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ABSTRACT

The three boiling water reactors (BWR) in Oskarshamn produce abdatdfQhe electrical power in
Sweden. The combination of intense radiation fluxes and high temperatures in nuclear reactors creates
an extraordinary environment. Therefoee number of material challengasise at a nuclear power

plant that needw be solved in order to maintain the nuclear power production, safety and reliability.

Dissimilar metal welds can be found at a lot of places in nuclear power plants and eherations or
replacement some dissimilar metal welds need to be weldesite.The technical regulations for the
Swedish nuclear power plants specifies that welding of dissimilar joints shall be made with gap of at
least 1.5 mm and in horizontal positidelding a dissimilar joint on site makes it difficult to follow

the technical regulations, thereforde aim with this study is to determine iifferent welding
positions of dissimilar metal welds affébe structure and composition of the weld mata negative

way andto investigatehe importance of a gap in the root

In this study & samples were welded in three different welding positions, horizorgdical and
reversed vertical with or without a gap of 1.5 mm in the root. The samplesewaeated by non
destructive testing, optical microscopy, chemical analysis, tensile testing, bend testing and hardness

measurements.

The results shows that two of the samples welded without gap failed the transverse root bend test, the

same samples didsa have high hardness values in the root bead.

The conclusions ar¢hat the welding position, horizontal, vertical or reversed vertical does not affect
the weld negative in a noticeable way. However, the gap and a good dilution with the filler metal are

important.
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1. INTRODUCTION

The three boiling water reactors (BWiR)Oskarshamn produce about %0of the electrical power in
Sweden. The combination of intense radiation fluxes and high temperatures in nuclear reactors creates
an extraordinary environment. Therefore, a number of mateh&lengesariseat a nuclear pwer

plant that need® be solved in order to maintain the nuclear power production, safety and reliability.

[1] In the complex environment, the choices of right materials are extremely important and lots of
material mixes are made. Often,pgrimary sysemsa low alloyed or carbon stes welded together

with a stainless steel in a smlled dissimilar metal weld. Due to tlmbinationof materials a
complex structure of several different metallurgical zones can be created. These zones can have
significantdifferences in mechanical properties and therefore affect the lifetime of the dissimilar metal

weld.

The transitions from low alloyed or carbon steel to stainless steel in nuclear power planésniye

made to decrease the risk and sensitivity toerosion corroen. Another example when dissimilar
metal welds are used in nuclear power plants is in the transitions to small bore piping with a nominal
diameter smaller than 50 mmhe small bore piping systerase usually made of stainless steels due

to economicreasons. The difference in material costs per unit length is insignificant at such small
dimensions|[2] It is also possibléo have a low alloyed pipe connecting toave of stainless steel or

vice versa with a dissimilar metal weld. In a lmac power plant theris approximately 20 000alves

[3] Every yeararound 50 dissimilar metal welds are welded at the yearly outage of a unit in
Oskarshamn. [4] In total that is a big number of dissimilar metal welds.

1.1 Challenges with welding dissiitar metal welds

The knowledge of how dissimilar metal welds behave is therefore very important, btk falds
already existingduring reparations etdiut also forconstruction of new nuclear power plaritsthe
requirements documents of the real power plants in Swedehechnical regulations for mechanical
equipmenttherei s st at ed tFdr digsimilarjoits, ther8 shal e a gap of at least 1.5 mm
between the weld ends before start of the welding and the welding should be raaderizontal
position and i {5 Theserequiterheats drenstatedetonendure that the disgomitar
will not fail in an uncontrolled mannerThe requirement of 1.5 mm gap is to ensure that enough
amount ofwelding consumablealwaysis addedin the root beadlf not enough amount of welding
consumables added there is a riskhat the weld will noexhibit the required mechanical properties
The requirement of welding in a horizontal position is important to control the compositfenweld
metal and to control the mixture of the filleretaland parent metsal By practical and/or production
reasondt is sometimes difficult tdulfill the requirements in the requirement docum@&mshnical

regulations for mechanical equipméghi.



1.2 Aim with this study
The primary goal with this study is to determine if differewelding positions of dissimilar metal

welds affects thenicrostructureand composition of the weld metal. A second goal is to investigate the

importance of th@roposedjapsize



2. WELDING THEORY AND DISSIMILAR METAL WELDS

2.1 Dissimilar metal welds

In modern steel constructionsis extremely important, and sometimes unavoidable, to perform a
durable dissimilar metal weldetweenlow alloyed or carbon steelnd stanless steel. Aschematic
picture of a digsnilar metal weldis presentedigure 1. When welding such dissimilar metal welds the
choice offiller metal plays a big role and usually remsomposition differing from botbf the parent
metak. The compositiorof the weld metal will therefore be a mix of the parent metals antilldre

metalat some specific rati¢6]

L ————
Weld
Low alloyed or metal Stainlesssteel
Carbon steel
~r

Figure 1, Schematic pidure of a dissimilar metal weld

During welding of dissimilar metal welds it is importantcantrolthe compositiorof the weld metal.
From assumptions that the weld metal consists of a mix of the parent metals &lier tireetal the
composition ca be estimatedNarrow control of theresultingweld metalcompositionis important to
decrease the risk dlefects in tk weld, such as hot crac&s sigma phase formatiofihe composition
is also important ta@ontrol so thathe weld metal properties corresponds the required onedill€éhe
metal normally used in dissimilar metal weldei®ralloyedausteniticstainlessteelwith a relatively
large amount of ferrite. If the welds are exposed to high temperatures oreaseirthermal cycle,
nickel basd alloysareusuallyused adiller metal. [6]

In a dissimilar metal weld between carbon steel and stainlesét ssdaiportant to reduce the dilution

with the carbon steel, in order ébtaina goodmicrostructurelt is therefore common to not point the

arc directlyon the carbon steel sidbut ratherto angle the torch slightly toward tlstainless steel.

Another important factor to optimizeduring welding of a dissimilar metal weld is the interpass
temperature, i.e¢he actuatemperaturen the already presenwveld bead before weldingtarts during

multipass welding. A commoaimterpass temperatutssed when weldingissimilar metal welds i$50

°C. According to theTechnical regulations for mechanical equipmgit a requirement document for

the nuclear power plants in Swedénstates thaif or wel ding i n primary wa

operating temperatureover@0 AC t he i nterpass temperature must

Welding dissimilar metal welds faces many characteristic problensedéwy structural changes and
several constitutional changes can occur during welding. Changes in the dilution ratio of the parent
metals are possible and affected by the welding conditidusng welding a stable manufacturing

and good crack resistan¢g important. If the dilution between thidler metal and parent metals
increases, the ferrite content will decreasehe case ofwvelding low alloyed or carbon steel to
stainless steel with a filler metal of ovalioyed austenitic stainless steklthe amount of stainless

steel diluted to the weld metal increases the structure can be fully austenitic and the risk of hot

3



crackingincreases significantly. On the other hand, if the dilution with the low alloyed or carbon steel
increases a structure with more martensite is created which is a hard and brittle stfuttiferrite
content becomes too high, thermal ageing duringatipen atelevatedtemperatures may lead to
transformation of the ferriteto sigma phaser as spinodal decompositiofihe sigma phasis very
brittle, due to this joints used in systems that operates at high temperatures should havermgdow f

content as possible. |6
2.1.1General welding of dissimilar metals

The weld metal composition is usually not uniform thraughhe weld, especially in multipass welds.
A composition gradient is likely tarisein the weld metal between the two parent metalse
solidification procedure of the weld meftalinfluenced by thalilution and the composition gradients,
this is important with respect to hot cracking. When designing a dissimilar metdinetheld metal

and the mechanical properties must be canmnsitl[7]
The factors that usually are responsible for failure of dissimilar metal weldsSJare:

1 Alloying problems and formation of brittle phase and limited mutual solubility of the two
metals
Widely differing melting points
Differences in thermal expaion coefficients

Differences in thermal conductivity

Selectingan appropriatdiller metal is important when producing a dissimilar metal weld that is
expected to perform well in service. It is important thatfilfer metal is compatible with botbf the
parent metals and capable of being added with a minimum amount of dithi®8chaefflerdiagram

is normally used to predict the microstructure of the weld metal goiettict andselect a proper filler

metal when welding a dissimilar metal weldaiv alloyed or carbon steel stainless stee]7]

When designing a buttveld to a dissimilar metal weld, attention must be given to the melting
characteristics of the both parent metals anditlee metal, as much as to the dilution effect. Large
joints will permit better control of the molten weld metal, decrease the dilution and provide room for
control of the arc for good fusion. It is important that the joint design provides appropriate dilution for
the first few passes. Inadequate dilution couldegas layer of weld metal with inappropriate

mechanical properties, especially if the dissimilar metal weld wilkpesed for cyclic stressed] [

It is not unusual for dissimilar metal welds to have a failurghiorter timethan the expected lifetime.
Most of the failureof a dissimilar metal weld between austenitic steellandalloyedsteel occur in
the HAZ on thdow alloyedsteel side, close to the weld interface. Theses failures usually duklor

more of the following criterig:7]



1 High stresss resulting ircreep at the interfadeetween the weld metal and parent metiais
to differences in thermal expansion

1 A weakening in the HAZ o thelow alloyedor carborsteel side due to carbon migration from
thelow alloyed steel side to the austéngteel side.

1 Oxidation at the interface that is accelerdigdhe presence of the stresgeuced by the

welding.

A chemical composition gradient is likely arisein the weld metal and especially close to the parent
metak. If the dissimilar metaiveld is operating a&n elevated temperature interdiffusion between the
parent meta and weld metal is possible which could result imedified microstructureThis iscan
happen whemn austenitic stainless steel is used as a filler mEtalomiumthathas a greater affinity

to carbon than irortherefore it is likely forthe carborto diffuse from the parent metal to the weld
metalduring temperatureabove425 °C. Carbon migration usually takes place during pasd heat

treatment owhenoperatig & elevated temperatured] [

The parent metals and the weld metal has different corrbgibaviorghat must be considered when
producing a dissimilar metal wel@ror example a galvanic cell could be created and trigger corrosion

of the most anodic metak the most anodic phase in the weld. Corrosion at a microstructural level is
possible in the weldnetal that usually consistd several different microstructural phases. To avoid
galvanic corrosion the composition of the weld metal could be changedov@e a cathodic
protection to the parent metal that is the most vulnerable to corrosion attack. A cathodic protection is a
good option as long as it does not thredbenmechanical properties of the dissimilar metal weld.

2.2 The Heataffected zone

The heataffected zone (HAZ) is the unavoidabigat treatedreain the parent metal near the fusion
zoneduring welding wherestructural transformations occy®] The properties of # HAZ arevery
important after prforming a weld,becausdt is often there thefailure occus. Depending on the
distancefrom the weld, the different parts of the HAZ will be affected differently during the welding
thermal cycle. The HAZ can be divided into four different zones that are subjected to different heat
treatmers, see figure 2The width of the different zones in the HAZ depends on the preheating level
or interpass temperature and #pecificheat input of a @rticular welding procedurié also depend on
forced cooling or the a lack of forced cooling, the ssfewvorkpiece, thickness and so.dd0] A

general with of the HAZrangedrom oneupto a fewmillimeters [9]
The four zones ar¢10]

1 Coarse grain zone, 120Q t0 Tsgigus
Complete transformation to austenite and grain growth. Lowest toughness idZhe H
1 The normalied zone, A(transformation from austenite to austenite and fetat&200°C

Complete transformation to austenite, during cooling a fine grained structure is formed.



1 The partially transformed zone; &ransformation from austenite afetrite to ferrite and
cementite in low carbon steets) A;
Partially transformation to austenite, somewhat larger grain size tharothwlizedzone.
1 The annealed zone, up to 60D

Insignificant changes of the parent metal

Solidifed weld

1 Solid-liquid transition zone

\ PR Sty

Grain growth
(CGHAZ)

Recrystallised

TS < AC; Partially transformed
bl

_________ = (ICHAZ)
<251 Over-tempered

Peak temperature, T, [°C]

«——— Unaffected

/
W

Figure 2, Schematic pictureof the heataffected zong11]

The mechanical properties and microstructures of the HiA¥e its origin in the thermal heat

treatment during weldg and primarily depend oni()

The position in the joint
The heat input
The thickness of the joint

The jointtype

= =4 4 A -

The preheating temperatureiifs used)

2.3 Schaeffler constitutional diagram
Estimation of properties and microstructures for austenitic stainless steel has been the topic of many
studies, andceventuallylead to the Schaeffler constitutionaladiam see figure 3The Schaeffler
diagram 2] was first published in 1949 and has since that been used to predict the ferrite content in
austenitic stainless steels. The diagram is composed of phase fields and isoferritdnéiredements
that are use to calculate the nickel equivalent promotes the formation of an austenitic structure and
the elements that are used to calculate the chromium equivalent promotes the formation of a ferritic
structure The nickel and chromiunequivalents giveéogetheran estimation ofthe ration between the
different phases in thmicrostructure Today the diagranis most used to predict ferrite contein
dissimilar metal welds. [13A proper amount of ferrite in the weld metal is essenfiake ferritic
structureinhibits hot-cracks in the weld metal since it is ableinoorporateelements such as sulfur
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and phosphowhich otherwise can segregate in the weld metaliacre@ases the risk of cracks when
the residual stresses increases. The negatfeet of ferrite is thiit could be attacked by selective
corrosion in corrosive medialhe grain boundary ferrite is continuous from around 10 % and
upwards, it is in those cases selective corrosion can lead to fractdri@.%o2ferritic structure in a
stainless steel weld nadtis desirable]14]

Another common constitutional diagram is the DeLong diagram that was published in 1974. The
DelLong have two major improvements, the ferrite content is calculated as magnetically based ferrite
number (FN) and the nickel equivalent undé nitrogen content. However, the DelLong diagram is
valid for a more narrow range of compositions than the Schaeffler diaghasrmakes the Schaeffler

diagram more suitable for dissimilar metal weld§]

Since the development of the Schaeffler diagrand DeLong diagram some research has been made
to develop the diagrams, since they are very useful. First was the M¥88_ whichmore or less can
replace the DeLong diagram. An improvement of WERBB8, WRCG1992, has been developed to give
more accuracyo stainless steels that have a significant copper contenharmtiagranhave extended
axes for improved prediction of Fhumbers for dissimilar metal welds.3J1However, it should be
noted that the different diagrams just give a prediction and femdlar metal welds between low
alloyed or carbon steeand stainless steels the Schaeffler diagram can be used succebtiudly.
exact measurements of the ferrite content in the weldlroah be made by using instruments that take
advantage of the fermeagneticproperties of the ferrite phase such as a ferrite s¢@pe

30 / 4 /
22 0% Fertrite / /
~N N
2 \ Austenite / ? / .
= \ / / 10% / /
= 20
SEE 18 / 20° /
5“ 16 ™ AN -
5 N Aa+M 7 0%~
=
g 12 N = ; < 80% =
T N SXKANA AT [
?g g Martensite \ /I,/ L
5 LG ST o]
% 4 F\ \\/// e
.g , | M+F "] Ferrite
20 " \ / al

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Equivalent Chrome = %Cr + %Mo + 1,5%5i+ 0,5%Nb + 2% Ti

Figure 3, Schaeffler constitutional diagram for stainless steel weld metl 5]



2.4Tungsten inert-gas arc welding

Tungsteninert-gas arc welding (TIG) is a fusion welding methadat was developedn the late

1 9 3,0séesfigure 4[7] The TIGmethodis characterized byts high quality weld metal deposits,

great precision, superior surfaces and excellent strength. TIG is the most common welding method
used for pipes and tubes wahwall thickness from 0.3 mm awngward [8] In the TIGmethod a non
consumable electrode of tungsten or tungsten alloy is used, in comparison to other common welding

methods where thidler metal also is the electrodf]

CURRENT
CONDUCTOR

"~ DIRECTION OF

WELDING
SHIELDING
GAS GAS IN
NOZZLE
NONCONSUMABLE

TUNGSTEN
ELECTRODE

y . ‘er— GAS SHIELD

— T 3:;’;0;0;0;0;0:0:.:.:0:076

FILLER
METAL

NARC

SOLIDIFIED
WELD METAL

Figure 4, Schematic pictureof tungsteninert gasarc welding [16]

To prevent oxygen in the dirom oxidizing the weld pool anthe heated material, a shielding gas is
used during TIGwelding. The shielding gas is also important to promote a stable metal transfer
through the arcthe shielding gas commonly used for F&lding is argonTheroot sideof the weld

also needs protectidnom oxidizingin form of a backing gaduring the production of the first weld
beadsThe backing gas helps the weld bead to formemtly and keep #hweld bead fronbecoming
porousor crack The backing gas that gives the lowest levels of oxidation is a mixture of nitrogen and
hydrogenusually 90% N, and 10% H, [8].

The TIGweldingmethod hasome great advantagdiseyare [7]

Produces a high glity and a lowdistortion weld

Free of splatter that is associated with other methods
Can be used with or without filler metal

Can be used in a wide range of power supplies

Can weld almost all metals, including dissimilar metal welds

= =4 4 A4 A -2

Gives precise contraf welding heat

Even if the TIGmethod is a very high quality welding method tha&resomelimitations that could be

summarizeds [7]

1 Creates lower deposition ratdésn consumable electrode arc welding processes



Demandssomewhat more skill and weldeoordination than gas metal arc welding or shield
metal arc welding whewelding manually

Less economical than consumable electrode arc welding for sections thicker than 9.5 mm
Challenging in draughty environments due to difficulty in shielding the weié properly

Tungsten inclusions can be created if the electrode make contact with the weld pool



3. STRESS CORROSION CRACKING OF STAINLESS STEELT A LITERATURE STUDY

A lot of research is going on in the world of nuclear energy business and of coutsef atleer
research that could be applicable in the nuclear energy Tibkl current nuclear reactors are getting
older and are in need ofiethods forrepairs replacementand upgradesat the same time as new
nuclearreactorsare built. Welding ofdissimilar metalwelds isimportant inall of the casesWelding

of dissimilar metals in a nuclear environment is often nwitle a nickel based filler metal if the joint
is subjectedo an elevated temperature. If the joint is working &wer temperature ¢hweld ismore

often made with &iller metal ofaustenitic stainless steel witiigh ferrite content

The three sites with nuclear power plants in Sweden collaborate in the field of materials negbarch
respect to nuclear safety issusersure sée and stable operatian aforum called Swedish Utilities
Materials Group (MG)One of the priority areas is intergranular stress corragiacking (IGSCC)
propagation to havas a background t@ilure analysis.The units Oskarshamn 2 and Oskarshamn 3
havetest loopsare installed irre-circulationsystem 321, the cooling system for a shutdown reactor.
Thetest loops consists of five vessels in each unitaaadused to test different kinds of materials and
their resistance to crack initiation or cragdowth due to IGSCC at authentic BWR environmértie
test loopsare the only ones of its kind in the world, so the test resultsoarted worldwide. The tests
that are carried owdre oftenlongterm tests with an operating time of up to D00 hoursDifferent
types of test specimens are usédit the two most common areolt-loaded compacitension
specinens and $ointbend specimens.

One projectwithin MG considersstress corrosion cracking tests of stainless steel weld metal 308LSi
with low ferrite contentsThe purpose of the study to investigatehow the sensitivity for IGSCC is
affected if the ferrite content is lower than 5 %. The study is still ongoing but the first results shows
that the averagerack propagation rate increases with decregdierrite content.The resultsalso
shows that the percent engagement of the craek an indirect measure of the specimens
fiwillingnes® to initiate crackingis larger for the specimength lower ferrite content thathosewith

higher ferrite contenthe cracks had spreader the whole crack fronTheresults indicatehat there

is a connection with the ferrite content and the susceptibilityirftergranular stress corrosion
cracking.The susceptibility for cracks due to different ferrite conténisportant also for dissimilar
metal welds. Usually a ferrite content over 2 % is desirabléhbuesultsfrom this study clearlghow

that a ferrite content over 5 % is bet{dr7]

There is acompkex environment ira nuclear power plant that occulige the combination of thevater
chemistry, temperature and radiatiddelds are often vulnerableand are usuallythe weak liik in a
construction. h an article by Zinkle and Was the materials challenges in nuclear energy is compiled.
The three major matetlis challenges for continued safety and reliability at the nuclear power gllants

over the worldaresummarized in three point4.8]

1 Improved understanding of theorcosion mechanismsand stress corrosion cracking of

austenitic stainless steel and niclkase alloys
10



1 Improved understandingof radiation hardening anddegradation in ductility and fracture
toughness of complex structural alloys

1 Improved fuel systems with more reliabjliand accident tolerant issues

As mentioned abovehése problems aris#ue tothe extraordinary environmentsr materials in the
nuclear reactors. The materials have to managerwironment that is a combination of high
temperatures, high stresses, intense radiation fluxes and a ctiagtantd be noted that historicallg
the nucleampower plants, the main materials degradation problgvashave arisen in boiling water
reactors (BWR) are intergranular stress corrosion craci@§CC) of pipes One of the factors
contributing to IGSCC in pipes weldinducedresidualstress In all major systems exposed to an
environment with water, corrosion can occur in all sorts of alloys sustaasess steel, carbon and

low alloyed steels, nickel based alloys and zirconium alloy fuel claddlir&j.

Stress corrosion cracking &) arises due to a combination of thfaetorsthat are a susceptible
material, corrosive environment atehsilestressess seen in figure.3n dissimilar metal welds the
residualstresses that arigeom welding can bdarge enough toinduce SCCif the other factors are

fulfilled. SCC tends talevelopmore rapidly at higher temperatures trelower temperatureghe

processis thermallyact i vat ed and can b elawwithpthe earelation®d, by
where T is temperaturén BWR chemistry,materials tendo be susceptible to SCC at temperatures
above 100°C. The operating method and temperatirex nuclear power plargre also factors that
contribute in significant manner to SCC.éeThoncentrations of oxygen and hydrogen, the corrosion

potential impuritiesand the pH balance of the solution play important roles in this process.

Figure 5, The factors that gives SCC

One common material in a nuclear power plant is the atistestainless steel 316L. Therefore
naturally, a lot of studies are made with 31@lhe susceptibility to SCC in the HAZ of the 316L
material is evaluated b§breu Mendinca Schvartzman et &l.an environment of the primary circuit

of a pressurized wateeactor (PWR) at 303C and 325C [19]. TIG-welded samples were analyzed

by optical microscopy and slow strain rate to analyze the susceptibility to S@Gtudy concludes

that the HAZ of AISI 316L was susceptible to SO®e tests showed that at thelmer temperature

the samples werexposedio the more susceptibleeio SCC due tdower mechanical properties and
strength.Even though the primary circuit of a PWR differs from the BWR environment in the case of
temperature and pressure, 283 in a BWR itis concluded that a higher temperature makes 316L

more susceptible to SC{19]
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The crack growth rate is an important factor in alear power plant due to the longeration times.

A study by del P Ferndndez et [ll9] hasreviewedthe growth rate of SC. In the studyferritic steel

was welded together witAusteniticstainless steeh a dissimilar metal weldA buttering layer with

nickel based filler metal was first welded on the ferritic steel side before the two parent metals was
joined together byl'lG with the same filler metal as the buttering layEhe weldedsamples were
subjected ta cyclic load ina simulatedBWR environment The studyconcluded thaa crackgrows
preferably onthe ferritic steel sidd20]

The advantages of a nickel basdkbfimetal between low alloyed and austenitic stainless steel is well
known due to the better impact fracture energy. It is shown by Hajiannia[@i]athat in a weld
between low alloyed steel and austenitic stainless ateiekel based filler metasito prefer compared

to an austenitic stainless steel filler metal. In the weld with the austenitic stainless steel filler metal a
thin martensite layer with high hardness is found inftiséon ling but no martensite layer is found in

the weld with the itkel based filler metal. All tensile testgere as would be expected broken in the
HAZ on the low alloyed steel side. The nickel based weld also had the highest impact energy.
However, the highest and the lowest hardness values were found in the wehickeihbased filler
metal.[21]

The presence of a martensite layer close to the fusion line in dissimilar metal weldslisi@own
phenomenonA martensite layer is created due to a formation of intermediate compositions with high
hardenability and fened during the rapid cooling in the welding thermatley Themartensite layer

will create a gradient in mechanical properties along the imgddface that could be responsible for
premature failure of the dissimilar metal welissimilar metal welds ar usually welded with
austeniticsteel filler metal or a nickel based filler metal. The nickel based filletal tendgo gve a
thinner martensite layeA studyby DuPont and Kusko[20], has demonstrated thtite nickel based

filler metal will give a $eeper concentration gradiemt the partially mixed zoneompared to
austenitic steel filler metalThe steeper concentration gradient will force the start temperature for
martensite formation to intersect room temperature at a quite small distancetidgtpartially melted
zone. This will stabilize austenite and cause the relatively thin martensite layer detected in the

dissimilar metal welds with nickel bad filler metal. [2]

The dissimilar metal weldare known for its complex combinatiorsf the dfferent materials, heat
affected zone and carbon depleted zone due to the welding thermal cycle. The freloawierof
these dissimilar metal welds is therefore very important for safety and design point ofSéemes.et
al. [23] has investigated th&acture behaviorof dissimilar metal welds througanalyzingsingle
edged notchetbend type specimens with initial cracks made at different locafidmes.study shows
that an initial crack at the butteriwgeld interface has the lowest fracture resistéretgaviorbecause

the presence of the heat affected zoneaend of the welding area.32

Some areas in the field of dissimilar metal welds can succesbiiigalyzedoy models and the use

of different softwares In a study by Ranjbarnodeh et,dR4], a threedimensional model has been
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developed to predict the temperature distribution and +petd geometry durind@1G-welding of a

carbon steel and ferritic stainless st@de model was then used to evaluate the effect of welding
parameters on gmaigrowth in the heat affected zone of welded samples. The results showed that the
model had reasonable consistency with the model andntesured welgpool geometries. The
temperature was unevenly distributed, the highest temperature occurred at thestzgbside. At last

it was concluded that the grain size and grain size distribution was strongly related with the heat input,

higher heat input gave larger grain size and a more homogegiedusize distribution24]
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4. MATERIALS USED IN THIS STUDY
In this study adissimilar metal weldvas maddetween the austenitic stainless steel 316L and the low
alloyed steel 15Mo3 with theveralloyed austenitifiller metal AvestaP5, also known as 309MoL

The austenitic stainless steel, 316&,a commonaustenitic stainless steéh the nuclear power
industry. It is often used in pipes or valves in the primand secondaryater system but also as

internal parts in the reactor pressure vessel.

Thelow alloyedsteelused in the study i556Mo3 and is als@ commonly usetbw alloyed steein the

nuclear power industril5Mo3 is frequently used in pipes or valves in the secondary systems.

The filler meta) AvestaP5 is also known as 309LMo and is a common material used for filler metal

in dissimilar metal wlds. The filler metal is an ovatloyed austenitic stainless steel.
4.1 Austenitic stainless stee316L

The chemical copositionfor the tubedn 316L according to ASTM angccording to the material
certificateis specified in table 1For material ceiticate see appendix A.

Table 1, Chemical composition of 316L

Element ASTM, % Material certificate, %
Carbon, C O 0.030 0.016
Silicon, Si O 1.00 0.40

Manganese, Mn O 2.00 1.42
Phosphorus, P 0.045 0.024
Sulfur, S 0.015 0.008
Chromium, Cr 16.518.5 16.78
Molybdenum, Mo 2.002.50 2.03

Nickel, Ni 10.013.0 11.17
Nitrogen, N O 0.11 0.057
Cobalt, Co - 0.089

Iron, Fe Bal Bal

4.2 Low alloyed steel15Mo03

The chemical copositionfor the tubesaccording to EN andccording to the material certificate is
specified in table ZFor material certificate see appendix B.

Table 2, Chemical mmposition of 15Mo03

Element EN, % Material certificate, %
Carbon, C 0.120.20 0.18
Silicon, Si O 0.35 0.20

Manganese, Mn 0.40-:0.90 0.66
Phosphorus, P 0.025 0.004
Sulfur, S 0.010 0.003
Chromium, Cr O 0.30 -
Molybdenum, Mo 0.250.35 0.28

Nickel, Ni O 0.30 -
Copper, Cu O 0.30 -
Nitrogen, N O 0.012 -

Iron, Fe Bal
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4 3Filler metal Avesta P5

The chemical compositi@Tor the welding wiresaccording to Avesta welding aratcording to the
material certificateare specified intable 3 forthe 2.4 mmwire and table 4or the 1.6 mmwire. The

1.6 mm wire is used for the root bead and the first welktland the 2.4 mm wire for the rest of the
weld beadsFor material certificate see appendix C for the 2.4 mm wire and appendix D for the 1.6

mm wire.

Table 3 Chemical composition of P5 2.4 mm

Element Avesta welding, % Material certificate , %
Carbon, C 0.02 0.012
Silicon, Si 0.35 0.33

Manganese, Mn 1.5 1.4
Phosphorus, P - 0.020
Sulfur, S - 0.004
Chromium, Cr 215 214

Nickel, Ni 15.0 15.0
Molybdenum, Mo 2.7 2.57
Niobium + Tantalum, Nb + Ta - 0.00
Copper, Cu - 0.10
Nitrogen, N - 0.053

Iron, Fe Bal Bal

Table 4, Chemical composition of P5 1.6 mm

Element Avesta welding, % Material certificate, %
Carbon, C 0.02 0.013
Silicon, Si 0.35 0.40

Manganese, Mn 1.5 1.5
Phosphorus, P - 0.020
Sulfur, S - 0.004
Chromium, Cr 21.5 21.5
Nickel, Ni 15.0 154
Molybdenum, Mo 2.7 2.59
Niobium + Tantalum, Ni + Ta - 0.01
Copper, Cu - 0.10
Nitrogen, N - 0.051

Iron, Fe Bal Bal
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5. METHOD

5.1 Calculations with the Schaeffler constitutional diagram

With the chemical compositions of the two parent metatsthe filler metalthe Schaeffler diagram

can be used to estimate the composition of the weld metal. The composition of the 1.6 mm P5 filler
metal is used in the calculations, since the structure of the root bead idecetisas the most
important The nickel and chromium equivalents that are a part of the Schaeffler diagram are
calculated with equation 1 and 2 for the parent metals and the filler megaklisted in table 6lt is
assumed that the two parent metals contributes equally to the waldtiperefore new nickel and

chromium equivalents are calculated with equation 3 and 4 as a mean value.
0Q POQotTPE TP E Q)
61 P61 POE pAPYQMIA O ¢PYQ 2)

Table 6,Nickel and chromium equivalents for parent metals and filler metal

Stainless steel 316L Low alloyed steel 15Mo03 Filler metal AvestaP5
Nieg 12.89 5.73 8
Creg 19.41 0.58 8
- 8 8
0 "Q o p (3)
oo 38 8
0l ——— wBowvu (4)

Figure 6 to Sshows the schematic sketches of the samples that are weklthézistudy Sample 3 and

4 are welded withhe stainless steel wardsand sample 5 and 6 are welded with [the alloyedsteel
upwards Sample 1, 3 and 5 are welded with a gpapveen the two base materiaisthe root bead
whereassample 2, 4 and 6 are welded without giipe figures show that mamum eight weld beads

are madeWhen TIGwelding is used it is assumed that 30 % of the parent metals/previous weld bead
and 70 % of the filler metal is contributing to the molten weld pool.

By assuming 306 of the parent metals contribute to the dilutiora TIGwelding method the nickel

and chromium equivalents can be calculated for the eight weld b&ads. the Schaeffler diagram is

used it is assumed that the parent metals contribute to the molten weld pool only in the first weld bead.
In the following weld beads the latest made weld beawtributes by 30 % to the molten weld pool.

The filler metal contributes to the remaining 70 % in both cadesequivalents for the different weld
beads are showed in tableNote that in worst case scenario, flist weld bead of a sample welded

without gap can consist of a mix without any filler metal at all.
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Figure 6, Schematic sketch ohow sample L(with gap) Figure 7, Schematic sketch of how sample @vithout gap)

is welded. is welded.

SS/CS
SS/CS

7 '
CS/SS

CS/SS

Figure 8, Schematic sketch of how Figure 9, Schematic sketch of how
sample 3 and Swith gap) are welded. sample 4 and Gwithout gap) are welded.

Table 7, Nickel and Chromium equivalerts for the different weld beads

Nieq Creq
1 14.035 20.124
2 15.453 23.163
3 15.878 24.074
4 16.005 24.348
5 16.044 24.430
6 16.055 24.456
7 16.059 24.463
8 16.058 24.464

5.2 Welding procedure specification
The samples are welded accordinghie welding procedure specificatigWPS: OKG-1.1/8.2004,
seeapendix E Some of the most important parameters from the WPS are listed in8table

maximumtemperatures of the samples between weld heheddnterpass temperatusge 100 °C, to
17



decrease the risk sensitization of the stainless stéehe sampds with ga1, 3, 5)are prepared to a
V-joint, see figurelO, and the samples welded without g&p 4, 6)are prepared to a-fdint, see
figure 11 The reason for choosing a-jbint to the samples welded without gap is to ensure that

enough filler metahre added to the molten weld pool.

Table 8 Parameters fa welding according to the WPS

Weld | Method Filler Dimension, | Current, Voltage, V | Current Velocity, Heat
bead metal mm A type, cm/min input,
polarity kJ/mm
1 141-TIG P5 Avesta | 1.6/2.0/2.4 | 557 75 107 12 DC- pol 3136 0.671.1
n 141-TIG P5 Avesta | 1.6/2.0/2.4 | 857 115 | 10.571 12.5 | DC- pol 4.371 6.6 0.51 1.2

To acquire a good quality of the welds AGA Argon is used as shielding gaseyat protectiorgas
AGA Fromier 10 that consistsf 90% N, and 10% H,. The AGA Formierl0 gives, compared to pure
argon gas, a smoother root and better corrosion prop¢as.

© .5 12
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Figure 10, Schematic sketch of Woint. Figure 11, Schematic sketch of Ljoint.

5.3 Welding procedure

Both the316L pipe and thel5Mo3 pipe havea diameter of 114.3 mm and a thickness of 10 inm.

total 6 different samples are welded, three of them with 3 mm gap and 3 of them without 3 mm gap.
The different positions arborizontal see figue 12 vertical with the stainles steel on the top and
reversedvertical position with thelow alloyed steel at the top, see figuds. Table 9 gives an

overview of in which position the samples are welded and how they are denoted.

\

Figure 12, Horizontal position, with rotating pipe [26] Figure 13, Vertical position [26]
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Table 9, How the samples are denoted

Horizontal position

Vertical position

Reversed vertical position

With 3 mm gap 1

3

5

Without gap 2

4

6

5.4 Non-destructive testing

Non-destructive testing is made émsure that there are nmanufacturingdefectsopen to thesurface

or embedded in the weld or HAZiquid penetrant testing is made according to the standa#eNSS

571-1 to identify discontinuities such as craghkaps, folds)ack of fusion and porositywhich are open

to the surface. In order to achieve a successfully liquid penetrant test, the surface to be investigated

shall be cleaned and dried. After that the penetrant is applied on the weld aoddledingarea so

that the penetrant can enterardiscontinuitiesopen to the surface. When the penetration time has

elapsedin this case 20 minute)e penetranis removed from the surface added for 5 minutes.
The developer is appliedith a developing time of 0 to 30 minuteShe developer absdos the

penetrant that have entered discontinuities and give a visible enhanced indication of the discontinuity.

Before any other nedestructive testing could be performed the surface shall be cleaned carefully

after a liquid penetrant tesfcceptance dteria of indicationsin the weld and adjacent HAZ are
according to the standard &8l 1ISO 232772009 and can be seen in table 10.

Table 10, Acceptance levels for indications

Acceptance levef

Type of indication 1 2 3
Linear indication
I=length of indication o 2 1o a4 1o 8
Non-linear indication
d=major axis dimension 40 4 40 6 40 8
8Acceptance levels 2 and 3 may be specified with

a

suf fix

evaluated to level 1. However thgrobability of detection of indications smaller than those denoted by the original

acceptance level can be low.

After the liquid penetrant teatradiographic tess maden orderto ensure that theme no embedded
defects The radiographic testing imade according to the standardlB=$ ISO 17636l Class Bthat

specifies techniques of radiographic evaluation using industrial radiographic film on fusion welded

joints in metallic materialsThe acceptance criteria are according teEB5125171:2006.The tests

are made with Xay and with 9 films on each sample to cover the whole pipe.

5.5Macroscopic and microscopic examination

A transverse section @achsample is mechanically cut so thairitludesthe heat affected zones of

both sides of the weldnd the weld metal itself. The specimens are prepared by mounting, grinding

and polishing. After that the specimens are etched Nital, 2 % HNGQ in alcoholto reveal the
microstructure on thlow alloyedsteel side andhe microstructure on thiew alloyed steel side is

evaluated.Finally an electrolytic etching with oxalic acid 10 %,E8,0, in waterto reveal the
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microstructurein the weld andon the stainless steel sjdend the weld and stainless steel side are

evaluated idight optic microscope

5.6 Chemical analysiswith EDS

In order tostudythe dilution between the parent metals and the filler metal in the, wlednical
analysisof the samples ammade. The analysis made from the unaffected parent metals through the
weld metalto the otherunaffected parent m&al. The chemical analysis is made titree different
positionsin the weldwhich arethe root, the first weld bead and the tdje analysis is made &
scanning electron microscope (SEMI)th electrondispersive spectroscopy (EDSA. high-energy
electron beam interacts with the specimen and arayXis generated, the energy creaisd
characteristic to the atoms in the specimens. The intensity of the created isnerggsured and

compared to a reference so that the concentration ofedewient can be determined.

5.7 Tensile testing

To ensure that the weldetal not isveaker han the rest of the materials tensile testing is made, one

for each samplelhe specimen is taken transversely from the weld joint so that the weld axis remains

in the middle of the parallel length of the specinse figure 14 and figure 16 is important that the
mechanical or thermal processes to produce the specimen do not affect the properties of the specimen
in any way.lt is also important that the surfaés free from notches or scratchiat otherwise could

induce afracture During a tensile testg is the specimen is subjected to a continuously growing

tensile load in room temperature ufitdctureoccurs.

Figure 14, Schematic sketch of a tengltest specimen

Bend test
specimen

| —

)))))))))))

T

[~

Tensile test
specimen

Figure 15, Schematic sketch of how the bend test specimen and tensile test specimen are located.
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5.8 Bend testing

Bend tests are made in order to determine if the welded samples are ductile enough. The bend tests are
made according tche standard SEN ISO 5173 A specimen is taken transversely from the welded

joint and deformed plastic by bendjrgpe figure 14Thetests weranade in room temperature. The

bend tests are made in two directiars each sampjdransverse face bend testd transverse root

bend testAll the samplesverebentto an angle of 180.

5.9Hardness measurements

A simple and economical way to characterize the mechanical properties and microstructure is by
performing hardness measuremenBy performing hardnes measurements the highest and lowest
levels of hardness can be determined. In dissimilar metal welds the hardness level of parent metals and
weld metal are determine@ihe most interesting part is where the transition from parent metal to weld

metal taks place and in the root bead of the weld.

A crosssectionfrom each sample isken transverse the weld by mechanical cutting. It is important
that the preparations of the samples do not affect the surface metallurgical by hot or coléftsork.

the samfes are cut they are grinded and polished in order to make as good preparation as possible.
The numbers of indentations netmbe enough to assure that hardeaid softened zones are tested

i.e. that the indentations do not affect each otffiee hardnss indentations are performed in rows at
three different positions of the weld; the rd@tad the first weld bead and the togeld. The samples

are tested with HV 0.5, except for sample/tichis tested with HV 1HV 0.5 means that 0.5 kg load

is appliedduring the hardness measurement, corresponding to 1 kg for HV 1.
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6. RESULTS

6.1 Calculations with the Schaeffler constitutional diagram

In the Schaeffler diagranfigure 16, the nickel equivalent is represented on thaxis and the
chromium equivalenis represented on theaxis. By plotting thepoints of the paremetals and filler
metal in theSchaeffler diagramsee figure 16it is easy to get an overview of the composition range
by drawing tie linesdetween the pointsThe low alloyedstee] 15Ma3, is locatedin the martensitic
and ferritic areaThe other parent metahée stainless steeB16L,is locatedin the 100% austenitic
area, just on the edge to the austenitic and ferritic area. The blue tie figare 13 represents the
compositionif only the two paent metals ar meltedtogetherat different dilution ratioswhich goes
from the ferritic and martensitic area, through the ¥®@nartensitic ar@ After that the blue tie line
comes inanarea of austenite and martensite and will foe tBl6L end up ithe 100% austenitic area.
If the two parentnetals contributequally and are mixed together equally the structure will beé2d00

martensitic.

The filler metal, P5have a structure of around % ferrite and 93% austenite. The red tikne
representfiow thestructurewill vary with different dilutions of the filler metalVith the assumption
that the parent metals contributes by%Qo the dilution the root bead will give a 100 austenitic
structure, just on the edge to have a smathuamh of ferrite in the structure. THigst weld bead will
get 30% of the dilution from the metal in the root besatt 70% from the fillermetal, whichwill give

a structure of around % ferrite and 9846 austeniteThe following weld beads, ® 8, arelocated
very close to each other atfiey will have a structure of aroundd ferrite and 936 austenite All
the weld beads except from the root bdalfill the criteria of 210 % ferrite in the weld bead

structure.
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Figure 16, Schematic figure of thecalculations with the Schaeffler constitutional diagran{16]
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6.2 Non-destructive testing
Both thepenetratdest and the radiographic test anade andapprovedby the accredited laboratory
DEKRA Industrial [27]. For testing and acceptance procedure see parSbe.appndix Ffor the

protocol from theadiographic test and appendixX@ the protocol from the penetrant test.

6.3 Macroscopic and microscopic examination

Thesamples werenade with two different edge preparations, thjiit for the ones with gap and-U

joint for the ones without gap. The different edge preparations will give the samples a slightly
different appearance, which are shown in ffigi7#19. Figure 1&hows the Moint in sample 5, and

figure 18 and 1%hows the Yoint in sample2 and 6.In figure 15 the HAZ is shown clearly. The
transition from unaffected parent metal to a decrease in grain size and the line between the parent
metal and weld metal is clearly shown.figure 17 and 1%he weld metal is etched and if one looks
carefully the indivilual weld beads are showin. figure 18the low alloyed steel is etched and an
overview of the HAZand the transition unto unaffectkav alloyedsteel.

Figure 17, overview of sample 5 with etched weld metgPx) Figure 18, overview of sample 2 with ethedlow
alloyed steel(2x)

Figure 19, overview of sample 6 with etched weld met#Px)

The microstructure of all the samples lsakmilar in the microscopic evaluatioihe microstructure
of the unaffectedbw alloyedsteel in sample 1 iseenin figure20and21. Figure21 is an enlargement

of figure 2Q A piece of sample 2 is shown in figu2g, the top of the weld with the weld metal on the
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left hand side, diagonally in the figure is the transition zone to the stainless steel. The austenitic grains

can be seen very clearly in the stainless steel parent omgtad right hand side in figure 22
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W

Figure 20, unaffectedlow alloyedsteel in sample {10x) Figure 21, unaffectedlow alloyedsteel in sample 1

(50x)

Figure 22, in the top weld of samge 2, weld metal and
stainless stee{20x)

The purposeof a weld is to join two pieces of metals and that the weld will have at least as good
mechanical properties as the parent metals. A good dilution between the parent metals and the filler
metal will help to achieve a weld metal with sufficient mechanical propeRigare 23is taken from

sample 3 and showvike stainless steel on the left hand side and the weld metal on the right hand side.
Figure 24is an enlargement of the weld meitalsample 3andthere is a piece dbw alloyedsteelin

the weld metal thatasnot got molten up and mixed with the weld metal properly
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Figure 23, in the root of sample 3, tansition from Figure 24, in the root of sample 3, part ofiow alloyed steel

stainless stekto weld metal (5x) that is not dissolved in the weld meta{10x)

Figure 25shows a part of sample 4 with the stainless steel on the left hand side and the weld metal on
the right hand side. The transition from parent metal to weld mesalisnon the diagondy in the

picture and happes rather quickly. Alear linewherethe stainless steel ends and the weld metal starts

is shownin figure 25 Since the HAZ is as important as the weld metal it needs to be studieldeand t
structure of the HAZ is degbed ealier in the report. In figure the HAZ of sample 5 is viewed at

the topsideof the weld on thdow alloyedsteel side. It is clearly seen that cldgesthe weld metal

the coarse grained zone is located with its grain growth. After the qgrasised zone the normalized

zone is located with its fine grained structure. An increase in grain size starts gradually and the
partially transformed zone is entered. Finally the unaffeldedalloyedsteel is viewed in théower

right corner.

Figure 25, in the top of sanple 4, transition from Figure 26, in the top of sample 5, HAZ on thdow

stainless steel to weld meta20x) alloyed steel side(5x)

The two figures 27 and 2hows the difference of the two different parent metals and theiitivans
to the weld metalFigure 27shows the transitionrém low alloyed steel with its typical mixed
structure of ferrite and perliteand the transition to weld metal with a decrease of ferAte.
enlargement of the grain size is seen just before ti#/l&gphid transition zone in figure 2Figure 28
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shows the weld metal to the left and the transition to stainless steel in the middle of thetHignare

are the austenitic grains seen very clearly

At a5

Figure 27, low alloyedsteel and he transition toweld Figure 28, stainless steel and transition to weld metal in

metal in sample 6(50x) the root of sample 6(5x)

6.4 Chemical analysiswith EDS

Chemicalanalysis waperformed on all the samplasthree differenpositionsin the weld, one in the
root bead on in the first weld bead and one in the tegld. The results are presentaddiagrams
below withthe low alloyedsteel on the left hand side the figure, the weld metal in the middle and
the stainles steel on the right hand sidehelironcontentis displayed on the secondaraxis on the
right hand side in the diagramghe distance between the measuring points are 0.25 mengnergy
used for the analysigas20 kV and the volume of excitatiomas1 unt. The time for analyzing one
measumg pointwassetto 30 s.

Since OKG do not have the equipment to do the measurements themselves, samples were sent to
SWEREA KIMAB. Some of the results may be questioned if they really belong to that position of the
weld. Like the root bead of sample 2lded without gap should have a weld metal that is 11wiae

is not possible, especially compared to the actual weld where the root beedsisred t@round 5

mm. However, the chemical analysis of the samples does look as expected excluding the thiglth of

different weld beads.

6.4.1 Chemical analysis of sample 1

Figure 29 figure 30 and figure31 are diagrams for the chemiaatalysisin sample 1 which is welded

in horizontal position witil.5 mmgapin the root All three measurementdisplay the trasition from

low alloyedsteel to weld metafigure 31 for the top weld bead also displays the transition from weld
metal to stainless stedhe most remarkably in the chemical analysis of sampleritieiroot bead,
figure 29 where it is an abruptlincrease of molybdenum and manganese in the transitionlénom
alloyedsteel to weld metalThe width of the weld metal in figure® root bead, isccording to the
diagrammore than 11 mm which could be question®therwise the diagrams from the firseld
bead and top weld bead looks as expected the analysis is a bit more unsthblérst weld bead,

figure 3Q and in the top weld bead, figugd, compared to the root bead, figug®.
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Chemical analysis in root bead of sample 1

24 100
22 S
S 20 - 80 H
218 e — o I @ .
» 16 - “Ll_- — S|
‘0 o
214 - 60 -
% o AV :g Mn
. A —
= 10 F40 8 .
S 8 g =Ni
£ 6 3
_q:,) 4 - 20 — s \[|O
(@) [
2 Lé — e
0 ) o
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (@]
Distance [mm]
Figure 29, chemical composition in root bead of sample 1
Chemical analysis in 1st weld bead of sample 1
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Figure 30, chemical composition in the first weld bead of sample 1
Chemical analysis in top weld bead of sample 1
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Figure 31, chemical composition in top weldeadof sample 1
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6.4.2 Chemical analysis ofasnple 2

Figure 32, figure 3 and figure & are diagrams for the chemical analysis in sampleaRifwelded
without gapin the rootand inhorizontal positionThe diagram for the root bead, figuB2 shows the
transition fromlow alloyedsteel to weld metal and then to stainless side. root bead of sample 2
welded without gap should have a dehetal that is 11 mm wide is not possible, especially compared
to the actual weld where the root bead is measured to around Ftendiagram for the first weld
bead and the top weld bedthure 3 and figure &, shows the transition frotow alloyedsteel to
weld metal.Theanalyses for the first weld bead and top weld bead adges peak®f chromium and

molybdenum at the same time as the nickel content d@ipsrwise the analyses are as expected

Chemical analysis in root bead of sample 2
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Figure 32, chemical composition in root bead of saple 2

Chemical analysis in 1st weld bead of sample 2
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Figure 33, chemical composition irfirst weld bead of sample 2
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Chemcial analysis in top weld bead of sample 2
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Figure 34, chemical composition intop weld beadof sample 2

At the same time as the chemical analyses were done, a series ¢fiG@HMs were taken. A 5 um
wide irregularity inform of lack of fusion can be seen in the SiMture of sample 2, see figuré.3

However, this irregularity is too small to make the weld weaker.

- 10pm KIMAB
20.0KV SEI SEM WD 10mm

Figure 35, SEM-picture of sample 2

6.4.3 Chemical analysis oasple 3

Figure 3, figure & and fgure 3B displays the chemical analyses fangple 3thatis welded withl.5

mm gap in vertical position with the stainless steel on fdpanalyses have the transition frdow

alloyed steel to weld metal and in the first weld bead, fig8rethe transition fom weld metal to
stainless steel is also showhhe analysis in the root bead of sample 3, figuBe lgave smooth
variations due to fewer measuring points compared to the other analyses, but otherwise it looks as
expected. The first weld bead, figuré, Bas a few higher peaks in the chromium and molybdenum at
the same time as the nickel content goes ddmwthe top weld, figure & the chromium, nickel and
molybdenum content goes up over the expected value just in the transitiolodvaatioyed steel to

weld meal after that the values are stable.
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Chemical analysis in root bead of sample 3
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Figure 36, chemical compsition in root bead of sample 3
Chemical analysis in 1st weld bead of sample 3
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Figure 37, chemical composition infirst weld bead of sample 3
Chemical analysis in top weld bead of sample 3
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Figure 38, chemical composition intop weld bead of sample 3
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6.4.4 Chemical arlgsis of ample 4

Figure 39, figure 40 and figure41 displays ample 4thatis welded without gap in vertical position
with the stainlesssteel on topThe chemical angsis of the root bead, figur9, shows the transition
from the root bead to weld met@hd then to the stainless stéihe width of the weld metal in figure
39, root bead, is according to the diagram more titamen which could be questionda. figure 40,
the chemical analysis of the first weld bead is very irregular both irothiealloyed steel and

especially in the weld metal. In the teyeld beadfigure41, on the other hand rather stable.

Chemical analysis in root bead of sample 4
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Figure 39, chemical commsition in root bead of sample 4
Chemical analysis in 1st weld bead of sample 4
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Figure 40, chemical compsition in first weld bead of sample 4
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Chemical analysis in top weld bead of sample 4
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Figure 41, chemial composition in top weld beadof sample 4

6.4.5 Chemical analysis osple 5

Figure42, figure 4 and figure 4 displays the chemical analyses afrgple 5Sthatis welded with 1.5

mm gap inreversedvertical positionwith the low alloyedsteel on topAll three chemical analyses
showthe transition fromow alloyedsteel to weld metallhe analysis for the root bead, figutg, is

rather stable. Figure34shows the analysis for the first weld bead that also is rather stable, a little
increase of chromim, nickel and molybdenum just after the transition to weld metal. The analysis in
the top weld bead, figure44 shows the same behavior as the first weld bead with the increase of
chromium, nickel and molybdenunthe width of all the weld metals, root, rdié and top are

compared to the other samplasich smaller which could be questioned if they really are belonging to

this sample.
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Figure 42, chemical compsition in root bead of sample 5
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Chemical analysis in 1st weld bead of sample 5
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Figure 43, chemical commsition in first weld bead of samples
Chemical analysis in top weld bead of sample 5
22 100
20 \ £\ 2?
2181 - 80 =
8 12 [\ c —
g S
g 13 _ - 40 g e \| 1)
= |
S 6 8
CIE) 4 - 20 c_L; s \ O
52 ————— |, £ —F
e = e
0 T | I T T r r _r°r T _T°r _r 0 _GC.)
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 O
Distance [mm]

Figure 44, chemical compsition in top weld bead of sample 5

6.4.6 Chemical analysis oésple 6

Figure4b, figure 4 and figure Z display the chemical analyses of sample 6. The chemicalsimai

the root bead, figure44 shows the transitiordm low alloyed steel to weld metal and then to the
stainless steeFigure 4, the chemical analysis in first weld bead is very irregular in the weld metal
with a dip of the chromium and nickel content and at the same time a top in the iron cbiment.
chemical analysis of the top weld bedigure 47, shows the transition frotow alloyedsteel to weld
metal, and then a very thin section of weld metal before a transition to stainlesSstbeh small
weld metal width of the top weld compared to theltiof the weld metal in the root bead could be
guestioned if they are not mixed up.
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Chemical analysis in root bead of sample 6
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Figure 45, chemical commsition in root bead of sample 6
Chemical analysis in 1st weld bead of sample 6
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Figure 46, chemical compsition in first weld bead of sample 6
Chemical analysis in top weld bead of sample 6
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Figure 47, chemical commsition in top weld bead of sample 6
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6.5 Tensile testing

Tensile tests were performed on the samples with the paslitionedin the centerof the specimens

The samples were prepared accordindneoschematic sketch in figur8,4vith the total length of &,

the width, b, andthe waist lengthL.. The exact measurements of the specimens taken from the
differentsamples are specified in table. Figure49 shows the satip of the tensile test specimen in
the machineThe weld was located in the middle of the test spetjntkespite that the fracture
occurred in théow alloyedstee| see figurés0. The yield strength and the ultimate tensile strength for

the specimens from the different samples are listed in table 11. The yield stiesgtihange from

359392 MPaand theultimate tensile strength has a range from-528 MPa.

Le
A— . |
| b
i 1
- B L LT T T TP
Ltot
Figure 48, Schematic picture of a test specimen
Table 10 Parameters of tensile tests specimens
Sample b [mm] L ot [Mm] L. [mm]
1 4.95 804 32
2 4.99 73.2 32
3 4.96 81.0 32
4 4.94 77.5 32
5 4.98 80.4 32
6 4.96 83.2 32

Figure 49, Setup of tensile testing

Figure 50, Tensile test specimen after testing
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Table 11, Yield strength and ultimate tensile strength of sample 1 to 6

Sample Rpo.20 [MPa] Ry, [MPa]
1 385 530

2 359 527

3 374 532

4 392 536

5 392 529

6 389 536

6.6 Bend te$

The bend tests were executed according to standaBENISO 5173:2009 and evaluated according to
standard SE&EN I1SO 156141:2004 that covers the specification and qualification of welding
procedures for mallic materialsi Welding procedure te$tPart 1: Arc and gas welding of steels and
arc welding of nickel and nickel alloyB standard SEN ISO 156141:2004 it is stated that flaws
appearing at the corners of the test specimen shall be ignoredeauatation. It is also stated that
flaws larger than 3 mm in any directionaslisapproved test specimerhe approved and disapproved
test specimens alisted in table 12Figuress1 and52 showsatest specimen during bend testing and
figure 53 showsa fully tested specimerl.o be able to see if any flaws occurred duringlibedtest a
penetrant test was madn the samples, see appendiXdd all details about the penetrant testing
procedure. In sample @eindication ofapproximatelyl6 mm could beletected, see figure45in
sample 6 two linear indication was detecteambroximatelyd mm and 3 mm with a interspace e82
mm between them, see figurb. 3 he other samples, sample 1, 3, 4 and 5 hdddications occurred
during the bend test

Table 12, Approved and disapproved bend tests

Sample Approved bend test Disapproved bend test
1 X

2 X

3 X

4 X

5 X

6 X

Figure 51, Bend test Figure 52, Bend test Figure 53, Bend tested sample
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Figure 54, Penetrant testing of sample 2 Figure 55, Penetrant testing of sample 6

6.7 Hardness measurements

Hardness measurementgre made at the same places as the chemical analysis, in theesabthe
first weld bead and the toweld. Figure % shows the hardnesadentationsthat remain after #h
measurements. The distancetween the measuring points vayigeey are closer in the HAZ and the
transition from parent metal to weld metal. The graphic illustrations of the hardness in figh2e 5
give a good overview of how the hardness varies thesample. The highest values are found close

to the transition from parent metal to weld metal and in the root bead.

Ll 100pm KIMAB
20.0kV SEI SEM WD 10mm
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Figure 57, Hardness profile of sample 1
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Figure 58, Hardness profile of sanple 2
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Figure 59, Hardness profile of sample 3
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Figure 62, Hardness profile of sample 6
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Figure 63-68 shows the hardness values measured at the three differenbrmosttithe different
samplesThe average hardness value in the root bead is betwee2d273V, with an exception for
sample 2and sample 6 thdasincreased hardness in the root baadl1l HV respectivel\363 HV.

In the first weld bead the average Haess is 15@30 HV, slightly lower than in the root bead.

Sample 6 haan increased hardness of 266 HV in the first weld bead.

In the topweld of the samples, the average hardness is2ZU80HV. Sample 6 have a peak in hardness
that is 363 HVin the topweld. Since the hardness measurements were outsourced to SWEREA
KIMAB it is not possible to say which side of figuré8-68 that belongs to the low alloyed steel

versus the stainless steel.

Hardness measurements of Sample 1
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Figure 63, Hardness profile of sample 1

Hardness measurements of sample 2
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Figure 64, Hardnessprofile of sample 2
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Hardness measurements of sample 3
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Figure 65, Hardness profile of sample 3

Hardness measuremnts of sample 4
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Figure 66, Hardness profile of sample 4
Hardness measurements of sample 5
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Figure 67, Hardness profile of sample 5
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Figure 68, Hardnessprofile of sample 6
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7. DISCUSSION

The preparations before welding are important siscthe structure in the weld metal. Therefore, a
discussion will be made about thge ofthe Schaeffler diagram and the importance in the choice of

filler metal. The welded samples are evaluated and therefore the following are discussed; the structure

in the samples, the chemical analysis and the mechanical properties of the welded samples.

7.1 The use of theScheffler diagram

The Schaeffler diagrarfil2] gives a good indication on how the microstiwre in a weld metal
develops especially for dissimilametal weld. As in this case, if the dilution with the filler metal is

not sufficient the structure will most likely end up in the martensitic or martensitic and austenitic area
instead of thalesiredaustenitic and ferritic areaee figure 16The rootbeadand the transition from

low alloyed steel to weld metal are the most likely placesfitml an unwanted structure like

martensite.

The technical regulations for mechaniesjuipmen{5] have the requirement of at least 1.5 mm gap to
ensure that enoughléir metal is diluted in the root beasee page.1So he samples welded without
gap (sample 2, 4 and 6) hars increased risk of ending up with an unwanted struaiuie root bead

In the transition fromlow alloyed steel to weld metalcarbon from tk low alloyed steel could

accumulate enough to create martensite.

7.2 The choice of filler metal

As Hajiannia et al.41] shows in their studya nickel base filler metal has advantages when welding a
dissimilar metal weld between low alloyed steel araintdss steel. However, the nickel based filler
metal also has sontisadvantages, whicire the costhe risk for hot crackand IGSCC Therefore,

at the Swedish nuclear power plantise nickel based filler metal 182 is not permittedhout
approval fom the licensee according to TBM. [5d in cases where the nickel based filler metal is not

necessary the austenitic stainless steel filetal like 309LMo is a better choice

7.3 Structure in the samples

The optical microscopysee figure 228, showsthat all welds are free from martensitic areas, but
small pieces of uimeltedlow alloyedsteelarefound adjacent to the transition frdow alloyedsteel

to weld meta|l see figure 24The unmeltedpartsof low alloyedsteelshould notaffect the strertty of

the welds. However, only one cross semti of each sample is evaluated which makes it possible

have other microstructures other places in theample

7.4 Chemical analysis of the samples

The chemical analysisee figure 2917, showsthat at several places in several samp&sincreasd
chromium and molybdenurontentand thesame time alecrease of nickadlontent which indicates

that the measuremerdremade inside a ferritic area. The element that stabilizes ferrite is chromium,
molybdenumsilicon, niobium and titanium. The element that stabilizes austenite is nickel, carbon and

manganese as one can see in the Schaeffler diafjgame 16 According to the Schaeffler diagram
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[12] the weld metal should contain arounéo/ferrite so the pssibility to end up in a ferritic araa

rather big.

However, the resultsom the chemical analysis can be questioned if they belong to the right position
or the right sample. The length of the measurements does not correspond to the actual leagth of th

weld. Since the chemical analysis is made by KIMAB can the results not be verified any closer.

7.5 Connections between the mechanical properties

The fact that the fracture in the tensile tests occurred inothealloyed steel and outside the heat
affeded zone also indicates of a weftdetal and heat affected zoned wittesirablemechanical
properties seefigure 50 A weld with an unwanted structure in the rbeador the transition zone to
parent metal would have the fracture there instelaavever, he entirecross section of theveld was

not tested in théensile testing due to the shape of thesiletest specimenslherefore a root bead

with insufficient dilution with the weld metal is not possible to test with these kinds of tensile testing.
Instead bend tests weperformedon all the samples, both to test the root and the top side of the weld
see page 486. Two of the specimenin thetransverse root bend tegere not approvedee figure
54-55, the two specimens were welded without gapts® donclusion is that there was not enough
dilution with the weld metalEven thoughhatthe welds without gafs a Ujoint instead of a Yoint.

An increased hardness in the root bead can occur due to the faster cooling rate in the root bead
compared tahe other welds in a mulpass weld.

A connection to the disapproved bend tests could bevdite the hardness measuremertse
hardness in the root bead of the two disapproved bend tests are unacceptabithighi HV and

363 HV respectively in san 2 and sample,6see figure 61 and 63n comparison tahe other
samplesan increased hardness can be seen in the root bead as well as in the traosgitvom

parent meal (most likely low alloyed ste&d) weld metgl see figure 5469. Other fluctwations in the
hardness can have occurred due to the mixed structure of austenite and ferrite or other particles in the
weld metalNo connection between the hardness measurements of sample 2 and 6 can be drawn to the
chemical analyses of the samples. Tiamdition from parent metals to weld metal is very sharp, but

that is the case for all six samples see figurd£26
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8. CONCLUSIONS

One important conclusion that can be drawn from shislythat the welding position does not affect

the structure and meanical properties of the weld metal in any noticeable whis means that the
criterion in the technical regulations for mechanical equipment tetling shoull be made in
horizontal positioris not that necessary. One other important conclusion ightbatiteria of a 1.5

mm gapseemto be very importantwhich can be seen from the results of the bend testing and
hardness measurement$ie samples welded without gap was $olit to increase the dilution with

the filler metal in the root bead, but thappeared to not benough to get a good dilution. A
suggestion to the new version of the technical regulations for mechanical equipment could be
something like thispFor dissimilar joints, there shall be a gap of at least 1.5 mm between the weld

ends béore startoftheve | di ng. 0
The onclusions from the studyould be summarized to:

1 The welding position, horizontal, vertical or resed vertical does not affect the weld in any
noticeable way.

1 The gap and a good dilution with the filler metal areesxtly important.
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APPENDIX A: MATERIAL CERTIF

— ett férotag i Sydkraftkoncernen

Sammanfattningsintyg lagermaterial, ror och rérdelar

ICATE 316L

s

Artikelnumarer OKG bestdningsnummer Intygsnummer Ravision
67 070 774 CR 30290 pos. £ | 3093V —

Bendmaing Dimansion Chargs nr.
S bisa S~ BY 3 x SO i SEP/EF

Markning forutom intygnummer 55«,10'4 LER BLECA AN
SBS~ FITA7-8312 A5, E 59312 ~T7PI/E
—~ LD RS MM =~ £ F S T~ SETAMHLESS LrRE

Ao XX

Kontroliplan + rev

/6/03/93 e, —

Utgangsmatedal eniigt - NGS - . Specifikation stutprodukt
L B 23/2 7R 3L | 70
Ovigt R f . L2
( SR-PC SRLES-17/E oy, FT.06.08
Falfande provaing har utfSrts i enlighet med KSU - KBM 1 momsat enfigt nedan
1 [X] Granskning av OFP procoedur ac43z (113 Tryek - och tathetsprovaing EF 214
2 V [X] Granskning av OFP bearighat acd3s |12 [ ] AT EP2-27/8P3-38
3 Chargaanatys 1) gpz-01 |13 ur EP 2. 86424/22
4 Dragpravning gr2-02 |14 [ ] mrser EP2-16/11,3-16/17
5 Vamaragprovning 300 ¢ epr-oa |15 Markaing o identifering &P 2- 09/ 405
6 [ sragseghetsprovaing ¢ Ep2-04 |16 Okuldr- o dim. kontroll  EP 2+ 13/4-—42
( 7 D Hardhetsprovning EP2-05 17 Granskning av sfutdok. EP 190
8 'Z] Annan teknologisk provning EF2-06 |18 E]
P Komgranstataingsprov gr 1 epaor 19 [
"l [3 vamebshanding ep2-10 | []
Begrénsningar f6r anvdndande:
Max bardkningstryek —_ MPFa / bar(a) Styrkefaktor
Max berdkningstemp. - °c —_
QOvriga anmiérkningar Y £ =016 ,Co = 0,089
Y /Y3 bar
Iatasiales/ rdr / rérdelar anligt ovan 4r godkand for kvalitetsilass f
OKG QC Datum SA - gedkannande Datum

% &Qfdw&a A

T
Guanar Bdiag

/////';« e

%E7

e
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Shop Inspection CERTIFICATE
Nuclear Component, Code FTKA

Identification
SA-Client Manufacturer Certificate No
OKG AB order 32290 pos. E Schoeller-Bleckmann 512285-14/5
Oskarshamsveket Edelstahlrchr Ges.m.b.H. PlantiPosition
57093 Figeholm Schweden Ternitz Osterrike Oskarshamn 1
Product Identification marking Quality class
Schoeller-Bleckmann 1
Nahtlose Rohre kaltgeformt ;
# 114,3 x 10 mm 7 SB-SBS-ASTM-312/ASME SA312 gy | wownsr ASTM 316L
' TP316L 114,3 x 10 mm By crade 1
= 469167 Seamless D-ipp Mo, 1=12 =
1t i ?
anhity 12 St. Year of manufaciuing 1993 esign pressure
lnspecliuf.u plan No 16 /2 / 93 . ssup Drawing No Issue Design temperalure
Inspection
Pos Checkpoint Checked (X) Pos Remarks
1.0 | __Quality auditing S DU SOV OO SUUU SO SO
1.1 Inspectionprogram R S T VOSSO U
12 ] ] Design review JUSUUN BUUR e, . e men o]
1.3 NDT-qualification records L T U
2.1 Material certificates B e
2.2 NDT-material X I T ) )

Performance test

{pressure-/temp.-limitations)

3.5 Heat treatment
41 | Dimensiens i SO DU UV U UUU USSR
___________ - % e e meamemmseeee—dARiAmmsseemessmmEEErooeeswo—=
x e e s

Result

;{—1 Requirements fulfilled

j Requirements fulfiled with remarks

SA 1881 40bIx25 92,01 Datex 08-80 63 15

AB SVENSK ANLAGGNINGSPROVNING - The Swedish Plant Inspeciorate \
Date Inspecter S\ Stam,
93.06.08 B Jennefors Eh
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FINAL INSPECTION DOCUMENTATION
for

SCANDINOX AB S8-30241 HATLMSTAD SWEDEN
Customer Order No.: SF 550/93 / OKG/32290

Item: 05 Lot No.: 67767 X
Dimension: 114,3 mm OD x 10,00 mm WT

Quantity : 12 pieces 87,51 metres
Table of Contents:

1. CMTR No.10/93

2. Enclosure to CMTR No. 10/93

3.-Ul£rasonic testing repbrt A

4. Certificate of hydraulic tests No. Wi 93M 073 Stej
5. Heat treatment report No., 118/93

6. Dimensional inspection report (2 pages)

7. NDE personnel names and qualifications (2 pages)

8. Q-Plan No. 16/2/93 Rev. 0 (2 pages)

Confirmations:

According to the requirements of inspection procedure KSU-
KBM/EP-190, Edition 1 we Schoeller-Bleckmann Edelstahlrohx
G.m.b.H. confirm that the inspection and testing
stipulated in the detailed inspection plan (Q-Plan No.
16/2/93 Rev. 0) has been carried out with approved results.

SCHOELLER BLECKMANN
Edelstahlrohr
Gesellschaft m.b.H.
Qualititssicherung

A-2§30 Ternitz AB SVENSK ANLAGGNINGSPROVNING

C '(/_ Overvakat O Delvis dvervakat O

' An o Granskat B Se av. rapp. O
{Ing.Preifiler) -

QA Manager Namn b&‘%‘*

Datum .....\.. G2 CALE T

Ol [ FTne o8

48




-

MATERIALPRUFBERICHT

/ ’ CERTIFIED MATERIAL TEST REPORT
CMTR - No. 10/ 93

Seites | van

Werksauftrag Nr.,

SCHOELLER-BLECKMANN L
EDELSTANLAOHA GESM.BH ' Page of 2
gunde | SCANDINOX A8 5-30241 HALMSTAD SWEDEN
Customer’
Kundenbestellung SF 550/93 / OKG 32290 / OKG PROJECT 1-93.087
Customer Order No.'
709170/5

Works Order No.

ASME Sect.

Werkstoff/Material (ASME Material Specification,Type a

TP316L to 4989 £dition up to and including A9 Addendum

nd Grade)
II Part A SA-312/5A-312M

yattenfall Materialspecification No.,1.31E Rev.3

Nuclear Quality Class 1

SA approved Q-Plan No.16 /2/93 Rev.O : J

Produkt/Abmessung/Stiick,
Product/Dimension/Piece’

Les Nr., 67767

Seamless coldformed pipes
solution annealed at10859C. pickled
Ttem05: 114.3 mm OD x 10.00 mm Wall 12 pcs 87.51 metres

Schmelze Nr. K _ 469167

Lot No.®

Kennzeichnung,Markierung,
Tdentification,Marking

Heat No.

5SS ASTM A312/ASME SA312 TP316L dimension heat no.
pipe na. 1 (till 12) @ —— Seamless

ZF

—

Beigelegte Dokumente,
Attached Documents

Ultrasonic Testing Report

Nicht durchgefiihrte Analysen und Priifungen . none
Not performed Analyses,Examinations and Tests'

Chemische Analyse / Chemical Composition

Schmelze Nr. C si Mn P s Cr Mo Ni N Co
Heat No.

469167 0.016| o0.s40] 1.42 | 0.024| 0.008] 16.78] 2.03 11.17 { 0.057 { 0.089
Product Analypis frofp each re-mat¢rial bar: :
Ne. 959 0.o20| ©.40| 1.38 | 0.025) 0.009 16.75 | z.02 |11.27 {0.059 | 0.080
No. 960 a.020] 0.40| 1.40 | 0.025) 0.008 16.75 1 2,02 |11.30]0.058 | 0.080
No. 961 g.019{ 0.40| 1.37 | 0.024 0.008 16.75 4 2.01 11.18 [ 0.057 | 0.080
No. 962 o.o221 0.40| 1,39 { 0.025} 0.009 16.73 | 2.02 [11.300.059 ; 0.080
No. 963 g.022! 0.40] 1.38 | 0.025| 0.009 16.74 | 2.02 | 11.23]0.059 | 0.080
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~ MATERIALPRUFBERICHT

/J CERTIFIED MATERIAL TEST REPORT
CMTR - No. 10/ 93

SCHOELLER-BLECKMANN Seite . von
EDELSTAHLACHR GESMBH Page 2 of 2
Ergebnis der mechanischen Priifungen / Mechanical Test Results
priif-Nr. {Dehngrenze Streckgrenze ugfestigkeit Dehnung E£inschniirung Kerbschlagzshi
Test-Nr.|Yield strenght {Yield point Tensile strenght| Elongatien Reduction Imj est
(0.2% offset) L = A4/AS Test
MPa we MPa % % Temperature
67767 262 562 60/55 78 RT
67767 148 430 47/42 78 300°C
AB QVENSK ANLAGGNINGSPROVAING
Overvakat & Dplvis dvervakat| O
| Granshat & O
Namp ‘¢=-\\U;}" @
Datum 73 CEx
.
TS
Weitere Priifungen P

Further Examinations and Test : ‘
e 2 ests
e:r ok HA 1347

Flattening test from one end of each pip

Intergranular corrosion test to KSU-XBM/EP-2-07 Group 1
Samples sensitized at 740°C for 30 minutes, boiling practice as per ASTM A262/E:

Not any signs of corrosion are present.
Ultrasonic Examination to KSU-KBM/EP-2-22: ok
Hydrostatic pressure test at 143 bar: ok

QUALITATSSICHERUNGS ZERTIFIKAT(MATERIAL) y  nop 539 Auslaufdatum

QUALITY SYSTEM CERTIFICAT (MATERIAL) Expires November 10,1995

Wir bestdtigen, dal der Inhalt des Materialprifberichtes (CMTR)
richtig und genau ist und daB alle Prifergebnisse und Tédtigkeiten,
die von SB ader von Unterlieferanten durchgefihrt wurden, mit den
Ferderungen der Materialspezifikation und den anwendbaren Material-
anforderungen des Code, wie vom Kunden angegeben, Ubereinstimmen.

We affirm, that the contents of the CMTR are correct and accurate
and that all test results and operations performed by SE ar SB-
vendors are in compliance with the requiffements of the material
specification and the applicable materi requiarements of the Code
as designated by the Customer. fT

e
R 0r]ob[23

Leiter der Abnahme
Certification Manager l W.Fonhr L T

Ternitz, Hauptstr.Z ( ‘(/‘
: L F6.93

Jsterreich/Austria
QS-Leiter F.Prexller
QA Manager ort/Place Unterschrift/Signature Datum/date
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Enclosure to CMTR No. 10/93

SCHOELLER-BLECKMANN

EDELSTAHLROHRAKﬂENGESELLSCHAFT

Further Examinations are performed with satisfactory result:

SCHOELLER-BLECKMANN
Edelstanirohr

LG

Gesellschaft m. b. H.

Abnahme

A-2630 Terniiz
“W. Mohr

Q,\ 02{66{¢3
Certification Manager

Visual inspection and dimensional checking L;M M '

Inspection of cleanliness and surface finish ]/Z‘f

Inspection of packaging and preservation

t
Check of marking and indentificationH/\ @ %

ELLSCHAFT, HAUPTSTRASSE 2. A-2630 TERNITZ, AUSTRIA

£,

aan R

uu;ig:‘LLLf;_iLELJ\ﬂnn‘I
Edelstahlronr
Gesellschaft m.b.H.
Oualitatssicherung
A-2630 Ternitz

i
i

5

/(/0(‘{» N

P. PreiBler
Q A Manager

G.; HRB 3083. FIRMENBUCHGERICHT/REGISTEA COURT: WR. NEUSTADT

TELEFON
TELEPHONE
{0 26 30) 311 >
DVRB 0648078  SCHOELLER-BLECKMANN EDELSTAHLAOHRA AKTIENGES
HANDELSHECHTLICHER SITZ-COMP REG. OFFICE, HAUPTSTRASSE 2. A-2630 TERNITZ, AUSTAIA
RECHTSFORM: AKTIENGESELLSCHAFT.
FIRMENBUCH-NR./COMMERCIAL REGISTER N
BANKVEABINDUNGEN/BANK ACCOUNT: CREDITANSTALT-BANKVEREIN. BLZ 11000, KTO 0324-05722700.
171.801/R  BANK AUSTRIA AG, BLZ 12000, KTQ 108, 108.957/00. PSK, BLZ 60000, KTO 7376.636 .
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o
Vearlalier:
bt ULTRASCHALL PROFUNG Werks-Auftrag | Pos.
butiont Ut ULTRASONIC TESTING Works-order __709'170/ S o lnem O
PROFBERICHT A EKK (FP/WP} Nr. e —
REPORT A Travellar (FP/WP) No. 67767 X i
1al/AA R-TQW/7ZFP Nr. Wi 95 M Saite von Schritt/Prof-Nr ’ ‘
TQU/BP - s 1 1 A
o g 793 | Moo o3 / grey PR9° of Step/Test no. %0/330
TOME. sconleos tubes e, _

Test object

Scandinox AB, KristinebergsvaegenZ

4, Rahmanvaorschrift

ASME SA 312/ SA 317M 89 'ED
Nuclear

Pornaser o 30941 Halmatad, Sweden Miain spacification VATTENFALL 1.31E Rev. 3 Nocle

|| Bestelldir. o 55093 from 27.4.93 e aeion @wf@%@z—;ﬁéﬂ ;rg’"]gé; Jerruaryl 588
S (1-1) |G - e | ML A ou/m A
Kenelchouns  ZEP (T2 Evaration standard- AV 098/74 Rev.1

| Abmensung g 114,30 x 10,00 x oo éﬂ 7;00 7500 ) nm | prifbterch full length of tue

o ier e P T e A
Sonmeze N 469 167 o ggédoifg'ﬁr?gg, heat treated
Whrmebsherdiung  heat treated Romarke 2" Test-method:

Haat treatmant

finished

Fartlgungszustand
(production length)

Stags of production

Zsichnungs-Nr.
Drawing No,

Immersion-technique

Fabrikat und Type des Priifgerétes Messrs. TRC

Reglstriergrenze
Recording level

Indication hight of
reference notches

Equipment, producer and type designation TRC 800D
'?;iifta:?lﬂ;n?arﬁt-no - ‘5’,.“,{,“:;’ fo Messrs. TRC
?::?;:Ttr;:gd pulse-echo-method R’g: line-focussed
Testrohr-Nr. 1367 ;i:gﬂ:géy 4 MHz

Test tube-no

Einstelldaten
Galibration data

Einschallrichtungean
Scanning directions

both circumferential-and
both longitudinal directions

1y:sl-tscshplg;gdeschwindlgkelt 2,41 m/min ggzg?;gltlttel water
Drehzahl . fief fehi
R:\:/ofjt-lons 100 rpm Hef:::;;efk;ctor

tengitudinal notches Transverse notches
Impulsfolgefrequenz outside/inside) outside/inside)
Pulse-rapatition-frequency 700 Hz

Length: 25,09 1R 25,00 mm
Impulsdichte Width: 1,42/1,46mm 1,41/1,39mm
bulse.density 0,85  mm/pulse Depth:  0,46/0,5%m, 0,48/0,48m
21

prafort , Dat profer/Stufe ‘ — oy
Plracg of exam. Ternitz/TPA D:tgm 1993-06- o7 Oparator/Level WV e f?‘?& ~ob ’U/L

prifergebnis: Entspricht /-entspricht-nicht-dar Vorschrift®)
Test result:  WIthin /-netwithin-specification®)

Suparvisor/Level

Prifverantwortilchar/Stuf

v EE /[‘??’Z f(:é"@?

Kunde
Customer

Gutachtar/Sachverst.
Authorized Inspactor

OR.06. AE3 //é&/
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CEQC/B-T/12c/d

C.E.O.C. .

{Colloque Européen des Organismes de Controle)

CERTIFICATE OF HYDRAULIC TESTS
ZEUGNIS UBER WASSERDRUCKPRUFUNGEN

Certificate

Zeugnis .
No. Wig3M 073 Stej

Technischer Ubenvachungs-Vere{lJn t e
A-1015 Wien, KrugerstraBe 18 sterred

NAME AND ADDRESS OF INSPECTION ORGANIZATION
NOM ET ADRESSE DE L’ORGANISME DE CONTROLE

Member of 8¢ COLLOQUE EUROPEEN DES ORGANISMES DE CONTROLE (CEOC)

Works Ocder No.: 709.170/5 Year of manufacture : 1993
Herstell No, : Herstelljahr :

Maker : Schoeller—-Bleckmann Edelstahlrohr GmbH., Ternitz/Austria
Hersteller : !
Dimension :  114.3 x 10.0 mm Lot No.: 67767

Abmessung : No. of pieces : 12

Date and place of tests: 08/06/93 Ternitz/Austria

Druckpriifung: Datum—Ort:

Name of inspecting engineer: Mr. Gippert
Name des Sachverstiindigen:

The pipes whose identification details are stated above has been hydraulicaily tested under the conditions
specified below:

Die oben bezeichnete Rohre -
unterzogen.:

wurde einer Wasserdruckpriifung unter folgenden Bedingungen

Test pressure: 143 bar
Priifdruck:

Duration: 5 seconds minimum
Dauer: :

Type of gauge: DP 11 / DP 50
Manometer:

Results: within specification

Befund:

Date
Datum 08/06/1993

Technischer Uberwachungs-Verein
#sterreich
’/

Signature
Unterschrifl/ . ...«

F

53




. y ’ H TARMEBEHANDLURGS - PROTOXOLL }
. Y { = Seite: von H
/J 1 S . (Dureblaufofen) Hous Pagr—/’ ot 4 !
THER? - A48[43
SCHOELLER-BLECKMANN l S RLLR o /
EDELSTAHLROHR GESMEBH ]{ _ (Continuous. furnace)
Kunds Xundenauftrag Projekt Rerkszauitrag Pose . ¥o. -
Custoner- Customer Order Project Works Order Item. -
: - C¥550 /93 OKG ’
Seandlinot ¥3 {12260 Jorg A-9%.08% %oatic/Q 05 fod
Qualitit Schrelize Ho. Lrzeugnis Abmemsung
Quality _ Heat Produst Dimension.
AZoo 469461 wafhe. @Al oRofce AU 30 x Agoo
gtiick/Gewioht 7ARMEBERANDLUNGSVORSCERLFT Laufxarte o Sobritt g
Pilco/'eiglge HEAT TREATMENT DPROCEDURE Traveler * Conssct.
w 48, 30, revd
/{2 Q-(% Teaperatur Haltezeit Abkiihlmediua '
Teaperaturs Holding time Cooling asdium s
2464 0q - 6¥163[Xx | gs0
oS0~ Moo °C | AOwin {Qosoer
WARMEBEHANDLUNGS ~ DURCHFUHRUNG / HEAT TREATMENT - PERFORMANCE
Wirmebehandl betrieb -
Enst.t;c::l-::szh:pr *h ‘TPK {GL

Heat treatment start

VWirnebehandiungsbeginn / Datum / Uhrzeit |
/ Date ’

/ Tizs

-05-1b  6Un 9D

Heat treaiment

Wirsebahandlungs - Aggregat :
- Furnace

RQDQ éooo

Art der Warmebehandlung
Type of heat treatment

'  Qbsdwedken

Autheisgenchwindigkeit
Heat up z2peed

+ (E/n)

Ofen-oder Sticktemperatur in der Ausgleichazone |
Furnace~or pisde temperature in equalizing zome ~

AR C

Travel speed

Durchlaufgeschwindigkeit | (a/b)

L w

Haltezeit .
Holding time ' (%i8) AOmiw i
Abkiiblaediua
Cooling medium }
. Wagser

Anmerkusg / Remark

Es wird bestitigi,das die Durchfifhrung der Wirmebes
handlung anhand der Ofen - Temperaturstrsifen mit
der oben genannten Vorachrift (AV) verglichen wurde
und mit dieser ibereinatinmt.

Thia certified heat performance of heat treatmsnt
was compared with the procedure (AV) against the
time tempsraturs chart and ia in accordance with it.
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Eratellt/Prepared Genehmigt/Approved

Batrieb/Shop 'T()\,( [ A Abteilung/Departasnt .—[@/T

Datun/Date . QB.OQ,-QQ Datus/Date 0’:/{%[@5 U 3
[onterscnssrt/ssgmeara | A0 4 [/ N oo o] Uatersehrist/stgnacure b =
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L :
o DIMENSTONAL CHECK LIST sueer -] oF

SCHOELLER-BLECKMANN

200.013 SB  Druckersl Horrmann

. 6?76¥X Size No.: 4//4‘,z)<//0mm

Pipe No. punched at location & 12 alwvays.

WALT, THICKNESS AT TLOCATION ( mm )

Pipe WNo. Length{mm) A B C D E
\ Ao6 oMt 40,8 Ao Ho
1 i i : |
* o 3 | AR M0 /M!,O o | MR
6 A4 Ao | Ao& Ao, "+ Ao K-
e | A%t Ao A% 408 | 10é
-1 360 12 | Mo M8 (Ao | A0, | A0S
3 440 1% A3 A% | MR
| g Ao, & 40,8 Mo A0, & Mo
' 9 | A& Ao 5 | Aok Ao Ao &
12 Ao, R ' o 12
S| %o - .
5 ) Ao
J 9 - Ao 6
A 12 [1o8 o
A9 Fho - g
5 A%
- 9 7 Ao6
10 12 O A1,%
Ao ; 0% ‘
6 ) Ao ¥
9 Ao 8
12 [ A0 L ' A0
g T7R 3 - .
6 A0 .
9 /10,4
AB SVENSK ANLAGGNINGSPRG .. +~u |
Overvakat &  Delvis overvakat O
Granshat [3  Se akv. rapp. a0
1002 -NA- 0 8 10+ Namn L’n’—\
Datum 9 .............

Date / Signatjure

55



o

ﬁ; DIMENSIONAL CHECK LIST SHEET 4 oF 4
SCHOELLER-BLECKMANN

Lot No 6?%7% Size No.: 444" 3x40mm AN

Pipe No. punched at location & 12 always.

WALT, THICKNESS AT TLOCATION ( mm )

Pipe No. Length(mm) A B C D E
A 12 10,8 4142
6, L_’L %O 3 /M,O :
6 Aq8
Q /folg
4 743 12| A% M2
© 3 A%
L o) /1055
! 9 A0 »
12 Ao X M,
2 Tedo — o
6 e,
9 ' Ao 5
— 12 A0.8 A0, &
5 oo : s
6 205
9 A0, 3
! 12__|40.8 A0, &
8 ?)Lfo 3 A0, &
6 A4.4
g A43.9
12 |A0.9 |. 7.7
6 40, 3
g A40.8

200.013 SB Druckarel Herrmann

AB SVENSK ANLAGGNINGSPROVNING
Overvakat S Delvis dvervakat O

: Vﬁ Gransgat \OJ  Se aly. rapp. O
1993 -06- 0 8 oM e Namn @A b ~ @

Datum ;;.45. (9 ........

Date / Signature
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171,745 R

KUNDE :
CUSTOMER:

KUNDENAUFTRAG:

CUSTOMER ORDER:

PROJEKT:
PROJECT:

PRODUKT :
PRODUCT:

WERKSTOFF:
MATERIAL:

SPEZIFIKATION:
SPEZIFICATION:

WERKSAUFTRAG:
WORKS ORDER:

FERTIGUNGS- UND PRUFFOLGEPLAN :
FABRICATION- AND TESTING PLAN
Q-PLAN No. 16/2/93

e Amanbaeska b Ed

SCANDINOX AB
SF 550/93

OKG PROJECT NO. 1.-93.087
0KG P.0O. 32290

Nahtlose Rohre kaltgeformt
seamless tubes cold formed

TP 316L NUCLEAR GRADE 1

VATTENFALL Mat.Spec.No.1.31E Rev.3 NCi- ASTM A312/A312M-91b
ASME II Part.A SA312/5A312M-1989Ed. AS9lAdd.

709.170/S

POS. NR.: 05 114,3 x 10,00 mm
POS. HO.:
ABNAHME : 1 Betrieb/Manufacturer
INSPECTION: 2 Qualititsstelle/Quality Controll Department
3 Kunde/Customer
4 Third Party Inspection "SA"
KSU-KBM QC-1-Symbols acc. spec.1.31E Rev.3
5 Be performed at OKG
BEMERKUNGEN: H Hold Point
NOTES: W Witness Point
R Review

GENEHMIGUNG DURCH KUNDEN:
CUSTOMERS APPROVAL:

290 %4 ﬂjqﬁg%

“RW 0 Appmvsd
sA 199394204 3533

ﬂ 0 /” SEITE: 1 VON 2
/ E: OF
I\ ‘ / 4 /J PAG
o | wr0aszs | apadre— | 0T LM (el
REV.: DATUM: ERSTELLT: GEPRUFT: FREIGEGEBEN:
DATE: PREPARED: REVIEWED: APPROVED :
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16/2/93 SEITE: 2 VON 2

SCHOELLER - BLECKMANN Q-PLAH HO.:

EDELSTAHLROHR GES.M.B.H PAGE: OF
SCHR.HR.| BESCHREIBUNG SPEZEFIKATION ATTESTE ABNANME / INSPECTION
SEQ. HR.| DESCRIPTION SPECIFICATION CERTIFICATES EFAERERIE

Review of HOE-procedures KSU-KBM/QC-4 Ed.1 X R
Review of NDE-competence KSU-KBH/QC-4 £d.1 X RI{R
1. Starting Material
Stock material (forged bars)
1.1 Receiving inspection XX
2. Pipe Production
2.1 Preparing of billets QA-Hanual, Sect.l5 X
2.2 Hotforming (piercing, extrusion to| QA-Manual, Sect.l5 . A
pipes)
2.3 Cold forming to final dimension QA-Manual, Sect.15 X
2.4 Final heat treatment KSH-KBH EP-2-10 Ed.1 X 1'%
AV 043/30 Rev.2 CMTR
2.5 Straightening QA-Manual,Sect.15 - X
2.6 Pickling AV 112/44 Rev.l X
2.7 Samp1ing QA-Manual,Sect,13 X H
KSU-KBM EP-2-09
2.8 Mechanical and metallurgical tests X
A Tensile test KSU-KBM EP-2-02 Ed.1 CMTR X H
8 Hot tensile test at 300°C KSU-KBM EP-2-03 Ed.I ' CMTR X H
¢ Corrosion test (ASTM A262 Pract.| KSU-KBM EP-2-07(Gr.l) Ed.1 CHTR X
£) temp./time for senzitizing
~ 740+/-5°C/30 min.
D Flattening test KSU-KBM EP-2-06 Ed.1 CHTR X H
E Charge analysis KSU-KBM £P-2-01 £d.1 CHTR X
2.9 Ultrasonic test KSU-KBi EP-2-22 £d.1 CMTR / X
at random AV 098/74 Rev.l UT-Report H
2,10 Hydrostatic test ( 143 bar ) KSU-KBM EP-2-14 Ed.1 CHTR XX H
2.11 Cleanliness X
2.12 Harking KSU-KBM EP-2-09/4-09 Ed.1 X H|H|H
2.13 Inspection KSU-KBM EP-2-13/4-13 Ed.1 X|H|H]|H
2.14 Certiffcation KSU-KBM EP-190 Ed.1 CHTR X|HK|H
2.15 Packing QA-Manual, Sect.18 X
KSU-XBM EP-435 Ed.1
2.16 Dispatch QA-Manuatl, Sect.l18 X
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APPENDIX B: MATERIAL CERTIFICA TE 15Mo3

" - KO

0 we e 7700 J1Y BE.
) Intygsnummer:
SAMMANF ATTNINGSINTYG -LAGERMATERIAL, ROR.OCH RURDELAR
' 524 ~
Bendmning -~ 37 " Dimension Charge No
. .
Somiflosa rér Ly 3500 | 5297723
Material/leveransspecifikation + rEU// Kontrollplan + rev :
\DIN 172/75 o5 79 L0086 5
Utgangsmaterial enligt NGS-nummer Specifikation slutprodukt
/5 M03) T Y/ 3
tivgigt / Datum for utfdrd/redovisad provning
4 _ 7 . )

vid tillverkning

Fdljande provning har utforts: KSU-KBM 1
moment moment

o Granskning av OFP preoc. .. QC4 3.2 4911@ Tryck~ och téthetsprovn... EP 2-14

2 [X] Granskning av OFF kval. .. GC4 3.6 L2 T RT eveeneieiainenenns EP 2-27/3-28
3 Panalys oooviviiiiins EP 2200 BRUT sl e EP 2-20/21/22
4 [X] oragprovning ............ EP 2-02 16[] MI/PT ooiiau... EP 2-16/17, 3-16/17
M R
5 @ \.‘armdragprovning'k-q OOC EP 2-03 15[X] Materialidentifiering EP 2-09/4-09
6 [Z] Slagseghetsprovning "’0 EP 2-04 1612 Okuldr- och dim kontroll.., EP 2-13
7 [ Hardhetsprovning  ....... EP 2-05 17[X] Granskning av slutdok ..... EP 1-90
{ . .
8 @ Annan teknisk provning .. EP 2-06 18[] __________________________ e .
9 E:]Kurngrénsfrétningaprou .. EP 2-07 19[:] _______________________________ e
( ) .
10 [X virnebehandling ......... EP 2-10 o[ ] L _
Begrdnsningar fdr anvdndande: )
Max ber. tryck ... . .. iiiiiiiiinn Styrkefaktor .......ciiiiiiiiiiiiiiiiaann
e ieaereeeranann Ovriga upplysningar .................. .

Max ber. temp

Materialet/rér/rérdelen dr godkdnd enligt ovan for kvalitetsklass | ... ............... .

i ‘%06\‘?-1@
Simpevarp .. WYY TRy L
SIFSUIN!

AB Staterds Anldggningspravning
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ed

@
a
a

5$A 20T 2000x4 8502 ZATA A

on .
Nl
AB Statens Anldggningsprovning

The Swedish Plant Inspectorate

Identifikationsuppgifter/identifications

INTYG 6ver produktkontroii — Kéarnkraft
Shop Inspection CERTIFICATE — Nuclear Component

Uppdrageglvare/SA-Customer - Intygsnri/Cectificate no
OKG AB Auftrag 83702 x_|1:a konte/stinspection | 96508103 '
Oskarshamusverket
| |omkontroli/Relnspection
Objekt/Camponant Oblekttyp/Comp type!) Konir.k¥/insp.class Katerial/idaterialz}
Nahtl.Rohre R -,,1 . ‘ 15M03/IIT
114,3 x 10,0 Antsl/Numbsr of MErkningfidsntificztion marking
' ' 6 529473
Tiverkare/ttanufacturer Ber tryck/Dssign pressure Ber temp/Design temp
Benteler Werke AG — bar e °C
4220 Dinslaken ¥ nriSarial no ¥ &riYear
Rohr-Nr.1;42;14;13;9 1989
Avsett for {ani 1 o::h platsbel)/Dest d for Konlrallpien nrilnsp plan no * Revilssue
KG 20 5
Oskarshamu OKG 96
block 1:2:3 Ritning nr/Drawing no I Revfissue
r £ e -
Kontroll/Inspection -
Pos Kantrolipunkt/inspection point C'&fk Pos AnmErkningsr/Remarks Kod)
1.1 Kontroliplan/inspection plan X
1.2 Ritning/Drawing =
2.1 Materialintyg/Material certificate )4
22 Ofp, material/NDE, material X
3.1 Svetslic, svetsarprdvn/Welding qualific. -
3.2 Ofp, svets/NDE, welds i
3.3 Virmebehandling/Heat treatment -
4.1 Dimensionskontroti/Dimensions X
4.2 Okuldrkontroll/Visual inspection X
4.3 Waterialident/Material identification X
bar
4.4 Tryckprov/Pressure test medium -

....Us=Priifung.R..5 wixd bei OKG. .

Resultat/Result

X Motaverar sldllde krav/Conforming to requirments Motevarar ef stéllda krav/Nol cantorming o requirements.
AB Statens Anldggningsprovning
Kérnkraflavdelningen, Stoskholm
DatomiDate | HemniName / [Anslélln}ngsnr/N \3‘{}0 ]Signalur
15
89-05-24 H.Detmer G o — 570 < Z.

1) 21 3) Se omsisonde/See overlosl
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CEOC

CONFEDERATION EUROPEENNE DORGANISMES DE GONTROLE

Rheinisch-Westfélischer
Technischer Uberwachungs-Verein e. V.

Werkstoff = Materisl - Matiére - Materiate:

15M03 (1:5415) DIN 17175

cieferzustand — State of defivery — Etat de kvralson - Stalo df formituea:
Erschmelzungsart — Metting procass — Procéds dé

Kennzeichnuing — Marking - Marquags - Punzonature:

entsprechend — according 1o - suivant — secondo:

IAbnal¥ne|(::rtif_szaugnis AN eproton o 2/22003050/2
ns C l erlilicai Kb i C 08 .
pe . on en} lcai.e (DIN 50 049-3.1 ) Teil — Part - Partie - Parte:
Certificat de Receptlon Biatt-Nr. — sheet Nc—Page-N?—PagN(’)‘—O X
Certificato Collaudo Materiali : !
’ Beslell Nr. — Osder No -

Besteller — Customer = Achelsur ~ Commitiente: ) do la commands - I¥* deffordine:
ROEHRENGROSSHANDLUNG L. BARTHEL KG - 4;3m6_2?d ot o . P
po Q DUESSELDQORF HAMBURGER STR. 8 ated - date - in data: _12.12.88

ersieller ~ uanu1ac1um Falricant - Produtlor Werks-Nr. — Works-No - N using — Commessa Nz
BENTELER-WERKE AG 39-2472
42207DINSLAKEN LUISENSTR. 117
Priifgegenstand — Article - Produit - Prodotto:
gr&gmnaagenggnfordemngen Technical mm.nd- pécificati - Noma di conlrolfo/Requisitiz !
““TRB 100 / TRD 102 / AD-MERKBL. W& .

Ausgabe - Edition ~ Edizione:

05.79

NORMALISIEREND UMGEFORMT
ELEKTRO-VERFAHREN (E)

Herstellerzeichen — Brand of the manutacturer =
Marque du Tabricant - Marchio del produitore:

15M03
ROHR-NR. Stempel des Sachversténdlgen Inspeclor’s slemp -
us ( 3 ) Poingon da Fexpert ~ Punzone deffispeltore: @
ﬁos.—ﬁr. ﬁlo:};zth mevm, ?lol:eﬁNr,
emdio, | £2°'Pee% | Gegenstand -~ anide - Designation du produt - Tipo di prodatlo Heallo B covetle
N pos. Numero pezii . N Colala N2 di prova
003 235 | NAHTLOSES ROHR 529638 00026 03
AD=31,80MH S5=3,20MM GL=1545,30H
IN TL VON 5-7 M,
GRUPPEN-NR.: 1 -127 :
003 - 529638 00074 03
als5 31| NAHTLOSES ROHR . 529473 00007 15
AD=114,30MM S=1C,00MH GL=165,68M : .-
IN TL VON 5-7 H
GRUPPEN-NR.: 1 -16
015 - 529473 00013 15
Zus#tzliche Angaben — Additional remarks - Aulres remarques - Osservazions:
Die gestellten Anforderungen sind It. Anlagen erfolll. — The requirements are flllied 2 m,‘(\e Ub@r,f’
Annex. - Les conditions imposées sonl satisfaites suivant annexes. =
Taisulati sono conformd ai requisiti richiesti come da allegall, J{_“_
DUISBURG {Der S verstandige — nspector -
(Ort - Loc}: - Lieu - Locafita) - Cepert fspettore)
AnlagiFi- Annexes - Annexes — Alegati; 002~

1) Exgebnis ders P:ulungen Test :esuns Résuuals des essais « Rssullali deae piove

PRSI
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. - Ergebnis der Priifungen Rheinisch-Westfalischer
- Test Results * Technischer Uberwachungs-Verein e. V.

Résultats des Essais

teE LUEYOYNE OY LEUL 4 CEC/A - 1/79 d/e/Ifi Formblatt € 13.4 0188

CONFEDERATION EUROPEENNE D'ORGANISIES DE CONTROLE Risultati delle Prove
Anlage — Annex - Annexe ~ Afegato: 1
Priif-Nr. T Teil S Biatt-Nr.
inspection No Parl Sheel-f!o
N 2/22003050/2 P 001 St 2
Mechanische Pridfungen — Mechanicat tests - Essais mcam‘wes—‘?rbve meccaniche ) ’
Prafart - Test iype ~ Type dessai = Tipo di prove: . K
Probenart « Specimen type ~ Type do Féprauvalto - ZUGVERSUCH . . - ;
ipo di provelle: -
Probenzustand ~ specimen condition = ZUGPROBE H
Eiat déprouvelte - Stato delie provette: -
Probg-Nr, N g F g E} ‘g" 28200 1=t Sch*agagwcﬂ ‘Ervergygafh')pgc .
rIeisrtr)‘lo gmoisgemn rss;er.imen g ié’é £ g _gé 2gle §§ 2 = {J/em?) x’;%%?m%;‘;ﬂng{éu r(:rre\;)ga?:\ s‘lrroen;a-
A diprova Dim_ defa provetta Prelovamento 38| 5.3 gg FET % gg:,@g bcH-| K;ﬁg;’gmﬁg;"fﬁg;st proporion i
: 2 ovia {852cy |B6EEs s822 259 Partie cristaline ~ Proporzione cristatina
< 5|8 5555 | $8%%5 |808% o9 WTTEE B[ 4= tmum 10721 Breitung - Expansion —
2, Az 2Bon | 823f: |oREEE ggg 5 =1%] JElarglssEzr‘ﬂem £y an‘s’rt?;\e
Schmelze-Nr. Dicke waeo | BE|.t]8.| 22855 | 55855 8353 lo- [BEa@|6= Hare (Einheiten) - Hardness -
il | B | RS, Y\ £2) 08| D13 ot
3 28| g8 | 2588 - I . . r
( N2 Coutés Sz:ssss;t;r L::gte\‘.”b 5§ 2E _"Tf Eégé - Rm 00 Z Vierte - Values - Va'eurs ~ Valori g:mzﬁes
na mn ¢ N/mm? | Nimm? % % 1 2 3 | Z/n | Osservadioni
1 2 3 4 5 3] 7 8 9 10 11 [12] 13 14 15 16 17
WNFORDERUNGEN
( NORMALGEGLURHT
bIcKE 3. 1 02 20 | 285 550/ 22
PURCHYN. > 0 500
PUGNERBUCH
ROHRSTREIFENPROBE
ORMALISIEREND UMGEFORMT
REH pDO
*D0007 15]1080 19?0 05 02 D1 20 | 302 190 B1
*p0013 15 lOéO 1953‘0 05 p2 D1 20 | 322 ho1l B0
ROHRABSCHNIITSPROBE
*D0026 03| 330 ; 3180 05 D2 (14 20 | 333 p48 B0
(“h0074 03] 330 3180 05 02 14 | 20 332 520 §8
05=| ENDE
D2=| LAENGS
01=] GESAMTDICKE
( l4=] GESAHTQUERFCHNIYT
AUSSAGEN ZU NEITEREN PRUEFU \ICE\‘I
1. BESICHTIGUNG
OHNE BEANSTANDUNG
////IZ/fzw—
DUTSBURG _ 10.02.1989 {Der Jachverstiindige — nspector -
{Ort — Location - Lieu - Localila) {Datum - Date ~ Data) LiexpefL - Lispetiore)
~-003-
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) @ - - Ergebnis der Prifungen Rheinisch-Westfilisther
Test Results’ Technischer Uberwachungs-Verein e. V.-

Résultats des Essais

CONFEDERATION EUROPEENNE D'ORGANISMES DE CONTROLE : "
Risultati delle Prove
Anjage — Asngx ~ Anaexe — Allegato: 1
Prii-Nr. © Telt Blatt-Nr.
inspection No Part Sheel-No
Cerlifical N¢ 2/22003050/2 “Partie 001 Page Nt 3
N di collaudo Parle Pagi®
Mechanische Prifungen — Mechanical tests - Essais macaniques ~ Prove meceaniche
Prifart ~ Test ype - Type d'essal ~ Tipo di prove:
Probenart - Specimen type — Type de féprouvetie -
Tigo di provatte: . -
Probenzustand ~ specimen condition —
Etal déprouvelte - Stato delle provetle:
poer. | e —— 5 s T N L e
o o . of specmen Spacimen g $f| s glisge SEE| autsimyt  Koachbavanaei - masast siengin -
28 |= 2l8588|8c® i - Resii
N° diprova Dim. della provetta Prelevamenta =g % -28 g g Eg e % § ;')' é’ ‘c:c: ogl 3= ?ﬁss‘\vée{::harﬁg-agist proportion
- 9 025 ) 0Z2sE |Bugss5|85652(25% Partle castaling - Propoctions cristatng
e Sl g 55:355 "5““0‘5 GoSGe|awl 838 4 = {mm 10-2}] Breitung - Expansion =
S &2 EPen | B35 aeged 33! 5=1%] IEtargissement — Espansione
! . 2s 1% eEge | 298EE [BES=% SER(a2 Hirls (Einheiten) - Hardness ~
Schmelze-Nr. Dicke Breile, & S8tacide 8853 #>8033 [NFEEO| (4. |@€EH Durels - Dwezza
Heal No Thickness | . Width, & VPSSl i8| Ee 85 Bernerk
Ne Covtae -Epaissewr | Largew, & 'S | ES el £ i emerkung
Colata N* Spessove | Largh, & s§2 |2 g _g: s| g E E 5 Rm z Werte - Values - Valewrs ~ Valori gsﬁavks
N 2IqUEs
ma mn c Nfmm? N/t % % 1 2 3 | Z/n | osservavioni
1 2 3 4 7 8 9 10 11 {12] 13 14 15 16 17

o
[=
0 |o
N
T
(]
o
=+
IaN]
o
=
=
=
3
[a]
o
TET
2
)
J
T
b
sal
=
=
[op]
=1
P

|

u
n
&l
1
1
I

2. MHAPSKONTIROLLE
OHNE BEANSTANDUNG

3. ABNAH IEPRUE?ZEUGIJIS B
SIZHE! ANLAGE .f..

4. VERKSSEILTIG: DURCHGERUEHRTE PRUEFUNGEN: 1 ANLAGE

5. RINGAUFOORNVERSUQH 02/0% AN EINEM ENDE| DER| HERS[FELLUNGSLG.
EINSCHNUERUNG U. BRUCHGEF|. 0. BEANSTANDG P0S.003

6. -RINGAUFOORNVERSUQH 100% AN EINEM ENDE| DER] HERSTELLUNGSLG.
EINSCHNUERUNG| U. BRUCHGEF|. O BEANSTANDG POIS.015

AT

< (T &%
& \4/E
\g <
Szt
DUISBURG 10.02.1989
(Ori ~ Location - Lieu ~ Localita) {Daturm — Date - bata)
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@ : Technischer Uberwachungs-Verein e. V.

1877 Copyright by CECC 1 CEOG/A - 1/79 d/o/i/i Formblatt C 13.3 01.88

—_

CONFEDERATION EUROPEENNE D'ORGANISMES DE CONTAOLE
Abnahmepruf;gugms PIULNF, ~ psctiontio - 2/22003050/2
Inspection Certificate (DIN 50049-3. ) - 4 cotaus: .
Certificat de Réception T A oL bart - Porle - Pante: 001
"™ . . Blatt-Nr. — Sheet No - Page-Nt - Pag-N>: 1
Certificato Collaudo Materiali -
Besiell-Nr. — Owder No =

Besteller — Customer - Achetew - Commitente: N delz commande — N deffordhe:

ROEHRENGROSSHANDLUNG L. 'BARTHEL KG_ 4-3659 .
4900 DUESSELDORF HAHBURGER STR. 8 VOM = dated - date - in data: 12 12.88
rsteller — - Fabricant ~ P Werks-Nr. — Works-No - N? usine - Commessa N*
39-2472

BENTELER-VERKE AG
4220 DINSLAKEN LUISENSTR. 117

Priifgegenstand — Article - Prodult - Pradotte:

SEAMLESS TUBE

Prifgrundiagen/Anforderungen — Techrical requ Demand - Spéciticatk ¥ K - Norma di controlio/Aequisiti:

[RB 100 / TRD 102 / AD-MERKBL. W4

Werkstoff - taterial - Matigre - Maleriste: entsprechend - according to - svivant - secondo: Ausgabe ~ Edition - Edizione:

15403 (1.5415) DIN 17175 05.79

‘eferzustand — State of defivery ~ Etat de hvraison - Stato di fornliura: CONTROLLED ROLLED
ELECTRIC-FURNACE PROCESS (E)

“Erschmelzungsart — Meiting pracess ~ Procédé dé ion - P di

Kennzeichnung = masking - Marquage - Punzonatura:

Herstellerzeichen — Brand of the manufacturer -
Marque du fabricant ~ Marchio del produttore:

15M03
NO.OF TUBE 5
Us (3) Stempel des Sachverstendigen. faspectars stamp -
fostt | mckaand Schmelze-Nr. froba-t.
Posterh | Qb” Lo Gegenstand — Articts - Désignation du produit ~ Tipo di prodotto 3¢ Coube 8 deprowatte
N* pos. Numera pezzi N2 Colata N di prova
003 2357 SEAMLESS TUBE _ 529638 00026 03
0D=31,80H4M THK=3,20MM TL=1545,30H
IN TL VON 5-7 M
GROUP-NO.: 1 -127
003 - 529638 00074 03
Q15 31| SEAMLESS TUBE 529473 00007 15
0D=114,30MM THK=10,00HMM TL=165,68H
IN TL VON 5-7 M
GROUP-NO.: 1 -16 .
015 =" 529473 00013 15
Zus#tzliche Angahen — Additional remarks - Aulres remarques - Osservazione:
- Die gesteliten Anforderungen sind lt. Anlagen erfOllt. — The requirements are futfiy %an N /
Annex, - Les condilions imposées sont satisfaites suivant anexes. — z K

1 risullali sono Conforai ai requisitl richiesti come da allegall

' § A
(De verstindige — inspector ~
L'expertf Lispetiore)

DUISBURG

(Ort - Location ~ Lieu - Localita) =

-002-

Anlagen — Annexes - Annexes - Allegati:
1} Ergebnis der Priifungen - Test reswits - Réswlats des essavs Risultati delle prove
\Weilere Anfagen in 1) = Olher annexes in 1) - Aulres annexes en 1) - Alld aliegali in 1)
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CONFEDERATION £UROPEENNE D'ORGANISMES DE CONTROLE

Ergebnis der Pritffungen
Test Results

Résultats des Essais
Risuilali delle Prove

Rheinisch-Westfalischer
Technischer Uberwachungs-Verein e. V.

Anlage — Annex - Annexe - Allegate: 1

Priaf-Nr. Tell Blalt-Nr.
nspection No Part Sheet-No
Certificat N2 “Parli ay 2
o dl oo 2/22003050/2 Parts 001 Eagemlg 2
Mechanische Prilfungen — Mechanical lests — Essais mecaniques —‘vae awcoaniche
Profart - Test type — Type d'2ssai ~ Tipo 8i prove: -
Peobenart - Specimen lype—_{_ypedde l'épf;uvelle— TEN S ILE TES_T
ipo di provelle:
Probenzustand — specimen condition — TENSILE TEST
£tat d'éprouvelle — Stato dalle provele:
ProbeNr, “F : Pr S ] g =2le 1=1h Scwagarbenl Energ;éol mp‘écl -
i i i & emows s B EE gl28EEISEE| amueny Komichonclr T g -
N* df prova Dim. defla provatta Prelevamento 52 é 8 E § % 8 ] § ‘g #| a=t%1 Kn:l %nrf;hariamslmsgrgsl proposlion
: o o858 | Qg8 585551252 Partic eristaline ~ Proporziona crstaling
s sl s 5385 £8% 0% ﬂmu:'t( 258 4= mm 10-2]| Breituag ~ Expansion —
ARIERE N i N ER e
sreow | oo | Bng BR) gg | Sp| FEER| 77O NRRA0) won 850 Duel - lrect —
Nt Couée Epaissewr | Largew, @ - | 8| ed|zz82 on < - Vatours emarkung
Colata N® Sﬁassote Lar;'u < S 3 Euﬁ 5& § & grg EH Rm DO Z flrte = Velios - Uelours — Vel 22:21’:;5 :
mm mm °c N/mm? N/mm2 % % 1 2 3 Zin | Osservovon ;
1 2 3 4 & 6 7 8 9 10 11 ]12] 13 14 15 16 17
EECHANIC@L EEQUIREMEVTS
NORHMALEIZED
FHICKN. D2 20 | 285 450/ 22
DIAM. > 6500
FENBILE TESYT
TUBE SITRIP TEST
: " CON{TROLLED ROLLED
g REH 500
D0007 15(1080 | 1990 D5 p2 D1 20 | 302 490 31
PO013 15|10G0 1950 05 D2 D1 20 {322 5p01 BO
i : TUBE SECTION TEST|PIECE
D0026 03 330 | 3180 05 p2 14 20 {333 b48 gO
10074 03| 330 | 3180 QO5 P2 4 20 | 332 520 8
05=| END
02=| LONGITUPINAL
D1=| TOTAL. THICKNESS
14=| TOTALL CROSE SECTION
CLARATION TO FURTHER TESTS
1. VISUAL INSPECTION
NO |OBJECTION
A A
DUISBURG 10.02.1989 (Der Fachverstandige — inspector —
LUexpeft - Lispeltore}

{Ort -~ Location - Lieu - Localilz)

{Datum — Date - Data)
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CONFEDERATION EURCPEENNE D'ORGANISMES DE CONTROLE

1977 Copyright by CEOC 4 CEOC/A- 1/79 d/e/i/t Formblatt C13.4 0188

Ergebnis der Prilfungen
Test Results

Résultals des Essais -
Risultati delle Prove

Rheinisch-Westtalischer

Technischer Uberwachungs-Verein e, V.

Anlage — Annex - Annexe - Ategato: 1

Prif-Nr. . Teil Blatt-Nr.
inspection No . . Part i Sheet-No
Certitical Nt ; Parti e
gwiars 272200305072 fe 001 page’ 3
Mechanische Pritlungen — Mechanicat tests - Essals mecaniques — Prove meccaniche
Priffarl - Test lype - Type d'essal - Tpo di prover
Probenart ~ Specimen type ~ Type de léprouvelte - g .
Tipo di provelle:
Probenzusiand — specimen condition —
Etat déprouvelte — Stato delle provetie:
Probe-Nr. Probenzbmessung Probencatnahme g 2 g cglege]' ™™ S amtars e oata dh ot
Jost tlo Dl of spocimen Spacnen g 22| £ glEsiE|358[2=wee Rorbachiogranighelt Topaet sirength -
N° di prava Dim. della &ovella Prelevemenio. %3 é ] "é g § & ?, :‘é 2 E § g E 5 3=1%1 qg;{%nnggh;rﬁifsiﬁieaﬁsl. proportion
8. o5B | QEEGE 185285 §§§§_ 59|07 Pl crsigi  propoizions eristatins
AR R N R e
Schmelze-Ne. Dicke  Breile, @ 15 L] B8, 8832 58855 |RE2=8| LL g& @l6= gﬁ;ﬁéﬁ"‘!ﬁg‘;’; ardness ~
Haat No Trickness | wian e | 3% :g’g T 5 £ §8 ’ - Fevw——
Cona N B | Ge” g3 | 25| B2 REEE Rm Z | |- vewos -vews-vaon | pmanis |
mm mm | 1 2 3 | Zin | Cuaaren
1 2 3 4 2] 13 14 15 16 17
2. DINENSIO ECK
NO |OBJEC
3. INSPECTI TIF[ECATE B
SEE ANNE
4, VERIF] CATIOl\;IS "MADE BY MANUFACTURER: 1 A NEX
5. RING EXPBNDING| TEST 02D % AT| ONE !END F EA] UFA¢CTURED LENGTH
RE[UC'I;,‘IO AREA| AND FRACTURE SURFACE YITHOUTLO {PLAINT [TEM] 003
6. RING EXPANDING TEST 10D % AT|ONE END @F L{ANUFA cTURED LENGTH
REDUCTION OF AREA| AND FRACTURE SURFACE JITHOUTCOHPLAYLNT [TEM| 015
oy (e
DUISBURG 10.02. 1989 {Der SAchversisindige — lnspector -

{Ort — Location - Lieu - Localita)

{Datum — Date - Dats)
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BENTELEﬁlAKTlENGESEILSCHAF(
Postfach - £790 Paderborn

Tel. 05254/81-0 - Telex 936866
Teletex 525421 - Telefax 05254 /13666

BENTELERY

AKTIENGESELLSCHAFT

ABNAHMEPRUFZEUGNIS (DIN 50049-3.1 B)

Inspeclion Certificate
Centificat de Receplion

Benteler AG - Postfach - D-4790 Paderborn

L. Barthel K6 ' )
Postfach 1608

4000 Diisseldorf

DIN 17175/79
~ Gltest./Grade III -
AD-Merkblatt W 4, TRB 100, T

Lieferbedingungen:
Standards:
Spécifications:

Prif-Nr. D_89068

Cenrtificate No.

~ No.du cerliticat

Hersteller: Benteler Aktiengeséllschaft
Producer: Dinstaken
Fabricanl:

Zeichen des Lieferwerks: V
Suppliers trade mia.
Marque de 'usine du fourmisseur:

Bestell-N.: 4 /3659 Stempel des Sachverstandigen:
Order-No.: Inspectors stamp: TAU
No. d'ordre: Cachet de représentant;
Versand-Nr.: Werkstoff: ..
No. of disparch: Material: 15 Mo 3

Acier:

No. del éxpédition:

Werks-Ne.: Erschmelzungsart:
Works No.: 41 ’39‘2472/50 Steelmaking process:
No. d'usine: Mode d'élabaration:

Kennzeichnung des Erzeugnisses:

Marking of the product:
Identification du produit: SV

Pritlgegenstand: nahtiose Rohre
Test object: seamless ubes
Qbjet ¢'essai: lubes sans soudure

15 Mo 3 - Rohr-Nr. - US - T4U

Rohrgruppe/

RD 102 Tube group No.

___DIN 2448781
o | Nomber “Dimension mm Monge- Quanity- Quanite | S BEKURESY ¢
No.d'article| Quantité Dimensions mm m kg H2Xe S| CTHROOXEX XN
3 235 31,8 x 3,2mm  Lg. 5-7 m 1.545,30] 3.526 1 - 127
{vorl. 1-i11 in 2fch.lg.
15 31 114,3 x 10,0mm Lg. 5-7 m 165,68 4.468 i- 16
(Vorl. 15 in 2fch.lg.
Ergebnis der Schmelzanalyse in %: lflesulls of ladle analysis:  Résultats d'analyse:
5;511‘ S‘;-Ih:;m'or.qn Cc Si Mn P S Cr Mo PT‘OE.)E-NF‘.
No.d'article]  No. de coulée Bpecimen-No.
3 529638 -7 .26 | .67 .004 | .007 .26 26, 74
15 529473 .18 .20 | .66 .004 {.003 .28 7, 13
Beizscheibenpriifung am Vormateriial: bestanden
Picklp test on the billgts: pagsed j
Materialverwechsglungspriifung: jbestanden
Materjial conformity test]: passed
Ergebnis der Prifungen:  TestResults:  Résulials des Essais: / siehe Anlage:  voirAnnexe:  see Altachement:

Die Rohre sind aul Dichtheit gepriift. -
The tubes are tested on tighiness
Les tubes sont eprouvés RERrXOUHY

Die Rohre befinden sich Gber ihre ganze Lan.
The tubes are ina: x&xqo&oeoax condition ow

Les tubes sont en bon état deqROU! X KM - sur tout leur longueur.

Die Aohre wurden ultraschallgeprifl gemiB SEP 1915
The tubes are us tested according SEP 1915,
Les tubes sont tester us sslon SEP 1915,

Die Rohre entsprechen den oben angefiihrien Lieferbedingungen.

The {ubes conform to thie above menlioned standards.
Les tubes sont conformes aux spécifications mentionné cl-Aussus,

4220 Dinslaken, ___03.02. 1980 /wi
Tel.02134/63383
Telex 8551367

ein leichm@Bigem
O v i

bestanden
passed / passé

%%gﬁ% — durch WirbsIstrompriifung gemis SEP 1925/PR¥RXX XX
%ﬁ est ace, {0 §.E.P. 1925 )(&#%3@@;0(;{
esxmumexe(mmmmxe(- par un €551 dé Courant Foucault selon S.E.P. 1925 8RR AKX X

o cZustand.  walznormaliSiwrt.

leng
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Werkstoffprufung G.m.b.H.

Hamburger Str. © .
4000 Dusseldorf-Hafen
Telefon 0211/39003 60

tpw - Werkstofiprifung G.m.b B - Posttach 1608 - 4000 Dusseldori 1

Barthel KG

) Techniscl;we F’.rit'jifu.ng
Hamburger Str. 6-12 ; metallischer Werkstoffe

4000 Dusseldorf

4/518/89
Ultraschall-Priifprotokoll / Ultrasonic Test Report

Auftrags-Nr./ Order No.

1/1567 (Stalrdr)

Barthel KG
Besteiler f Client . Bestell -Nr./ P. O. No.
nahtl.Rohre ganze Rohrlinge
Priifgegenstand / Subject Pritbereich/ Test range
UsL 32 Krautkrimer WB 45-N&
Priifgerat/ Instrument Priifképte / Trangqucer
gla%t P Widser
Priifflichenzustand/ Coupling condilion Koppelung / Couplant .
80 % BSH SEP 191571918
Registriergrenze / Registration level Gerdiejustizrung / Calibration
Pos. Werkstoff Stek. Meter Art und Abmessung Schmelze-Nr,
item Quality pce meter Description and dimension Heat No.
1 15 MO3 6 31,20 14,3 x 10,0 529473

710 /Y. BL

Es wurden keine registrierpfl.Anzeigen festgestellt.

Priitbefund / Results

Bemerkung / Remarks A T
)4’(”‘5 ey OF FPF?['!,: W’*\_
o\ T . /
£ \“yv \ i \ /7
! /" . \ % h !
Disseldorf, den 30.5.89 . Priifer: %{x EEZiiﬁh;LEﬂ]mﬁécht ‘ WéCKﬁS
Operator ¢, - Su rviso;x’- LT
P ¢ 4 g
R TEToZ,
A e -

Gescheftslutrer, Peter Walff
AR Dusseldort - HREB 15625

Banhverbindung: Deutsche Bank Dusseldorl
{BLZ 30D 700 10) Kio.-Nr, 5187 €12
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- LJDu.J wefks!oﬁprurunggmbh
CERTIFICATE ON_

 ULTRASONIC-EXAMINATION
Acc. To DIN 50049/3.1.B

Client o 1, cer 311011 Project
Purchaser . Report . Page
Barthel XG 1/1567 . 4/518/89 1
Manufacturer .. Ope.rator
: . Engelhard Level IT

Object ~ Tubes . Examination 24.05.1989
Ttem Dimension © |piece | Length | Quality/Heat No.

5 114,3 x 10,0 6" 31,20 | 15 Mo 3 520473
Heat Treatment: B . Surface Cond.:

acc. Works-certificates ~"Tacc. DIN 17175

US-Procedure Ref.: sEp 1915/1918 KSU-KBM ED2-22

Acc. Stardard: mestsp. OKG 83702, Rep. Level (%): 100% long and tra.
US-Instrument: ygr, 32 - : Couplant:: " vater

Probe Type:  wb 45-N4 Frequency: . 4 (MHZ)
Crystal Size: 20 x 22 (rm) . | Scarming Sensit.: + 6 (as}

Transv. -Correction: W:Lthout {Calibration
On 2hove Material)

Rarge Calibr.: 0-100 . {rmm)

Test Result: {(If Necessary enclose Sketches)

' The Tubes tested with satisfactory result

Additional Sketches Date
7

24 .05.1989

72




1988-63-17 16:14

Stalrér Halmstad

46 35 13U568B 66

CDIBA
Warkstoffprifung G.m.b.H.

’ f’ruf- Var fo'
st for OKG
» (31 on relalive
fir U/z*ras ha!lprufung on Rohren bBest. 310X 4 5559"”
povt a’n’/‘}E?"’im‘;’M"é‘u Huser
. 4“,’”"95 wir u:uar ual
LR m gommands . (-¥11] nuuNow'
. FR-Plan Nr:
f'o sition: he:mn M
Pople S h £ r;V
: ¢ N e R - B
. Gpertlioa No. ar
{lngui e ?oisom wpex {or 0UG _ e
Erslalll: - Revision: ' : - iR
Bropered by Rayixion e ]
Flodii 'par AR {riasn
atum:
= T
e Bele : Au3.88
enehmigh -
gpprond QA GODKAND/
parayy IAPPROVED 0
Dadm: .
%t t%. 7,88 M. 7.9 1948-g7-2/1 B
@ ;zih’kaﬁon{/&na::hnung Ausgabn / Ravisien ‘Absehaitt 7 Paragraph Rév.
Sge¢ification ltien Revition SMIIM Parapraph
Spdciticalion Donynchan fatlien Rivisian Tiire Paragragar
SEF’ AQ/{r-L /erfQ /1‘37-1':?- & Rev. ©  Approved
' %% D}. L’L.. e
ksv KBM EP2~22 s
ln 11 m/? Ra n‘g{ of inig lghsn
Coni+dif fiengup gy tonlad! ¢
@Langsf&h!er @jvdas Kokt 1n baiden Umfaagirichtungen [Sgpanze Lénga -
Leagityome! iandmageaidier réth 1wde in the Les tircemizerniial gireqlions antiry teppln
béfaul) tpapiutiagur taus 1os tubr dans les devx dlerchond cicionfécantinlig ‘MPV'W latpts
Querfenier \A Jedes____ Rohr in belden axza/en Rlchfun an anze Ldnpe A
Irangyprse inhomdgrnities jmn &t Inthe bea axial direclio v @g 1 s Ibg
Qftavis fronsveritur four lvs ' luél dony fes deva diretiions Hidl” {MFWW 210ie
4. 0 : !
a1 [Oepplungen gdas__ Rohr
Dlommohon? D 'im T uba !
Qoyoluret foyi {2 tuds
{]Abmessungm Jndns Rohr
D:mnuens f fuds
% Dimpnjignl oys feg tube )
Oherflachentusiand: i Aauhelt:
é:%?’:;talgn'd;elmnus aE iy aeelr G'QLIAC: e ;“%r;/:’f 1
v Rytinge . '
with NN Avde s S
Trager des Be:ugss/andards. J ' T
ot 8/ relarpace si0ngare
usgori du Ytandord ge fbldrencey or Ut fall- Normal
i rUEn ingfeq=
Kontroikaper-Robe [T il (et ias . (et [ L oo S
Tude de rélirenty alst 5o rdidrente Sprouvdits Standord dv catbroge
Dot Trdger des Berugssiandards bssfehf aus Hateriof
The solid of relereace bikn ard (ensisis ol mp
Ly sveooti gu sleadora db ¢¢lfrants 3¢ Lomport afu matitiel - .
g]m;/ gleichem Nenn-Durchmesser, glalcher Nenn-Wanddicks, glaicher Nenn~Analyse,
, gleicham Oberfliithanzustand und glwithariigar Wﬂrmebehand!un .
vill the seme Aemngl gigmater, nomingl woll Ficknssx, nominol comaatiiian, fhe some n/flau tinish ang nemnal
heal fradimand, J J N
aves mémy dromiice nominal, mémp dpalizevr homindle, mite anolrit naminalg, mime dlof do yurltcy M drgilmint
Lh§rmigud (doantiqud, ,
[:mer gleichan priftachnisch ralpvantan Eigenschafien,
with Ins some retovent gtoderiiss
. am :ara:lhnltqw; ia’enngu;s Wr N pPan Iemmque,

73




Lwop—ad—L¢  lb.ld  btalror Halmstad : . 46 35 13@568 @y
2 . X 5 m N

N

STy 9

Wetkstotfprifung G.m.b.H,

Yeile 2 ven
|Pepe ol
Pags . H3

BrUf~Vorscheiff Nr Ulfraschai/prdfunganRohren

Tedd Specification far Wiragoalt Test o ivkes

Arysirlplion reladives govr Coatrdle Hiteg nnar; d¢ b .
Revision: . !
hxmog 9

Bezugtstondard |Lén sfthe/- Quarfenier  |Dopplungen_  |Abmessupgsprdfung Rev!
Zelarentr plangerd éong tvdl Transrecse Lamingiion ' glmmlm tnd! ) .
Sioapoeg g référiney | Offguls lano:wj(dw" | Obraytiteparracizyr | 1 Dedoudlylys faeiajen tonfth{s :

7 Squ < ' T

Tye ol thickass : -

Joe q ere. 'QUWE- Epainrevs b

Frae -
o Nol«@i’l | Notely ' | C] Auden- Durchmgsser -

Dlantire mmm
oQér innen . nnan nngn -
D indigr - D Inaidy D iae D

Podilion

Pasilion inzpriavr intdtinue fnflmw
, : D auflen aullen [:]
. owlxide aut 3l Ml/n
’@ 7 pridaivur gatéripus PR
Abmessung |Tiefe S % dir Nenowand der Nenpwand |9 der annwaad’ Tolaronzan enfs;:rerhmd
Gimynsron gmn: of Agminel Wik nominal WA 1= o/ adm 7 ¥ Toltrances scterding 18
Dimed LA rofandmn ) [4pist P pem pumw nom | 4 Mﬂa taaur dom | Tafpranidt Av/nml

e mn OyA  om mfn. OM nm ,
(- - mex ,AQ mm [mex_ A/ Q mn ] be A‘M’r’f
Y /{g' nm| & Alg m| ‘

kosgeve

an

i |2 28 | € 28
;f - Tiefe des Barugzstandards:.

ravieed aepin of FRirceAey 1landard
Profongaut ateiicits por (8 ngrme d¢ tdidranee

Pasition Abmossung ansf hler 2usrfehlcr H{Jp!u noen
tiam Cimeniien SAGHVEN gy Irse {Ap1id
CIT Bimpasish B4 (auis angnv i K #layt Yerigur gdomwu
innen au/len ' i/nn,nn | aufen innen aulaen
/#ﬂ?m :)\(’I' ﬂ:ur lgﬂrfwr :;'u‘fri:vr lnlirf;w 35:2?‘3.%
: mm g ma om
A /fG';ZZ £ /f lg OLA !
®_C | Ay x7,0 oA
" h [ Arz2s30 O 3
_E | 20 x30 048 Ch
%, F | 243129 0,48 ° :
| 10 x40 0,2, -5

33,38 (g Gx/“:v D) .

1 ) 1/“ - :
WAL 0.4 '.,gﬁzé i

60.3%3.2 0146

st |— =P

60,3463 034 | S
f 0,22 8 &
M oA 1 Bl 0,28 o2
i) 3?9(%_ §§fé @ng gij iy
0 smm T ol 2
= R A oI w ) BA .
) AT q. 0, 5 RGN N
£ AdA.q 8 Y
; a’%;gliﬂ %lm
M 5 . :E { L
Y ALeT R vag i ~ nf@% : T !

74



75










































