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Abstract. The paper presents the influence of thermalRezumat. In lucrare se preziat influenta ciclurilor
cycles upon the thermally influenced area by tlaliog  termice in zona influgati termic, datordit procedeelor
by welding procedures, 111, 136, 141 EN 287-1/26004 de indrcare prin sudare 111, 136 141, conform EN
the materials X 30 WCrV9 3 and 55 NiCrMoV 6 from 287-1/2004, asupra materialelor X 30 WCrV%i355
which hot working moulds are made. The thermaleycl NiCrMoV 6 din care se conf@oneaz matriele pentru
undergone by the test specimens made of the studiegreluctri la cald. Sunt reprezentate ciclurile termice la
materials and the microstructure of the steel X 30care au fost supuse epruvetele din celeidwoateriale
WCrv9 3 and 55 NiCrMoV 6 obtained in different studiatesi microstructura @lurilor X 30 WCrVv9 3si 55
thermal cycles are presented. NiCrMoV 6 ohinuta la diferite cicluri termice.
In the case of loading by welding of the moulds In cazul narcarii prin sudare a matelor din

made of steel X 30 WCrV9 3 and 55 NiCrMoV 6, high oteluri X 30 WCrV9 3si 55 NiCrMoV 6 nu este indicat
productivity welding procedures are not advisalilet sudarea prin procedee de mare productivitate, darea

manual electrical welding and WIG welding. electrici manuai si sudarea WIG.
Key words: materials, welding, mechanical tests Cuvinte cheie:materiale, sudare, incarcmecanice
1. Introduction 1. Introducere

It is useful to know the procedure on the shape  Este utifi cunoaterea procedeului de sudare
of thermal cycles produced in the points of theasupra formei ciclurilor termice produse in puretel
thermally influenced area, when in all cases arezonei influenate termic atunci cand in toate cazurile
used the same linear energies situated close tsunt utilizate acelga energii liniare la sudare,

g/v =510 J/m [1, 2]. situate Tn apropierea valogjlv = 5010° J/m [1, 2].
The thermal cycles obtained in the case of steel Ciclurile termice oknute in cazul wlului
55 NiCrMoV 6 are presented in figure 1. 55 NiCrMoV 6 sunt prezentate in figura 1.
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Figure 1. The shape of thermal cycles for diffeleatling procedures
in the points situated at ar= 2 mm from the welding area
Figura 1. Forma ciclurilor termice pentru difeniecedee de ificcare
n punctele situate la dist@r = 2 mm fai de sudut

2. Content 2. Continut

One could see the shape of the thermal cycles is Din figura 1 se obse#ivci forma ciclurilor
influenced by the welding procedure used. Thetermice este influgati de procedeul de sudare
differences which appear are due to the differenaiplicat. Diferegele care apar se datoréaz
temperatures and thermal exchanges, specific to eatemperaturilor si schimburilor termice diferite,
welding procedure, which depend on the propertiespecifice fiedrui procedeu de sudare, care depind
of the electrodes between which the electrical arcle proprieitile electrozilor intre care se formaaz
occurs (W, Fe, covered electrode, etc.) and on tharcul electric (W, Fe, electrod invelit etai) de
properties and quantity of the vapours and gaseproprietitile si cantitatea vaporilorsi gazelor
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which exist inside the arc as well as on the oxafes existente in spal arcului, precunsi de peliculele
clay film which cover the metal bath [1, 3]. de oxizi sau zgudrcare acopér baia metalig [1, 3].

The effect of thermal cycles upon the studied Efectele ciclurilor termice asupratedurilor
steel was emphasized through mechanical tests arsfudiate au fost puse Tn evid&nprin Tncerdri
by studying the microstructure obtained. mecanicei prin studiul microstructurii ofinute.

In order to do this, samples of the steel X 30 Pentru aceasta au fost prelevate probe din
WCrV9 3 and 55 NiCrMoV 6 were studied, having otelurile 55 NiCrMoV 6si X 30 WCrVv9 3, avand
the shape and dimensions presented in figure 2 [4].formasi dimensiunile prezentate in figura 2 [4].
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Figure 2. Shape and dimensions of the sample$fiéostudy of the influence of thermal cycles
Figura 2. Formai dimensiunile probelor pentru studiul influenciclurilor termice

In the same figure is marked the place where the  In aceesi figura este marcagi locul unde a fost
thermocouple was welded to record the thermal cyclsudat termocuplul pentru a inregistra ciclul tertaic
each test had been subjected to. It should be notexhre a fost supés fiecare prob. Mai trebuie
that instead of this place has been chosen solas to merionat & acest loc a fost astfel ales incéat prin
further eliminated through mechanical processingpreluctri mecanice ulterioare as fie eliminat.
The thermal cycles have been applied to the samplaSiclurile termice au fost aplicate probelor cu
by the help of the equipment presented in figure 3ajutorul instaldei prezentate in figura 3. Dap
After cooling, the samples have been worked throughacire probele au fost prelucrate prirschiere,
the chip removing process in order to get the tensi pentru oltinerea epruvetelor de tiame indicate in
specimens indicated in SR EN 876 /1997 and th&R EN 876/199%i a epruvetelor pentru incercarea
shock specimens indicated SR EN 10045/1/1993 [4, 5]prin soc, indicate in SR EN 10045/1/1993 [4, 5].
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Figure 3. The fundamental circuit of heating by wedding transformer
Figura 3. Schema de principiu a dtmirii cu transformator de sudare

The microstructure has been observed on the Microstructura a fost studiape supraf@ rupt
torn surface of the test specimen, after grindinga epruvetei, dup slefuire, lustruire si atac
polishing and natal metallographic attack (4 %metalografic cu nital (4 % HN{n alcool etilic).
HNO; in ethylic alcohol). In figura 4 (a, bsi ¢) sunt reprezentate ciclurile

147




RECENT, Vol. 14, no. 3(39), November, 2013

In Figure 4 (a, b, and c) are thermal cyclestermice la care au fost supuse epruvetele din cele
which were subjected to the two materials studied. doui materiale studiate.
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Figure 4. Thermal cycles the studied materials Heeen subjected to
Figura 4. Cicluri termice la care au fost supuggunile studiate

The diagrams have been drawn based on the Diagramele au fost construite pe baza datelor
data recorded in polar coordinates, on the digdhef Tinregistrate in coordonate polare, pe cadranul
electronic potentiometer (Pe, figure 3). Among thepoteniometrului electronic (Pe, figura 3). Dintre
thermal cycles studied, only the representatives onetoate ciclurile termice studiate, sunt prezentate 1
are presented as well as those which have producdigura numai cele care sunt reprezentativeare au
variations of the mechanical properties or of theprodus varigi ale proprieftiior mecanicesi ale
crystalline structure of the researched test sgtém  structurii cristaline a epruvetelor cercetate.

The thermal cycles presented can be  Ciclurile termice prezentate pot fi caracterizate
characterized through the maximum temperaturgrin temperatura maxifinatingi, care a variat de la
reached, which has varied from 1400 °C, to 900 °C1400 °C la 900 °Gi 800 °C.
and 800 °C. De asemenea unele cicluri, cum ar fi ciclurile 1,

Some cycles, such as 1, 3, 5, 7, 9 and 11, caB, 5, 7, 9%i 11, pot fi caracterizate prin viteza mare
be characterized through their high speed ofde incélzire care sei obserd ci atinge o valoare
heating, which can reach an average value of 60-7thedie de 60-70 °C/s. Ciclurile 2, 4, 6,810 au
°Cls. Cycles 2, 4, 6, 8 and 10 have comparablyiteze de indlzire mai mici, ale &ror valori medii
lower speed of heating, situated under 25-30 °C/s. sunt situate intre 25-30 °C/s.

A key factor characterizing the thermal cycle to Un factor esegial care caracterizeazciclul
which the material is subjected is the speed ofermic la care este supus un material este viteza d
cooling. In this case, the test specimens weresdool racire. Din acest motiv epruvetele au fostite de
down from their different temperatures in somela diferite temperaturi in diferite medii décire
cooling environments (oil, emulsions, water, air).(ulei, emulsii, ap, aer). Cele mai semnificative
The most significant results were obtained in tgec rezultate au fost aimute Tn cazul #cirii In ulei
of oil cooling (curves 1, 2,5, 6,9, 10) and ie ttase  (curbele 1, 2, 5, 6, 9, 1G) racirii Tn aer linitit
of calm air cooling (curves 3, 4, 7, 8, 11, 12). (curbele 3, 4, 7, 8, 11, 12).

The microstructure of steel 55 NiCrMoV 6 axd Microstructura ¢elurilor 55 NiCrMoV 6 si
30 WCrVv9 3, submitted to different thermal cycles, X 30 WCrV9 3 supuse la diferite cicluri termice a
has been researched upon all torn test specimens afost cercetdiin cazul tuturor epruvetelor rupte, cele
the significant ones have been obtained in the aise mai  semnificative fiind ofinute Tn cazul
maximum heating temperatures (T = 1400 °C). temperaturilor maxime de Taeire (T = 1400 °C).

The microstructure of 55 NiCrMoV 6 steel is Dintre acestea sunt prezentate microstructurile
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presented in figures 5, 6, 7 and the microstruadfire otelului 55 NiCrMoV 6 in figurile 5, 6, %i ale
X 30 WCrV9 3 steel is presented in figures 8, 9, 10. otelului X 30 WCrV9 3 in figurile 8, 9, 10.

a) x 250 b) x 1000
Figure 5. Microstructure of 55 NiCrMoV 6 steel sutied to thermal cycle |
(fast heating to the temperature of 1400 °C, foldvy fast cooling), Nital attack
Figura 5. Microstructuratelului 55 NiCrMoV 6 supus ciclului termic |
(incalzire rapidi la temperatura de 1400 °C, uréhde ticire rapidi), atac Nital
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a) x 250 b) x 1000
Figure 6. Microstructure of 55 NiCrMoV 6 steel sutiad to thermal cycle I
(slow heating up to a temperature of 1400 °C, fedld by fast cooling), Nital attack
Figura 6. Microstructuratelului 55 NiCrMoV 6 supus ciclului termic Il

(incalzire lent la temperatura de 1400 °C, urghde fcire rapidi), atac Nital

a) x 250 b) x 1000
Figure 7. Microstructure of 55 NiCrMoV 6 steel sutiad to thermal cycle llI
(fast heating up to a temperature of 1400 °C, vedld by slow cooling), Nital attack
Figura 7. Microstructuratelului 55 NiCrMoV 6 supus ciclului termic Il
(incilzire rapidi la temperatura de 1400 °C, urihde #cire lent), atac Nital

3. Conclusior 3. Concluzii

The mechanical properties and the structure of  Propriefitle mecanicesi structura ¢elurilor
X 30 WCrv9 3 and 55 NiCrMoV 6steel are X 30 WCrV9 3si 55 NiCrMoV 6 sunt influetate in
influenced in a similar way by the shape of themod aserinator de forma ciclurilor termice la care

thermal cycles they are submitted to. au fost supuse.
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Thus, the thermal cycles which produce a Astfel, ciclurile termice care provoaco
marked modification of the microstructure and a modificare pronutati a microstructurisi 0 sadere
maximum decrease of the mechanical properties arenaxini a proprieitilor mecanice sunt acele cicluri
those cycles for which the heating speed has higlta care viteza de Talzire are valori ridicate (peste
values (over 65 °C/s), and the cooling speed i65 °C/s), iar viteza deicire are valori reduse (sub

reduced (under 20 °C/s). 20 °C/s).

b) x 1000

a) x 250
Figure 8. Microstructure of X 30 WCrV9 3 steel sutted to thermal cycle |

(fast heating up to a temperature of 1400 °C, fodld by fast cooling), Nital attack
Figura 8. Microstructuratelului X 30 WCrV9 3 supus ciclului termic |
(incilzire rapidi la temperatura de 1400 °C, urihde #cire rapidi), atac Nital

b) x 1000

a) x 250
Figure 9. Microstructure of X 30 WCrV9 3 steel suitted to thermal cycle Il

(slow heating up to a temperature of 1400 °C, fedld by fast cooling), Nital attack
Figura 9. Microstructuratelului X 30 WCrV9 3 supus ciclului termic Il
(incalzire lent la temperatura de 1400 °C, uréhde fcire rapidi), atac Nital

b) x 1000

a) x 250
Figure 10. Microstructure of X 30 WCrV9 3 5steebgiitted to thermal cycle Ill

(fast heating up to a temperature of 1400 °C, vedld by slow cooling), Nital attack
Figura 10. Microstructuratelului X 30 WCrV9 3 supus ciclului termic 11l
(incilzire rapidi la temperatura de 1400 °C, urihde #cire lent), atac Nital

150



RECENT, Vol. 14, no. 3(39), November, 2013

The thermal cycles which have the least Ciclurile termice care prezihtcea mai redus
influence upon the microstructure and theinfluenta asupra microstructuriii asupra propriéti-
mechanical properties of the tested steel are thoder mecanice aletelurilor incercate sunt acele cicluri
cycles for which the heating speed is lower (undeta care viteza de Takzire are valori mai reduse (sub
25 °C/s), and the cooling speed is higher (over 5@5 °C/s), iar viteza deicire are valori ridicate (peste
°C/s). High cooling speed is not advisable in the50 °C/s). Vitezele mari dégire nu sunt irisindicate
case of this steel, because of the internal temsiorin cazul acestorteluri, datorif tensiunilor interne pe
they produce, even if they present certaincare le produc, chiar daprezint avantaje in ceea ce
advantages as to finishing granulation. priveste finisarea granufeei.

The heating speed of a point on the surface to  Viteza de Tinélzire a unui punct situat pe
be loaded by welding is lower as the thermal fieldsuprafaa care va fi inircaé prin sudare este cu atéat
approaches the point to be considered and as thmai mic cu cat campul termic se apropie mai incet
material thermal conductivity is lower. de punctual consideragi cu cat conductivitatea

termici a materialului este mai redus

Therefore, the decrease of the heating speed for Reducerea vitezei de ftizire pentru un
a certain kind of steel can be achieved by reducingnumit gel se poate realiza prin reducerea vitezei
the welding speed to minimum. In this case, thede sudare la valori minime. In acest cazstere
linear energy increases as well as the possilafity energia liniai, respectiv posibilitatea de
overheating the base material. supraindlzire a metalului de baz

In order to prevent overheating, which can Pentru preintdmpinarea suprdiagilor care
occur in the case of low speed welding, linearpot avea loc in cazul saii cu viteze reduse de
energy should be reduced by also reduced amperagedare este indicateducerea energiei liniare, prin
and reducing the dimensions of the weldingreducerea intengifi de curent, respectiv a
electrode diameter. micsorarii diametrului electrodului de sudare.

The rising danger of cracking can be reduced Pericolul de fisurare, care gte in acest caz,
by using pre-heating or post-heating of the bas@oate fi migorat utilizdnd preindzirea sau
metal, thereby the cooling speed can be directethcalzirea ulterioa a metalului de baz prin care
inside the desired array. viteza de icire poate fi dirijad intre limitele dorite.

Consequently, just like in the case of loading Rezult ca in cazul inércarii prin sudare a
by welding the moulds made of steel 55 NiCrMoV matritelor din aeluri 55 NiCrMoV 6 si X 30
6 and X 30 WCrVv93, welding by following high WCrV9 3nu este indicatsudarea prin procedee de
productivity procedures is not advisable, but themare productivitate, ci sudarea elecrnanuai si
manual electric welding and WIG welding sudarea WIG.
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