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ABSTRACT
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The aim of the thesis was to develop and raise welting efficiency as well as
quality in Baltic Workboats Shipyard. The developmand research was carried out
during several years and it included several sicamit changes in strategy and in the
whole hull production.

Aluminium with its beneficial metallurgical prope&s is widely used in marine
applications. Handling aluminium is very challerggend demanding. Due to this fact it
IS quite relevant to develop the aluminium handlprgcess and educate personnel.
During the development process the number of highlity certified welders in the
shipyard rose 25% and the costs of hull welding tduenplementation of new methods
decreased up to 35%.

There is a tight competition in modern product depment and engineering in
marine industry which makes sustainable developmsseéntial. In the industry it is
crucial to be one step ahead of the other compegtitocosts but also in the efficiency
and quality.

The results of the current research confirm tha d¢hastic and bold changes
implemented in the aluminium hull production haeeb significantly successful and in
addition the welding personnel have achieved tlgbdst quality level of the European
aluminium welding.
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1. Introduction

Peter Drucker has said "If you can't measure it, g@n't manage it". Therefore it is
essential for successful production managemenetalte to evaluate and survey the
actual limits of the costs as well as develop afgtate the staff.

Modern product development and production engingedare growingly focusing
on minimizing costs as well as maximising profitdaefficiency. Due to intense
pressure of competition scientists and produceescantinuously searching for new
materials and methods to be one step ahead franctrapetitors.

Aluminium with the weight of 1/3 of steel’'s weigist widely used in maritime and
shipbuilding. The most important advantages of gigiluminium in naval architecture
are clearly its light weight and corrosion resisenAmong others these properties
allow new-built vessels to be with high speed agistant at different circumstances.

Irrespective of the major advantages aluminium wmelcprocedures compared to
steel are much more complex and demanding, regugkilful and precise personnel.
While building of aluminium, material specific prexties have to be considered and the
welding significance must be implemented in a digtve way.

Due to aluminium properties, its welding significeanand demanding application
the vessels built of aluminium often come acroskling deformations and distortions.
And clearly these issues show high impact alsasvielding matters in Baltic Workboats
shipyard. Subject to that currently the biggestbfgmatic issues connected with the
quality of the new-building are generated by aluomm welding; more precisely
distortions and deformations of aluminium welding.

For solving the most critical matters of the pradituc it is advisable to start the
improvements from the critical areas. Subject ® tatters pointed out previously it
has appeared that the shipyard welding procedwed development, higher efficiency
and speeding up the processes. And from that dédloins the requirement to start from
the beginning: educating welders. One of the pgeirements of high quality welding
Is to assure that the staff has as an additiomeo practical knowledge also a high
theoretical knowledge package.

The aim of the thesis is to rise the efficiency &mder the costs of hull welding in
Baltic Workboats shipyard. Subject to that the aesle investigates possibilities to
resolve and reduce welding deformations and disttstas well as improving the
efficiency and quality of the whole production. Hay a bigger efficiency, higher
quality and faster welding procedures bring the gany produce vessels with very high
quality and accordingly also more satisfied cust@aaad subject to that bigger profit.

The current research has been carried out during p@riod developing different
vessels, educating the staff and during the timersé changes to improve welding
have been implemented. Before the current studg tivas nevertheless no clear proof
of whether the developments and changes have bmesfitial and to what limits the



welding works could now with the possibilities ofodern world market still be
developed.

The master thesis comprise of introduction, 5 bdugpters, conclusion, references
and appendixes. Chapter 2 clarifies the theoretieakground of using aluminium
materials, importance and significance of matepiaperties to welding, aluminium
boatbuilding and describes and overview of theiBaM{orkboats shipyard where the
research was carried out. The chapter mainly fecuse aluminium handling and
welding specific theory package which shall be adidethe shipyard’s Quality Manual.
Chapter 3 explains the research methodology ammilesibn background. Chapter 4
describes the research results comprising of manadthematical calculations. Chapter
5 discusses the research results and tries todiinicclear reasons of the results and
compares them to what was expected. The aim ofteh&pis to explain and gather
most significant data of carrying out hull welding BWB in future. Chapter 6 also
clarifies keywords and general chapters of the prolduction chapters of the Quality
Manual.

Overall it must be mentioned that the researchdawvetlopment work was expected
to be challenging. That mainly because the expeegi@ producing aluminium hulls in
Europe is poor and it is hard to find supervisioradvice of high level were aluminium
handling and shipbuilding is combined. The actealits or the study and development
areas were not predictable as similar researcmbatieen carried out in any shipyard
producing aluminium hulls.



2. Theoretical Background

2.1. Properties of Aluminium

Aluminium is the third most common element in trerte’'s crust, coming after
oxygen and silicon. It makes up approximately 8%haf crust’s total mass and is the
most abundant metal [1].

Aluminium with its density of around 2,7 kgnis the most common and widest
used light metal. Aluminium cells have a face ceedecubic (FCC) crystal structure
which makes it possible to alloy other elements arghns that the material does not
suffer from a loss of notch toughness as the teatper is reduced. Due to that some
alloys even show an improvement in tensile streragtti ductility as the temperature
drops. According to Gene Mathers [2] widely in marapplications used alloy EN AW
5083 shows a 60 % increase in elongation aftergb@irservice at -200 °C for a period
of time. The crystal structure also means that &bpility is very good, enabling
products to be produced by extrusion, deep draamghigh energy rate forming.

Fig 1. Face centered cubic (FCC) crystal structure

The production of primary aluminium currently am&iapproximately 34 million
tons worldwide, where approximately 9 million toase attributed to Europe [3]. The
aluminium industry achieves a turnover of approxghalOO0 billion euros worldwide
with about 1,2 million employees. There is a turowm Europe of 25 billion euros with
237 000 employees.
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H Engineering
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Fig 2. Main end-use markets for aluminium products in eron 2010 [4]




Pure aluminium is a soft material with very goodathand electrical resistivity
properties and resistance to corrosion. To acheen better strength, corrosion and
processing properties other alloying elements aedu copper for rising strength,
silicon to rise melting temperature and stiffneesnganese for rising strength without
losing its good stiffness properties, magnesiumrising strength without losing its
good corrosion resistance properties, zinc (withgmesium and copper) for rising
strength. [5]

2.1.1. Aluminium Alloys

In mechanical engineering and marine applicatiogry Yfew materials are used in
the pure state. To increase strength the metallaged. Many elements alloy with
aluminium but only a relatively small number of $kegive an improvement in strength
or weldability. The most important elements arésil, which increases strength and
fluidity; copper, which can give very high strengtmagnesium, which gives both
strength and corrosion resistance; manganese, wgivels both strength and ductility
improvements; and zinc, which in combination witlagnesium and/or copper, will
give improvements in strength and will assist igareling some of the strength lost
when welding.
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Fig 3. Substitutional and interstitial alloying [2]

Aluminium is used in various shapes and forms (dlesd on figure 4). As an
addition like mentioned in the previous chaptermahium is alloyed with several
components in order to achieve better propertiemseB on the composition and
tempering method aluminium alloys are divided itwwo main groups cast and wrought
aluminium, both of them have additional subgrougsedl on the alloying elements. The
marking of aluminium is basic principle is shownfaure 5 below.
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Fig 5. Aluminium alloys [6]

Aluminium does not change its crystal structureheating and cooling, unlike steel
which undergoes phase changes and crystal trarsfiorm at specific temperatures.
This makes it possible to harden steel by rapidiegavhereas changes in cooling rate
have little or no effect on aluminium alloys. Fahg&ving even better properties as an
addition to using alloying elements aluminium isesgthened with several other
methods.

In general terms grain size increase reduces yaaldl ultimate tensile strength.
Different from steels grain size is not generallyedi to control strength in the
aluminium alloys, although it is used extensivelyreducing the risk of hot cracking.
The yield strengthy, is related to the grain size by the Hall-Petchatigpn:

y 1 ky d ’
whered is the average grain diameter andand k are constraints for the metal.
In the aluminium alloys the strength loss due @irggrowth is a marginal effect, with
other effects predominating. Grain size has a ntheffect on the risk of hot cracking, a
small grain size being more resistant than a lgrge size.

Cold work, work hardening or strain hardening iediso increase strength and/or
hardness of metals and alloys that cannot be dtrengd by heat treatment. These



involve a change of shape brought about by thetimbunechanical energy. As the
deformation proceeds the metal becomes strongehdrder and less ductile requiring
more and more energy to continue deforming the Innsgta figure 6.

strength

ductility ﬁ\.‘a"
‘.
'.
"

toughness
Mechanical LY
properties ~

-
o

Increasing grain
size

Fig 6. Relationship of grain size with strength, dugtitind toughness [2]

Aluminium alloys are controlled also by precipitatihardening, which in principle
means that strengthening process is controlledhiyy &and temperature.

With different heat treatment methods the alloyd vaceive better mechanical,
physical and chemical properties. Table 1 belowlarp the marking of temper
designations of aluminium marking.

Table 1 Aluminium alloys [6]

Temper Group | Explanation

F As fabricated

O Fully annealed (dead soft)
T Heat treated

H Strain hardened

Some aluminium alloys are more suited for maringppses and some are not
suitable in any circumstances. The table belows kstiminium alloys suitable and used
for marine environment and boat building.



Table 2.Aluminium alloys used in boat building [7].

Alloy Hardening Tensile Yield Elongat
strength strength ion
Sheets (2 mm <t <40 mm)
EN AW 5052 H111 170 65 16
H32 210 160 10
H34 235 180 9
EN AW 5154 H111 215 85 16
EN AW 5754 H111 190 80 17
H24 240 165 10
EN AW 5454 H111 215 85 16
H32 250 180 10
H34 270 200 9
EN AW 5086 H111 240 95 14
H116 275 195 9
H32 275 195 10
H34 300 235 9
EN AW 5083 H111 275 125 15
(<6bmm)
H111 270 115 14
(>6mm)
H116 305 215 10
H321 305 215 10
EN AW 5383 H111 290 145 17
H116-H321 305 220 10
Profiles (2 mm <t <25 mm)
EN AW 6060 T5/T6 190 150 12
EN AW 6061 T4 180 110 24
T5/T6 260 240 8
EN AW 6063 T5 150 110 7
T6 205 170 9
EN AW 6005 A T5/T6 260 215 8
EN AW 6082 T4 205 110 14
T5/T6 310 260 10




2.1.2. Thermal Expansion and Conductivity

Aluminium has relatively high thermal conductivétaying in the limits from 76 to
236 W/me°C [8].

High thermal conductivity properties rise risks fomt defects, forming of pores
and can mean unacceptable buckling and distortioingl welding. Due to that the
areas around the weld cool down fast an there mneapdufficient amount of heat for
melting the metal during welding.
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Fig 7. Thermal conductivity of aluminium and steel [9]

The coefficient of thermal conductivity of aluminiuis approximately six times
that of steel (figure 7). The result of this istthi@e heat source for welding aluminium
needs to be far more intense and concentrated fivasteel. Particularly this is
significant for thick sections, where the fusionlaweg processes can produce lack of
fusion defects if heat is lost too rapidly.



2.1.3. Solidification Shrinkage

Steels generally have welding shrinkage of up & %, whereas aluminium can
have up to 6,5 % during cooling to solid and addil 2 % during cooling to room
temperature. Shrinkage and shrinkage stresses ceadang and deformations which
are all unwanted issues.

2.1.4. Oxide Layer

Aluminium oxidizes easily in contact with air and a result a thin oxide layer
(Al,03) forms to the material surface. The oxide layes $averal influences welding in
several ways:

oxide layer is hard and tough;

oxide layer is heavier than the aluminium¥2,7 g/nf, A0=3,9 g/m) and
that due to sinking into weld causes joint failyres

oxide layer has significantly higher melting tengtere (Al=660 °C and
Al,03=2050 °C) due to what it does not melt in weld;

oxide layer has hygroscopic properties and duehtd tluring welding
unwanted hydrogen particles segregate;

oxide layer functions as insulator and that hasatieg effects to welding.

Even though the oxide layer is very thin, it's wideough to protect the surface
from the corrosion in various ways. The oxide laygrgenerally transparent and
typically 2-5 nm thick.
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2.2. Aluminium Welding

Alloyed aluminium is used in versatile engineeringpplications. Main
developments connected to aluminium welding arevedrfrom car industry, plane
industry and clearly marine industry. Different minium alloys are fast gaining
popularity as choice of material for structural kggiions because of the high strength
to weight ratio and it can be readily welded witkrit gas shielding process [10].

Welding is the most common joining method of aluionim. Compared to steel the
diffusion coefficient (factor that shows the spriegdof thermal field) of aluminium is
approximately 10 times bigger than for steels dsd the melting temperature is much
lower. Due to the properties mentioned above andabd heat conductivity properties
the heat impact required for welding aluminium rstbe general basis from the same
level as for steel. High heat conductivity propeston the other hand rise risks for joint
failures and pores. As an addition compared tol itbeut twice as large thermal
expansion of aluminium generally causes problekesdeformations and distortions.

The most significant properties if aluminium infheng aluminium welds are:

high thermal conductivity;

high solidification shrinkage;

oxide formation at the surface;

high coefficient of thermal expansion;

high solubility of hydrogen when in molten state;
relatively wide solidification-temperature ranges

2.2.1. Common Defects of Aluminium Welding

The figure below illustrates the common defectaelding joint.

welding joint defects

welding defects due to manufacture welding defects due to material
| |
external weld defects intemal weld defects hot cracks cold cracks cavities with weld metal
| spatters and | . | solidification | hydrogen | metallurgical
start points lacks of fusion cracks cracks pore formation
—undercuts —slag inclusions Lremelt cracks | hardening L— crater formation
cracks
| seam shape L mechanicgl | lamellar
defects pore formation cracks
| precipitation

cracks

Fig 8. Welding joint defects [11]
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2.2.1.1. Porosity

One of the most severe problems in welding of ahiumn alloys is the development
of hydrogen gas porosity. Porosity in aluminium cange from being extremely fine
micro-porosity to coarse pores with 3 - 4 mm innaiéer. Generally the origin of pores
derives from the solidification of the weld or foechby gases (figure 9).

4 \‘;_ COixide layer too thick and containing
o wrater due to storage either to long or

unsealed in non tempered rooms

Nozzle attachrment and
Irregular feed of the wire torch inclination lzad to
glectrode turbulences

Poor current conduction

| Muoist air

Solid weld
metal

Cride |ayer too thick (condensation
water), firm ot dirt (oil, grease)

Fig 9. Resources of pores in welds [3].

Metallurgical pores predominantly occur at purenahium, where the transition
liquid-solid is so fast that the shrinkage cavitiesned during solidification cannot be
filled again by re-flowing of liquid metal. On aile with a solidification interval this
phenomenon can also occur if the flowing of thedues melt is impeded by dendrite
arms.

°F
600 800 1000 1200 1400 1600
T T 1 I 1 I

Solubility, cm?® per 100g

+ + + 1
300 400 500 600 700 800 900
Temperature, °C

Fig 10. Hydrogen solubility in pure aluminium [12]
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Gaseous pores on aluminium are caused generalhydhypgen dissolved the melt.
Due to the fact that the solubility of the hydrogkatreases with temperature and during
solidification is considerably reduced uniformlystlibuted pores can be generated
(figure 10). Therefore is essential that the bas¢éernal and the filler metal would not
introduce hydrogen and the shielding gas shoulatieemely pure. As an addition
possibly present oil or grease and the oxide layerto be removed prior to welding as
well as moisture is to be kept away.

2.2.1.2. Cracking

Pure metals solidify at one temperature, wherelaysalgenerally transform from
liquid to solid over a broader temperature randes Temperature range over which this
gradual transition occurs is known as solidificaticange. This thermo-mechanical
behaviour of the semisolid body depends very muchit® mechanical properties.
Hence, the materials show varied tendencies towardsking. Welding cracks are
conformed mainly due to 3 main reasons:

1) Due to shrinkages and distortions appearing from ¢boling after the
welding due to large thermal coefficient of alunoimi.

2) Due to structural stresses in the solidifying metal

3) Due to partly melted metal in the heat affectedez@hAZ).
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Fig 11. Crack sensitivity [7]. Arrow on y-axis shows tiedative cracking sensitivity
direction and the numbers on x-axis show the edr®teof alloying elements. a) Al-Li
alloys b) Al-Si alloys c¢) Al-Cu alloys d) Al-Mg @yis e) Al-Mg-Si alloys
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There are several types and reason of crackingldimg:
Hot cracks are generated at relatively low tempeeatdue to joint material
being partly liquid while the rest of the mateimhblready solidified.
Solidification cracks are generated during thedsiodiation process.
Liquation cracks are generated at low temperatwtele the components are
solidifying on the grain boundaries.
Cold cracks are generated due to stresses at lmperatures after the
compounds have been solidified and cooled.
Hydrogen cracks are generated due to hydrogeneexistin the solid state
of the material.
Shrinkage cracks are generated due to progredsriokage during cooling
of the material in the solid state or due to disboss as the cross-sectional
area are not sufficient enough for the deformations
Almost all of the cracks of aluminium welding arensidered hot cracks, which is
also the most severe problem of aluminium welding.

2.2.1.3. Deformations and Distortions

Compared to steel aluminium has lower elastic maxlolf approximately 1/3 and
coefficient of thermal expansion is about twicenaisch. Due to that the material is
heating and cooling unequally. The factor that tieated areas tend to expand and
cooler areas try to prevent deformations in theenmt occurs. Aluminium has also
larger danger of buckling and distortions are latban for steel. Due to the mechanical
properties it is with very high significance to leathe aluminium welding hot and fast
otherwise the sample is extremely sensitive tomedtions.

4

= Before welding

After welding

Fig 12. Distortions of aluminium extruded panel [13]

Reference section position
x=20 X =360 x= 580 y¥y=0 ¥=-116 ¥=-310

Computed deflection 408 4.26 417 438 438 424
Experimental deflection 5.00 442 480 3.36 419 359

Fig 13. Research results [13]. Deformation values of slieeh measurement and
simulation results in mm
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2.2.2. Common Challenges of Aluminium Welding

On the assumption of the material properties aluminwelding has lead and
encountered new significant challenges, of whi@hrttost severe are:
joining of different grades of aluminium alloys;
joining of reinforced and unreinforced aluminiunogk;
reduction of cracks in weld;
reduction of deformations and distortions.

2.2.2.1. Joining of Different Grades of Aluminium A lloys

Based on the research and experiences aluminignouped into 3 main clusters:
Alloys with good weldability; can be used in sturetl constructions.
Alloys with restricted weldability; use in struclirconstructions is not
advisable.
Alloys with poor weldability; cannot be used inwsttural constructions.

The most significant matter to evaluate the welktgbof aluminium alloys is the
predisposition of hot cracking. Generally wroughunainium has rather good
weldability properties (table 3), these are cleatpject to the composition and alloying
elements. Cast aluminium is generally more difficalweld and with tendency to have
more welding defects caused by welding gas, pandssarinkage. That in turn causes
low quality of weld. Cast aluminium can neverthsldse joined and welded with
wrought aluminium (in forms of sheets, profilestraded materials).

Table 3. Weldability of wrought aluminium. A — good welddyj B — welding may
require specific methods and sampling; C — restdctveldability; X — welding not
recommendable

Alloy Weldability
Gas arc Manual metal arc Gas Resistance
welding welding welding welding
Non heat treatable alloys
EN AW 1060 A A A B
EN AW 1100 A A A A
EN AW 1350 A A A B
EN AW 3003 A A A A
EN AW 3004 A A B A
EN AW 5005 A A A A
EN AW 5050 A A A A
EN AW 5052 A A A A
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EN AW 5083 A C C A
EN AW 5086 A C C A
EN AW 5154 A B B A
EN AW 5454 A B B A
EN AW 5456 A C C A

Heat treatable alloys

EN AW 2014

EN AW 2017

EN AW 2024

EN AW 2036

EN AW 2090

EN AW 2218

EN AW 2219

EN AW 2519

EN AW 2618

EN AW 6005

EN AW 6009

EN AW 6010

EN AW 6013

EN AW 6061

EN AW 6063

EN AW 6070

EN AW 6101

EN AW 6262

EN AW 7004

EN AW 7005

EN AW 7039

EN AW 7075

EN AW 7079

EN AW 7178
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2.2.2.2. Reduction of Cracks in Weld

Welding of light metal alloys has gained populanter the last decade especially
in transportation industry (lately even more spealfy in automotive industry). The
reason for popularity is weight saving because efuction in fuel consumption.
However, welded aluminium alloys possess lowerngfife in the weld zone as
compared to base material. The effect of weldintheamicrostructure of the materials
on the two main weld zones are as follows [9]:

Fusion zone
- Solidification cracking occurs;
- Porosity due to hydrogen entrapment.
Heat affected zone (HAZ)
- Recrystallization of grain due to heat input liqaat
cracking;
- Poor corrosion properties;
- Brittle fracture initiation.

Solidification cracking occurs when the thermalesses that build up during
freezing exceed the strength of the solidifyingdweletal. The most common methods
to reduce the tendency for solidification crackingude:

Altering the weld composition through the additmira filler wire;
Close process control;
Control of grain structure within the fusion zone.

The tendency for liquation cracking without hedeetled is function of heat input

that causes local melting and presence of spestifases of grain boundaries.

2.2.2.3. Reduction of Deformations and Distortions

As mentioned above comparing aluminium to steel $&eral differences. Most
significant properties connected to deformatiors @istortions are:

Elastic modulus of aluminium is approx. 1/3 thastdel;
Coefficient of thermal expansion is about twicenasch as that of steel; due to
that strains from cooling of welds and surroundangas produce lower residual
stresses;
Reduced elastic modulus; due to that tend to p®dpeater distortion than in
steel structure; due to the same reason bucklimpdatés occur.

There are several common methods that can be @vadidn order to minimize
distortions during welding:
The plate should not be free to rotate about the ek the weld during
welding;
Design of the joint should be symmetrical;
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Welding procedures should be symmetrical;
Minimum welding heat should be used;
Excessive filler material should be avoided;
Fillet welds should be made with aluminium heatinp
Fillets should not be greater than required fagrgjth;
Fit-up should be made as accurate as possible ionize weld size (root
gaps and irregularities are to be minimized);
Welding sequence has high significance
- Butts and seams in plating should progress outivand the center;
- Butts in strakes of plating welded before the Itundjnal seams;
- Beneficial is to weld only small portions at a tirfwelding short
intermittent beads; returning to weld seam afteucstire farther
away has been welded).
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2.3.  Aluminium Boat Building

The start of using aluminium at sea environmentgmahben the 1930s in USA when
the US Navy began hull corrosion studies. Extensesearch was carried out from
1960s to early 1980. As a result some new maringr@ment suitable alloys were
developed and from the 1980s aluminium is growinglgd as construction material for
several applications.

Over the past several years there has been a drcametease in ferry industry,
mostly high speed passenger catamarans manufactieddminium. The studies have
become on the basis for the initial regulatory eladsification society rules concerning
the design and construction of high speed marissels [14]. Globally Austal Limited
is the leading company of design and manufactuohgigh performance aluminium
vessels. As an addition the company has develoggghdicant portfolio of aluminium
shipbuilding expertise.

Aluminium boatbuilding has a variety of advantages benefits [10]. The primary
advantage of aluminium is its high strength-to-vigatio, which is a comparison of
the dead weight of the material to its mechanicaperties. In other words the higher
the strength-to-weight ratio of the hull materthle lighter the boat can be constructed
while maintaining a given level of strength.

In addition to light weight and high strength almmim is also durable with high
degree of elasticity and very ductile. Due to that able to be bent or drawn out
without breaking and has a high resistance to itngamage.

\

Fig 14. Construction of hull u‘p5|d dwn. Baltic Wérktmairoject 90080,
LOA 25,8 m fishing protection vessel to Northerddnd built in 2010.

Another major advantage of aluminium hulls is lovaintenance. It is considered
that aluminium hulls last indefinitely with a miniim care. Marine grade aluminium
alloys of 5000-series and structural alloys of-6(#ies are almost impervious to
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atmospheric and seawater corrosion. From surfae¢ntient for an example in Northern
America the hulls are not coated with any metha®r paint is not used), that also
reduces costs and maintenance requirements.

In Northern Europe the largest and most developediaium vessel producers are
Uudenkaupunkin Tytvene (Finland), Docksta Varvewd&en), Baltic Workboats
(Estonia) and Damen (The Netherlands).

- =
Fig 15. Construction of hull in jig. Baltic Workboats pect 90087, LOA 24 m
Swedish Coast Guard patrol vessel built in 2011.

There are different methods of building the hullsen the very basic structural
design can vary significantly in different shipysyéxample the hull can be constructed
upside down and then flipped around like it is doméASK Enterprises (Latvia) and
Kewatec Aluboat (Finland). Or then the hull carblodt in a jig like it is mainly done in
Baltic Workboats Shipyard (Estonia) and Uudenkagpuifyévene (Finland). There is
specific internal research carried out in each yaoudsidering all local and financial
perspectives and clearly the results are oftensified and due to development and
rivalry perspectives mainly not shared. All thosasons generate necessities for rising
development and research also in the Baltic Worlh8hipyard.
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2.4. Baltic Workboats

2.4.1. The Shipyard

Baltic Workboats is a shipyard in western Estomatite island of Saaremaa. The
company is based fully on Estonian capital. Sin@88lthe yard has been producing
mainly aluminium workboats such as pilot boatsrqlaboats, research vessels, tug
boats, diving boats, ferries, SARs and other spqumimpose small crafts. At the
beginning the shipyard was also producing ice dapateel vessels; these hulls are
nowadays subcontracted. For several reasons nowatleey yard is focusing on
aluminium hull high speed crafts.

During its short history the shipyard has produpemte than 120 different vessels
with the LOA of up to 27 m. The boats have beeivdetd to various countries such as
Azerbaijan, Belgium, Bulgaria, Croatia, Finland, rith@rn Ireland, Latvia, Lithuania,
Poland, Sweden, Ukraine, and of course Estonia.

With the production area of around 4400 time yard is capable to build vessels up
to 45 m LOA. In the management department thereasmand 20 employees, design
department around 10 employees and on the produsiie there are around 150
employees; welders, outfitters, mechanics, eléatig; carpenters and finishers as an
addition to that there are daily around 20 subembdrs. Since 2011 the company also
has an affiliated company in Croatia (Adriatic WMookts).

Fig 16. Baltic Workboats project 90063, LOA 17 m. Custo8wedish
Maritime Agency, built in 2008.
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Fig 17. Baltic Workboats projects 90076 and 90077, LOA 28, Customer
Polish Border Guard, built in 2009

Fig 18. Baltic Workboats project 90105, LOA 24 m. Custon@namere Liinid,
passenger catamaran built in 2012

Baltic Workboats is certified with ISO 9001 and 13@001, work is in progress to
receive also ISO 3834. As an addition the shipyesl been approved and recognized
by different shipping agencies around Europe, amaotigr Swedish Transportation
Agency, Russian Maritime Register of Shipping, sfolRegister of Shipping, Croatian
Register of Shipping, Maritime and Coastguard Agesfcthe United Kingdom, Finnish
Maritime Administration and Estonian Maritime Adrstration. In the latest years the
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shipyard has been awarded several times to theemtgrprises of Estonia and also
several local production awards.

2.4.2. Production Overview

The production is divided into 7 sections accordimghe area and scope of work.
There is a CNC section, welding section, carpetigion, mechanics section, electrical
works section, outfitting and finishing section.

CNC section is dealing with prefabricating phasesnhy cutting the raw material
(both for metalwork and carpeting). There is a ueitfomag CNC unit in the hall. The
unit is a CNC-controlled processing centre in gamwonstruction, for trimming and
drilling panels of wood, aluminium or similar matds. The machine prepared for 2
main spindles for synchronous processing or foriidependent processing of 2 panels
on independent axis. The Homag unit can procegs lganels with the limits of up to 6
m in length, 3 m in width and 0,3 m of thicknes©ieTCAM data is programmed
internally by the department according to the potidm requirements and element
specifics.

The welding section is working with all the weldiagd material joining works in
the shipyard. The welding section is located irepasate hall, which is currently the
largest of the production area. The welding workthe shipyard are carried out with a
high quality of welding- low amount of pores, X-rggsses and no warranty items
connected to the welding quality are explicit psoof it.

Fig 19. Pantry of BWB project 90080.

Carpeting section is producing all the interior d@uwdnishings for the vessels.
Generally all the furniture and interior is built wooden or wood based composite
materials. The interior design is made by the desligpartment of the shipyard and is
generally custom made, clearly the design alsoiders the customer’s wishes and
requirements. The section has all the relevanstantl equipment for constructing and
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decorating the interiors of the vessels and noywrtioh phase requires sub-contracting.
With the latest developments in the material s@efi@lds the shipyard is widely taking

advantage of composite panels and several itemgradeiced of those in order to gain
even more weight reductions.

Fig 20. Cabin of BWB project 90066

Mechanics section is working on all mechanical goakd installations required to
build up the systems on the vessels.

The mechanical works include building up and inistgl the power, gear and
transmission systems and machinery. Vessels prddogéhe shipyard have regularly
one to three main inboard marine diesel enginesg, mmin engine units are
subcontracted from global producers like MTU, SaaMolvo Penta and Sisu. Other
specific purpose equipment like rudders, bow tlamsstboilers, pumps, filters etc. are
also subcontracted. The mechanical systems anangshare designed by the internal
design department. Based on the standards andreswnts mechanical systems like
grey water, fresh water, HVAC, bilge, sullage, raydic, seawater cooling, anchoring
and fire fighting are build up by the mechanicsisec

Electrical works section is building up and instajl the whole electrical system.
This includes lighting system, cabling, electrisalitchboards but also communication
and navigation systems.

Outfitting section is building up and mainly degiwith works on deck. Outfitters
works include installing fenders, hull surface pwiions, life saving appliances (LSA)
and rescue equipment. Finishing section comprisamlynof surface coating areas,
painting and markings. Though aluminium hulls dda moall circumstances require
coatings, all vessel hulls in BWB are coated ambse protected to ensure the quality
of hulls and exterior areas (especially seawatetam areas).
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2.4.3. Aluminium Welding in the Shipyard

For several years all welding works for buildingpsimulls was done by using
aluminium sheet materials of EN AW 5083 H111 andfifgs of EN AW 6082 T6.
With the development of extruded panels since 28&Ghipyard started using extruded
panels with the main aim of reducing welding wohaurs. Until 2011 there has not
been any actual research or financial studies abweitreal benefits of using the
extruded panels.

Due to the specifics of aluminium all the weldingrks are carried out in a distinct
production hall. The raw material (aluminium shemtsl profiles) is cut in the yard by
the CNC department and delivered to the weldingj@ec

The shipyard has a wide selection of welding eqeipmWelding facilities in the
shipyard include the following:

Welding machinery

Fronius TPS 2700, 17 pcs

Fronius TPS 4000, 5 pcs

Fronius TIG MagicWave 2200, 1 pcs

Fronius TIG MagicWave 3000, 2 pcs

Fronius TIG MagicWave 4000, 1 pcs
Filler material

Fidat Filo AIMg4,5Mn @1,2 mm , 320 MPa
Shielding gas

Centralized gas system Airoc Ar 99,99 % (coppemgip

Bottled gas Ar 99,95 %

Bottled gas Ar 50 % He 50%

The welding personnel are highly skilled and cexdifto carry out the welding
works, personal quality and qualification contrate carried out in every 6 months for
each welder. On the general basis it is considehnad the aluminium welding
productivity is on the research measured basisoappately 1,5 kg/h.

Fig 21 and 22 Dlstortlon on BWB project 90087 (engine room ilatibn box on the
aft deck)
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Fig 24. Deformations on BWB project 90095 (shaftline aall jeining)

Nevertheless, due to the peculiarity of aluminiunatenial the welding works
encounter several problematic issues; mainly dedtion and distortion problems that
lower the welding quality highly. Examples of defation and distortions of the vessel
production can be followed from the figures 21 - 2duminium hull welding is the
main area of the shipyard, this is where the wivalesel production starts from and
clearly failures there have the biggest risks. &fe it magnifies and emphasis the
need of making the hull welding more productivewery matter.
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3. Research Methods and Material

To be able to reduce production costs and raigeiezfty it is significant to know
exactly what the actual costs are, which procesaestill be optimized and with which
methods. Knowing which factors affect welding costs enable the production to
focus its energy on changes that will reduce castabling the company improve its
competitiveness and profitability. An accurate cosidel can permit comparisons of
manufacturing options, therefore every operationdéirectly or indirectly connected
to welding can be charged to weld fabrication. gneater the number of factors
considered when calculating welding costs, the namairate the results of the model
will be. As an addition considering all relevantttars increases the opportunities for
cost reduction.

The current research is done using 3 different iptessmethods of combining
aluminium materials while producing aluminium hulisach of the methods has pros
and cons and each of them is used in some of tipgasds in the world. One of the
main goals of the present research is to verifyntgaknto account all areas of the
methods and finding the most suitable one for tlati® Workboats Shipyard. The
principles of the three methods used in the rebeare explained in the following
chapters.

There are two approaches to determine the weldstsccomplex and simple. The
complex computer-based models attempt to captureryecontributing factor.
Unfortunately the shipyard does not have any stahgaogrammed complex model
available and due to that it is impossible to asdbe exact costs for so large scale
production. Therefore a simplified model shall beated and used. The simplified
model of the welding costs is estimated compridiog two principle factors: firstly of
labour and overhead and secondly of welding conbleaand shielding materials.

Welding costs can be estimated using one of tleethasic approaches:

Cost per unit
Cost per length
Cost per weight.

Cost per unit is the most effective when the appibn involves pieces that move
through the key cost variable directly and ther@asneed to use the operating factor
variable. For the present research the approanbtisuitable because the joints in the
vessels vary. As an addition estimating weldingtgsoger unit in the shipyard
production is not beneficial as all of the proje&its not produced in series.

Cost per length is appropriate for estimating thbstx of long welds. Also this
method is not suitable for the research becauseahes determined by it will differ
for welds for different sizes. Even though the llding includes also large amount of
long welds there is also a large amount of shatt@amplex welds.
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Cost per weight is the most suitable method forrédsearch as the volumes are big
and the variable of time can be evaluated by measuhe deposition rate. The
approach is though not accurate when applied glespass, small and short welds. For
general model estimation the approach is suitatdledaie to that applied.

Calculating welding economy and productivity in dstails can be measured with
several methods depending on the terms relevahetspecific production method. Nils
Stenbacka has published several guidelines of atmatuy welding production
productivity that are suitable and comparable seaech the quality and efficiency of
welding works in the Baltic Workboats shipyard [1&onsequently the calculation
approach in the research is on large bases appticat modified equations from N.
Stenbacka.
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3.1. Description of Research Methods

The development research was carried out mainly aister vessels built from
2008 to 2012. All 8 vessels have similar basic disiens but due to the customer
requirements and specific purpose of the ship,iBp&iions and equipment have many
modifications and developments (Table 4). In ppieithe research was mainly carried
out on BWB standard type Baltic Patrol 24 (see dafgppendix 1-4).

Table 4.Patrol 24 General Data
Project 90052 “R nda”

Customer Latvian Coast Guard
Length o0.a. 25 m

g Breath 5,65 m

| Draught 1,35 m

@ | Displacement| 42t

2| Speed < 35 kn

Crew capacity] 12
Main engine 2 pcs MTU 10V
Project 90066 “Valve”

Customer Estonian Police and Border
Guard
= Length o0.a. 23,9 m
Q| Breath 53m
| Draught 1,3m
&\ Displacement| 44t
> Speed < 40 kn

Crew capacity| 9
Main engine 2 pcs MTU 12V
Project 90076 “SG -112 Patrol 2”

Customer Polish Border Guard
Length o.a. 23,9 m

g Breath 53m

—| Draught 1,3m

< | Displacement| 42t

2| Speed < 35 kn

Crew capacity] 9
Main engine | 2 pcs Scania D16 M43
Project 90077 “SG -111 Patrol 1”

Customer Polish Border Guard
Length o0.a. 23,9 m

g Breath 53m

| Draught 1,3m

@| Displacement| 42t

2| Speed < 35 kn

Crew capacity| 9
Main engine 2 pcs Scania D16 M43
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Project 90080 “Banrion Uladh”

Customer Northern Ireland DARD
Length o.a. 25,9 m

~| Breath 59m

©

Q

9| Draught 1,47 m

@| Displacement| 51t

> Speed < 26 kn

Crew capacity| 7
Main engine | 2 pcs MTU 10V 2000
Project 90087 “KBV 312"

Customer Swedish Coast Guard
Length o0.a. 26,5 m

fg Breath 6,2 m

- Draught 1,5m

@ | Displacement| 50t

2| Speed < 31kn

Crew capacity] 5
Main engine 3 pcs Volvo Penta IPS 1050
Project 90088 “KBV 313"

Customer Swedish Coast Guard
Length o.a. 26,5 m

g Breath 6,2m

| Draught 15m

< | Displacement| 50t

2| Speed < 31kn

Crew capacity| 5
Main engine 3 pcs Volvo Penta IPS 1050
Project 90089 “KBV 314"

Customer Swedish Coast Guard
Length o0.a. 26,5 m

fg Breath 6,2m

—| Draught 1,5m

@ | Displacement| 50t

2| Speed < 31kn

Crew capacity] 5
Main engine 3 pcs Volvo Penta IPS 1050

To carry out the research models of part of a wigtdr bulkhead in 3 different
methods were made (descriptions of the methodewolin chapters below). The
specimens were with basic dimensions of lengthr@@) width 300 mm and thickness
8 mm. All joints were butt welds. Sheet materialswaade of material EN AW 5083
H321, profiles EN AW 6082 T6 and extruded panet® aif EN AW 6082 T6 (material
certificates in Appendix 5-7).
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3.1.1. Method 1

Method 1 in the research and testing carried otliegraditional way of producing
hulls. In principle this means that traditional minium materials are used; uniform
thickness plates combined with the required prsffle L or I).

Model test material certificates follow in Appendixand 6 (sheet material EN AW
5083 H321, profiles EN AW 6082 T6).

Hulls are produced with placing the keel, weldinagnies, added longitudinals and
stiffeners and then shell and deck plating. Thigho& was used in the production
efficiently from the start of producing aluminiumessels until summer 2010. The
principle method is used in steel hull productidaigam aluminium hull productions for
example in ASK Enterprises (Latvia) and Dockstawéa(Sweden) the same method is
still being used.

Fig 25. Hull built using method 1, project 066

3.1.2. Method 2

Method 2 is more innovative way of hull productidrhis is enabled due to the
word’s developments in aluminium material fabrioati Technically nowadays
aluminium may be extruded to the desired shapessaotons; this is widely used
especially in car industry and in electrical comgats.

In principle the bulkheads and frames made of #ge[s are in one piece and cut
with CNC to the desired shape. The panels arefgigntly more expensive than normal
sheet and profile materials but due to the fadt tiinere is no need to weld stiffeners or
longitudinals to the panels the price of the whialdl production is balanced. Due to
using extruded panels production is much fastertdsnaller amount of welded joints
and the expenditures for workers also drop down.
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Model test material certificates follow in Appendix(extruded panels material EN
AW 6082 T6).

Method 2 was developed and since 2010 all alumiriiuits and wheelhouses in the
shipyard are produced with that method. The pianggsroject of using method 2 was
a 17,6 m LOA Estonian pilot bo&thto 29 The project was an extreme success for the
end user and for the production costs. The prodoctime was 12% smaller than
predicted and due to that the production techniguese changed. Actual effectiveness
and benefits of the changes are carried out inrdsisarch.

3.1.3. Method 3

Method 3 is included to the research but it in gmeduction it is currently not
applied. In case the research outcomes are witkfical results the method will be
developed and shall be implemented in the prodactio

In principle method 3 has aluminium of extruded gdlarand uses ceramic backing
material for welds. Using ceramic backing mateenahbles the joints to be only one
sided which reduces welding time even more.

CERAMIC BACKING MATERIAL / LCR-SBO1

Ceramic backing material or welding backing on aluminum tape.Flat type with round groove 12mm, groove depth
1,2mm. Overall length 600 and 1000mm.

Description — [bimensions ____________|Lenght
On aluminium tape 27 x8/12x 1,2mm 600/1000mm LCR-SBO1

Fig 27. Ceramic-backing material datasheet.
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In theory the weld back up strips save of weldingts of 50 — 60 % whereas
welding time is saved by 50 %. The joining reswdte to be 100 % radiographic
welding. It is claimed that in practice using ceratmacking should have the following
pros:

Back side grinding is not required

Purging is not required

Eliminates defects and reworks and improves quality

Deposit more weld metal for full penetration

Can be used for different types of weld joints; smgle and double V butt
joints, dished ends, tube plates to shells etc.

The ceramic backing are available in several dffieprofiles.

Ceramic weld backings used in the research araldeifor V-butt welds and the
profile dimensions and data can be followed fromndhta-table in figure 27.

Model test material certificates follow in Appendix(extruded panels material EN
AW 6082 T6, ceramic backing data figure 27).
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3.2. Description of Research Calculations

3.2.1. Welding Time

Before the actual and direct welding can be statiedce is necessary to prepare for
the process. Preparation timg.f) is the term generally used for the time that is
consumed to set and adjust the machinery but asprdpare and prefabricate the
product.

Direct welding time (welding time in further texs) considered as the period while
the arc burns. This term is used only for the gendile the actual process is on-going
and progressed. Welding timig)(can be calculated in the following way:

tw ~ (1)

whereM is weld material in kg anB,, is welding material productivity in kg/h.

Welding supplement timés() is the period that is used for executing workevant
to welding. Welding supplement time can be for egkamtime used for changing
electrodes or welding wire, changing shielding gastainers, cleaning the torch or
shielding gas outlets, etc.

Processing timet{) covers the period spent for processing and handiieg
specimen or work piece. Example fixing the workcgi¢o brackets and dimensioning
the work piece are considered as processing time.

Assistance timety) is generally included into welding operation tifioe events that
cannot directly be related to welding processesa. Way it can be used as a safety factor
and it is designated as a certain percentage aflioée process.

Operation time tgy) is the time consumed to accomplish the weldingkao
Operation time is the sum time spent for the wejdsub-processes and can be
generalized in the following way:

tp, G ty t, t, (2)

Completion time t) is the overall time spent to complete the wholeldmg
process:

t
t, % to 3)
wheretyep is the time consumed to start to operate the psnas the amount of work
pieces or specimens. As the production in BalticrkWoats shipyard is not a series
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production the equation has no significant effeotnpletion time and completion time
are the same.

3.2.2. Production Efficiency Index

The production efficiency indexg() prescribed in percentages is on general basis
the duty cycle rate and it can be calculated infdllewing way:
E (4)
op
wheret,, is the welding time antd, is the operation time and described in weldingetim
section above.

3.2.3. Filler Material Consumption

Filler material consumptior) is a measure that describes and depends onitite jo
geometry. Based on the cross section area of tim gmd the weld length, the
consumption of the filler material can be calcutate

Fr AL (5)
where L is the joint length in metres [m] and is the relative density [kg/h

—subsance - for pyre aluminium is approximately 2710 kg/mnd A is the cross

reference
section are of joint [A). Theoretically the cross section area of thetj¢single V-butt
weld) can be calculated with the following formula:

A t?tan() tb (6)
where t is plate thickness [mm]js V angle [°] and is the gap between plates [mm].

Fig 28. V-butt weld parameters.

3.2.4. Welding Costs

Total welding costs comprise roughly of labour angrhead costs and cost of
welding consumables and shielding materials. Mpeciically total costs for welding
depend on various factors like direct costs for k&os (Cyor), including example
salaries and social services; material coStg including the raw material, welding
wire and shieldingyas costs; equipment cosGd) including machinery; energy costs
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(Cen); maintenance cost€,) including example spare parts, equipment maimesa
calibration etc. Subject to that the total weldoogts Cio:) are determined as follows:
C’(otZCwork"'Cmat"'Ceq"' Cen+Cha (7)

3.24.1. Workers Costs

Costs for worker$C,orl€]) are determined in the following way:

Cwork (M Pw) (1?00) Cos (8)

whereM is weld material in kgP,, is welding material productivity in kg/lt; is the
production efficiency index) in percentages arisis the operator’s salary [€/h].

3.24.2. Material Costs

Material costs Cmat [€]) are determined based on the actual costs ¢énaks used
for the welding processes.
Cmatzcsg"'cw"'ccb 9)
where Cgy is the shielding gas cost€,, filler material costs an@ is the costs of
welding brackets if they are used.

3.2.4.3. Shielding Gas Costs

Costs for the shielding gas are determined asvistio
M K, P
s TN
where M is the weld material [Kg]Ky is the shielding gas specific consumption
[m3/wire kg]; typically used 0,4 kg, Pyas is the shielding gas cost [€/handN is the
benefit reading [%].

(10)

3.2.4.4. Welding Wire Costs

Welding wire costs are determined as follows:
Cv Fi P (11)
where F; welding wire consumption [kg], typically used lkgfire kg andPyie is
welding wire price [€/kg].

3.2.4.5. Ceramic Backing Costs

The costs for the ceramic material are relevany tmimethod 3. Ceramic backing
costs depend linearly on the weld length and aseri®ed:
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Co L PRy (12)
whereL is weld length [m] anéP., is the price of ceramic backing [€/m].

3.2.4.6. Equipment Costs

Machinery and equipment costs are determined bsnfol
M 1
“ B E
where M is the weld material [kg]Pnw welding material productivity [kg/h]E;
efficiency index [%)] andPeq is the price of equipment working hour [€/h].

(13)

3.2.4.7. Energy Costs

Welding process consumes energy of which costs are:
C.,, K. M P, (14)
where Ke is specific consumption of energy [kWh/weld kglpically used
3kWh/weld kg,M is weld material [kg] an®.,, price of energy [€/kWh].



4. Research Results

4.1. Costs for Method 1

Calculations based on the equations in chapter 3.2.

Welding time based on Eq. (1) 0.856
ty 0.864 h
0.889

Operation time based on Eq. (2) 1.089
1.047 h
1.156

Production efficiency index based on Eq. (4) 0.786
E  0.825
0.769

Workers costs based on Eg. (8) 10.41

Chork  10.011 €
11.047

Shielding gas costs based on Eqg. (10) 0.555
0.561 €
0.577

Sg

Welding wire costs based on Eq. (11) Cy 147%
2.032

Material costs based on Eq.(9) Cmat 2037 €
2.054

Equipment costs based on Eqg. (13) Coq 0.658
0.924

0.933 €

0.96

Energy costs based on Eq. (14) C,

en

Raw material costs from the supplier of sheet Cma 3-69&
and profile aluminium

17.722
Total welding costs based on Eq. (7) Ciot 17.339 €
18.417



4.2. Costs for Method 2 (Extruded Panels)

Welding time based on Eq. (1)

Operation time based on Eq. (2)

Production efficiency index based on Eq. (4)

Workers costs based on Eq. (8)

Shielding gas costs based on Eq. (10)

Welding wire costs based on Eq. (11)

Material costs based on Eq.(9)

Equipment costs based on Eqg. (13)

Energy costs based on Eq. (14)

Raw material costs from the supplier of
extruded aluminium

Total welding costs based on Eq. (7)

Cwork

sg

Cmat

€q

en

Cma

Ciot

0.327
0.331 h
0.325

0.427
0.448 h
0.475

0.766
0.739
0.684

4.081
4281 €
4.538

0.548
0.555 €
0.544

147€

1.286
1.294 €
1.283

0.27€

0.912
0.924 €
0.906

7.48%

14.031
1425 €
14.478
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4.3. Costs for Method 3 (Using Ceramic Backing)

Welding time based on Eq. (115) 0.553
ty 0.547 h
0.549

Operation time based on Eq. (2) 0.886
t 0.874 h
0.899

Production efficiency index based on Eq. (4) 0.624
E 0626
0.611

Workers costs based on Eg. (8) 8.471

Cwork 8355 €
8.595

Shielding gas costs based on Eq. (10) 0.548
0.543 €
0.544

sg

Welding wire costs based on Eq. (11) Cy 0.36%
Ceramic backing costs based on Eq. (12) Cep 0.6%F

1.547
Material costs based on Eq.(9) Cmat 1542 €
1.544

Equipment costs based on Eq. (13) Coq 0.532

0.912
Energy costs based on Eq. (14) Con 0.903 €
0.906

Raw material costs from the supplier of Cma 7-48E
extruded aluminium

18.943
Total welding costs based on Eq. (7) Cot 18813 €
19.058



40

4.4. Differences of Hull Welding Methods in Product  ion

Methods 1 and 2 have been used in production amcdti welding hours were
analysed and gathered during the current studyl Welding working hours are
summarised and listed in figure 29 below.

.
089 DU 7039
088 B 7146
087 D 1517

080 11292
077 | 7966

076 — 8247

066 7578

0 2000 4000 6000 8000 10000 12000

Fig 29.Working hours of hull welding with method 1 (gréxams) and method
2 (blue bars) of BWB projects 066, 076, 077, 087, @88 and 089

The change to start using method 2 instead of ndethbad in reality no scientific
success assurance and the Estonian Riltd D (BWB project 094) was a test project
and the predicted benefits were all analytical apdntaneous. The current study and
the working hours spend on the vessels produced afoject 094 have confirmed and
justified the welding method change.

The collected and processed data of actual pramluectsults show that welding
hulls with method 2 is in general basis 17 % faft@m the working hour perspective.
There is no simple equation of general costs oftthele hull production benefits and it
is not possible to analyse specific costs of thik Walding of the projects that have
ended. Therefore the costs and production berefgdased on the research made by
models and working hours.

4.4.1. Quality Assurance of Method 3

Due to the fact that method 3 is not commonly usedhe shipyard additional
laboratory tests an analysis were carried out.giet results in Appendix 8 - 10)

The analyses show that using ceramic backing waoldcause quality issues in
welding. There occurred no failures in material nostructure and bend tests.
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To assure the quality also tensile strengths wezasored and in general basis the
reduction of tensile strength after welding was rappnately 25 %. In theory, as
mentioned above, the tensile strength after weldieguces up to 35 % of the
preliminary tensile strength. Therefore also thesile strength causes no low quality
issues.

The laboratory research confirms that using metaa hull welding would cause
no material quality issues for the shipyard andnftbat perspective method 3 would be
beneficial to implement.
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5. Discussion of Results

The long development and research carried out iticB&/orkboats shipyard has
shown that the change from the traditional plates$ profiles combination (method 1)
to extruded materials (method 2) was cost efficeemd beneficial for the production.
The main perspectives for the overall productiom fanancial benefits and faster hull
production.

During the long study developments and varietyrainings for the welding staff
have been essential but time consuming and therdfer research was extended to
longer period than planned preliminarily. The outes both from the welding
personnel and hull production efficiency context positive and advantageous.

Based on the model research method 2 is the mastefbicient way to weld
aluminium hulls. Already the small scale simple@pens have verified that method 1
is 25 % and method 3 33 % more expensive than deh®ue to the fact the study
confirms that the recent years development have lseiecessful and no significant
kickbacks have risen.

During the research it was verified that at therenir stage producing with the
method 3 would not be the most beneficial for tmedpction and due to that the
shipyard will not be producing hulls using cerarnacking at this stage. Nevertheless
using ceramic backing is a perspective welding wetivhen the hulls are produced in
jig.

The research showed that when the hull is prodwagd the upside down and
flipping method (as explained in chapter 2.3) ustegamic backing is not beneficial
due to the following disadvantages:

Welding positions are difficult or not possible

Unfavourable welding environment; welding gases heat form below the
hull

Several connections of ceramic backing are requined these cause the
undesired scallops

Fitting and cleaning after removal is time consugnin

When the hull is produced in jig using ceramic bagkcould be an alternative due
to the following most significant factors:

Comfortable welding positions
Easy access for welding
Welding shall be carried out from the interior béthull leaving the sheet
material properties from the exterior side resistan
Deformations that arise from the cooling of weldiage hull curvature
directional.
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To conclude it may be generalized that the devetynearried out by the long
research has been beneficial and cost efficientthmitnew welding methods are not
developed in the world enough to implement new wathjust yet (though it has
prospect).
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6. Recommendations to Production

6.1. Welding Method

Currently there are two basic principles to prodbua#s in the shipyard: in jig and
on deck. Both methods have pros and cons and acgotal the study both methods
depending on the severity of the project could $&dwalso in the future.

The research shows that in the future the hull ingldrom the material profile
selection should be carried out with method 2 Agieixtruded profiles.

Method 2 on deck principle welding works shoulddagried out in the following
order:

Mounting of frames and bulkheads of extruded pesfil

Fixing fixtures and joining frames and bulkheadstatg from the midship
section to the fore and aft

Spot welding of shell plating and mounting stiffene

Removal of oxide layer and welding of shell plating

Welding of frames and bulkheads to stiffeners drell plating

Flipping the hull to upright position

Finalizing the hull welding and quality control

Method 2 in jig principle welding works should barged out in the following
order:

Welding and setting up jig

Setting bottom plating on jig and welding from theerior

Fixing watertight bulkheads starting from the migskection to the fore

and aft

Mounting of stiffeners, frames and interior bulkead

Welding the shell plating and deck to hull constit
As an alternative and for deck and shell platingaeec backing
from the exterior side could be used

Finalizing the hull welding, removal from jig andality control

During the research it was verified that it is edisé to train and develop the
welding personnel continuously and not only duethe certification requirements.
Sustainable theoretical and practical lessons abmtdevelopments of aluminium
welding are recommended to rise and keep the highity of welding works to the
level that the development has achieved.
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6.2. Aluminium and Consumables

Proper precautions are to be taken to ensure thatvedding is done under
conditions where the welding site is protected Bgjadeleterious effects of moisture,
wind and severe cold. Paint or oil mist and ottwertaminants which tend to cause weld
porosity are to be excluded from the vicinity wherelding is in progress. Due to the
location of the shipyard the storing and workingyimmment must be focused at all
times.

Aluminium must be stored in clean and dry area. frtserial must be protected
against contamination during storage by prevendéiimgone contaminants such as oil,
grease fume and solid metal particles. Also weldingsumables must be stored in a
closed package at room temperature; welding wineslld be used within 24 hours. An
oxide film maybe formed on the welding wire resuitin extensive porosity in the weld
metal if the wire is allowed to absorb moisturel thke welding works has to be carried
out in an enclosed area (temporary shelters or gmeent buildings), as an addition the
manufacturing must be totally separated from dleotmetal works (especially steel).
Moisture and high humidity has serious effect andhality of aluminium welds. While
using ceramic backing it is extremely importantntatice that all humidity must be
removed and the ceramic materials may not be nassaluminium is sensitive to
hydrogen and ceramic materials absorb hydrogen.

Prior to welding cleaning the surfaces has sigarftamportance. The surfaces must
be cleaned from all greases, additional partictesfar most important the oxide layer.
The welding should be carried out as soon as pessilber the cleaning but at no
circumstances more than 6 h later.

Preheating before carrying out the welding is galhenot required for aluminium
and may even have negative affect therefore itlshoat be used in Baltic Workboats.

6.3. Minimizing Deformations and Distortions

During the welding process there are specific messtinat should be used to avoid
and minimize deformations, distortions and otheldng defects.

Due to high conductivity properties it is importanotuse an intense, localised heat
sources. All the complicated matters of aluminitequire a high degree of skills and
experiences when welding aluminium.

While welding large structures it should be notedt tstarting the centre of a seam
and welding outward with a backstep sequence educe distortion.

In case the distortions occur they must be cordeaseang a suitable hydraulic or
mechanic presses or inducting correcting througatihg. Though it is used, it is
nevertheless generally not recommended at anyrestances to add extra weld or heat
with TIG as that may reduce fatigue properties ificantly.

Welding quality is also affected by cracks. Therefan important measure to take
for reducing hot cracks is to select the correclkdimg wire for the specific material.
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Second recommendable measure is reducing stregsssldrting suitable toughness
and supports for the structure.

6.4. Welding Sequence

Hulls in Baltic Workboats are welded depending be project with two different
methods: in jig or on deck. In both methods thedivg) works are to be started from the
main structural elements (from keel when weldegighand setting up the watertight
bulkheads, the rest of the frames are to be wedtiting from the central section to the
aft and fore. After all the frames and bulkheadsgositioned the deck and shell plating
welding can be started.

The aim of the correct welding sequence is to redagssible deformations and
distortions. In case significant deformations odtus to be noticed that additional heat
is to be decreased to absolute minimum as it affsignificantly the material strength
properties. In case deformations and distortiores \aast the whole section is to be
replaced.

6.5. Aluminium Handling Health Risk

Several researches in European Union health orgiamis have been carried out to
find out the possible hazards of aluminium weldilgelding fume exposure in the
workplace is a serious occupational hazard and tbat all workers engaged with
welding works must be acquainted with the posgikles of the work.

Though there are no clear and firm proofs derifnogn welding in the shipyard the
possible health risk hazard must be considerecappdzed to welding personnel.
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7. Conclusion

The goal of the current thesis was to develop @s®lthe efficiency and quality of
aluminium hull production in Baltic Workboats shgyg.

The development work started from the assessmeheafelding personnel and the
essential educating of them. Due to the demandpgication of aluminium, poor
knowledge and experience in the world of produaiagsels and handling aluminium
this became rather challenging episode of the rekea

Parallel the efficiency of the production methodswassessed and a study to
implement new production method was carried oute Rusuccessful research the new
method of hull production with extruded aluminiumofles was implemented.

The research was continued to evaluate and futceeen more efficient welding
methods. Laboratory and analytical research wasedamout of the possibility of
welding hulls using ceramic backing and gain evggdr efficiency and lower costs
and time consumption.

In the next stage data of welding costs of the &hads were collected and
analysed. According to the research currently whthavailable facilities and personnel
the most efficient way to produce aluminium huisusing aluminium profiles (method
2 of the current paper).

Based on the study it can also be said that alumirhull welding in the world is
definitely a field that could still be developeddanew methods of rising efficiency
should be experimented. From the competitors’ patspe and sustainability of high
guality aluminium vessel production in Baltic Woddis it would be wise to keep the
traditions of finding out new methods and carryoug research of aluminium handling.

The research and world’s aluminium applicationswshbat use of aluminium in
different production fields is efficient and prodive and subject to that the application
areas grow and confirm the need for aluminium pctida studies and developments.

Overall it must be mentioned that the researchdawlopment work has been on
one hand very challenging and difficult but on tiker hand also very interesting and
unexpectedly prosperous. The long research haswathsuccessful results and on the
general basis the aluminium hull production is entty approximately 25 % more
productive and efficient than before the study emdcomitant education series.
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Appendix 1: Patrol 24 “Valve” Main Data

Baltic
Workboats

ihippacd

BALTIC 2400 PATROL

24 METER FAST PATROL VESSEL

BALTIC 2400 PATROL

24 METER FAST PATROL VESSEL

Main dimensions
Lenght overall: 239m
Breath: 53m
Drasght 13m
Displacement 441
Power: 1800 - 2400 kW

_Spesd: 35-40Kn
Rangs (estmated): - £op Nm

5 A © O persons
MNoise levelin wheelhouse: g4 dBjA) at full speed

Material & construction
Marine zluminium, ice strengthensd
Ambient conditions

Air: -25%+40°C
Seawater: 0%232°C

Tank capacities
Fuel: 80001
Water: 10001
Waste: 8001
Propulsion concept
Main engine: 2 x MTU 40 ar ZXMTU 42V
or equivalent

Gearbaxes: Type ZF or equivalent
Propulsion:  Propellers or waterjets
Bowthruster: 27 kW
™) :

S
bl b F——8] 0 X -3

Users
Latvian Border Guard
Estonian Police and Borderguard

' Baltic
rhbosts

W

BALTIC WORKBOATS AS: KASVA HARBOUR, RASVA
KAARMAY, SAARE MK 93872, ESTONL
T3 45 21140F: 4372 45 21148
Ifo@twh s www Batiowsridicals s

EERERERERLRE I EEREER AR R R




Appendix 2: Patrol 24 “SG-112" Main Data

BALTIC 2401 PATROL
24 METER FAST PATADLCOMMAND VESSEL

Main dimensions
Lenght overall: 23.9m
Breath: 53m
Draughi: 1,3m
Displacement: 42 t
Power: 1100 - 1300 kW
Speed: 25-35Kn
Range (estimated): > GO0 Nm
Canaciy: 9 persons
Noisz level in wheelhouse: 63 dB{A) at ful spesd

Ambient conditions
Air: 25% 40° C
Seawater: 0°+32°C

Material & consiruction
Marine aluminium, ice strengthened
Tank capacities
Fuel: 50001

Water: 17001
Wasie: 9001

Propulsion concept
Main engine: 2 x SCANIA D16 M43
or equivalent
Gearbowes: Type ZF or equivalent
Proputsion: Propellers or wateriets
Bowthruster: 27 kW

Users
Polish Border Guard

BALTIC WORKEDATS AS: NASVA HARBOLE, NAZWA
KABRMA , SASRE MK 91872, ESTONIA
T: 4372 & PVUD F: 4372 45 1145
Iiotwte www BatiowriGoals oo

| »

Baltic
Workboats

ihipyard

BALTIC 2401 PATROL

24 METER FAST PATROL/COMMAND VESSEL

IR ERRERE

50



51

Appendix 3: Patrol 24 “Banrion Uladh” Main Data

Baltic
Workboats
shipyard

BALTIC 2402 PATROL

26 METER FAST FISHERY INSPECTION AND SURVEY VESSEL

BALTIC 2402 PATROL

26 METER FAST FISHERY INSPECTION AND SURVEY VESSEL

Main dimensions
Lenght overall: 259 m
Breath: 50m

Displacement: 51 t
Fower: 1800 kW

Speed: 26 Kn
Fange (estimated): » 500 Nm
Capaciy: 7 persons
Noitsz level in wheelhouse: 56 dB(A) at ful speed

Ambient conditions
Air: 25% 40P C
Seawater: 0%+32°C

Material & construction
Marine aluminism
Tank capacities
Fuel: 6000 |
Water: 5001
Waste: 5001

Propulsion concept
Main engine: 2 x MTU 10V 2000
or equivalent
Gearboxes: Type ZF or equivalent
Propusion: Propeliers or waterjets
Bowthruster: 27 kW

Users
Northem Ireland DARD

o

Baltic
Waorkbzats
BALTIC WORKEOATS AS: NASVA HARBOLR, MASVA
WABRMAV, SARRE MK D872, ESTONA
T: 4372 45 P F 4372 45 21045
ot s www Batioworeoas s

EEREERRE R A A R R R R R R A A R A R A sy
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Appendix 4: Patrol 24 “KBV 312" Main Data

Baltic
Workboats

shipysrd

BALTIC 2403 PATROL

27 METER FAST PATROL VESSEL

BALTIC 2403 PATROL

27 METER FAST PATROL VESSEL

Main dimensions
Lenght overall: 25,5 m
Breath: 6.2 m
Draught: 1.5 m
Displaczment: 50 ¢
Power: 1754 kW
Speed: 3 kn
Rangs {sstimat=dl: 5 500 Nm

" § persons
Noizz level in wheelhouse: £5 dB{A) at full speed

Ambient conditions
Air -25%+40° C
Seawater 0%/ +32°C
Material & construction
Marine aluminiwm, ice strengthened
Tank capacities [ s
Fuel: 50001 N = = &
Water: 5001 = 3=
Waste: 2601 ol e &
Propulsion concept
Main engine: 3 x Volvo-Penta IPS 1050

. orequivalent
Propulsion: 3 x IPS fwin prapeliers P T i e S e T R B L )
Bawihnesier: 22 kW

Users —
Swedish Coast Guard = D : e

BALTIC WORKEDATS AS: NAEVA HARBOLR, MASVA
WABRMA . SARRE MK 13872, ESTONIA
T: 4372 46 21D F 4372 45 21145
e )
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Appendix 5: Specimen Material Certificate EN AW 5083 H321 sheet

Alcoa Europe

European Mi¥! Produsis m
Mleoa Trasformaziond sil

Stavilimento di Fusina ALLOA
Via dell’ Elgttronics 31

30030 Malcontenta

Loc. Fusina (Venezia)

Kaliz

Tel: 38 041 2817111 INSPECTION CERTIFICATE

Fax: 39 041 2917250

ops BV EN 10304 3.1

DONK €

© 2851 LE BARENDREUHT NL Ordernumber Alcoa 092554004

NETHERLANDS Date 1T/12/09
Certificate number WOSR13249
Shipment doz.Tef, pogozs

Your order nr {Your alloy Your temper Quantity Your Art nr

4508015455 SOE3 Ha21 5536 kg 912001189

Global specification

SELTE 5083H FiIz2l BOZ8
Dimensions T x W x L §.0000 x 2000,00 x  £009,8 mm
Remarks

EN 10204 2.2

Thiz Certifisate is dissued under ayrangements authorized by
Lloyd's Registey EMEAR in accordance with the reguirements of
the Materials Quality Scheme and certificate number MQS 046
Pesignation of material according to L.R, Rules S0B3 K321 M
Chemical .campositim and mechanical properties according to
Chaptper B section 1 Bdition July 200%

Intendad for storage (naval uae)

Asset and MAMLT test 59/09 enclosed

Certificate no. 1757/LRE dated 17-12-09

Hidrogen 0,2 mi/l00 gr

Chemital composition . S508IH
Qthers
Cast no %83 ¥Fe %Cu n Mg 3T i kZn %¥Ti tEach  Total
89131C1 171eA (0,12 0,25 ©,011 0,57 4,41 0,079 0,0034 05,0047 0,033
Limit Min. 0,40 4,00 0,050 ]
Max. [0,40 0,40 0,20 1,80 4,80 0,35 5,25 0,18 0,050 9,15
Mechanical properties
Coil nr: Rm Rpl.2 ASD
Faliet H/mmz  M/nm2 ]
17182 329 231 17
17162 ’ 130 217 18
17183 330 234 18
0732751 .
0712752
Q9712753
0712754
3712755 N
Min. ‘a0s 215 12
Max. 380 295
.scoeTrasm';nazerl Sede lgate: 0B010 Partososa [C ta-| glesias) Zona ndusts -~ Baeiaté sotopasty & diraxicns 8 auurdlnamanloniﬂmlnc

Lap. foc. € $0.000.00% in. \l’ers. C.F, P IWA 8 Regisire Imprese leartn uzatuémazt-ﬂ EA C.LCLA A Cagllar n* 213338

We hereby certify, ihat the materiat described above has been tested and complies
with the terms of the ¢onfirmation of erder.
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Appendix 6: Specimen Material Certificate EN AW 6082 T6 T-profile

Dokument ID 754-3 bil. till 167
Utfardad av UIf Svensson
Giltigt from 2005-10-13
Utgava 02

PROVNINGSINTYG
ABNAHMEPRUFZEUGNIS
INSPECTION CERTIFICATE

sapa:

Type EN 10204 - 3.2

Blad -Sheet -Blatt Nr-No

Tjanstestalle, handlaggare - Our reference - Unser Zeichen Toatum - Dato Tntyg nr - Cerilcate Mo - Zeugis Nr ]
Kjell Bjérk 2012-03-13 10496
Kopare - Customer - Kaufer SAPA ordemr/pos - SAPA order No - SAPA Order NriPos
Baltic Workboats AS 2761446/697696-30
Nasava Sadam Varuslag - Material - Matenalform
EE-03822 Saaremaa Profiles
Dimension
369238
Ordermi/ref - Order No/ref - Bestellung NriRef Legitilist - Alloy/Temper - Leg/Zust
120061.Taavi Saksen EN AW - 6082-T6
Mérke - Mark - Bezeichnung Nerm - Specification
1004014 Lioyds Register EMEA
Sapa Order No: Pos no 'Weight: Numbers:
697696(30 1179kg. 45bst.
SAMMANSATTNING %, garantivérden -
CHEMICAL COMPOSITION 3, guaranteed valuss - CHEMISCHE ZUSAMMENSETZUNG %, garantierte Werte
Charge No: Si Fe Cu Mn Mg Cr Zn Ti Al
120215-2A 0,99 022 0,03 0,48 0,65 0,00 0,00 0,02 | Balance
Min 9,70 0,40 0,60 Balance
Max 1,30 0,50 0,10 1.00 1,20 0,25 0,20 0,10 Balance
HALLFASTHET etc, provningsresultat -
MECHANICAL PROPERTIES etc, test results - FESTIGKEITSEIGENSCHAFTEN usw, Prilf
Prov Nr Prov Nr
Specimen No: Rp 0.2 Rm A5 HV Specimen No: Rp0,2 Rm A50 HV
Probe Nr Nfmm* Nimm? % 20 Probe Nr Nimm#® N/ % 20
1 315 334 1"
2 315 334 "
3 302 323 12
| Spec. imits Spec.limits
Min 260 310 8 Min
Max Max

with satisfactory results.

Sapa Profiler AB | Quality department

We hereby certify that the material herin described has been made in
accordance with the rules of LLOYDS REGISTER EMEA

with resp. to chemical and machanical properties. And is that has
been tested in the presence of the Societys representative

i
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Appendix 7: Specimen Material Certificate EN AW 6082 T6 Panel

Dokument ID 754-11 bil. till 167
Utfardad av UIf Svensson
Giltigt from 2005-10-13

Utgava 02

sapa:

PROVNINGSINTYG

ABNAHMEPRUFZEUGNIS Testing FSW welds
INSPECTION CERTIFICATE Type EN 10 204 - 3.2 Blad -Sheet -Blatt Nr-Na
Tjanstestalle, handlaggare - Our reference - Unser Zeichen Datum - Dato ntyg nr - Certificate No - Zeugnis
Jan Wallin 2011-04-14 10355
Kopare - Customer - Kaufer SAPA ordernripos - SAPA order No - SAPA Order Nr/Pos
Baltic Workboats AS 639515-10-20
Varustag - Material - Materialform
Paneis
Dimension
369421, 369422
Ordernriref - Order Noiref - Besteliung NifRef Legfilllst - Alloy/Temper - Leg/Zust
110136 EN AW - 6082-T6
Marke - Mark - Bezeichnung Norm - Specification
Lloyds Register EMEA
Sapa Order No: Pos no: Panel number. No of Welds _[Number of panals Total weld length
639515 10 369421 Bst. 2st. 48m.
639515 20 369422 Bst. 2st. 36m.
Certificate No: Certificate No:
10352
HALLFASTHET ete, prowningsresultat -
MECHANICAL PROPERTIES elc, test results - FESTIGKEITSEIGENSCHAFTEN usw, Prifresultate EN 755-2
Prov Nr Prov Nr
‘Specimen Nao: Rm Bendtest No: ‘Specimen No: Rm Bendtest No:
|Probe Nr N/mm?* |Probe Nr Nimm?
F1-10 250 2pcs
51-20 250
Spec.limits Bendtest without Spec limits Bendtest without
Min 185  |remarks Min 185  |remarks
We hereby certify that the material herin described has been
made in accordance with the rules of Lloyds Register EMEA
with resp. to chemical and mechanical properies. And is that which
has been tested in the presence of the Sotietys representative
wilh satisfactory results.
Sapa Fofiler AB | Quality department K
TN U =
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TALLINN UNIVERSITY OF TECHNOLOGY

Il TALLINNA TEHNIKAULIKOOL f"@"‘\
I

MEHAANIKA JA METROLOOGIA KATSELABOR

TESTING REPORT nr. 207
Tallinn 23.04.2012
Customer : Baltic Workboats AS
Nasva k. , Kaarma v. , 93872, Saaremaa
Assignment: Testing of butt weld N1 according to standards EN ISO 9606-2, EVS EN ISO
15614-2
Description. Butt weld of aluminium plates 8,0x200x300 mm, supplied by the customer,
marking of made test pieces N1,N2-tensile test, N3, N3,N4, N5- bend test, material
specimen:. AW 6082 T6

Reception: 23.03.12

Testing: 23.04.12

Test equipment:
1.Test machine ZDMU-30, cal.03.2009,
2. Vernier calipper 150, cal.09.2009 .

Testing methods: Standards EVS EN 895,EVS EN 910, EVS EN ISO 10042,
EVS EN 15614-2 classification EVS EN ISO 6520-1.

Test temperature: +23 °C

Results .1.Tensile test according to standard EVS EN ISO 4136-1 Lo=70 mm.

Test piece Cross Max Tensile | Yield| Yield | Precentage
Dimension, mm | section [ load strength | load | strength elongation Reigila
Mark| thickness) width | area S P Rn Po: Rpo: | at break
a b mm’® N N/mm’* N N/mm? A, %

Failure in

NI 8.0 25.0 200 59000 295 42000 210 20 perent mat.
Failure in

N2 8,0 25,0 200 ; 57500 287 41000 | 205 16 HAZ

2. Bend test according to standard EVS EN ISO 5173,
Test piece Impress Span Bend angle Remarks
Dimension, mm mm length 0
Mark | thickness width 1
a b mm

N3 8,0 20,1 92 108 No cracks in TRBB

N4 8,0 20,1 92 108 180° No cracks in TRBB

N5 8,0 20,1 92 | 108 No cracks in TFBB

N6 8,0 20,1 92 I 108 No cracks in TFBB

Ulo Palmiste W

e@"’c‘:— M.Eng. Riho Piirsoo
Test Expert Page 1(1)

Saadud tulemused kehtivad ainult kirjeldatud proovi(de) kohta. Antud protokolli on lubatud kopeerida ainult tervikuna,
osaliseks kopeerimiseks tuleb taotleda TTU mehaanika ja metroloogia katselabori kirjalikku luba.

Ehitajate tee 3 Tel. +372 6203361 E-mail mlabicttu.ee

192086 Tallinn. Lstonia Fax 3726203196 -

EESTI AKREDITEERIMISKESKUSE 21062010, TUNNISTUS NR. L 027
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Appendix 9: Quality Control Report Specimens 208

L TALLINNA TEHNIKAULIKOOL
”" || TALLINN UNIVERSITY OF TECHNOLOQGY

Accredited
L 027

Laboratory of Mechanical Testing and Metrology of TUT

TESTING REPORT nr. 208

Tallinn 23.04.2012
Customer : Baltic Workboats AS

Nasva k., Kaarma v, 93872, Saaremaa
Assignment: Testing of butt weld N2 according to standards EN ISO 9606-2, EVS EN 1SO
15614-2
Description. Butt weld of aluminium plates 8,0x200x300 mm, supplied by the customer,
marking of made test pieces N1-tensile test, N3, N3,N4, N5- bend test, material
specimen:. AW 6082 T6

Reception: v 23.03.12
Testing: 23.04.12
Test equipment:

1.Test machine ZDMU-30, cal.03.2009.
2.Vernier calipper 150, cal.09.2009 .

Testing methods: Standards EVS EN 895,EVS EN 91 0, EVS EN ISO 10042,

EVS EN 15614-2,classification EVS EN ISO 6520-1.
Test temperature: +23 °C

Resuits .1.Tensile test according to standard EVS EN ISO 4136-1 Lo=70 mm.

Test piece Cross Max Tensile | Yield| Yield | Precentage
Dimension, mm | section | load strength | load | strength| elongation Rtk
Mark| thickness width | area S P Ry Py Rpo: | at break
a b mm’ N Nmm* | N | Nmm’| A, %
NI ' 80 | 250 | 200 { 55000 { 275 J43000 215 13 ‘ Faﬂ‘:{; n
2. Bend test according to standard EVS EN ISO 5173.
Test picce Impress Span | Bend angle Remarks ]
| Dimension, mm mm length 0
Mark | thickness width 1
L b mm
N3 8,0 20.1 92 108 No cracks in TRBB
N4 8,0 | 20,1 92 108 180° No cracks in TRBB
N5 8,0 20,1 92 108 No cracks in TFBB
N6 | 80 20,1 92 108 | Nocracks in TFBB |
Ulo Palmiste HI{M@ -
o :,.———— 3
'@fﬁ; M.Eng. Riho Piirsoo
Test Expert Page 1(1)

Test results apply only to the specimens described in this report. This document can be copied only as a whole.

A written permission of the Mechanical Testing and Calibration Laboratory is needed for partial copying,
Ehitajate tee 5 Tel. +372 620 3361 E-mail: mlab@tru.ce
19086 Tallinn, Eslonia Fax +372 6203196

ESTONIAN ACCREDITATION CENTRE 21.06.2010, ACCREDITION NO. L 027
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