0.03 175 | 153 |094 |53 71 100
53 1.19 2.74 |0.04 1.75 | 1.7 1.03 58 82 100
54 1.19 265 (0.01 1.82 |1.68 1.16 68 83 100
55 1.18 2.77 |0.03 1.78 | 152 |0.84 |47 67 100
56 1.17 2.7 0.03 1.76 |1.63 1.01 56 77 100
57 1.18 2.77 |0.03 152 |18 0.89 |49 84 90
58 1.24 1282 |0.01 132 |195 |0.76 |40 89 90
59 1.17 2.71 |0.07 1.79 |1.59 1.02 57 76 100
60 1.21 2.68 |0.01 1.79 | 1.7 1.12 65 81 100
61 1.21 271 |0.02 1.79 |1.67 1.09 62 80 100
62 1.2 2.7 0.02 1.79 |161 1.01 56 75 100
63 1.15 266 |0.1 1.69 |1.66 1.01 56 81 100
64 1.18 2.65 |0.02 1.77 | 1.76 1.18 69 86 100
65 1.19 2.58 |0.02 1.79 |1.65 1.14 |67 81 100
66 1.19 268 |0 1.76 |1.56 |0.96 54 74 100
67 1.15 2.66 |0.04 1.77 |16 1.03 58 76 100
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SN ST SH SG CH BH O OR BHB TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

68 1.18 2.69 |0.02 1.84 |1.85 131 77 89 100
69 1.22 2.79 [0.09 1.4 1.86 |0.91 52 91 90
70 1.17 275 |0.12 15 1.8 0.98 57 89 90
71 1.16 2.72 |0.05 1.79 |1.69 11 63 81 100
72 1.2 2.73 |0.03 1.78 | 161 |0.98 57 78 100
73 1.17 2.62 |0.02 1.79 |1.78 1.26 72 88 100
74 1.19 262 |0.01 1.7 1.66 1.02 60 82 100
75 1.18 271 |0.04 1.83 | 1.76 1.2 67 83 100
76 1.2 2.7 0.02 1.75 |1.87 1.22 68 89 100
77 1.17 2.73 |0.02 1.76 |1.88 1.24 |68 89 100
78 1.22 2.69 |0.03 1.77 | 1.77 1.16 67 84 100
79 1.18 2.81 |0.02 145 |19 0.88 |49 89 80
80 1.25 277 10.14 1.5 1.74 ]0.91 53 86 80
81 1.31 2.7 0 156 |2.02 1.18 65 98 70
82 1.29 2.63 |0.02 152 |1.97 1.16 66 98 70
83 1.17 2.66 |0.02 1.79 |1.62 1.05 |61 79 100
84 1.14 |2.65 |0.07 1.8 1.58 11 66 77 100
85 124 |2.78 |0.03 1.6 1.99 1.13 62 95 80
86 1.28 2.74 |0.03 15 2.03 11 59 96 80
87 1.17 2.7 0.08 1.8 1.66 1.14 |66 80 100
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Table 1 continues. Seaming Parameters of 50 Leakage cans

SN ST SH SG CH BH O OR BHB TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

88 1.19 2.73 |0.05 1.79 | 1.78 1.19 69 88 100
89 1.19 2.67 |0.06 1.73 |1.84 1.23 71 89 100
90 1.16 271 |0.02 1.8 1.71 1.12 64 81 100
91 1.19 2.74 |0.05 182 |1.72 1.14 |65 83 100
92 1.13 268 |0.1 1.74 | 171 1.14 |69 86 100
93 1.35 2.79 |0.09 1.44 |1.96 1.01 57 93 80
94 1.3 2.67 |0.01 149 |2 11 61 97 80
95 1.17 2.75 |0.03 1.81 |151 |0.91 51 69 100
96 1.19 2.72 |0.05 176 | 144 |0.8 45 67 100
97 1.17 265 |0 1.66 |1.95 1.28 71 97 90
98 1.27 2.67 |0.02 15 1.98 1.11 64 98 90
99 1.26 2.69 |0.04 154 |1.98 1.14 |63 95 70
100 1.25 2.65 |0.03 1.51 | 1.99 1.16 66 98 70

Table 2 Seaming Parameters 5 Non-Leakage Cans

ST [SH [SG |[CH [BH O OR | BHB

S.N. TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

1 1.18 |266 |001 |175 |1.79 |12 |70 |86 100

2 1.19 |2.67 |003 |[1.76 |1.79 |122 |73 |87 100

3 117 |262 |002 |185 |1.75 |1.27 |76 |89 100

4 1.22 2.65 004 (173 |1.75 1.16 76 92 100
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SN ST SH SG CH BH O OR BHB TR %)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

5 1.19 2.75 001 [1.78 |1.84 1.15 63 86 100
6 1.19 2.77 0.02 [185 |1.78 1.17 65 83 100
7 1.18 274 10.02 |1.65 |2.06 1.27 67 98 100
8 1.18 2.78 002 [1.73 |1.84 11 62 85 100
9 1.22 2.78 0.05 |1.62 |1.94 1.06 |56 88 90
10 1.2 2.75 0 1.58 |1.96 1.1 59 92 90
11 1.17 2.68 001 (148 164 |0.78 |46 82 100
12 1.16 2.68 0.02 |1.33 |1.68 062 |35 78 100
13 1.22 2.58 0.07 | 151 |1.76 1.05 67 93 100
14 1.2 2.61 0.11 [1.63 |1.75 1.21 77 94 100
15 1.22 2.68 003 |[136 |195 |095 |53 95 100
16 1.21 2.72 0.02 |1.57 |2.05 1.19 63 96 100
17 1.24 2.59 001 (166 154 |0.92 |54 75 90
18 1.25 2.57 0.14 |168 |1.61 1.14 |72 87 90
19 1.18 2.69 001 |1.77 |1.79 1.19 67 85 100
20 1.18 2.63 0.02 |[1.74 |1.57 1 57 75 100
21 1.16 2.65 001 |157 |18 1.04 |59 88 100
22 1.17 2.7 004 |1.69 |1.68 1 57 80 100
23 1.21 2.61 0.04 |182 |1.58 1.12 67 79 100
24 1.19 2.61 006 |[1.81 |1.61 1.15 67 82 100
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SN ST SH SG CH BH O OR BHB TR (%)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)
25 1.2 2.71 0.01 [1.78 |1.89 1.32 |80 94 100
26 1.16 2.65 0.02 [1.64 |1.83 1.17 67 91 100
27 1.2 2.82 0.08 |1.82 |1.74 1.14 |64 83 100
28 1.19 2.78 0.08 [1.73 |1.62 094 |54 1 100
29 1.17 2.78 0.09 |1.73 |1.77 1.11 66 90 100
30 1.2 2.81 0.07 |1.89 |1.82 1.27 72 87 100
31 1.15 2.51 0.07 |1.71 |1.62 1.23 |85 92 100
32 1.17 2.57 0.02 |1.75 |1.52 1.05 70 83 100
33 1.15 2.6 0 1.66 | 1.59 0.96 |58 81 100
34 1.21 2.59 0 1.8 1.65 1.15 71 85 100
35 1.21 2.57 002 |157 |18 1.14 |69 96 100
36 1.19 2.59 0 1.64 | 1.66 1.02 65 87 100
37 1.14 2.77 0 1.56 |1.89 1.02 60 92 100
38 1.19 2.85 0.02 |1.55 |1.89 0.87 |50 87 100
39 1.16 2.73 0.03 | 1.7 1.61 1 61 85 100
40 1.17 2.66 0.05 |[1.75 |1.67 1.11 66 82 100
41 1.17 2.52 0.04 |1.69 |1.57 1.12 77 89 100
42 1.17 2.52 0.02 |1.71 |1.67 1.22 |83 93 100
43 1.19 2.61 002 (168 |1.73 1.13 68 87 100
44 1.14 254 |10.05 |1.69 |157 1.05 63 81 100
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SN ST SH SG CH BH O OR BHB TR %)
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) | (%)

45 1.18 2.52 0.09 [161 |1.63 1.15 78 92 100
46 1.2 254 (012 162 |1.69 123 |84 96 100
47 1.18 2.52 0.06 |1.66 |1.58 1.15 79 90 100
48 1.2 2.53 0.11 [161 |1l61 1.12 75 90 100
49 1.19 2.6 0.03 |1.77 |1.73 1.26 77 89 100
50 1.17 2.61 0.05 |1.73 |1.77 1.22 73 90 100
51 1.2 2.59 003 (163 |1.7 11 67 87 90
52 1.21 2.62 0.08 |1.43 |1.68 0.88 |53 86 90
53 1.2 2.68 0.03 | 1.7 1.62 1 58 80 100
54 1.18 2.68 0.05 (181 |1.7 1.22 73 85 100
55 1.21 2.7 0.09 |161 |1.79 1.07 63 89 100
56 1.26 2.75 0.17 |151 |1.75 |0.96 |57 89 100
57 1.24 2.72 0.05 |15 1.81 1 57 90 100
58 1.24 2.58 0.1 149 |1.76 1.09 70 95 100
59 1.2 2.61 002 |1.69 |1.78 1.16 70 89 100
60 1.19 2.52 004 [163 |1.73 114 |71 90 100
61 1.17 2.7 0 1.6 1.74 1099 |57 84 100
62 1.15 2.69 003 |1.62 |1.73 0.99 |57 82 100
63 1.19 274 10.04 |1.67 |1.67 096 |54 78 100
64 1.21 2.72 0.05 |1.66 |1.67 096 |55 79 100
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ST SH SG CH BH @) OR BHB

S.N. (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) (%) TRO6)
65 1.2 251 0.06 |1.68 |1.68 1.2 82 95 100
66 1.19 2.54 0.07 |1.75 |1.62 1.19 80 91 100
67 118 |257 |0.06 |166 |1.62 |1.06 |68 85 100
68 1.2 2.57 0.06 |1.77 |1.75 1.31 83 95 100
69 1.26 2.55 001 |1.76 |1.78 1.33 85 97 100
70 1.2 2.49 0 169 |1.78 1.28 83 98 100
71 1.15 2.66 0.06 |1.6 1.86 1.15 66 92 100
72 1.17 2.65 0.06 |1.76 |1.72 1.18 70 86 100
73 1.17 2.63 0 1.77 |1.77 1.21 70 86 100
74 1.19 2.67 0 1.77 |1.64 1.03 58 79 100
75 1.2 2.66 0.03 |1.66 |1.88 1.23 72 94 100
76 1.17 2.59 0.03 |1.61 |1.79 1.15 70 90 100
77 1.23 2.81 0.02 |1.8 1.95 1.26 68 92 90
78 1.21 2.78 0.02 |1.69 |2.02 1.28 72 98 90
79 1.22 2.77 0.09 |1.64 |1.85 1.12 63 91 80
80 1.24 2.74 0.01 |1.74 |2.07 1.38 76 100 80
81 1.15 2.71 0.02 |1.71 161 0.94 55 76 100
82 1.17 2.7 0.04 |161 |1.72 0.96 57 84 100
83 1.24 2.71 0.05 |1.41 |1.73 0.81 46 86 90
84 1.2 2.72 0.16 |1.39 |1.76 0.89 54 89 90
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Table 2 continues. Seaming Parameters of 50 INmkage Cans.

ST SH SG CH BH @) OR BHB

S.N. (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (%) (%) TRO6)
85 1.2 2.6 0.08 |1.65 |1.58 1.02 64 81 100
86 1.2 2.59 0.14 |1.62 |1.54 1.03 68 83 100
87 1.2 2.64 0.13 |1.65 |1.61 1.05 67 84 100
88 1.17 2.68 0.13 |1.65 |15 0.93 56 75 100
89 1.16 2.61 0.02 |15 1.71 0.93 55 87 100
90 1.18 2.61 0.03 |152 |17 0.97 58 87 100
91 1.21 2.58 0.06 |1.65 |1.62 1.03 61 81 90
92 1.21 2.62 0.08 |1.74 |1.79 1.26 74 91 90
93 1.25 2.73 0.06 |[1.74 191 1.27 72 94 90
94 1.19 2.75 0.06 |1.84 |1.92 1.34 74 92 90
95 1.25 2.49 0.13 |1.53 |1.57 1.07 74 90 90
96 1.2 2.56 0.12 |1.55 |1.73 1.14 73 95 90
97 1.17 2.73 0.01 |1.7 1.95 1.23 69 94 100
98 1.21 2.76 0.02 |1.46 |2.01 1.02 55 94 100
99 1.18 2.64 0.03 |1.68 |1.84 1.22 72 93 100
100 1.2 2.68 0.03 |1.74 |1.85 1.25 70 90 100

In each case, 50 cans were tested and therefore 100 data were ¢akedtenl cuts was
made from a single can and two different readings were tater. all the data has been
gathered, the next step will be analysis of the data anoh@mait the major causes of the

leakageoroblem
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4 Analysis and Findings

There are altogether eight different types of parameters that were measured for each group
of leakageas well amonleakage cansrhe collected data of leakage caean be seen on

Table 1 whereas the dathnonleakage cans, can be seen on TablEh2.first step of the
analysis was to tesil thedifferentdatasetsin each casér normality to check the nature

of the data and whether it follows a normal distribution or Albthe parameters of leakage

cans were analysed through chi square test using excel to calculatatbe pnd determine

whether the data follows normal distribution or not.

The starting phase of calculation waséparate the thickness column in Tabte test only

the data of seam thickness in leakage cans. Afeecalumn was separatein | y t he 06s
thicknessdé6 data of | ehe keat gpart wasato sbtain the lgasicg a t
informationabout the datauch as sample size, minimum value, maximum yahean and
standard deviatiowith normal calculations. Theseformation help to calculate the range,

cell length, number of cells, corrected cell number eodeded cell length After this
beginningphase of calculatiorg table is created for next phase of calculation thighrows
according to theorrected cell numbefhereare six columns mainly cell start, cell end,
probability, expected frequency, observed frequency and chi square value. The cell start
value begis with the minimum value of the data set and cell end is the sum of cell start
value on thatow and the corrected cell length. Ttell start at the next row is the same
value as the cell end valoéprevious row and this process continues until the cell end value
ends at maximum value of the data set. The probability valeach rowis calculated by

using normal distribution functiowith respect to cell end value and cell start valtithe

same row, using mean and standard deviation of the whialesela The expected frequency
(E)is calculated by multiplying the probability with the sample size. The observed frequency
(F) is theactual number of data that are within the range of cell start value and cell end value.
The chi squared value is calculatedtlas square of (E F) andafter it is squaredit is
followed with divisionby E. The degree ofreedom isone number less than therrected
number of cellsAt last, the sum of all cksquared valuess calculatedand the pvalue is
obtained through the clsquared function inxeel with respect to thénal sum of chi
squared values and the degree of freeddmese processesesimilarin everycalculation

shown from Table 3 to Table31to conduct chi squared test and obtaingtues.
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First, the thickness of leakage cans was tested using excel and Table 3 shows the calculations
to calculate pralue. As the Rralue of thickness is very small than the significance value of
0.05, the assumed hypothesis of data sets following the norrddutisn can be ruled out

and concluded that the parameters of seam thickness does not follow the normal distribution

in leakage cans.

Table 3 Calculations for Chisquared test of seam thickness in leakage. cans

Cell Cell Probability FErégﬁgtr?c?y Igrg;ﬁg;eccyj/ Chi Square

Start | End (E) F) [(E-F) ~2/E]

1st Cell 1.13| 1.1575| 0.1040718 10.40718228 6.00| 1.866331842
2nd Cell | 1.1575| 1.185| 0.1985849 19.85849435 30.00{ 5.179150803
3rd Cell 1.185] 1.2125| 0.2530191] 25.3019054¢ 41.00| 9.739589426
4th Cell | 1.2125| 1.24| 0.2152865 21.52864502 4.00| 14.2718408¢
5th Cell 1.24| 1.2675| 0.1223192 12.23192308 8.00| 1.46413387¢
6th Cell | 1.2675| 1.295| 0.0463921 4.63920879¢ 6.00| 0.399152694
7th Cell 1.295| 1.3225| 0.011739 1.17389792¢ 3.00| 2.840663313
8th Cell |1.3225| 1.35| 0.0019804 0.1980370971 2.00] 16.396273
Sum of Chi Square Value | 52.15713585

Degree of Freedom (DF) 7

P - Value 5.43666E09

Similarly, the seam height of the leakage cans was tested for normality and Table 4 shows
the calculations done to calculatevplue using Excel. As the-Value of seam height is
smaller than the significance value of 0.05, the data sets does not follow the normal

distribution.
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Table 4 Calculations for Chsquared test of seam height in leakage.cans

Cell | Cell | oo pability FEréﬁﬁgtffy Igrg;ﬁglec?/ Chi Square

Start | End (E) F) [(E-F) ~2/E]
1st Cell 2.54| 2.575| 0.0051621] 0.516206516 1.00| 0.45341569
2nd Cell | 2.575| 2.61| 0.0293333 2.933328655 1.00| 1.27423829
3rd Cell 2.61| 2.645| 0.1017464 10.17464485 7.00] 0.99053776
4th Cell | 2.645| 2.68| 0.2156865 21.5686541§ 19.00] 0.30590617
5th Cell 2.68| 2.715 0.27965| 27.96499591 43.00| 8.08336782
6th Cell | 2.715| 2.75| 0.2218287 22.18287374 14.00/ 3.01851886
7th Cell 2.75| 2.785| 0.1076272 10.76271886 8.00] 0.70917169
8th Cell |2.785| 2.82| 0.0319151 3.191511047 7.00| 4.54474006
Sum of Chi Square Value | 19.3798963

Degree of Freedom (DF) 7
P - Value 0.00707698

The gap of the leakage cans was tested for normality and Table 5 shows the calculations
done to calculate -palue using excel. As the-Wlue of gap is very small than the
significance value of 0.05, we can deduce that the gap parameters does not étlomtal

distribution.

Table 5 Calculations for Chsquared test of seagapin leakage cans

Cell | Cell | oty | Framoney | Frocuoney| Chi Sauare
Start | End y ?E) y ?F) Y| [(E-F) ~2/E]
1stCell | 0 |0.0175 0.1758054| 17.58053904 31.00 | 10.243254
2nd Cell | 0.0175| 0.035 | 0.2304763| 23.04762612 41.00 | 13.983554
3rd Cell | 0.035 | 0.0525| 0.2143377| 21.43376569 13.00 | 3.3185211

4th Cell | 0.0525| 0.07 | 0.1413961| 14.13961357 3.00 8.7761232
5th Cell | 0.07 | 0.0875| 0.0661574| 6.615740916 4.00 1.0342153
6th Cell | 0.0875| 0.105 | 0.0219486| 2.194859228 4.00 1.4846206
7th Cell | 0.105 | 0.1225| 0.0051614| 0.516135683 3.00 11.953411
8th Cell | 0.1225| 0.14 | 0.0008599| 0.085991679 1.00 9.7150238
Sum of Chi Square Value| 60.508723
Degree of Freedom (DF) 7

P - Value 1.195E10




43

Next, the parameters of cover hook were tested for normality and the calculations to calculate
p-value can be seen in Table 6. As thedRue of cover hook is very small thdne
significance value of 0.05, we can deduce that the parameters does not follow the normal

distribution.

Table 6 Calculations for Chsquared test of cover hook in leakage cans

Cell Cell Probability FErzgﬁgtr?gy Iggéﬁtravnec(i/ Chi Square

Start | End (E) F) [(E-F) ~2/E]
1st Cell 1.32]1.3925| 0.0109981 1.099812237 2.00 0.7367967
2nd Cell | 1.3925| 1.465| 0.0333257 3.33257381¢ 7.00 4.035924
3rd Cell 1.465| 1.5375| 0.0776158 7.761579106 11.00 1.3511902
4th Cell | 1.5375] 1.61| 0.1389585 13.89585188§ 7.00 3.4220841
5th Cell 1.61|1.6825| 0.1912602 19.12601935 5.00 10.433139
6th Cell | 1.6825| 1.755| 0.2023907 20.23906508 17.00 0.5183808
7th Cell 1.755| 1.8275| 0.1646595 16.4659462 41.00 36.555433
8th Cell | 1.8275 1.9] 0.1029909 10.29909286 10.00 0.0086859
Sum of Chi Square Value 57.061634

Degree of Freedom (DF) 7

P - Value 5.811E10

Similarly, the parameters of body hook were also checked for normality test. The calculation
part to calculatg-value can be clearly seen in Table 7. Here, the calculatedul is

smaller than the significance value of 0.05, it can be deduced that the parameters of body

hook does not follow normal distribution in leakage cans.

Table 7 Calculations for Chsquared test of body hook in leakage cans

Cel Cell Probability FEr:e(gngcdy Igg(jﬁ(re\?]ec?/ Chi Square

Start End (E) ") [(E-F) ~2/E]
1st Cell 1.44|1.52625| 0.0570667 5.706666743 8.00| 0.921619864
2nd Cell | 1.52625| 1.6125| 0.1123373 11.23373254 15.00| 1.26269434€¢
3rd Cell | 1.6125|1.69875 0.1710822 17.10821605 17.00| 0.00068450¢
4th Cell | 1.69875] 1.785]| 0.2015818 20.15817994 20.00| 0.00124122§
5th Cell 1.785|1.87125] 0.1837699 18.3769935 15.00| 0.620563155
6th Cell | 1.87125] 1.9575| 0.1296189 12.96188511 5.00| 4.890616911
7th Cell 1.9575| 2.04375] 0.070731] 7.073103913 18.00| 16.8804332
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Table 7 continug Calculations for Chsquared test of body hook in leakage cans.

Expected

Observed

Cell Cell . Chi Square
Start End Probability Fre(gllzj)ency Frecgg;ency [(E-F) 72/E]
8th Cell | 2.04375 2.13| 0.0298581 2.985808683 2.00| 0.325479246

Sum of Chi Square Value

24.90333245

Degree of Freedom (DF)

7

P - Value

0.00078932§

Next, the parameters ajverlap percentage were checked for normality test and the

calculations to calculate-yalue can be seen on Table 8. Here, the calculatemiu@ is

greater than the significance value of 0.05, it can be deduced that the parameters of body

hook does follovthe normal distribution in leakage cans.

Table 8 Calculations for Chsquared test of overlap percentage in leakage cans

Cell | Cell Probability FErégﬁgt:}éjy Igg;ﬁ(ravnec(i/ Chi Square

Start | End (E) F) [(E-F) "2/E]
1st Cell 38 43| 0.00770766 0.770765552 2.00] 1.96041108
2nd Cell 43 48| 0.03385206 3.385206446 2.00| 0.56681828
3rd Cell 48 53| 0.09912671 9.91267087 8.00 0.3690539
4th Cell 53 58| 0.1936398 19.3639805 21.00| 0.13822364
5th Cell 58 63 | 0.25244442 25.24444205 19.00| 1.544619484
6th Cell 63 68| 0.21967117 21.96711653 27.00| 1.15308334
7th Cell 68 73] 0.12757928 12.75792844 16.00] 0.82388203
8th Cell 73 78] 0.04943658 4.943657951 5.00| 0.00064212
Sum of Chi Square Value| 6.55673385

Degree of Freedom(DF) 7
P - Value 0.47644184

Similarly, the parameters of body hook butting percentage were also checked for normality

test. The calculation part to calculate@gdue can be clearly seen in Table 9. As theale

of body hook butting is smaller than the significance value of 0.05awaleduce that the

parameters does not follow the normal distribution.
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Table 9 Calculations for Chsquared test of body hook butting in leakage cans

Cell 1 Cell | b hability F'Erégﬁ(étffy Igrg;ﬁglec?/ Chi Square

Start | End (E) (F) [(E-F) "2/E]
1st Cell 67 71| 0.03783305 3.783305194 7.00| 2.73494337
2nd Cell 71 75| 0.0774872 7.74872019 6.00| 0.39464869
3rd Cell 75 791 0.12810285 12.81028486 14.00| 0.11049107
4th Cell 79 83| 0.17095279 17.09527871 17.00/ 0.00053103
5th Cell 83 87| 0.18415897 18.41589694 15.00/ 0.63360216
6th Cell 87 91| 0.16014435 16.01443543 18.00] 0.24618206
7th Cell 91 951 0.11241577 11.24157721 5.00| 3.46546444
8th Cell 95 99| 0.06369812 6.369812457 18.00] 21.2347323
Sum of Chi Square Value | 28.820595]

Degree of Freedom (DF) 7
P - Value 0.000156

At last, the parameters of tightness rating were checked for normality and the calculations to
calculate pvalue are shown in Table 10. Here, thegtue of tightness rating was extremely

small than the significance value of 0.05 and it can be concludeththparameters do not

follow the normal distribution.

Table10. Calculations for Chsquared test dfghtness ratingn leakage cans

Cell | Cell Probability FErzzﬁgtr?cdy Igg(jﬁ(ra\;]ec?/ Chi Square

Start | End (E) ") [(E-F) ~2/E]
1stCell 70| 73.75| 0.00569349 0.56934872§ 6.00| 51.79948907
2nd Cell | 73.75] 77.5| 0.01562377 1.562376868 0.00| 1.562376868
3rd Cell 77.5| 81.25| 0.0358755 3.58754964¢ 8.00| 5.42702401¢
4th Cell | 81.25 85| 0.06893368 6.89336805 0.00| 6.89336805
5th Cell 85| 88.75| 0.11084086 11.08408593 0.00| 11.08408593
6th Cell |88.75] 92.5| 0.14914651 14.91465138 16.00| 0.078981506
7th Cell 92.5| 96.25| 0.167949 16.79489964 0.00| 16.79489964
8th Cell | 96.25 100| 0.15826881 15.82688075 70.00| 185.42673671
Sum of Chi SquareValue 279.0669618

Degree of Freedom (DF) 7

P - Value 1.77539E56
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Similarly, the parameters of the ndeakage cans were also tested out and undergone the
same procedure of chi squared test using eXbel seam thickness data of Heakage cans
were initiated for calculation. After conducting out the-stuared test as shown in Table
11, the pvalue obtained was slightly smaller than the significance value of 0.05. So, the
assumed hypothesis of datsstdbuted into a normal distribution can be ruled out and
concluded that the parameters of thickness does not follow a normdutistr in non

leakage cans.

Table 11 Calculations for Chsquared test of seam thickness in-teakage cans

Cell | Cel Probability FErggﬁZtr?éjy Iggaﬁtravnec(i/ Chi Square

Start | End (E) ") [(E-F) "2/E]
1st Cell 1.14| 1.155| 0.0531643 5.316432486 7.00] 0.53313939
2nd Cell | 1.155] 1.17| 0.1169681] 11.69680593 5.00| 3.83414155
3rd Cell 1.17] 1.185| 0.1884953 18.84953437 27.00| 3.52422976
4th Cell | 1.185 1.2| 0.2225231 22.25231083 14.00| 3.06038481
5th Cell 1.2| 1.215| 0.1924465 19.24465488 31.00| 7.18059844
6th Cell | 1.215] 1.23| 0.1219239 12.19238583 5.00| 4.24284588
7th Cell 1.23| 1.245| 0.0565794 5.65794004¢ 6.00| 0.02067979
8th Cell | 1.245| 1.26| 0.019228 1.922797103 5.00| 4.92468896
Sum of Chi Square Value 27.3207086

Degree of Freedom (DF) 7
P - Value 0.00029176

After conducting out the ckiquared test as shown in Table 12, thealpe obtained was

larger than the significance value of 0.05. So, the assumed hypothesisdi$uidated into

a normal distribution can be accepted and concluded that the parameters of seam height

follow a normal distribution in noteakage cans.
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Table 12 Calculations for Chsquared test of seaneightin nonleakage cans

Cell | Cell Probability Flzrégﬁgfgy Igrggﬁglec?/ Chi Square

Start | End (E) (F) [(E-F) ~2/E]
1st Cell 2.49| 2.54| 0.0561601 5.616009525 10.00| 3.42224713
2nd Cell | 2.535| 2.58| 0.1133598 11.33598036 10.00| 0.15744942
3rd Cell 2.58| 2.63| 0.1749226 17.49225895 23.00] 1.73420778
4th Cell | 2.625| 2.67| 0.2063574 20.63574143 12.00 3.6139254
5th Cell 2.67| 2.72| 0.1861204] 18.61203673 18.00] 0.02012617
6th Cell | 2.715]| 2.76| 0.1283393  12.8339307 14.00] 0.10594709
7th Cell 2.76| 2.81| 0.0676535 6.76534706 9.00| 0.73812529
8th Cell | 2.805| 2.85| 0.0272608 2.726082321 4.00 0.5953108
Sum of Chi Square Value 10.3873391

Degree of Freedom (DF) 7
P - Value 0.1676651

After conducting out the ckiquared test as shown in Table 13, ghealue obtained was

very small than the significance value of 0.05. So, the assumed hypothesis of data distributed

into a normal distribution can be completely ruled out and concluded that the parameters of

gap does not follow a normal distribution in Aleakage cans.

Table 13 Calculations for Chsquared test of seam gap in Aleakage cans

Cell | Cel Probability FErégﬁgtri?y Igrggﬁre\;ecci/ Chi Square

Start | End (E) ) [(E-F) "2/E]
1st Cell 0] 0.021] 0.1394922 13.9492204¢ 38.00| 41.4675497
2nd Cell | 0.021| 0.043| 0.1966422 19.66421941 19.00| 0.02243605
3rd Cell | 0.043| 0.064| 0.2092594 20.92593645 18.00| 0.40911451
4th Cell | 0.064| 0.085| 0.1681047  16.8104695 9.00 3.6288953
5th Cell | 0.085| 0.106| 0.1019396 10.19395774 5.00 2.6463909
6th Cell | 0.106| 0.128| 0.0466586 4.665861387 4.00| 0.09502455
7th Cell | 0.128] 0.149| 0.016117| 1.61169582% 5.00| 7.12330764
8th Cell | 0.149| 0.17| 0.0042006 0.420061964 2.00| 5.94246661
Sum of Chi Square Value 61.3351853

Degree ofFreedom (DF) 7

P - Value 8.1661E11
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After conducting out the ckaquared test as shown in Table 14, thealpe obtained was
larger than the significance value of 0.05. So, the assumed hypothesis of data distributed into

a normaldistribution can be accepted and concluded that the parameters of cover hook

follow a normal distribution in noteakage cans.

Table 14 Calculations for Chsquared test of cover hook in nteakage cans

Cell | Cell Probability FErggﬁgtr?cdy Iggéﬁtravnec(i/ Chi Square

Start | End (E) F) [(E-F) ~2/E]
1st Cell 1.33] 14| 0.008029 0.80290120¢ 3.00] 6.01225039
2nd Cell 14| 1.47| 0.0333161 3.33161044¢ 3.00| 0.03300671
3rdCell | 1.47| 1.54| 0.0944866 9.448663865 8.00| 0.22210833
4th Cell 1.54| 1.61| 0.1832383 18.32383116 9.00| 4.74430411
5th Cell 1.61| 1.68] 0.243069 24.3068977¢ 27.00] 0.29838442
6th Cell 1.68| 1.75| 0.2205823 22.05822918§ 26.00] 0.70438824
7th Cell 1.75| 1.82| 0.1369363 13.69363383 18.00| 1.35426358
8th Cell 1.82| 1.89| 0.0581397 5.813971583 6.00| 0.00595231
Sum of Chi Square Value 13.3746581

Degree of Freedom (DF) 7
P - Value 0.06348929

After conducting out the ckiquared test as shown in Table 15, thealpe obtained was
larger than theignificance value of 0.05. So, the assumed hypothesis of data distributed into

a normal distribution can be accepted and concluded that the parameters of body hook follow

a normal distribution in neteakage cans.

Table 15 Calculations for Chsquared test dfody hookin nonleakage cans

Cell | Cell Probability FEr:gﬁgtri(:jy F?ggﬁgfgz Chi Square

Start | End (E) ") [(E-F) "2/E]
1st Cell 15| 1.57| 0.0619941 6.199411466 8.00| 0.522972073
2nd Cell | 1.57| 1.64| 0.1274927 12.7492677¢ 19.00| 3.064619381
3rdCell | 1.64| 1.71| 0.1940224 19.4022437¢ 15.00| 0.99884067¢
4th Cell 1.71| 1.79] 0.2185216 21.8521573¢ 25.00] 0.453452395
5th Cell 1.79] 1.86] 0.1821482 18.21481971 16.00| 0.26930962¢
6th Cell 1.86| 1.93] 0.1123633 11.2363290¢ 7.00| 1.597183924
7th Cell 1.93 2| 0.0512912 5.129121432 5.00] 0.00325052¢
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Table 15 continug Calculations for Chsquared test of body hook in nteakage cans.

Cell 1 Cell | 5 opabilit FErépﬁgtr?g F?gsﬁcrevnecd Chi Square
Start | End y ?E) y ?F) Y| [(E-F) ~2/E]
8th Cell 2| 2.07] 0.0173221 1.732214544 5.00| 6.164606934

Sum of Chi Square Value

13.07423554

Degree of Freedom (DF)

7

P - Value

0.070320181

After conducting out thehi-squared test as shown in Table 16, thealpe obtained was

larger than the significance value of 0.05. So, the assumed hypothesis of data distributed into

a normal distribution can be accepted and concluded that the parameters of overlap

percentage ftlow a normal distribution in noteakage cans.

Table 16 Calculations for Chsquared test adverlap percentage nonleakage cans

Cell | Cell Probability FErggﬁZtr?éjy Iggaﬁtravnec(i/ Chi Square

Start | End (E) ") [(E-F) "2/E]
1st Cell 35| 41.25| 0.004046] 0.404602267 1.00/ 0.87616528
2nd Cell | 41.3| 47.5| 0.0208192 2.081920699 2.00| 0.00322347
3rdCell | 47.5| 53.75| 0.0710703 7.107029248 3.00| 2.37338115
4th Cell | 53.8 60| 0.1610625 16.1062498§ 23.00| 2.95064292
5th Cell 60| 66.25| 0.2424337 24.24336847 16.00] 2.80295718
6th Cell | 66.3| 72.5| 0.2424337 24.243368471 30.00] 1.36692253
7th Cell | 72.5| 78.75| 0.1610625 16.1062498§ 15.00] 0.07598222
8th Cell | 78.8 85| 0.0710703 7.107029248 10.00| 1.17760593
Sum of Chi Square Value 11.6268807

Degree of Freedom (DF) 7
P - Value 0.11351621

After conducting out the ckiquared test as shown in Table 17, thealpe obtained was

larger than the significance value of 0.05. So, the assumed hypothesisth$uldmated into

a normal distribution can be accepted and concluded that the parameters of body hook

butting percentage follow a normal distribution in Aeakage cans.
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Table 17 Calculations for Chsquared test of body hook butting in Heakage cans

Cell | Cell Probability Flzrégﬁgfgy Igrggﬁglec?/ Chi Square

Start | End (E) (F) [(E-F) ~2/E]
1st Cell 75| 78.1| 0.0343503 3.43503116§ 7.00] 3.69982168
2nd Cell | 78.13| 81.3| 0.0818297  8.18296957 9.00| 0.08157659
3rd Cell | 81.25| 84.4| 0.1473454  14.7345434 11.00] 0.94653862
4th Cell | 84.38| 87.5| 0.2005655 20.05654742 21.00/ 0.04437966
5th Cell 87.5| 90.6| 0.2063931] 20.63931291 18.00] 0.33750991
6th Cell | 90.63] 93.8] 0.160567] 16.05669956 15.00| 0.06954194
7th Cell | 93.75| 96.9| 0.0944318 9.443179236 14.00| 2.19890092
8th Cell | 96.88| 100| 0.0419795 4.197950467 5.00 0.1532375
Sum of Chi Square Value 7.53150681

Degree of Freedom (DF) 7
P - Value 0.37570909

After conducting out the ckiquared test as shown in Table 18, thealpe obtained was
extremely less than the significance value of 0.05. So, the assumed hypothesis of data
distributed into a normal distribution can be ruled out and concluded tharéragters of
tightness rating does not follow a normal distribution in-fre@kage cans.

Table 18 Calculations for Chsquared test of seam thickness in-eakage cans

Cell | Cell Probability FErégﬁgtr?((:jy Igg(jﬁ(ra\;]ec?/ Chi Square

Start | End (E) F) [(E-F) ~2/E]
1st Cell 80| 82.5| 0.0002508 0.025077911 2.00| 155.527998
2nd Cell| 82.5| 85| 0.0016302 0.163023591 0.00| 0.16302359
3rd Cell 85| 87.5| 0.0078309 0.7830892471 0.00| 0.78308925
4th Cell 87.5| 90| 0.0278042 2.780422628 0.00| 2.78042263
5th Cell 90| 92.5| 0.0729907 7.299067591 16.00| 10.37204085
6th Cell 925 95 0.141702] 14.17020063 0.00| 14.1702006
7th Cell 95| 97.5| 0.203472] 20.34719782 0.00| 20.3471978
8th Cell 97.5| 100| 0.2161181 21.61181366 82.00] 168.737946
Sum of Chi Square Value 372.881918

Degree of Freedom (DF) 7

P - Value 1.55E76
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From the chisquared analysito obtain the information aboutormality test of all the
parameters of leakage and Aeakage cans, it iund that that theparameters of leakage
cansdo not follow a normal distributionThis means that the data &eavily distributed to

the right or left rather than theentre.The reason for this might beahthe leakage occurs

only when the parameters are too low or too high than the required normal range of accepted
parametersThe only parameter that was found normdiltributed in leakage cans was the
overlap percentag@verlap percentage is nat andividual parameter, but it & calculation

of ratio between the body hook, cover hook amel free space between seam formation.
Also, the mean of the overlap ratio was found similar between the leakage aledkexqe

cans This suggests that tlowerlap ratiomay not be directly linked with the occurrence of

leakagesn these cases

Analysing with the nofleakage canghe parameters of seam thicknegap and tightness
ratingdid not follow the normal distribution and the remaining all five parameters followed
the normal distribution.In the case of gaphe seaming procedure always aims to achieve
the near zero gap strategystop the leakage. So, most of the dalis around the zero mark
and few data deviatevay. This makes the distribution towards left oriemtdabth the cases

of leakage and neleakage canand hence the mmal distribution is not achieved. The
similar is thecase of tightness ratinGhe seaming procedure always aims to achieve the
100% tightness rating asis arecommend seaming procedure to control leakage. So, most
of thedata falls around the 100 mark aoraly few data deviate away from 100. This makes
the distribution towardsght oriented in both the cases of leakage andleakage cans and
hence the normal distribution is not achieviedthe case ofeam thickness in ndeakage
cans, the data tends appear normally distributelout slightly heavier at the left sid&or

more visualization and comparison, bdiagram andjraph plotting will be conducted.

Observing the bar diagram of seam thickness data in Figure 20, the data of leakage cans
seems far more deviated than the mean value of 1.20. Also, the data distribution is heavily
on the left side in case of leakage cans whereas the data is distribueedmtbe centre

area in case of neleakage cans. As the thickness increases, the space between the cover
hook and body hook also increases and chances of leakage occurring also increases. Leakage
also occurs if the seam thickness is too low. This resutt®o much pressing of body hook

and cover hook and leads to internal fracture resulting in instant leakage. Thus, there is not

any data of seam thickness lower than 1.10 mm as it is the minimum requirement.
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Figure20. Bar-diagram of seam thickness in leakage (left) andleakage cans (right)

As seen in Figure 21, the difference between the seam thickness of leakage gams and
leakage cans are highly noticeable. There are some sharp peaks in case of leakage cans which
indicates the high seam thickness and probably the main cause of leakage in those cases.
From both the diagram, it is safe to conclude that the seam thickmagsl be kept within

the range of 1.121.22 mm as majority of the data in nRlmakage cans are within that range.
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Figure21. Graph plotting of thickness data in leakage andleakagecans.
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While observing thdardiagram of seam height in both leakage and-leakage cans as
shown in figure 22, the data of leakage cans shows a major peak at the centre between the
2.65 to 2.73 rangevhereas the data of nd@akage cans shows a uniformly distributed data

with majority occurring around the mean value of 2.65.
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Figure22. Bar-diagram of seam height in leakage cans (left) andieakage cans (right)

Studying the graph plotting of seam height data in leakage antkakage cans as shown

in figure 23, it is found out that most of the data of sheakage cans lies below 2.75 mm.

From both diagrams, the significant difference is that more than halé afata lies below

2.65 mm in nofleakage cans whereas there are negligible data below 2.65 mm in case of
leakage cans. So, it would be safe to conclude that the parameters of seam height should be
kept within the range of 2.50 mm to 2.75 mm as most ohtreleakage data are within

these range. The leakage cans, whose parameters of seam height falls within this range, their

causes of leakage could be possibly due to other seaming parameters.
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Figure23. Graph plotting of seam height data in leakage andieakage cans.

While observing the badiagram in figure 24, most of the data of leakage cans falls to the
right side in the range of 1.70 mm to 1.90 mm, whereas the data-t¢alage cans shows

a normaldistribution curve shape with high peak around the region of mean value of 1.66
mm. Shorter cover hook means there will not be enough grip between the cover hook and
body hook and may result in leakage. Also, if the cover hook is too high, it may causalint

fracture within the seam resulting in leakage and beverage contamination with metal parts.
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Figure24. Bar-diagram of cover hook in leakage cans (left) andleakage cans (right

From the graph plotting of cover hook data as shown in figure 25, the data of leakage cans
are more deviated and forms more sharp peaks at both higher and lower sides. In case of
nonleakage cans, there are some exceptions of sharp peaks but most dfatlaeeda
consistent and falls within the range of 1.60 to 1.80. Studying both the diagram, the range

of 1.50 mm to 1.80 mm is safer for the cover hook to prevent any leakage occurring in cans.
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Figure25. Graph plotting of cover hook data in leakage andleakagecans.
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Observing the badiagram in figure 26, both the data looks similar in shape, but leakage
cans data are more distributed aathtains greater range. In case of segikage cans, the
data is normally distributed with most of the data falling within the region of mean value of

1.74 mm. Like cover hook, body hook also should not be neither too long nor too short.

25

20
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Frequency
Frequency
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14 15 1.6 4 1.8 1.8 2 21 22 15 1.6 7 1.8 19 2 21
Body Hook (mm) i Body Hook (mm)

Figure26. Bar-diagram of body hook in leakage cans (left) and-leakage cans (right)

The graph plotting of body hook as shown in figure 27 describes how much the data of
leakage cans are deviated whereasthenena k a g e ¢ a that mahysteéptriseanido w
fall. Overall, from both the diagrams, the range of 1.50 mm to 1.90 mm is safe for body hook

parameters to prevent any leakages from occurring in cans
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Figure27. Graph plotting of body hook data in leakage and-ieakagecans.

The bardiagram in figure 28 shows a significant difference between the data of leakage cans

and nonAleakage cans. In case of nl@akage cans, most of the data falls in the range of 80

57

to 95 with a mean value of 88%, whereas in case of leakage cangl argoont of data is

distributed below 80% and above 95%.

Freguency

65 70 75 80 85 90 95 100
Body Hook Butting (%)

Frequency
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Figure28. Bar-diagram of bodyhook butting in leakage (left) and nteakage cans (right)
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While observing the graph plotting of body hook butting data in figure 29, several sharp
peaks downwards can be seen for the leakage cans. From both the diagrams, it is visible that
the data ranges from 80 % to 95 % body hook butting, can be considered safedwormg
leakages in cans.
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Figure29. Graph plotting of body hook butting data in leakage andleakage cans.

While observing the batiagram as shown in figure 30, there is not any significant
difference visible withboth the diagrams of leakage and #eakage cans. There are some
slight differences like more data on below 55 % in leakage cans compared|eakage

cans, very less data on above 75 % in leakage cans compared¢akenye cans.
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Figure30. Bar-diagram of overlap ratio in leakage cans (left) andleakage cans (right)

The graph plotting on figure 31 shows the data ofleakage cans situated in the upward

region than the neleakage cans. From both diagrams, it can be concluded that lower the

overlap percentage, higher the chance of leakage. So, the range of 57%oateeBagoratio

can be considered safe as majority of-teakage cans data are within this range.
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Figure31. Graph plotting of overlap ratio data in leakage andlerakagecans.
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Table 19 shows the analysed range of acceptable parameters that assures the prevention of
leakage from occurring in cans. If all the parameters of the can seam are well within their
respective ranges as shown in Table 19, the chances of leakage occuoamng will be
negligible.

Table19. Accefable range of all the seaming parameters after the analysis

Seaming Parameters

Acceptable Range

Seam Thickness

1.12 mm- 1.22 mm

SeamHeight 2.50 mm- 2.75 mm
Gap Maximum of0.10mm
Cover Hook 1.50 mm- 1.80 mm
Body Hook 1.50 mm- 1.90 mm

Overlap Ratio

57%-85%

Body Hook Butting 80 %- 95 %

Tightness Rating 100% (wrinkle free)

The parameters a@fap and tightness ratingere not included in this baliagram and graph
plotting analysis as it was clefniom the chisquare distribution testhe target otightness
rating is always 100% which means that the cover hook should be wrinkte fxebieve a
good quality seamrhe target of seam gap should always be near zero with a maximum
value of 0.10mnfor a good quality seam. These are universally acceptieiklines for any
type of seamAlso, from the chisquare distribution teshearly allthe dataof gap and
tightness ratingverefoundin thoserange in case ohonleakage candVith the help of this
analysis,a good quality seam will be achievedthe can seaming process tgaarantees

the prevention of leakages and reduce the product rejectan ra
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5 Discussion

The main goal of this thesis is émalyse the leakage occurring problentams and help
solve the problemFrom the anlgsis, the acceptableange of seaming parameters was
obtained at which the leakage does not oagtuans. This section will discuise procedure

to getthe acceptable seaming parametegasons for seaming parameters getting out of
range problems faced during seaming awdutions for the problems.

5.1 Seaming operation setup

To get a good quality seaihmustbe assured that the seaming rollers and chugbraper.

The chuck size shoulsiatch with the type of lid being usethe seaming rollers shouls

easily rotatingwith negligible axial play and made sure thia correct first and second
operation rollers are being used. Usually, the first operation roller has deep groove than the
second operation rolleRropermonitoring should be done on a reguasisif the chucls

and rollersareworn out or damaged.o begin withthe seaming operation setup, pin height
measurement should be considered. Pin height is the distance between the tip of the chuck
lip and the seamer lift cylinder top surface. Pin height measurement is different for different
types of can heights. Accueatneasurements should taken,and pin height should be

corrected according to the required measurement, by adjusting the seamer height.

The calculation of pin height is done according to the gagration

Pin Height =TH1 CD1 ts (1)

Where, TH = Total Height of an empty can,
CD = Countersink Depth of the lid,
ts= SpringForce Tolerance of about 1mm

A fixed height gauge can be made according to the known measurement of pin height and

that gauge can be put between the chuck and the lift cylinder to setup the pin height in an
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easier way. Figure 32 shows a fixed gauge measuring the pin height by checking the gap
between the chuck and the gauge. This ensures if the pin height is okay or not. Incorrect pin
height may lead to high or low body hook and high seam gap. This willualgniead to

the occurrence of leakages in cans.

Figure32 Measuring the pin height.

Once the pin height is correctly segxhis the spring force. There should be enough spring
force in the seamer lift cylinder, so that required pressure is applied to themanottom

during the seaming operatiohhelift cylinderspring pressure is set to a maximum of 40

kg. If there is not enough spring pressure from the bottom, there will be no full grip within
the chuck and the lid which results in improper seaming and incorrect seaming procedures.
Spring force can be checked with a spring force gauge and if found incsprang force,
springs in a lift cylinder can be changed with a correct spring.

After the pin height and lift cylinder pressure are okay, it is the turn of seaming rohers.

first operation seaming rollers should be setup at beginmimgheight of the rollers with
respect to the chuck should be noted and should be adjusted with a correcoh@igit

0.02 mm At the first marking statiorthe gap between the first operation roller and chsick

set at0.60 mm After setting the first operation rollers, seam profiles are to be checked and

if the seam profiles are correct then the second operation rollers should be setup. If the seam
profiles are incorrect, the height of the roller with respect to chuck sheuttidcked and
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gap between the rollers and chucks should be checked again. The second operation rollers
height with respect to the chuck should also be maintained with a correct height while fitting.
At the second marking station, the gap between chuck and secondarpeobirsis setat

0.50 mm After this, the seaming operation setup is complete, and cans are undergone
through seaming procedures and taken to lab for seam inspection. If all the procedures of
seaming operation setup are strictly followed and correesarements are taken at every

step, it ensures the seaming operation will be correctly conducted and the seaming

parameters will fall within the correct range.

5.2 Causes of Incorrect Seaming Parameters

The main cause of seamipgrameters getting out of ranigeseaming operations nsét up
correctly. Most of the time, the gap between seaming rollers and chuaieeds to be
realigned tomake a good seam formation and match the range of acceptable seaming
parametersThere are several checkligisovided byseamer manufacturing companies or
can manufacturing companiéisat helps infinding the areas to look for if thespecific
parameters are out of randger exanple,if the seam gap is too higlthe pobable causes

according to the checkligtr ovi ded by can manufacturing ¢c¢
1 Seaming rollers being higher relativectouck.
71 Incorrect seaming chuck being used.
1 Incorrect Pin height seip.
1 Lifter Spring force set totow.
1 First operation roller too loose
1 Secondperation roller too loose

This type of seaming guidelindselps totroubleshoot the problem and narrow down the
specific causes for such type of probleacurring.This type of guidelines only helps if the

problem is associated with the seaming operasensp.

Apart from seaming operations being set incorrectly, there are other causes that leads to the

seaming parameters being out of range. The occurrence of axial play in rollers due to the
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bearing being worn out or damaged is one of the causes for incorrect seaming parameters.
The seaming rollers continuously operate at a higher speed for seaming hundreds of cans per
minute and experience a greater load on the bearing over time. The sathdhe case of

chuck shaft bearings. The chuck shaft in the seamer is supported by bearings and the bottom
bearing in the shaft needs to withstand a huge force which is also pushed by the lifter spring
force. Over the time, the bearings get damaged lamdvtial and radial play is induced in

the shaft. Figure 33 shows the disassembling of chuck shaft along with the bearing for
replacing the damaged bearings. This induced play in shaft compromises the smooth

operation of seaming and results in incorreensi@g parameters.

Figure33. Disassembling the chuck shaft from seamer.

So, it is important to inspect the condition of seamer and reltersegular interval and plan
the maintenance work. Another cause of seaming parameters being out of rémge is
inappropriate flangeurl or slight damage of empty cans in the flange abeanaged lids
can also be theause for inappropriate seaming formation. Thus negessary to check and
prevent every loophole thabstruct a good seam formation.
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5.3 Solution to the Leakage Problem

After the analysation déakage and neleakage canthat were experimented, the accepted
range of parameters were obtained contaitiiegnaximum range of data from nl@akage
cans.The observed values of seaming parameters of both leakage as welllaakage

cans were considered and the data which falls in the acceptable range were put into the Table

20 for comparison and differences were obtained as shown in the table.

Table20. Comparison of observestaming parametevgthin the acceptableange.

Non-

Seaming Leakage|
Acceptable Range | Leakage Difference

Parameters Cans

Cans
Seam Thickness | 1.12 mm-1.22 mm | 89 71 18
Seam Height 2.50 mm-2.75 mm | 85 87 -2
Gap 0.00mm-0.20 mm | 89 96 -7
Cover Hook 1.50 mm-1.80 mm | 84 82 2
Body Hook 1.50 mm- 1.90 mm | 88 73 15
Overlap Ratio 57 %- 85 % 84 75 9
Body Hook Butting | 80 %- 95 % 82 55 27
Tightness Rating | 100%(wrinkle freg | 82 70 12

After the comparison, it was found that most of diféerence was found in theody hook
butting percentagdn leakage cangl5 parameters were out of ranfyfem 100 parameters

of body hook buttingAlso, the third most difference was foundaady hook. So, it can be
considered that most of tipgoblems of leakageccurreddue to the incorrect body hook
The second moslifference came from the seam thickness parameters with difference of 18

In leakage can®9 parameters were out of ranigem 100 parmetersof seam thickness.
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Lastly, tightness rating parameters were out of ram@8 parameters out of 100 parameters.
Thus, the main problemf leakage canwasmainly leading to the incorrect body hoakd
subsequetty leadingto the incorrect seam thickness and not acceptable tightness rating.
Overall, the remaining other parametersre well within the range and not found any
significant difference.

The main reason for theng body hook idifter spring force set too high ehort pin height

taken during initial seaming operation setkpr the short body hooke lifter spring might

be set todow, or the pin height ifonger than the actual heigfthefirst operation roller set

too tight, and the axial play induced in the chuck shaft can also lead to shorter body hook.
So,the lifter springforce should be adjustes such that the body hook neither becomes too
short nor too long. Also, thein heght should be accurately taken aadjust if the body

hook falls correctly within the rang@part from these, the chuck shafts shoulccbecked

for induced play at a regular interval of time. Correcting the body hwakes sure that the
body hook butting also comes within theceptable rangé&o, adjusting the lifter spring

force and pin heightouldsolve half of the leakage occurringoblem.

The problem of seam thickness is directly linked i@ gap between seaming raemd

the chuck.If the seam thickness Isss, the gap between the second operation roller and
chuck should be increased and vice ver$e problem of wrinklesoccurring,or less than
100% tightnessatingis caused by incorrect pin height, incorréigt operation settingr
bearing issueselated to shafts or rollerdncorrect first operation can be solved be
readjusting the roller height with respect to the chuckaalpasting the gap between the first
operation rollerand chuck at the first marking statiohhen the seanformation can be
checked with a seam view machisedreadjust theseaming setting if the seam formation

is not good enough.

In conclusion, thenost important parameters to look out for were fotmtlebody hook,
seam thickness and tightness ratihg.control the leakage probletheaccuratein height
settingcould solve most of the problem. Algbe adequate lifter spring fors@ould be set
such that acceptable body hooduld be formed.The gap between the second operation
roller and chuck should be set such that seam thickness is neittmgghiawor too low. The
first operation roller setting should dene correctly so thale lid curl is formed correctly.
Lastly, the condition of bearings shouldfreperlycheckedso that the induced play in the

roller and chuck shaft is negligible.
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6 Conclusions

This studywas based on leakage problem from the seam area of a beverage can. The
experimentation was done, and comparative analysis was well conducted between the
leakage cans and ndéeakage cans. The main objective of finding out the root causes of
leakage problemvas well identified. The double seam technology staslied,and each
seaming parameters associated with it were fully acknowleddil.the experimentation,
significant differences were found between the seaming parameters of leakage -and non
leakage canslhe acceptabl@ange for each seaming parameters at which the leakage does
not occur were found out. The leakage cans were further analysed, and the critical
parameters associated with the cause of t
hookdé parameter was recogni zedprollemolse amh e
thicknéssghandss r at forrlegkagesih rensainingecaspsasibiei b | e
solutions to counter the problems anthke those parameters within the range were
discussedThe accurate pin height taken durisgamer operation setting could hugely
reduce theleakage problem. Other solution on seamer operation setting and seamer
maintenance should be regulanaintained and supervised for further stoppage of leakage

problem in future.

The demand otanbeverages igrowing exponentiallyand to meet such demandts of
can manufactimg companies antbeverage production companies are also growing. The
aluminium canpackageis preferred over plastic bottlewsainly for the environmental
sustainability as the aluminium cans are 100% recycladtng with the recyclability,
aluminium cans are lightweight, durapassy in look and feels comfortable while holding
which are all beneficial to customegn, billions of cans are being seanaehuallyand the
study ofproblem related to seamiigyvery beneficial to the entire beverage indugtingther

it is alcoholic or noralcoholic. This type of study helps to minimize tHeakageoccurring
problems from seam area and helpgptoperly form the double seam withppropriate
seaming parameterdpart from leakageshe improper seam formation may lead to the
negative impact such asicrobial conamination gas leakageand minute metal particles
mixed in beverages, which areadry serious issues regarding the consumers heéaittiner
research can be conductateffectivenesof seaming procesand problems faced higher

production capacityand more advanced can seamer



68

References

AFDO, 2011 A guide to can defects and basic components of double seam contajpers
[Referred 22.10.2023vailablein PDFfile: https://www.afdo.org/wp
content/uploads/2020/11/A_Guide_to_Can_Defects_and_Basic_Components_of Double

Seam_Containers_acc_updated_2011.pdf

BCME, 2005 Double SeanReference ManuaBeverage CaMakers Europe24 p.
[Referred 22.10.2023vailablein PDFfile:
https://drive.google.com/file/d/1RCZZ745EBUxsPLLWqf1PznktMACP S4Bj/view

Birkeland, S, Bergslien, H, Strand, A., & Sivertsvik, M.200566 Tec hni-efiedts not e
of seaming conditions on external and internal dogbbmm characteristics in round metal
canso6, Packaging Tec.B8 pdonlg.10024ts.d02.Sci ence, ]

Boda, M, and Popa, M20146 L OSS OF THE I NTEGRITY I N BEE
CANS©O, Bi ot e c hl@lmpl[Refgriecd22.10.282FAVallablein PDFfile:
https://www.researchgate.net/profile/Mena

Popa/publication/268817572_LOSS_OF THE_INTEGRITY_IN_BEER_ALUMINIUM_
CANS/links/548705710cf268d28f06fffc/LOSSHTHE-INTEGRITY-IN-BEER-

ALUMINIUM -CANS.pdf

EHCAN 2002 CanSeamingDiagrams [web documentEmbarcadero Home Cannery
[Referred 22.10.2023vailableat: https://ehcan.com/CanSeaming.html

Han, J., Yamazaki, K., Hasegawa, T., Itoh, R., & Nishiyam&®.1 Numerical
simulations of forming aluminum beverage can end shells, AIP Conference Proceedings
872 p.[Preprint]. doi:10.1063/1.3623697.

Henkel Corporation2017 Brochure darex casealantsDAREX Can SealantS p.
[Referred 22.10.2023vailable at: https://dm.henkel

dam.com/is/content/henkel/brochtdarexcansealants

Hosford, W.F., and Duncan, J,1994i71 The al umi num beverage cal
American, 271(3)51 p. Available athttps://doi.org/10.1038/scientificamerican0948


https://www.afdo.org/wp-content/uploads/2020/11/A_Guide_to_Can_Defects_and_Basic_Components_of_Double_Seam_Containers_acc_updated_2011.pdf
https://www.afdo.org/wp-content/uploads/2020/11/A_Guide_to_Can_Defects_and_Basic_Components_of_Double_Seam_Containers_acc_updated_2011.pdf
https://www.afdo.org/wp-content/uploads/2020/11/A_Guide_to_Can_Defects_and_Basic_Components_of_Double_Seam_Containers_acc_updated_2011.pdf
https://doi.org/10.1038/scientificamerican0994-48

69

JordanCordera, A.and MirandaValenzuela, J.C2004 8th International LDYNA

Users Conference, in Simulation and Analysis of the Beverage Can Necking Process Using
LS-DYNA. Dearborn, Michigan: Livermore Software Technology Corpora&np.

[Referred 22.10.202FAvailablein PDFile:
https://www.dynalook.com/conferences/internatiecahf2004/094.pdf

Moran, P,19996 Can seami ng6, The .Cebbh7dpng of Fi sh
doi:10.1007/9781-461528029 7.

Page, B., Edwards, M. and May,, 80036 Me t a | Cansé, in FOOD PA
TECHNOLOGY. Boca Raton, Florida: CRC PRESS LUG1 p. Availablein PDFfile:
https://polymerinnovationblog.com/wgontent/uploads/2017/02/Fodéthckaging

Technology.pdf

Romanko, A, Berry, D., and Fox, D2004 A Si mul at i seamiogfin adwpede | e
alumi num can, 0 Al P Conf £R7pivaiabléPat:. oceedi ngs
https://doi.org/10.1063/1.1766745

Schunemann, M., Ahmetoglu, M Aand Altan, T,1996 A Pr edi ct i on of pr o
in drawing and ironing of cans, 0 J32uxnal ¢
Available at:https://doi.org/10.1016/092d136(96)0228¢.

Selles, M. A., Schmid, S. R., Sanckeaballero, S., Ramezani, M., & PeiBernabeu, E.
20206 An economi cal and environment al al tern
usinganewpr ami nated steel éd, 2nd Coatingx and
2020) [Preprint]1 p.doi:10.3390/ciwc202@6841.

Statista 2023Carbonatedoft Drinksi Nepal [web document Statista market forecast,
Statista[Referred 22.10.2023}vailable at: https://www.statista.com/outlook/cmo/non

alcoholicdrinks/softdrinks/carbonatedoft-drinks/nepal

Turner, T.A. 1998Canmaking The Technology of Metal Protection and Decoration. 21 p.
[Referred: 22.10.2023] Available in PHite: https://cloudflare
ipfs.com/ipfs/bafykbzacecvilkjtoko5n7pwqifkwysknkvvgzftu342rickyyrf2wwmrivdo?filen
ame=T.%20A.%20Turner%20%28auth.%29%20
%20Canmaking_%20The%20Technology%200f%20Metal%20Protection%20and%20Dec
orationSpringer%20US%20%281998%29.pdf


https://doi.org/10.1063/1.1766745
https://doi.org/10.1016/0924-0136(96)02280-7

70

Vagane, A.Birkeland,S.,Wasbg E.,and SivertsvikM.,2006 Tec hni e alhenot e
significance of chuck wall angles in the quantification of seam thickness in canned food,
Packaging Technology and Scient8(2) 54-55 p Available at:
https://doi.org/10.1002/pts.672

Widrychowicz P, Kustra,P, Pd ko, M., andMilenin, A.20216 A f |l ow stress r
the AA3104H19 alloy for the FEM simulation of the beverage can manufacturing process
under | arge plastic d.dp doldd300/nmMalé408. Mat er i &

Yamazaki, K., Itoh, R., Watanabe, M., HanahdNishiyama, S2007. Applications of
structural optimization techniques in light weighting of aluminum beverage can ends,
Journal of Food Engineering, 81(3%1p. doi.10.1016/j.jfoodeng.2006.10.031



Appendix1. Seaming parameters ?5 leakage cans from Seam View Machine
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Seam Height 2.6

Cover Hook 1.51 (i

Body Hook 1.97 (98%)

2023-06-13--13-56-35—-Double Seam: 1

Thickness 1.17
' Overlap 1.18 (67%)
Body Hook 2.04 (98%)

2023-06-13--13-56-35--Double Seam: 2

Seam Height 2.67
Cover

Overlap 0.98 (59%)
Hook 1.53 (74%)

2023-06-13--13-56-35--Double Seam: 3
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L Body Hock 1.51 (76%)

2023-06-13--13-56-35--Double Seam: 12



SEAMview 6.0.58:

Test:

Double Seam Images

2023-06-13—-13-56-35--Double Seam

2023/06/13 15:41
Page 3 of 7

=
Overlap 1.2 (67%)
Body Hook 1.97 (96%) ————

2023-06-13--13-56-35--Double Seam: 13

Overlap 0.98 (56%)
Body Hook 1.48 (70%)

2023-06-13--13-56-35--Double Seam: 16

Overlap 1.09 (62%)
Body Hook 1.68 (82%)

2023-06-13--13-56-35--Double Seam: 19

\———"—— Body Hook 2.02 (96%)

2023-06-13--13-56-35--Double Seam: 14

Seam Height 2.77
Cover Hook 1.56 8

|
Thickness 1.25
" Overlap 1.19 (62%)
Ll Body Hook 2.13 (99%)

2023-06-13--13-56-35—-Double Seam: 17

Seam Height 2.63

Overlap 1.01 (57%)
Body Hook 1.58 (76%) ———

2023-06-13--13-56-35—-Double Seam: 20

Overlap 1.14 (68%)
Body Hook 1.71 (83%) ~

2023-06-13--13-56-35--Double Seam: 15

Thickness 1.29
L Overlap 1.11 (59%)
Body Hook 2.1 (99%)

2023-06-13--13-56-35--Double Seam: 18

Body Hook 1.63 (78%)

2023-06-13--13-56-35--Double Seam: 21



SEAMview 6.0.58:

Test:

Double Seam Images

2023-06-13—-13-56-35--Double Seam

2023/06/13 15:41
Page 4 of 7

‘Seam Height 2.69

Overlap 1.13 (64%) —
' Body Hook 1.56 (74%) ——

2023-06-13--13-56-35--Double Seam: 22

Thickness 1.19
Overlap 1.02 (59%) [ ‘
l Body Hook 1.62 (78%)

2023-06-13--13-56-35--Double Seam: 25

Thickness 1.25
0o | L Overlap 1.00 (56%)
1 Body Hook 1.83 (88%)

2023-06-13--13-56-35—-Double Seam: 28

* Overlap 0.97 (56%)
Body Hook 1.58 (77%)

2023-06-13--13-56-35--Double Seam: 23

! Body Hook 1.63 (79%)

2023-06-13--13-56-35—-Double Seam: 26

Body Hook 1.69 (82%)

2023-06-13--13-56-35—-Double Seam: 29

Thickness 1.16. |
Overlap 1.16 (64%) —
Body Hook 1.77 (84%) ————

2023-06-13--13-56-35--Double Seam: 24

Seam Height 2.65

Thickness 1.23
0.03 L overtap 1.26 (71%)
b Body Hook 1.96 (98%)

2023-06-13--13-56-35--Double Seam: 27

Thickness 1.19
Overiap 1.00 (59%) |
L Body Hook 1.56 (75%) ———

2023-06-13--13-56-35--Double Seam: 30



SEAMview 6.0.58:

Test:

Double Seam Images

2023-06-13—-13-56-35--Double Seam

2023/06/13 15:41
Page 5 of 7

0.04 — Overlap 1.19 (71%) —
L Body Hook 1.79 (88%)

2023-06-13--13-56-35--Double Seam: 31

biﬂm& 120
Overlap 1.36 (78%)

Body Hook 1.98 (97%)

2023-06-13--13-56-35--Double Seam: 34

Overiap 1.15 (68%)
" Body Hook 1.62 (80%) ———

2023-06-13--13-56-35--Double Seam: 37

Seam Height 2.73

001 ‘
1 Body Hook 1.52 (69%)

2023-06-13--13-56-35--Double Seam: 32

Overlap 1.04 (59%)
Body Hook 1.61 (76%)

2023-06-13--13-56-35—-Double Seam: 35

2023-06-13--13-56-35—-Double Seam: 38

Thickness 1.16
L Overiap 1.07 (65%)
Body Hook 1.84 (89%)

2023-06-13--13-56-35--Double Seam: 33

Seam Height 2.73

Thickness 1.19 J
Overlap 1.12 (63%)
Body Hook 1.79 (85%) ——

2023-06-13--13-56-35--Double Seam: 36

Seam Height 2.71 o
Cover

L overlap 1.00 (57%)
Body Hook 1.74 (87%)

2023-06-13--13-56-35--Double Seam: 39



SEAMview 6.0.58:

Test:

Double Seam Images

2023-06-13—-13-56-35--Double Seam

2023/06/13 15:41
Page 6 of 7

| Thickness 1.28
' Overlap 1.27 (74%)

001
L Body Hook 1.80 (90%)

2023-06-13--13-56-35--Double Seam: 40

' overlap 131 (77%)
" Body Hook 1.73 (87%)

2023-06-13--13-56-35--Double Seam: 43

Thickness 1.20
~ Overlap 1.14 (65%) -
Bady Hook 1.71 (81%)

2023-06-13--13-56-35--Double Seam: 46

‘Seamn Height 2.54 = 1

Seam Height 2.73
Cover

Overlap 1.05 (58%)
Body Hook 1.56 (72%) —

2023-06-13--13-56-35--Double Seam: 41

Thickness 1.33
Overlap 1.14 (66%)
Body Hook 1.67 (82%)

2023-06-13--13-56-35—-Double Seam: 44

L Body Hook 2.00 (99%)

2023-06-13--13-56-35—-Double Seam: 47

Seam Height 2.71 =
Cover Hook 1.76

Overlap 1.01 (56%)
Body Hook 1.63 (77%)

2023-06-13--13-56-35--Double Seam: 42

' Body Hook 1.45 (70%)

2023-06-13--13-56-35--Double Seam: 45

‘Seam Height 2.68

" Overlap 0.99 (57%)
Body Hook 1.80 (88%)

2023-06-13--13-56-35--Double Seam: 48



SEAMview 6.0.58: Double Seam Images 2023/06/13 15:41

Test: 2023-06-13—-13-56-35--Double Seam Page 7 of 7

Overlap 0.70 (38%)
"~ Body Hook 1.82 (B4%) ~————

L Body Hook 2.01 (94%)

2023-06-13--13-56-35--Double Seam: 49 2023-06-13--13-56-35--Double Seam: 50



Appendix 2.Seaming parameters of another 25 leakage cans from Seam View Machine

SEAMview 6.0.58: Double Seam Images 2023/06/14 16:19

Test: 2023-06-14--15-48-10--Double Seam Page 1of 7
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~ Seam Height 2.68 —
[~ Cover Hook 1.83

Seam Height 2.65 [ Seam Height 2.74
Cover

0.00 " Overlap 1.22 (73%)
L Body Hook 1.73 (85%) ! Thickness 1.19 Thickness 1.19
003 Overlap 0.94 (53%) "~ Overlap 1.03 (58%)
| Body Hook 1.53 (71%) —— Body Hook 1.70 (82%)

2023-06-14--15-48-10--Double Seam: 1 2023-06-14--15-48-10--Double Seam: 2 2023-06-14--15-48-10--Double Seam: 3



SEAMview 6.0.58:
Test:

Double Seam Images
2023-06-14--15-48-10--Double Seam

2023/06/14 16:19
Page 2 of 7

Overlap 1.16 (68%)
Body Hook 1.68 (83%)

2023-06-14--15-48-10--Double Seam: 4

Body Hook 1.80 (84%)

2023-06-14--15-48-10--Double Seam: 7

~ Overlap 1.12 (GSQ
Body Hook 1.70 (81%)

2023-06-14--15-48-10--Double Seam: 10

Overiap 0.84 (47%)
L Body Hook 152 (67%)

2023-06-14--15-48-10--Double Seam: 5

Body Hook 1.95 (89%)

2023-06-14--15-48-10--Double Seam: 8

Seam Height 2.71

Overlap 1.09 (62%)
Body Hook 1.67 (80%)

2023-06-14--15-48-10-Double Seam: 11

" Body Hook 1.63 (77%)

2023-06-14--15-48-10--Double Seam: 6

Seam Height 2.71

Overlap 1.02 (57%)
Body Hook 1.59 (76%)

2023-06-14--15-48-10--Double Seam: 9

I Thickness 1.20
0.02 Overlap 1.01 (56%)
'~ Body Hook 1.61 (75%)

2023-06-14--15-48-10--Double Seam: 12



SEAMview 6.0.58:
Test:

Double Seam Images
2023-06-14--15-48-10--Double Seam

2023/06/14 16:19
Page 3 of 7

010 L Overiap 1.01 (56%)
f—\ Body Hook 1.66 (81%)

2023-06-14--15-48-10--Double Seam: 13

Seam Height 2.68

Overlap 0.96 (54%)
Body Hook 1.56 (74%)

2023-06-14--15-48-10--Double Seam: 16

0.09 Overlap 0.91 (52%)
' Body Hook 1.86 (91%)

2023-06-14--15-48-10--Double Seam: 19

Thickness 1.18
— Overlap 1.18 (69%) —|
~ Body Hook 1.76 (86%)

2023-06-14--15-48-10—-Double Seam: 14

* Body Hook 1.60 (76%)

2023-06-14--15-48-10--Double Seam: 17

Seam Height 2.75

Body Hook 1.80 (89%)

2023-06-14--15-48-10--Double Seam: 20

‘Seam Height 2.58.
Caver Hook 1.79

Thickness 1.19
Overlap 1.14 (67%)
Body Hook 1.65 (81%)

2023-06-14--15-48-10--Double Seam: 15

Overlap 1.31 (77%)
Body Hook 1.85 (89%)

2023-06-14--15-48-10--Double Seam: 18

L Body Hook 1.69 (81%)

2023-06-14--15-48-10--Double Seam: 21






