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1. Introducere

Contactele electrice de rupere arc au sarcina de a inchide
circuite, respectiv de a prelua conducerea curentului temporar
sau pe timp indelungat precum si de a redeschide circuite
electrice inchise, intrerupand in felul acesta curentul electric.
Desi contactele electrice de mare putere nu reprezintd decat o
parte foarte mica din volumul aparatului in care sunt montate,
exigentele calitative fata de ele sunt complexe si evident diferite
de la aparat la aparat.

In vederea satisfacerii acestor exigente aceste contacte
electrice trebuie sa posede o serie de proprietati specifice dintre
care se amintesc:

= conductibilitate electrica si termica ridicata;

= rezistentd electrica de contact scazuta si constanta;

= rezistenta la uzurd;

= rezistenta la coroziune;

= clasticitate ridicata si constanta pe toata durata functionarii.

In aceste conditii nici un material nu satisface pe deplin
cerintele principale ale contactelor electrice pentru aparatul
de comutatie, fapt pentru care alegerea materialului adecvat
fiecarei aplicatii impune un compromis intre proprietatile dorite
si proprietatile limita ale materialelor performante.

Manifestarea concomitenta in materialele de contact a celor
doua tipuri de proprietati contradictorii s-a putut obtine prin
fabri-carea contactelor electrice de mare putere din doua parti
distincte:

* partea activa contact electric (pastila de contact) realizata,
in general, din pseudoaliajul ternar W-Ni-Cu cu ajutorul
metalurgiei pulberilor care asigura rezistenta ridicata la
actiunea arcului electric;
suport contact realizat din aliaje binare Cu-Cr, care confera
contactului electric o elasticitate ridicata si constanta pe
toatd durata functionarii [1].

2. Materiale folosite la fabricarea
contactelor electrice de mare putere [2]

2.1. Partea activa a contactului electric

Pastila de contact, in functie de dimensiuni (diametru exte-
rior, diametru interior), se fabrica din pseudoaliaje W-Ni-Cu
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Electrical contacts for arc breaking close the circuits and
lead the current, temporary or for long time. Also, they have
the aim to open again the closed electrical circuits and to
interrumpt the electrical current. Although the high power
electrical contacts reprezent a small part of the apparatus
volume, the quality conditions are very important and they
are different from apparatus to apparatus. To satisfy these
conditions, electrical contacts must have some specific
properties:

= high electrical and thermal conductivity

= low and constant electrical resistance

= wear resistance

= corrosion resistance

= high and constant elasticity, during the operation.

In these conditions, none material can satisfy all
requirements for electrical contacts in commutation apparatus.
For this reason, the material choosing for every application
impose a compromise between the wanted properties and the
limited properties of high performance materials. The presence
of the two kinds of contradictory properties led to the idea to
fabricate the high power electrical contacts from two
components:

» contact button (active component of the electrical
contact), made usually from ternary pseudo-alloy,
W-Ni-Cu, obtained by powders metallurgy, which assures
high resistance to electric arc;

* contact support, made from binary alloys, Cu-Cr, which
assure the high and constant elasticity of the contact,
during the operation [1].

2. Materials used to fabricate high power
electrical contacts [2]

2.1. Active component of the electrical contact

Contact button depending on sizes (internal and external
diameter) is made from pseudo-alloys, W-Ni-Cu, having the
chemical compositions, hardness and porosity presented in
table 1.
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cu compozitiile chimice, duritdti si porozitate inserate in
tabelul 1.

Se observa cd pe masura scaderii continutului procentual
de cupru creste duritatea maxima impusa pseudoaliajului pe

Tabelul 1/ Tablel

It can be observed that the maximum hardness increases
from 236 HVS5 to 322 HVS, when the copper percentage
decreases. For this reason, the maximum hardness can be a
criterion to choose the contact button for a certain application.

Varianta/ Diametrul pastilei/Button diameter Compozitia chimicd/ Duritatea maxima/ | Porozitatea/
Variant [mm] Chemical composition Maximum hardness Porosity
interior exterior W+Ni [%] Cu [%] HVS [%]
A 23,84 16,58 77,90 22,10 236 1,50
B 42,34 23,18 81,26 18,74 322 0,50

baza de W-Ni de la 236 HVS la 322 HVS ceea ce face ca
duritatea maxima sa fie un criteriu de alegere a pastilei de
contact pentru aplicatii concrete.

2.2. Suportul contactului electric

La realizarea suportului contact se folosesc pentru aceste
aplicatii aliaje binare sau ternare pe baza de cupru ale caror
compozitii chimice sunt inserate in tabelul 2.

Tabelul 2/ Table2
Material Compozitie chimicad/ Chemical composition
[7o]

Cu Ni Si Cr

Aliaj Cu-Ni-Si/
Cu-Ni-Si alloy 90,0 7,0 3,0 -

Aliaj Cu-Cr/
Cu-Cr alloy 98,8...99,5 - - 0,5...12

La aliajul ternar duritatea dupd turnare este superioara
valorii de 120 HV10, iar la aliajul binar Cu-Cr, folosit la
experimentiri, obtinerea duritatii de min. 120 HV10 s-a realizat
numai dupa aplicarea unui tratament termic complex, conform
STAS 11532-87, compus din:

¢ 1incélzire de punere in solutie al temperatura de
1000+1030 °C, timp de 1,5+2,0 ore;

¢ récire brusca in apa, cu mentiunea ca timpul scurs de la
scoaterea din cuptor si pana la introducerea in apa nu
trebuie sa depaseasca 7 secunde;

¢ imbatranirea artificiald la temperatura de 450+475°C, timp
de 4,5+5 ore urmata de o racire in aer.

3. Sudarea cu fascicul de electroni a
partilor componente

Partile active si suporturile de contact s-au sudat cu fascicul
de electroni cu parametrii specifici unei instalatii universale
de sudare cu tensiunea de 80kV si puterea de 15kW:

- tensiunea de accelerare (V) = 80kV
- curentul fasciculului (Igg.) = 18mA
distanta de tir (D;) = 150mm

viteza de sudare (V) = 0,38m/min

curentul de focalizare (I,.) = 740mA

presiunea in camera de sudare (P,) = 107 torr

2.2. Electrical contact support

The copper binary or ternary alloys can be used to fabricate
the contact support. Table 2 presents the chemical composition
of these alloys.

For the ternary alloy, after casting, the hardness is more
than 120 HV10.

The hardness of minimum 120 HV 10 for the Cu-Cr alloy
was obtained after the next complex heat treatment, made in
accordance with STAS 11532-87]:

¢ heating for putting into solution at 1000+1300°C, for
1.5+2.0 hours;

¢ water cooling, in maximum 7 seconds after bringing out
the alloy from the oven;

¢ artificial ageing at 450+475°C, for 4.5+5.0 hours and air
cooling.

3. Electron beam welding of the
components

The active components (contact buttons) and the contact
supports were electron beam welded. For the experimental
program, an universal electron beam welding installation was
used (accelerating voltage = 80 kV, beam power = 15 kW).

The welding conditions were:

- accelerating voltage ( V.. ) = 80kV

- beam current ( I, ) = 18mA

- work distance (D,) =150mm

- welding speed ( v¢) = 0.38m/min.

- focussing current ( I, ) = 740mA

- pressure in the welding chamber =10torr

The advantages of the electron beam welding are:

« the electron beam is a concentrated thermal source, with
high accuracy,

* the work temperature is obtained instantaneously,

« the adjacent zones of the weld are very little affected by
welding process.

During the welding, temperature must not exceed 475°C,
which is the critic temperature of the support contact made of
Cu-Cr alloy so that it does not loose the elasticity. By current
interruption the contact piece with the button loose the
elasticity and the contact surface is decreased. So, the current
density is increased and produce switches putting out of
action. On the welded pieces surfaces no cracks were observed.
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Avantajele tehnologiei de sudare cu fascicul de electroni
sunt:

« fasciculul de electroni este o sursa termica concentrata,
de mare precizie;

* temperatura de lucru se obtine practic instantaneu;

 zonele adiacente sudurii sunt foarte putin afectate de
procesul de sudare.

In timpul procesului de sudare a celor doud componente
temperatura nu trebuie sa depaseasca 475°C, care este
temperatura critica a suportului contact realizat din aliajul
Cu-Cr pentru a nu-si pierde elasticitatea; pierderea elasticitatii
face ca dupa deschidere (intreruperea curentului) tulipa care
face contact cu partea activa sa nu mai revina la forma initiala,
micsorandu-se astfel suprafata de contact, creste densitatea
de curent provocand scoaterea prematura a intrerupatoarelor
din functionare. Pe suprafetele combinatiilor sudate nu s-au
observat fisuri.

4. Examinari macro-microscopice si
incercari de duritate la variantele de
combinatii sudate specifice contactelor
electrice [3]

Variantele de imbinari realizate prin sudare cu fascicul de
electroni supuse examinarilor macro-microscopice si
incercarilor de duritate se prezinta in continuare:

¢ Varianta A (combinatii pastila-suport, A1, A2, A3);
¢ Varianta B (combinatii pastila-suport, B1, B2, B3).

4.1. Varianta A

Examindrile macroscopice efectuate pe combinatiile sudate
(A1, A2, A3) nu au evidentiat defecte de sudare, sudurile
avand un aspect uniform.

La combinatiile A1, A2 si A3, examinarile microscopice
evidentiaza faptul ca zona de delimitare dintre partea activa si
suportul contactului nu prezinta denivelari ea fiind specifica
zonelor topite cu energii concentrate (figura 1).

Zona I este formata din aliajul binar Cu-Cr, iar zona 2 este
pseudoaliajului W-Cu-Ni, ambele sunt compuse din faze
intermetalice specifice.

Incercarile de duritate HV0,04, conform ISO 4512-2002
efectuate in zonele I si II ale combinatiilor sudate cu fascicul
de electroni evidentiaza valorile minime i maxime inserate in
tabelul 3. De asemenea in tabelul 3 s-au trecut si valorile
estimatorului de durificare locala AHV0,04 determinat cu
relatia:

AHV0,04 = ((HV0,04 0 - HV0,04,,, )/ HV0,04,...) *100[%]

in care: HVO0,04,,,, este duritatea maxima determinata intr-o
zona a componentei analizate; HV0,04,,,;, este duritatea minima
determinata intr-o altd zona a componentei analizate.

Se considera ca nu apare o durificare locala importanta
daca estimatorul AHV0,04 are valori sub 50%.

La combinatiile A1, A2, A3 practic nu apare o durificare
locala importanta, estimatorul AHV0,04 are valoarea maxima
de 21,64%, ea fiind mult sub valoarea de 50%. Se mentioneaza
o duritate ridicatd a aliajului W-Ni-Cu (valoare maxima de
402 HV0,04), fapt ce atesta ca starea initiala (de livrare) a acestui
material este cea de durificare structurala.
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4. Macro-microscopic examinations and
hardness testing of welded pieces
specific for electrical contacts [3]

The electron beam welded joints were subjected to macro
and microscopic examination, and hardness testing,
respectively. These combinations are:

¢ A variant ( combinations button-support, A1,A2,A3);
¢ B variant (combinations button-support , B1,B2,B3).

4.1. A variant

By the macroscopic examination of the A1, A2, A3 welded
combinations no defects were observed. The welded joints
have un uniform aspect.

By the microscopic examination, there are no putting out
of'level between the melted zones. (Figure 1).

Figura 1. Combinatia A1l. Atac clorura cuprica
amoniacala [250%]
Figure 1. Combination A1. Amoniacal copper
chloride etched [250%]

In the I zone there is the Cu-Cr alloy and in the II zone
there is the W-Cu-Ni pseudo-alloy. Both alloys contain specific
intermetallic phases.

The hardness testing HV0.04, made in accordance with
ISO 4512-2002, in the I and II zones of the electron beam
welded joints put in evidence the values mentioned in the
table 3. Also, in this table are presented the values of the local

Tabelul 3/ Table3
Combinatia| Duritatea/ Hardness HV 0,04 Estimatorul
sudata/ AHV0,04/
Welded | Valoare min./ | Valoare max./ | AHVO0.04
Jjoint Min. value Masx. value estimator
[%]

Pastila de contact (aliaj W-Ni-Cu durificat structural)/
Contact button (W-Ni-Cu structural hardened alloy)

U

Q

Al 201 229 12,22
A2 208 236 11,86
A3 315 402 21,64
Suport contact (aliaj Cu - Cr)/ Contact support (Cu-Cr alloy)
Al 94 105 10,47
A2 93 107 13,08
A3 92 110 16,36
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Zonele examinate metalografic (I, II si sudura) nu au
prezentat microfisuri. Latimea foarte mica a sudurii cu fascicul
de electroni (sub 10um) nu a permis efectuarea incercarii de
duritate in aceasta zona.

Combinatia sudata Al a fost examinata la un microscop
electric cu baleiaj (SEM 515) echipat cu spectrometre disper-
sive de raze X in vederea analizarii imaginilor de distributie in
suprafatd a intensitatii relative a radiatiilor X caracteristice
distributiei wolframului (WL,) si a distributiei cuprului (CuK).

S-a evidentiat o aderenta corespunzatoare intre cele doud
materiale topite. Nu s-au identificat zone fara aderente,
incluziuni metalice sau alte defecte caracteristice. Difuzia in
timpul topirii se produce dinspre metalul cu temperatura de
fuziune mai joasa (Cu-Cr) cétre metalul cu temperatura de
fuziune mai ridicata (W-Ni-Cu), matricea pe baza de cupru are
o culoare mai inchisa, iar cea pe baza de wolfram o culoare
deschisa. Difuzia are un caracter intergranular care se
evidentiazd pregnant formand zone insulare de forma
neregulata si de marimi diferite dupa cum urmeaza:

- adancime de difuzie este 20um, penetrare particule de
compus prin difuzie intergranulard cu forme neregulate
(figura 2);

- difuzia cuprului se caracterizeaza prin penetrare
intergranulard redusa cu forme neregulate si frecvente difuzii
punctiforme in masa de wolfram (figura 3);

Figura 2. Aspectul general al difuziei [1250x]
Figue 2. The general aspect of diffusion [ 1250x]

- difuzia wolframului este caracterizata de penetrarea inter-
granulara a cuprului, aflat in forme neregulate si numeroase
particule de wolfram dispersate fin in masa de cupru (figura 4).

4.2. Varianta B

Rezultatele examindrilor macro-microscopice si a incercéarilor
de duritate obtinute pe combinatiile sudate in varianta B atesta
faptul ca zonele de contact aparute la combinatiile B1, B2 si
B3, dintre materialele pastilelor si suportului de contact au
latimi diferite cuprinse intre:

— 15um si 25um la combinatia B1,

— 25um si40um la combinatia B2,

— 35um si S0um la combinatia B3.

Structurile zonelor caracteristice sunt asemanatoare cu cele
decelate in cazul combinatiilor sudate in varianta A.

Estimatorul AHV0,04 calculat cu relatia (1) are valorile
prezentate in tabelul 4.

hardening estimator, AHV0.04 calculated by the next relation:
AHV0.04 = ((HV0.04,,,« - HV0.04,,;, )/ HV0.04,,,,,) *100[%]

where:HV0.04,,,, — maximum hardness determined in a certain
zone, HV0.04,,;, —minimum hardness determined in a certain
zone.

Practically no important local hardening appears for the
Al, A2, A3 combinations, the AHV0.04 estimator having the
maximum value of 21.64 %, being much bellow the value of
50%. One does mention a high hardness value in the case of
the W-Ni-Cu alloy (maximum hardness value of 402 HV0.04),
which shows that initially (delivery) state of this material is
that of structural hardening.

The metallographically tested areas (I, II and the weld) did
not show micro-cracks. The very small width of the electron
beam weld (under 10pm) did not allow hardness testing in this

area.

The welded combination A1 was examined at an SEM 515
electric scanning microscope equipped with X-ray dispersive
spectrometers, to analyze the images representing the surface
distribution of the relative intensity of the X-rays
characteristics to the tungsten (WL,,) and copper distribution

(CuKy).

Figura 3. Distributia difuziei cuprului [1250%].
Figure 3. The distribution of copper diffusion [ 1250x]

Figura 4. Distributia difuziei wolframului [1250%].
Figure 4. The distribution of tungsten diffusion [ 1250x]

An adequate adherence between the two melted materials
was evinced. No zones without adherence, metallic inclusions
or other specific flaws were identified. The diffusion during
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La componentele contactelor realizate prin sudare cu
fascicul de electroni (pastila de contact, suport contact)
estimatorul AHV0,04 are valori maxime de 27,36%, neexistand

Tabelul 4/ Table4
Combinatia| Duritatea/ Hardness HV 0,04 Estimatorul

sudata/ AHV0,04/

Welded | Valoare min./ | Valoare max./ | AHV0.04

Joint Min. value Max. value estimator

[%0]
Pastila de contact (aliaj W-Ni-Cu durificat structural)/
Contact button ( W-Ni-Cu structural hardened alloy)
B1 292 402 27,36
B2 310 400 22,50
B3 300 402 25,37
Suport contact (aliaj Cu - Cr)/
Contact support ( Cu-Cr alloy)
Bl 123 140 12,14
B2 121 139 12,94
B3 127 140 9,28
Zona de imbinare (sudura)/ Joint zone (weld)

B1 103 115 74,37/26,42
B2 92 127 77,00/33,81
B3 94 115 76,61/32,85

durificari locale importante, in cazul evaluarii duritatii maxime
a pastilei de contact in raport cu duritatea minima a zonei de
imbinare (sudura).

Zona de imbinare prezinta duritati de max. 127 HV0,04 in
concordantd cu structurile aliajelor ce contin compusi
intermetalici specifici dizolvati in masa de baza solidificata
rapid dupa sudare.

Estimatorul AHV0,04 are valori ridicate intre 74,37 si 77% in
cazul evaluarii duritatii maxime a pastilei de contact in raport
cu duritatea minima a zonei de imbinare (sudura) si valori de
max. 33,8% in cazul evaludrii duritatii maxime a suportului
contact in raport cu duritatea minima a sudurii dintre cele
doud componente.

Aceste valori atesta existenta pericolului ca in zonele
adiacente pastilei de contact cu sudura realizata cu fascicul
de electroni sa apara fenomene de fragilizare structurala ce
conduc in final la fisurarea acestor zone.

5. incercarea la incalzire a unui contact
electric de mare putere [4]

Contactul electric realizat in varianta B (combinatia B3)
avand o latime mare a zonei de imbinare (50pum) produsa prin
sudare cu fascicul de electroni a fost supus incercarii la incalzire
in vederea evaluarii stabilitatii termice acestuia.

Calculul stabilitatii termice, in ansamblu, al unui aparat
electric, nu este realizabil din cauza structurii complexe a
aparatului, dar este posibil sa se calculeze solicitarea termica a
elementelor componente. Drept criteriu pentru stabilirea
termicd a unui aparat electric se considerd intensitatea
curentului pe care o poate suporta un aparat timp de maxim o

2/2005

Analiza contacte electrice

welding takes place from the metal having lower fusion
temperature (Cu-Cr) towards the metal with higher fusion
temperature (W-Ni-Cu), the copper basic matrix has a darker
color, and that based on tungsten matrix a lighter one. The
diffusion has an intergranular character which is strongly
evinced forming isolated areas of irregular shapes and different
extents, as follows:

- the diffusion depth is 20um, composite particle penetration
by intergranular diffusion of irregular shapes (figure 2);

- the copper diffusion is characterized by low intergranular
penetration with irregular shapes and frequent punctual
diffusions in the tungsten mass (figure 3);

- the tungsten diffusion is characterized by copper
intergranular penetration, in irregular shapes and
numerous tungsten particles finely dispersed in the mass
of copper (figure 4);

4.2. The B variant

The results of the micro-macroscopic examinations and
those of the hardness tests obtained for the welded
combinations in the B variant show that the contact areas
which appeared at the B1, B2 and B3 button-support
combinations, have different width values in the following
range:

— 15pum and 25um for the B1 combination,
— 25pum and 40um for the B2 combination,
— 35um and 50pum for the B3 combination.

The structures of the characteristic zones are resembling
those observed in the case of the welded combination in
variant A.

The AHV0.04 estimator computed with the relation (1) has
the values shown in table 4.

For the contact components realized by electron beam
welding (contact button, contact support) the AHV 0.04
estimator has maximum values of 27.36 %, without significant
local hardenings, in the case of contact button maximum
hardening evaluation reported to the minimum hardening of
the joining zone (the weld).

The joining zone presents maximal hardness values of
127 HV0.04 in concordance with the structures of the alloys
that contain specific intermetallic compounds dissolved in
the basic mass rapidly solidified after welding.

The AHVO0.04 estimator has high values of 74.37 and 77%
in the case of the evaluation of the maximal hardness of the
contact button reported to the minimal hardness of the joining
zone (the weld) and maximal values of 33.8% in the case of the
evaluation of the maximal hardness of the contact support
reported to the minimal hardness of the welded joint between
the two components.

These values do prove the existence of the danger that, in
zones that are adjacent to the contact button with the electron
beam weld, structural brittleness might appear leading
eventually to the cracking of these zones.

5. Heating testing of a high power electric
contact [4]

The electric contact realized in the B variant (combination
B3) having a large width of the joining zone (50pum) was
subjected to heating to evaluate its thermal stability.
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secunda fara ca acesta sa se degradeze prin depiasirea
temperaturii prescrise de =300°C. O verificare a stabilitatii
termice in laborator oferda garantia unei comportari
corespunzdtoare a aparatului la functionarea in retea cu ocazia
producerii curentului de scurt circuit. Ansamblul tulipa —
contact arc (combinatia B3) a fost supus la proba de incilzire,
injectdndu-se un curent de 40kA timp de 0,1; 0,5; 1,0 secunde
si masurand temperatura in 6 puncte diferite (figura 5).
Punctele 3 si 4 sunt pe partea activa (aliaj W-Ni-Cu), 2 §i 5
sunt pe zone de imbinare (sudate cu fascicul cu electroni) iar
1 si 6 sunt pe suportul contact (aliaj Cu-Cr). Temperaturile
masurate in aceste puncte sunt indicate in tabelul 5.

Tabelul 5/ Table5
_ | Temperatura [°C] determinata In punctele/
Curent/duratg/ Temperature [°C] determined in the
Current/ duration .
points:
[kA/s]
1 2 3 4 5 6
40/0,1 34 |140,5| 34 34 38 30
40/0,5 84 | 120 | 81 80 | 117 | 67
40 /1 142 | 240 | 175 | 180 | 240 | 150

Toate valorile temperaturii masurate in punctele stabilite
sunt sub 300°C atestand cd acest ansamblu prezinta o stabilitate
termicd corespunzatoare la un curent de 40kA.

6. Concluzii

6.1. Contactele electrice de mare putere se fabrica din aliaje
neferoase speciale, componentele principale (pastila si
suportul contactului) se imbind intre ele prin sudare cu fascicul
de electroni.

6.2. Prin examinari metalografice si incercari de duritate
Vickers se evidentiaza structurile zonelor caracteristice ce se
coreleaza cu duritatea acestora, iar in urma sudarii cu fascicul
de electroni in combinatiile sudate nu s-au decelat defecte de
sudare si nici zone durificate local.

6.3. Incercarile la incalzire efectuate pe o variantd de
fabricatie atesta o stabilitate termica corespunzatoare a
intregului sistem de contact electric (tulipa + contact), cand
temperatura sistemului in timpul incercarilor nu a depasit 240°C
la un curent de 40kA mentinut o secunda.
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Computing the global thermal stability of an electric
apparatus is not achievable due to its complex structure, but
it is possible to compute the thermal load of its component
elements. As a criterion of thermal stabilization of an electric
apparatus one does consider the intensity of the current that
might be supported by the apparatus for maximum one second
without its degradation by heating over the prescribed
temperature of = 300°C. Verifying the thermal stability in the
laboratory provides the guarantees for the proper behavior
of the apparatus when electric short circuits do appear during
the functioning periods. The assemblage tulip — arc contact
(combination B3) was subjected to heating, by injecting a
40kA current for 0.1, 0.5 and 1.0 seconds and measuring the
temperature in 6 different points (figure 5).

1 23 4 5 6

Ansamblu contact arc/
Arc contact assemblage

Ansamblu tulipa/
Tulip assemblage

Figura 5. Ansamblul tulipa si contact-arc in timpul
probei de incalzire
Figure5. Assemblage tulip and arc-contact
during the heating test

The points 3 and 4 are on the active side (W-Ni-Cu alloy),
2 and 5 are on joining zones (welded by electron beam) and 1
and 6 are on the contact support (Cu-Cr alloy). The tempera-
tures measured in these points are indicated in table 5.

All the temperature values measured in the mentioned
points are under 300 °C proving that this assemblage presents
a thermal stability that corresponds to a 40kA current.

6. Conclusions

6.1. The high power electric contacts are fabricated using
special non-ferrous alloys, the main components (the button
and the contact support) are joined together by electron beam
welding.

6.2. By metallographic examinations and Vickers hardness
tests one does evidence the structures of the characteristic
zones which are correlated with their hardness, and after
electron beam welding no welding flaws and no local hardened
zones were detected.

6.3. The heating tests performed on a fabrication variant
show an appropriate thermal stability of the entire electric
contact system (tulip + contact), when the system temperature,
during testing, did not exceed 240°C for a 40kA current
maintained for 1 second.
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