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1. Introducere

Sistemele de sudare sunt echipamente complexe care necesita
o monitorizare continua in vederea automatizarii proceselor de
sudare. Mecanizarea procesului de sudare conduce la cresterea
productivitatii, a calitdtii, precum cresterea duratei de viata a
echipamentului datorita monitorizarii sale.

Pentru a putea accede la o buna monitorizare a celor specifi-
cate sunt necesare elemente de sesizare care sa poata efectua
aceste functiuni. Senzori in sistemele de sudare exista pentru toate
elementele care se doresc a fi monitorizate. Lucrarea de fata insa
isi propune sé evidentieze senzori care efectueze aceleasi operatii
ca senzorii conventionali, dar cu o mai buna precizie, un mai bun
timp de raspuns, mai ieftini, cu mentenanta usoara.

Cele propuse pot fi realizate utilizand cercetarile in domeniul
nanomaterialelor si nanotehnologiilor. Evolutia cercetérilor in
domeniul nano a permis descoperiri importante in modul de
manifestare a materiei la dimensiuni de acest nivel. Practic in prezent
se cunoaste faptul ca diferenta majora intre domeniul macro si
domeniul nano este aceea a comportamentului diferit al materialului.
Aceasta descoperire a deschis poarta unei infuzii mari de capital in
cercetarea domeniului nano. Sesizarea parametrilor diferitelor
procese industriale cu elemente nanostructurate a devenit
interesanta tocmai datoritd comportamentului acestora diferit dar
mult mai eficient decét in cazul senzorilor realizati la nivel macro.
Studiind modalitatea de realizare ale acestor elemente sesizoare se
poate afirma faptul ca exista doua tipuri de senzori:

- nanosenzori: senzori de dimensiuni nanometrice;

- senzori nanostructurati: senzori cu dimensiuni macrosco-

pice dar construiti cu ajutorul particulelor nanoscopice.

Prima categorie este una speciala si care in momentul de fata
are aplicabilitate in laboratoarele de cercetare, cea de a doua
categorie insi este foarte des utilizata. In lucrare se vor prezenta
cateva solutii pentru realizarea de senzori impreuna cu domeniul
in care pot fi utilizati.

2. Materiale utilizate la constructia
senzorilor nanostructurati

Asa cum s-a prezentat in paragraful anterior realizarea
senzorilor nanostructurati impune utilizarea de materiale
concepute astfel incat in constructia lor sa existe particule la
dimensiuni nanometrice. Aceste materiale avansate se pot
obtine prin diferite metode din care se amintesc:

- vaporizarea in jetul de plasma [1];

- macinarea mecanica in moara planetara.
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1. Introduction

Welding systems are complex equipments which need a
continuous monitoring to mechanize the welding processes.
The mechanization of welding processes leads to productivity
growth, quality growth and life increase of the equipment.

For good monitoring we need sensing elements which can
do these functions. Welding systems sensors exist for all the
elements which can be and want to be sensed. This paper
proposes to show new sensors which will operate like
conventional sensors but with a better precision, a better
response, more cheaply and with an easy maintenance.

All these can be achieved using the researches in the field of
nanomaterials and nanotechnologies. The research evolution in
nano domain has permitted important discoveries in material
comportment at this level dimensions. Practically, today it is known
that the major difference between macro level and nano level is
represented by the material comportment in the same external
conditions. That has lead to big investments in nano domain
research field. The sense of the industrial processes with
nanostructured elements has become interesting only because the
materials comportment is different but more efficient than that of
the sensors built at macro level. Studying the way to realize these
sense elements we consider there are two types of sensors:

- Nanosensors: sensors of nanometer size;

- Nanostructured sensors: sensors of macroscopic size but

built of nanoscopic particles.

The first category is a special one and it has applications
only in research labs today , the second category being very
often used. In this paper it will be presented some solutions for
sensors designing and the domain where they can be used.

2. Materials used on nanostructured
sensors fabrication

The fabrication of the nanostructured sensors force the uti-
lization of the materials designed with nanometer particles size.
These advanced materials can be obtained by different meth-
ods such are:

- Plasma jet procedures [1];

- Mechanical milling in planetary ball milling.

Morphological characterization of the advanced materials ob-
tained by using the presented procedures is necessary to establish
their mechanical, magnetic and electrical properties. For
microspheres obtained by plasma procedures the morphological
characterization shows a strong magnetization 475 kA/m if an ex-
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Caracterizarea morfologica a materialelor avansate obtinute
prin procedee ca cele prezentate anterior este absolut necesara
pentru stabilirea proprietatilor mecanice, magnetice, electrice,
etc. a lor. Pentru microsferele obtinute in jetul de plasma studiul

Figura 1. Microsfere obtinute in jetul de plasma/
Figure 1. Microspheres obtained by plasma procedures

proprietatilor magnetice a relevat o magnetizatie puternica de
aproximativ 475 kA/m la expunerea in camp magnetic cu
intensitatea de H > 300 kA/m. Se prezinta in figura 3 curba de
magnetizare a microsistemelor magnetizabile realizate cu ajutorul
microsferelor anterior prezentate.
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Figura 3. Magnetizatia lichidului magnetic masurata cu
magnetometrul cu proba vibranta tip VSM 880/
Figure 3. The magnetization measured using the magnetometer
type VSM 880

De asemenea analiza dimensionala a pulberilor obtinute prin
procesul de aliere mecanica in moara cu bile a relevat o valoarea
de 30 nm pentru pulberea de Fe dupa 60 ore macinare. Se prezinta
in figura 4 si figura 5 rezultatele analizelor realizate cu analizorul
de particule Nanosight Laser si Brookheaven pentru pulberi
obtinute in moara planetara.

Stabilirea exacta a proprietatilor acestor materiale avansate
asigura cunoasterea domeniului in care se pot folosi cu rezultate
maxime.

3. Senzori nanostructurati in sistemele de
sudare

In acest paragraf se vor evidentia cateva solutii de realizare
de senzori care pot fi aplicate in sistemele de sudare. Acesti
senzori sunt realizati avand la baza comportamentul materialelor
nanostructurate. Un prim senzor care poate fi realizat este un
senzor care determind cu precizie distanta dintre capul de sudare
laser si pistoletul de sudare WIG/MIG la sudare hibrida. Sesizarea
cu precizie a acestei distante prezintd importanta datorita faptului

ternal magnetic field with the intensity H>300 kA/m is applied. In
Figure 3 it is shown the magnetization curve of the magnetic mi-
cro-systems obtained using the microspheres presented.

Also the dimensional characterization of the powders ob-
tained by using mechanical milling shows there have been ob-

Figura 2. Elaborare pulberi prin macinare mecanica/
Figure 2. Powder elaboration by mechanical milling

tained powders of 30 nm size after 60 hours mill for Fe powders.
In Figures 4 and 5 there are presented the results of the analy-
ses realized with the nanoparticles analyzer Nanosight Laser
and Brookheaven for powders obtained in a planetary ball mill.
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Figura 4. Analiza pulberii de fier dupa 60 ore de macinare/
Figure 4. Fe powder analyses after 60 hours mill

The properties of these advanced materials assure the
knowledge of the domain where these materials can be used
with best results.

3. Nanostructured sensors for welding
systems

Some solutions for designing sensors which can be applied
in welding systems are shown in this paragraph. These sensors
are built based on the comportment of the nanostructured ma-
terial. The first sensor which can be built is a sensor which
senses the distance between the laser beam and WIG/MIG torch
at the hybrid welding. The precision sense of that distance is
important because the welding speed and deep penetration are
obtained when the distance setup is correct [2].

The function principle of this sensor type is based on the
variation of the coil inductance when a magnetic nanofluid is
placed in the core of the coil. The experiments have shown a
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ca obtinerea unor viteze de sudare mari si a unei adancimi de
patrundere este data de stabilirea optima a acestei distante [2].
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Figura 5. Analiza pulberii de wolfram dupa 10 ore de méacinare/
Figure. 5. W powder analyses after 10 hours mill

Principiul de functionare al acestui tip de senzor se realizeaza
pe variatia inductantei bobinei L pe masura ce fluidul magnetic
patrunde in interiorul bobinei. Experimentarile au aratat o precizie
extrem de ridicatd in sesizarea distantei, valorile inregistrate fiind
prezentate in tabelul 1.

Tabelul 1. Variatia inductantei cu distanta/
Table 1. The inductance variation

d[mm ] L[H]
0 3,35
10 3,42
20 3,52
30 3,61
40 3,73
50 3,85

Alti senzori la care se poate aplica acest principiu sunt senzori
de inclinatie, de reglare a distantei focale, etc.

Un alt tip de senzor care poate fi utilizat n sistemele de sudare
este acela de monitorizare sistem avans sarma utilizdnd
caracteristica de modificarea inductiei magnetice B la cresterea
efortului la curgere fluidului magnetoreologic. Principiul
senzorului este utilizat cu succes 1n aplicatii privind controlul
vibratiilor la cladiri, poduri si alte structuri in general. Se prezinta
in figura 7 modalitatea de sesizarea a blocajului sarmei in
sistemul de avans, acest fenomen fiind sesizat de vibratiile induse
inrole [3].

Principiul consta determinarea inductiei magnetice B 1n functie
de efortul la curgere. In figura 8 se prezinta aceasti dependenta.

Sesizarea presiunii exercitate de cétre sirma asupra rolelor
de avans si ghidare se poate realiza si prin utilizarea unui mate-
rial care transforma presiunea exercitata in spot luminos care
poate preluat cu o camera CCD. Se prezinta in figura 9 principiul
acestui tip de senzor [4].

Senzorul este compus dintr-un nanodispozitiv electro-optic cu
o grosime de 100 nm proiectat sa transforme presiunea in lumina.
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high precision of the distance measurement the values being
presented in Table 1.
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Other sensors where this principle can be used are inclinom-
eters, focal distance of the laser beam, etc.

Other sensor type which can be used in welding systems is
the sensor for wire system using the characteristics of the mag-
netic induction which is changing on the flow stress of the
magneto rheological fluid. The sensor principle is used in appli-
cations regarding the vibration control on the bridges, build-
ings and other structures. In Figure 7 it is presented the sensing
method of the wire jammed [3].

Figura 6. Senzor de proximitate/
Figure 6. Proximity sensor

Presiune exercitata
asupra LMR/
Flow stress on MRL

Sens rotire/
Direction

Lichid magnetoreologic
(LMRY)/
Magneto rhelogical
Sluid

Figura 7. Senzor de vibratii cu LMR/
Figure 7. Vibration sensor with magnetorheological fluids

The principle is based on the determination of the magnetic
induction B function of the flow stress. In Figure 8 this depend-
ence is shown.

The pressure exercised by the wire on the roller can be sensed
by using a material which transforms the exercised pressure in
light spot which can be recorded by a CCD camera. In Figure 9
the principle of this sensor is presented [4]:

The sensor is composed of an electro-optical nanodevice
with bulk up to 100 nm designed to transform the pressure into
light. The sensibility is compared with the human finger touch
but it has a 10 times better sensibility than any touch sensor
built until now.

The welding systems are complex equipments, so the con-
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Sensibilitatea este comparativa cu cea degetului uman si este de 10
ori mai buna decat orice senzor tactil dezvoltat pana in prezent.
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Figura 8. Dependenta inductiei magnetice de efortul la curgere/
Figure 8. The dependence of the magnetic induction B on
the flow stress

Sistemele de sudare sunt echipamente complexe si de aceea
monitorizarea continud asigura buna functionare si calitatea
produselor. in cazul sistemelor de sudare la fel ca in alte sisteme
exista componente care se inlocuiesc periodic pe masura ce se
uzeaza. Un asemenea element este duza din capul pistoletului
de sudare. Sesizarea gradului de uzura pe interiorul duzei poate
firealizat cu ajutorul unei console care functioneaza pe principiul
profilometrului [5]. Principiul de realizare al senzorului se prezinta
in figura 10.

Analizor deformatii/
Deformation Analyze

Consola/
Cantilever

Figura 10. Profilometru pentru interior duzd//
Figure 10. Profiler for gas nozzle

Sesizarea degradarii diuzelor la interior poate fi realizata si cu
ajutorul unor senzori de deformatii bazati pe utilizarea
nanotuburilor de carbon. Nanotuburile de carbon pot fi folositi
ca senzori de deformatii mecanice datorita faptului ca deformarea
structurii lor conduc la o scadere brusca a conductivitatii electrice.

Deteriorarea duzelor se datoreaza temperaturilor mari care
sunt atinse in timpul proceselor de sudare. Astfel un senzor de
temperatura poate sesiza efectul termic indus in corpul diuzei in
timpul sudarii.

Sesizarea temperaturii poate firealizaté in diferite feluri. Un
principiu foarte simplu este de a utiliza o nanotermocupla asa
cum este prezentata in figura 11 si care poate utilizata in toata
gama de componente ale sistemelor de sudare.

Urmarirea rostului la sudare este tot un parametru important
care poate fi monitorizat cu succes la sudarea cu arc electric.
Campul magnetic creat in timpul procesului de sudare poate fi
utilizat pentru determinarea pozitie capului de sudare fata de
rostul de sudare.

Astfel se poate proiecta un senzor pe baza de materiale care
prezinta o rezistentd nula la expunerea in cAmp magnetic si o
rezistentd colosala in lipsa acestuia.

tinuous monitoring assures their proper functioning and the
product quality. In welding systems case as in other systems
there are parts which are replaced when their time expires. Such
an element is the gas nozzle from the welding gun. The sensing
of the ageing level can be determined using a cantilever which
will work based on profile meter principle (like atomic force
microscope). [5] The fabrication principle of the sensor is pre-
sented in Figure 10.

Electrod de Au pe suport
polimeric flexibil/
Au electrode on polvmeric support

Electrod
transparent/
Clear electrode

Presiune aplicata/
Pressure applied

Lentila focalizare/
Focal lens

Camera CCD/

CCD camera
50 kPa

Figura 9. Senzor de presiune la sistemul de avans/
Figure 9. Pressure sensor

30 kPa 70 kPa

The degradation sensing of the gas nozzles on the inside
can be realized using deformation sensors based on the carbon
nanotubes comportment on mechanical deformations. The car-
bon nanotubes can be used like mechanical deformation sen-
sors because a properties of the carbon nanotubes consists in a
dramatical decrease of the electrical conductivity on the me-
chanical deformation. Nozzles degradation appears because
inside high temperatures exist which are achieved during the
welding process. Thus, a temperature sensor can sense the ther-
mal effect induced in nozzles during the welding process. Tem-
perature sensing can be realized in different ways. A simple
principle is to use a nanothermocouple as is shown in Figure 11
and which can be used in all the welding systems categories.

marime
termocupla
100 nm
thermocouple
size

Figura 11. Nanotermocupla/
Figure 11. Nanothermocouple

The welding gap tracking is an important parameter which
can be sensed successfully at arc welding process. The mag-
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Realizarea acestui senzor si modalitatea de sesizare se prezinta
in figura 12.

SCNZor

Figura 12. Senzor de arc cu rezistenta colosala/
Figure 12. Arc sensor based on GMR effect

Efectul magnetorezistentei colosale (GMR) se manifesta
printr-o variatie mare a rezistentei electrice la aplicarea unui
camp magnetic materialelor concepute din straturi fine formate
din materiale feromagnetice si materiale non-magnetice [6].

Materialele care au aceste proprietati sunt materiale avansate
produse in laboratoare speciale si care au la baza elemente ca
Ni —nichel, OL — otel, Co — cobalt, Cu— cupru.

Aliaje variate sunt cuprinse in straturi cu grosime de
aproximativ 150 nm (5 straturi atomice) si grosime de 18 pm
pentru a putea realiza un senzor de cdmp magnetic. Rezistenta
electricd scade dramatic cu aproximativ 10 pana la 15%.

Recomandarea dezvoltarii senzorilor pe baza efectului GMR
este indicatd datoritd avantajelor indicate de acesta in
comparatie cu alte metode cum ar fi efectul Hall sau senzor

netic field created during the welding process can be used to
determine the welding gun position in the welding gap. Thus it
can be designed a sensor based on materials with which have
null electrical resistance on exposure at an external magnetic
field and a giant electrical resistance when the external mag-
netic field is removed. The design of the sensor and the sensing
method are presented in Figure 12.

The giant magneto resistance effect (GMR) it is showed by a
large variation of the electrical resistance when an external
magnetic field it is applied. [6]

The materials which have these properties are advanced
materials produced in special labs which are composed from Ni,
iron, Co, Cu.

Various alloys are introduced in layers up to 150 nm (5 atomic
layers) and 18 pm thickness to realize a magnetic field sensor. The
electrical resistance has decrease dramatically with 10 to 15%.

The recommendation of sensors development based on GMR
effect is proposed by the main advantages compared with other
methods such is Hall Effect or a magnetic AMR sensor. In table 2
are presented these advantages.

Table 2. The advantages of the GMR sensors

Advantages GMR HALL AMR
Size Small Small Big
Signal level Big Small Medium
Sensitivity Very high  |Very low |Very high
Thermal stability |Very high [Very low [Medium
Absorbed power |Very low Very low | Very high
Price Very low Very low | Very high

The applied magnetic field characterization is Gaussian type,

AMR magnetic.

Se prezinta in tabelul 2 avantajele utilizarii unor astfel de

materiale.

Tabelul 2. Avantajele utilizarii senzorilor pe bazda de GMR

Avantaje GMR HALL AMR
Dimensiune fizica | Mic Mic Mare
Nivel de semnal |[Mare Mic Mediu
Sensibilitate Foarte mare |Foarte mic |Foarte mare
Stabilitate termica |Foarte mare |Foarte mic |Mediu
Putere absorbita |Foarte mica |Foarte mic |Foarte mare
Pret Foarte mic [Foarte mic |Foarte mare

Caracterizarea cAmpului magnetic aplicat este una gaussiana,
caracteristica de iesire este omnipolard, Insemnand faptul ca
materialul prezinta aceleasi schimbari in valorile rezistentei pentru
un camp magnetic pozitiv cat si pentru un cAmp magnetic negativ.
Se prezintd in figura 13 evolutia rezistentei electrice la valori ale
campului magnetic aplicat materialului cu proprietati GMR.

Un element nociv la sudare este prezenta hidrogenului la
suprafata piesei care se sudeaza. Efectele pe care acesta le are
asupra piesei sunt negative deoarece induce fragilizarea. Astfel
construirea unui senzor care sa detecteze concentratia de H,
este absolut necesara. Detectarea gazelor se poate realiza prin
mai multe metode:

4/2007

the release signal being Omni polar, the material has the same
values of the electrical resistance even if the applied magnetic
field is negative In Figure 13 the electrical resistance variation
is presented at different values of the external magnetic field.
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Figura 13. Varia iarezisten ei cu intensitatea cdmpului magnetic
aplicat din exterior/
Figure 13. Electrical resistance variation

The presence of hydrogen on the surface of the welded
pieces in the welding process is a negative element. The effects
induced in pieces are negative because they lead to cracks.
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« utilizare polimer chimio-rezistiv, figura 14

Polimer conductor

cud=2nm/
Conductive polymer
d=2nm

§ 4—-6pum

300 nm

Figura 14. Senzor de gaze/Figure 14. Gases sensor

Principiul de functionare consta in variatia rezistentei electrice
a polimerului in functie de concentratia gazului dupa relatia
urmatoare:

R, = 1/(4C%) )
unde: A — coeficient constant care depinde de natura gazului
si temperatura

o — coeficient constant care depinde de natura gazului
si temperatura

C —concentratia gazului

R, —rezistenta polimerului

« utilizarea unei diode Schotky, figura 15

Principiul de detectie a gazelor cu ajutorul acestui tip de
dioda se realizeaza prin identificarea gazului in functie de
tensiunea de polarizare din grila [7]. Se prezinta in figura 16
detectarea prezentei hidrogenului la temperatura camerei.
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Figura 16. Detectia H, cu dioda Schotky/
Figure 16. H, sensing using Schotky diode

Un alt senzor cu aplicabilitate mare in tehnologiile de sudare
este cel al sesizarii debitului de apa din sistemul de racire. Pentru
atingerea acestui deziderat se poate construi un senzor care sa
aiba la baza raspunsul electric al unui nanotub de carbon la
trecerea apei prin el [8]. Se prezinta in figura 17 acest raspuns.

Dupa cum se observa tensiunea variaza proportional cu viteza
de curgere a apei prin nanotubul de carbon. De remarcat faptul
ca acest senzor se poate realiza prin utilizarea unui nanotub de
carbon cu perete simplu ceea reduce complexitatea de realizare
a senzorului spre deosebire de nanotuburile de carbon cu perete
dublu care se realizeaza In conditii complexe.

Pentru automatizarea completa a procesului de sudare se poate
proiecta un senzor pentru comanda sistemului de exhaustare. Un

Thus, a H, sensor is very important. Gases detection can be
achieved using a lot of methods:

* chemo resistive polymer, figure 14

The principle of the sensor consists in electrical resistance
variation depending on gases concentration:

R, = 1/(AC%) )
where: A — constant depending on gas type and temperature
o — constant depending on gas type and temperature

C — gas concentration
R, —polymer resistance

* Schotky diode, figure 15

Figura 15. Dioda Schotky/ Figure 15. Schotky diode

Gases detection principle is realized by identifying the gas
type depending on voltage [7]. In figure 16 it is presented the
hydrogen presence at the room temperature:

Other sensor with high application in welding technologies
is water flow in cooling circuit. It can be designed a sensor
based on electrical response of carbon nanotube when a fluid
is passing inside [8]. It is presented in figure 17 the electrical
signal of a carbon nanotube:

The graph in Figure 17 shows that the voltage depends on
the flow speed of water in SWNT. The utilization of SWNT
reduces the complexity of the sensor.
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Figura 17. Raspunsul electric al unui nanotub de carbon
la trecerea apei prin el/
Fig. 17. Electrical signal of a SWNT

For a full automation of the welding process it can be de-
signed a sensor for exhausting system. The basis of the sensor
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astfel de senzor va functiona pe principiul detectiei gazelor si a
particulelor ridicate in timpul procesului de sudare astfel incat la
atingerea unei concentratii limita sistemul de exhaustare sa
porneasca automat. Senzorul va fi plasat in capul duzei
pistoletului de sudare aga cum se prezinta in figura 18.

4. Concluzii

- Tehnologiile de sudare actuale trebuie sd implementeze
noi solutii de sesizare a parametrilor din timpul proceselor de
sudare pentru a creste gradul de automatizare.

- Senzorii nanostructurati respectiv nanosenzorii sunt
considerati de catre guvernele tarilor cu grad avansat tehnologic
un element esential in cresterea valorii adaugate la productivitate
si investesc sume de bani importante in cercetare.

- Caracteristic senzorilor nanostructurati sau nanosenzorilor
este faptul ca se comporta diferit la nivel nano decat la nivel
macro, ei fiind mai sensibili, mai rapizi si cu un raspuns electric
liniar si puternic in unele situatii.

- Implementarea acestor senzori poate necesita o investitie
mai mare in prima faza dar costurile de mentenanta ulterioare
sunt practic nule, iar durata de viata a acestora este foarte mare.
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is the gases detection and rise particles thus at an established
concentration the exhausting system will start automatically.
The sensor will be placed in front of the gases nozzle, as is
presented in Figure 18.

I
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particule/
Particles
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Exhaustor

Figura 18. Sistem de exhaustare automat/
Figure 18. Automatic exhausting system

4. Conclusions

- Welding technologies should implement new sensing so-
lutions for monitoring of parameters to increase the automation
level.

- Nanostructured sensors and nanosensors represent an
essential element to add value to productivity, that is why
advanced countries invest important capital in this research
field.

- Characteristic to nanostructured sensors or nanosensors
is the fact they have a different comportment at the nano level
being more sensitive, faster, with a linear electric response and
a stronger signal in some circumstances.

- The implementation of these types of sensors may need
big investments at the beginning, but the maintenance costs
are low.
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