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PREFACE

Dans le cadre d'une €tude du marché sur la
soudure €lectrique au Canada, ce texte a &été
rédigé pour faciliter la compréhension des
diverses technologies utilisées pour souder
avec l'électricité comme principale source
énergétique. .Cette synth&se s'adresse aux
gestionnaires et aux spécialistes en mise en

marché.

Chacune des technologies est groupée par caté-
gorie et pour chaque sous-caté&gorie on trouvera

une description du:

1- Procédég.

2- Principe de fonctionnement.
3- Sources d'énergie.

4- Applications et colit ou prix.

Montré&al, Mars 1977

l‘(‘*l‘—m MAJOR & MARTIN, INC.



INTRODUCTION

Les soudeuses &lectriques peuvent se regrouper en sept (7)
grandes catégories, a4 l'intérieur desquelles on retrouve
une variété de sous-catégories ou procé&dés. Pour les fins
de cette &tude, nous suggérons le classement des catégories
proposées par 1'"American Welding Society". Vu que 1les
textes traitant de soudure utilisent généralement la langue
anglaise en Amé&rique du Nord et que les termes techniques
ne peuvent tous &tre traduits sans perdre de leur signifi-
cation, nous inclurons les termes frangais et anglais tout
au long de cette partie. Les termes américains et 1'abré-
viation des procé&dés faciliterons les efforts du lecteur
qui veut approfondir le sujet en consultant notre principal
référence*., Dans le texte suivant, chaque procé&dé est numé-
roté séparément et inclut quatre sections, notamment: une
description du proc&dé, son principe de fonctionnement, les

sources d'énergie ou de courant et ses applications.

Une de nos sources d'information technique utilis&es tout
au long de cette partie est le '"Welding Handbook!".* Ce
dernier classifie les procédés de soudure de la fagon sui-

vante:

CATEGORIE I: Soudure & arc

Soudage avec &lectrode enrobée

Soudage sous flux granulé

Soudage sous flux gazeux

Soudage sous flux gazeux et fil solide ou fourré

Soudage avec arc plasma

[N, B A N S

Soudage sous laitier granulé ou gazeux

Sous-section: les sources d'&nergie

* Welding Handbook - American Welding Society, 1976.
Volume 1 & 5



CATEGORTIE II: Soudure par résistance électrique

7. Soudage par point
8. Soudage par joint continu

9. Soudage par bossage

CATEGORIE III: Soudure par &tincelage

10. Soudage par €tincelage

CATEGORIE IV: Soudure par physique d'€tat solide

11. Soudage par bossage et compression

CATEGORIE V: Soudure par faisceau d'€lectrons

12. Soudage par faisceau d'électrons

CATEGORIE VI: Soudure par faisceau de laser

13. Soudage par faisceau de laser

CATEGORIE VII: Soudure par €tamage

14. Variétés de techniques d'étamage



LA SOUDURE A ARC ELECTRIQUE

"ARC WELDING"

CATEGORIE I




SOUDURE A ARC ELECTRIQUE (Arc Welding)

La soudure & arc €lectrique (Arc Welding) comprend plusieurs
techniques de soudure dont le dénominateur commun est l'usage
d'un arc &lectrique comme source de chaleur pour faire fondre
et souder les métaux. Il existe six (6) catégories majeures

de soudure & arc €lectrique. Elles sont les suivantes:

1. Soudage avec €lectrode enrob&e (Shielded Metal Arc
Welding)

2. Soudage sous flux granul& (Submerged Arc Welding)
Soudage sous flux gazeux (Gas Shielded Arc Welding)

Soudage sous flux gazeux avec fil solide ou fourré
(Gas Metal § Flux Cored Arc Welding)

5. Soudage avec arc plasma (Plasma Arc Welding)

6. Soudage sous laitier granulé& ou gazeux (Electrogas §
Electroslag Welding)

1. SOUDURE AVEC ELECTRODE ENROBEE: (SEE)
"Shielded Metal Arc Welding): (SMAW)*

Welding Machine ACor DC
Power Source and Controls

Electrode Holder
Electrode ~—~ ———\
AMe—ufe.
SNSWSE
k)\‘-Ground Cable . “\mwwoax

N Electrode Cable

' —Elements of a rvpical welding circuit for shielded metal-arc welding

Exemple d'un circuit typique pour la soudure avec
€lectrode enrobée.
FIGURE: I

* Abréviation du nom américain et correspond & 1l'appel-
lation industrielle du procédé& au Canada et aux Etats-
Unis.



Description

La soudeuse a8 arc électrique se compose d'une ma-
chine 4 souder qui utilise une source de courant
€lectrique continu (C.C.) ou alternatif (C.A.) et

de deux c&bles dont 1'un est reli& & un manche qui
soutient 1'€lectrode et 1l'autre & la pig&ce & souder.

(Voir figure 1)

Quand 1'&lectrode prend contact avec la pidce &
souder, le circuit €lectrique se referme et un arc
€lectrique surgit entre l'extrémité de 1'électrode

et la surface de la piéce 2 souder.

La catégorie "Soudage avec €&lectrode enrobée" emploie
des €lectrodes qui se consument et qui sont recou-
vertes d'une couche extérieure de silicates, fluorides,

carbonates, oxydes ou cellulose.

Principe de fonctionnement

Un arc €lectrique survient lors du contact de 1'@-
lectrode et de la surface de la piece & souder. Cet
arc est une source de chaleur intense (& des tempéra-
tures supérieures i 9000°F ou 5000°C). Ltarc fait
fondre 1'extrémité de‘l'électrode et la surface de 1la
piéce qui lui est adjacente. Il en résulte que le
métal fondu de la pidce se joint aux produits en fu-
sion de 1'&lectrode et de sa couche externe. D'infi-
mes globules de métal ainsi regroupés se mélangent
grfce 4 la gravité, l'attraction mol&culaire et la
tension de la surface et refroidissent, créant ainsi

la fine couche de soudure.



ELECTRODE COATING
CORE WIRE

SHIELDING ATMOSPHERE
ARC POOL

SOLIDIFIED SLAG

ARC STREAM
PENETRATION
DEPTH

WELD

BASE METAL

T . mem et

~—Schematic representation of the shiclded metal arc

Représentation de soudure avec 1'@lectrode enrobée

FIGURE: 2

En plus de maintenir 1l'arc &lectrique et de fournir

le remplissage, la couche externe de 1'€lectrode
(electrode coat) fournit des agents qui emp&chent 1la
contamination de la soudure par 1'oxygéne ou l'azote
de 1'air ambiant, prévenant ainsi la cr&ation
d'oxydes ou de nitrides qui affaibliraient la soudure.
Une soudure avec &électrode enrob&e qui est bien faite
est aussi résistante que le métal soudé, sinon davan-
tage. La figure 2 représente le produilt de cette

technique de soudure.

Sources d'énergie

~

La soudure d arc &lectrique (SEE) nécessite un cou-
rant €lectrique dont 1'intensité est suffisante pour
faire fondre la surface du métal et 1'électrode et
dont le voltage est assez é€levé pour maintenir 1'arc

€lectrique.,
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Dépendant de 1'€lectrode utilisée, l'amp&rage se
situe entre 10 et 500 ampéres. Quant au voltage,
il varie entre 17 et 45 volts. Le courant est
continu (C.C.) ou alternatif (C.A.), selon le

genre de métal & souder,

Le facteur cl& qui détermine le choix de la source
de courant est le type dtapplication et d'utilisa-
tion. Les critéres sont la facilité de manutention,
la qualité de la soudure et le cofit. Il n'existe
pas de choix optimum standardisé. Chaque genre de
soudure nécessite un choix de courant et d'électrode

différent.

Sachant que la longueur de l'arc &lectrique (i.e. la
distance de l'extrémité de 1'électrode &8 la surface

de la pigdce) en augmentant, hausse le voltage et
baisse 1'ampérage, donc la chaleur dégagée, la pre-
miére variable qui influence le choix de la machine
est la stabilité& du courant ou du voltage. La machine
4 voltage constant est en général, préférée pour des
soudures automatiques et celle & courant constant est

supérieure pour la soudure manuelle.

Une deuxi&me variable qu'il faut prendre en considé-
ratibn est le voltage de la machine quand le circuit
est ouvert (sans charge). Ce dernier se situe, en
général, entre 50 et 100 volts; le voltage de l'arc
€lectrique se situe entre 18 et 36 volts, dépendant

de la longueur de l'arc et du genre d'électrode.

Ces variables analysées, le choix final est fait en
fonction de la capacité& requise de la machine qui

dépend de 1'&paisseur du métal & souder et de la



quantité de soudure ﬁ.effectuer. Un facteur
essentiel 4 considérer est le cycle d'utili-
sation défini comme le temps de soudure (durée
de l'arc) en pourcentage du temps d'utilisation
de la machine, sans que cette derni8re ne sur-.

chauffe.

Applications

Le processus "SEE" est surtout appliqué pour
souder des €paisseurs variant de 1/8 a 3/4 de
pouce. Il est aussi utilis& pour des piédces

métalliques qui ne sont pas horizontales.

LLe processus de soudage avec &lectrode enrobée
ne nécessitant qu'une source de courant C.A. ou
C.C. de 10 kilowatts ou moins, la soudeuse
"SMAW" est trés pratique dans les secteurs de
la construction, les pipelines, les chantiers
maritimes ainsi que dans le domaine de l'entre-
tien. Le cofit, quoique approximatif, se situe
entre $500 et $1,000. L'entretien de ces sou-

deuses est relativement simple.




2. SOUDAGE SOUS FLUX GRANULE: (SFG)

(Submerged Arc Welding): (SAW)*
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—Schematic representation of the submerged arc welding process

Représentation du procédé de soudage sous flux granulé.

2,1

FIGURE: 3

Description

- Le processus "SFG" inclut les m@&mes composantes que

celles avec €lectrode enrobée, notamment la machine,
les c@bles, le manche et 1'€lectrode, mais différe
du fait que 1'€@lectrode n'est pas recouverte de la
couche externe. Par contre, un agent appelé "flux"
(ou granule) est ajouté sur la surface 4 souder.

Ce "flux" va jouer plusieurs r6les, comme nous le

voyons a4 la figure 3.

Principe de fonctionnement

L'extrémité de 1'é€lectrode est immergée dans le '"flux";
elle entre en contact avec la pi&ce & souder et referme
ainsi le circuit €lectrique, créant un arc €lectrique

qui.fera fondre le "flux". Une fois le "flux" fondu,

* Abréviation du nom américain.
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il devient conducteur d'électricité et le contact
entre 1'€lectrode et la pi&ce n'est plus nécessaire
pour maintenir l'arc €lectrique. Le métal pro-
vient de la fonte de 1'€lectrode m@me ou bien d'un

autre fil ajout& au processus.

Vu que 1'extrémité de 1'€lectrode est toujours im-
mergée dans le "flux", il en résulte que 1l'arc €lec-
trique n'est pas visible. T1 n'y a pas d'étincelles,
ni de fumée qui se dégagent. La partie supérieure

du "flux" ne fond pas et peut &tre réutilisée. Par
contre, la couche de "flux" adjacente 4 1la surface

de la piéce se liquéfie et permet une augmentation
considérable du courant électrique et donc de la cha-

leur,

Le "flux" est, en outre, un isolant de la chaleur qui
permet & l'arc d'@tre concentré sur des surfaces in-
fimes. I1 isole aussi la soudure contre des effets
nocifs de 1l'oxygéne et 1l'azote. La soudure qui en
résulte fait preuve de ductilité, résistance & 1la
corrosion, uniformité, ainsi qu'un bas degré d'azote.
Le poids de "flux" utilis@& est de 1 & 1.5, le poids

du métal ajouté.

Sources dl€nergie

Le courant continu (C.C.) est préférable pour le "SEG",
vu qu'il permet un meilleur contrdle de la pénétration
et de la vitesse de 1'€lectrode et un démarrage plus
rapide du processus. Il est donc plus avantageux dans
les cas suivants: a) pour des soudures précises et
rapides, b) pour un meilleur contrdle de l'arc et c)

pour des cas oll les contours sont compliqués et la
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vitesse rapide.

Le courant alternatif (C.A.) est utilis& quand il

existe plus d'un arc et plus d'une électrode ou fil,
afin d'éviter les champs magnétiques qui surgiraient
si deux arcs de courant continu (C.C.) se trouvailent

4 proximité.

Le courant peut &tre obtenu grfce & un générateur

de courant continu (C.C.) & voltage variable, d'un
générateur dc courant continu (C.C.) & voltage cons-
tant, d'un "rectifier" ou bien d'un transformateur

de courant alternatif.

La plupart de ces soudeuses utilisent un courant de
400 & 1500 ampé&res, toute exception faite de certaines
machines qui peuvent atteindre 4000 ampéres & 55 volts
ou aussi bas que 150 ampéres & 18 volts.

Le générateur 8 voltage variable est le plus commun
dans la soudure "SAW'". Si le courant nécessaire & la
soudure excéde la capacité du générateur, deux ou plu-

. - - ~ -~ e
sieurs générateurs peuvent &tre accouplés en parallele.

Applications

Le processus "SFG" est généralement utilis& pour les
soudeuses automatiques: les courants €tant de haute
intensité (600 & 2000 ampéres), les colits de soudure
diminuent. Gén&rallement 1'éppareil utilisant le

processus "SFG'" varie en prix de $2,000 & $10,000.

Le processus "SFG" est surtout employer pour des pla-
ques &paisses en mode automatique & grande intensit@
de courant. Ce procédé peut atteindre une vitesse

de soudage de 200 pouces/minutes.



La précision de la soudure, la vitesse et le
cofit non élevé rendent le processus '"SFG" trés
avantageux pour les soudeuses mé&canisées automa-

tiques ou semi-automatiques.
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SOUDAGE SOUS FLUX GAZEUX: (SSEG)

(Gas Shielded Arc Welding): (GSAW)*

Définition: Le processus de soudage sous flux gazeux consiste

a4 produire une chalecur intense sous la protec-
tion ou 4 1'intérieur d'un volume de gaz. Cette
chaleur peut &tre créée, comme nous l'avons vu
plus t6t, par une électrode refermant un cir-
cuit électrique au contact de la pig&ce & souder.
Plusieurs variations peuvent exister: 1'élec-
trode peut &tre recouverte ou non, le gaz peut
étre inerte ou non, il peut y avoir pression ou
non et il peut y avoir un "filler'" ou non. Le
processus avec &lectrode au tungsténe**, en est

une variante ainsi qu'avec fil solide.

3. SOUDAGE-SOUS FLUX GAZEUX AVEC ELECTRODE AU TUNGSTENE (SFGT)
(Gas Tungsten Arc Welding): (GTAW)*=*

NOTE: SOMETIMES A WATER
CIRCULATOR 1S USED.

GAS
ELECTRODE HOLDER SUPPLY

ELECTRODE ™~ ELECTRICAL
) CONDUCTOR

WELDING

INSULATING
__GAS : SHEATH MACHINE
PASSAGE ‘? '/
SHIELDING . i
/{ 6AS |
3 WORK 3

" ~Schematic diagram of gas tungsten-arc equipment

Schéma d'un €quipement pour soudage sous flux gazeux avec
électrode au tungsténe,
FIGURE: 4

* Abréviation du nom américain
*% Procédé aussi connu sous le nom de T.I.G. (Tungsten Inert
Gas Welding).
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Description

Le soudage sous flux gazeux avec €lectrode au tungsténe
consiste 4 faire passer un arc €lectrique entre une
€lectrode de tungsté&ne qui ne se consume pas et la
pig&ce & souder; avec la variante que 1l'extrémité de
1'8lectrode, le métal fondu et 1'arc sont & 1'abri

de 1'atmosph&re ambiante, sous une couverture d'un

gaz inerte conduit & travers le manche de 1'@lectrode
(voir figure 4). La scoudure se forme quand 1l'arc fait
fondre les cdtés de deux surfaces métalliques adja-

centes et que, par la suite, le métal se refroidit.

Principe_de fonctionnement

L'arc électrique est produit par le passage du courant
€lectrique a travers un gaz ionisé (argon ou hé&lium).
Dans ce processus, les atomes du gaz inerte s'ionisent
en perdant un €lectron et en gardant ainsi une charge
positive. Cette charge positive va voyager du pbdle
positif au pGle négatif de 1'arc et les &lectrons dans
la direction inverse, L'énergie produite est donc 1le

produit du courant par la différence de voltage.

I1 est absolument né&cessaire de bien nettoyer les sur-
faces 4 souder de toute huile, graisse, saleté ou

autres contaminants. La premiére &tincelle peut @tre
obtenue en établissant un contact entre 1'@lectrode et
la pi€ce & souder, en augmentant temporairement le
courant ou en maintenant un autre arc pilote (pilot arc)

par l'intermédiaire d'un autre appareil.

L'épaisseur de la pi&ce & souder et la nature du joint
détermineront si un métal d'apport est nécessaire. Si

ceci &tait le cas, le métal est ajouté en placgant un fil
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métallique dans la région de l'arc €lectrique,
comme pour la soudure 4 l'oxyacétyléne (voir
figure 5).

DIRECTION OF ‘\if
s

-

WELDING
5 NoRKRIECE L
A.DEVELOP THE PUDDLE

= e

Wz B

S

8. MOVE TORGH BACK D. REMOVE ROD
S
-~ Rl e
S.\\-‘\ig
15

—= s ;,,M
v I

£. MOVE TORCH TO LEADING
C.ADD FILLER METAL EDGE OF PUDDLE

= ol —In gas tungsien-are welding, filler metal iy fed wmanually in a manner
similar 1o that ased in oxyacetylene welding

Pour la soudure sous flux gazeux avec arc au tungsténe,
le métal d'apport est appliqud d'une manidre sembliabie
d la soudure au gaz oxyacétylé&ne.

FIGURE: 5

5.3 Sources d!€nergie
L'électrode de tungsténe est-relife au pdle positif
ou au pdle négatif d'un courah@ continu, bien qu'une
€lectrode reliée au pdle positif doit &tre plus &pais-
se en diame&tre. La direction du courant est illustrée
par la figure 6,

1 4 IH. D BECTRDOE

®

8IG LECRODE

1 16 W, 0IA HECROLE WELOING .
z’iu:’;"‘\fm @ 6AS Jr GENERATOR — 3~ ""ﬁs - RIOURE
HERATOR ~~m
BTGBV O oS © l /@:‘9 O 5~ nrcreons
O 4

—Electron and gas-ion flow with electrodes connecied to positive and nega-
‘ tive terminals of ihe power source

-

Illustration de la circulation des &lectrons et des
ions gazeux, selon le branchement de la source d'énergie.

FIGURE: 6
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Il est parfois avantageux d'utiliser un courant

continu intermittent (plusé) et ceci, quand la

piéce & souder n'est pas horizontale.

Quant au courant alternatif (C.A.), il donne les
avantages d'une &lectrode alimentée positivement
sous les limitations rencontrées avec une €lectrode

positive en mode de courant.

La source de courant est du type "& voltage fléchis-
sant', oli le voltage baisse quand le courant augmente.
Les sources de courant qui augmentent le voltage ou
bien le maintiennent constant quand le courant aug-
mente représenteraient de hauts risques de court-

circuit et donc de dommages.

En régle générale, le courant alternatif est utilisé
pour souder l'aluminium, le magnésium; et le courant
continu est utilis& pour souder les aciers, la plu-.
part des autres métaux et le soudage de plaques

€paisses d'aluminium en mode automatique.

Applications

Le processus "SFGT" permet la'§oudure de plusieurs
configurations de soudures et de pieéces, Il est uti-
lisé pour souder des feuilles métalliques, des tubes,

-

des tuyaux et des plaques. L'épaisseur permise est
-~ -~

de 1/16 a 3/8 de pouce et pour les tuyaux de 1 & 6

pouces de diamétre,

L'équipement consiste en une torche de soudure, une
source de courant et une source de gaz inerte., Une
machine & souder de 200 ampéres et accessoires peut
cofiter environ $2,000 alors qu'une soudeuse automa-

tique de 500 amp@res cofiterait environ §$5,000.
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En raison du cofit de 1'&quipement original, celui
du gaz inerte et du surplus d'entrainement que
requiert ce processus, Cette méthode devient plus

cher que les deux précédentes "SEE!" et "SFG".
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4. SOUDAGE SQUS FLUX GAZEUX; FIL SOLIDE OU FOURRE: (SFGFS & SFF)
(Gas Metal Arc Welding) et (Flux Cored Arc Welding)
(GMAW & FCAW)

Définition: Le soudage sous flux gazeux (SFGFS) et -fil
fourré (SFF) sont classifiés comme deux pro-
cessus différents par la "American Welding
Society" mais, vu qu'il existe plusieurs simi-
larités entré eux, il serait utile de les dis-
cuter simultanément. Les deux processus uti-
lisent un fil continu comme métal d'apport et
€lectrode, ainsi qu'un gaz pour protection.
Alors que le "SFGES" utilise le gaz résultant

de la fonte de 1'€lectrode et ne nécessite pas

une source de gaz externe.

(( 32
NOTE: SOMETIMES A WATER
CIRCULATOR IS USED. . WIRE
: REEL
\WIRE DRIVE GAS
MAY BE LOCATED SUPPLY
IN WELDING GUN
HANDLE OR AT
. WIRE REEL___
SHIELDING GAS WIRE
/ DRIVE
\f"/r._l —lﬁ @
— == ©®
I (RS ~—1
CONTROLS
FOR GOVERHNING
l WIRE DRIVE, CLURRENT,
nel [ GAS FLOW, AND
o COOLING WATER,
VIELDING - IF_USEQ
MACHINE CONTACTOR

~—'—.S_‘chema!z'c diagram of gas metal-arc equipment

Représentation d'un équipecment pour soudage sous flux
gazeux.

FIGURE: 7
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Description

Le processus "SFGFS" utilise un fil continu, qui
se consume, comme &lectrode et métal d'apport.

Ce fil, entrant en contact avec la pi€ce & souder,
referme un circuit €lectrique, produisant un arc.
Une source de gaz inerte externe fournit le gaz

au manche de 1'€lectrode. Le gaz protége la
soudure de 1l'air ambiant et affecte les carac-

téristiques €lectriques du processus.

Principe de fonctionnement

Quand ce processus fut inventé, il €tait considéré
opérer principalement & un courant &levé, un dia-
métre de fil de 0.045 & 3/32 de pouce et un gaz
inerte comme protecteur. Depuis lors, plusieurs
détails ont changé. Ces derniers se résument i:

un courant moins élevé qui transfert le métal lors
d'un court-circuit; l'usage d'une pulsation du cou-
rant continu; et l'usage de gaz inertes réactifs.

Les principales variantes sont décrites ci-dessous.

Dépdt par pluie: Le transfert de métal de 1'ex-

trémité de 1'électrode 4 la sur-
face a souder se fait de facon
axiale. Plusieurs centaines de
gouttelettes de métal par seconde
se posent sur la surface 3 souder
comme une douche "jet'". Le gaz
utilisé est de 1'argon et le cou-

rant est continu avec le pdle po-
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sitif 4 1'€lectrode. L'arc
€lectrique que génére ce pro-
cessus &tant tr&s puissant, les
minces feuilles de métal et les
piéces non horizontales ne peu-

vent €tre soudées de cette facon,

Dépdt par globule: Cette variante consiste 8 utili-

ser le bioxyde de carbone comme
gaz protecteur. Ce dernier ne
permet pas le transfert du métal
en "jet" mais par globuiles.
L'arc puissant enfoui dans son
cratére produit des détonnations
dues aux forces de l'arc et des

courts-circuits non contrGlables.

Arc pulsé: Cette variante est une combinai-
son d'un courant faible continu et
des pulsations d'un courant de
haute amplitude. Cette combinai-
son produit un transfert en "jet"
lors de l'intervalle entre deux pul-
sations consécutives. Le gaz utili-

s& est riche en argon.

Dépdt par courtwcivcuit: Les deux variantes précéden-

tes requiérent des courants deé hau-
te amplitude, ce qui ré&duit leur
champ d'application. Cependant, 1le
processus "dép6t par courtwcircuit"
permet un courant moyen et un taux
de dépdt métallique réduit en utili-
sant des sources d'@nergie qui per-
mettent le transfert de mé&tal durant

.les intervalles de courts-circuits
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Soudage avec fil fourré (SFF): ce processus uti-

lise des €lectrodes recouvertes de
produits min€raux et d'alliages de
fer au lieu d'€lectrodes simples.
Cette variante permet plus de pro-
tection et un meilleur contrdle de
la soudure. Un gaz riche de bioxyde

de carbone est aussi requis.

Souvent on utilise des €lectrodes
qui fournissent leur propre protec-
teur grace au flux fourré& sans le
fil, et ainsi, ne nécessitent pas

une source de gaz externe.

Sources d'€nergie
Toutes les variantes mentionnées ci-dessus, & quelques

exceptions pres, utilisent les m@mes sources d'@nergiec.

L'€quipement requis consiste en:

. un moteur & vitesse variable et un contrdle pour

agencer la vitesse de 1'&lectrode;

. un manche qui inclut un interrupteur pour contrdler
1'€lectrode, le courant de l'arc et 1'entrée du gaz;
une buse qui dirige le jet de gaz vers l'arc; et un

a

contact qui transfert 1'€lectricité & 1'électrode;

. des accessoires tels que des cables, des électrodes,

des tuyaux et des connections &lectriques;

. des sources de gaz externe et d'eau de refroidisse-

ment, si requises;

. une source de courant.,
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Applications

Le "dépdt par pluie'" est utilisé de fagon intensive
pour souder 4 peu prés toutes sortes de métaux et
leurs alliages, incluant les métaux réactifs tels
que l'aluminium, le titanium et le magnésium, Son
seul handicap est qu'il nécessite que la position

de la pigce a souder soilt horizontale.

Le "dép6t par globule'" utilise le bioxyde de carbone
et se limite, dans ses applications, & la soudure de
l'acier en faible teneur de carbone. Sa vitesse de
soudure &tant rapide, 11 est surtout utilis& dans

les chaines de montage d'automobiles.

Le "dépdt par court-circuit" pré€sente l'avantage de
souder des piéces minces dans toutes les positions
et d'@tre facile & manoeuvrer; cependant, il n'est
pas efficace pour des &épaisseurs dépassant le 3 de

pouce.

Le "sopudage avec fil fourré" est utilis& pour des
soudures qui nécessitent la déposition d'un grand
volume de métal et dont les contours doivent E&tre
précis. Des &lectrodes d'un diamétre de 1/16 de
pouce peuvent souder des.métaux ferreux dans toutes
les positions. Par contre, des €lectrodes de 3/32
de pouce de diameétre ne peuvent souder qu'en posi-

tion horizontale.

En général, les processus ''sous flux gazeux et avec
£i1 fourré" sont plus efficaces que tous les autres
processus, comparativement d leur cofit. Les sou-
deurs peuvent opérer sans interruption vu que les
€lectrodes sont des fils continus. Pour ces rai-

sons, ces processus ont gagné et gagnent encore
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de 1l'importance. Un &quipement simple, tel que décrit
plus haut, peut @tre acheté & raison de $1,500 &
$3,000. Quant au '"pulsed arc", il cofite plus de
$1,500. La puissance requise varie entre 2 et 20

kilowatts.
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5. SOUDAGE AVEC ARC PLASMA: (SAP)

(Plasma Arc Welding): (PAW)

5.

1

Description

Le soudage avec arc plasma référe & plusieurs’
processus de la méme famille qui ont pour dénomina-
teur commun la création d'un arc €lectrique &troit

et trés dense.

Le "plasma' est un gaz qui est chauffé 4 une tempéra-

ture qui le rend ionis& et donc conducteur d'é@lectri-

cité.
ELECTRODE\
W — ORIFICE GAS
SHIELDING GAS — _-NOZZLE
4 PLENUM
OUTER GAS CUP-~_R sl CHAMBER
THROAT LENGTH : ELECTRODE
] NN A jL———-—«—rSETBACK
TORCH STAND"OFF'——J ¥ ORIFICE DIA.

SWORRS

-~ —Plasma arc torch rerminology

Schéma d'une torche pour soudage avec arc plasma

FIGURE: 8

Principe de fonctionnement

Le soudage avec arc plasma est un processus de
soudure élecctrique old la chaleur provient d'un
arc électrique condensé entre une électrode et
la piéce & souder (arc transféré) ou bien entre
1'électrode et la buse de la torche (arc non

transféré). Voir figures 9 et 10.




PLASMA GAS

TRAMEGFERRED BNONTRAMIFERRED

“ow =Transferred and nonrransferred ares

Différence entre arc transfeéré et non-transféré

FTGURE: 9

La protection est obtenue grice au gaz chaud et
ionisé qui sort de l'ovrifice de la torche. Conme
compléments 4 ce processus, un autre gaz protecteur
peut 8tre ajoutd, une pression peut Btre appliquée

et un pétal d'apport peut &tre utilisé.

L'arc est guidé et condens& par une buse qui

est généralement refroidi & 1'eau. L'arc condensd
représente les avantages sulvants, comparativement
aux autres processus:

. une plus grande concentration d'énergie;

. une stabilit& accruec;

. une énergie accrue;

. un meilleur contrfle de la vitesse du plasma;
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. une rapidité de soudure accrue;
. une diminution de distortion;

. une machinerie moins compliquée que le processus
précédent, soudage sous flux gazeux avec &lectrode
tungsténe.

Les différences majeures entre l'arc plasma et le pro-

cessus avec électrode tungsténe sont que le premier

inclut un arc pilote qui démarre le processus et le
maintien et une buse de cuivre qui concentre l'arc

€lectrique. Voir figure 10,

—Schematic comparison of gas tungsten-arc and plasma arc welding torches

Comparaison entre l'arc plasma (SAP) et avec
1'électrode au tungsteéne (SFGT).

FIGURE: 10

Sources d'énergie

Le processus "arc plasma" mécanis& utilise un &lec-
trode non consommable & arc transfér&. Le courant de
soudure est continu et varie de 100 & 400 amp&res. La
source est du type "voltage et amp&rage tombant" dont

le voltage en circuit ouvert est de 65 & 80 volts.
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Le processus "SAP" manuel peut souder de minces
couches de métal grédce & un courant trés bas de
0.1 amp8re. Le courant maximum est de 100 ampdres

pour souder une épaisseur maximale de 1/8 de pouce.

L'équipement de soudure "SAP" mécanisé consiste en

une source de courant type "redresseur' unité de
contréle, torche, pompe & eau, générateur a haute
fréquence, source de gaz protecteur et accessoires.
L'équipement manuel comprend les m&mes items mais
différe dans les accessoires. Le cofit de 1'&quipement
varie de $2,000 a $3,000.

Applications

Le processus "SAP" procure une source de chaleur treés
stable et concentrée. Il peut souder la majorité

des métaux d'épaisseur allant de 0.001 & 0.25 pouce.
Dépendant du courant utilis&, on peut distinguer

trois variations majeures,.qui sont les suivantes:

. "Arc 4 faible 15 ampéres, 115 volts, c.a.,
H - 14 Al
intensite™: 60 Hz, est utilisé& pour souder

des m&taux minces (0.001 &3 0.062

pouce) .
. "Arc sans défor- 60 ampéres, 208/230 volts, c.a.,
- 11 .
cement’: 60 Hz ou 30 ampéres, 460 volts,
c.a., 60 Hz, est utilisé pour
souder des épaisseurs de 1/32 &
1/8 de pouce.
. "Are avec défor- méme spécifications que le mode
cement™:

précédent et pouvant atteindre
275 ampéres, est utilisé pour des
€paisseurs allant de 3/32 a 1/4 de

pouce.
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(Electrogas § Electroslag Welding)

Le soudage sous laitier avec ou sans gaz sont deux processus

ayant en commun le fait qu'ils opérent seulement en position

verticale et qu'ils déposent du métal fondu dans une cavi-
té séparant les deux pi&ces & souder*, comme protecteur de
la soudure. Vu que ces deux processus ont plusieurs carac-
téristiques similaires, il serait avantageux de les discuter
simultanément, comme nous l'avions fait avec le "SFGFS" et

le "SFF"“,

6.1 Description

Le soudage sous laitier est un processus de soudure qui
utilise la chaleur d'un laitier fondu pour faire fondre
le métal d'apport et les parois de la pi%ce & souder.

En plus de produire la chaleur, le laitier protege aussi
la soudure de 1'air ambiant. Le laitier gagne sa cha-
leur en interférant comme une ré&sistance & un courant
€lectrique allant d'une &lectrode & la pi&ce a souder.

La figure 11 démontre ce processus.

* Le soudage sous laitier utilise un laitier granulaire
ou gazeux.
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6.2 Principe de fonctionnement

B)

Soudage sous laitier

Le processus est amorcé de la méme facon que

le soudage sous flux granul@ en débutant un arc
glectrique immergé dans un "flux" granulaire.

Ce "flux", en fondant, forme le laitier qui,
grice a4 sa résistance au courant €lectrique,

n'a plus besoin de ltarc pour gagner sa chaleur.
A partir de ce moment, le processus est vraiment

du soudage sous laitier.

Dans la cavité qui sé&pare les deux piéces & sou-
der, qui est de 1 & 1} pouce de largeur, baigne
un mélange de "filler", de métal de la pidce i
souder et de "slag", & 3500°F. Ce mélange de

métal liquide, en refroidissant, forme la soudure.

Une ou plusieurs &lectrodes sont utilisées, dépen-
dant de la largeur de la cavité. La figure 12
démontre un processus utilisant trois &lectrodes.
Afin de soutenir le métal fondu aux extrémités de

8 1l'eau, sont généralement utilisés.

Soudage sous laitier gazeux

Le soudage sous laitier gazeux fournit un arc élec-
trique continu, vu que 1'@lectrode n'est pas |
enfouie dans un laitier mais entouré&e d'un gaz.pro~
tecteur (un mélange de bioxydc de carbone et
d'argon ou bien d'h&lium). Cette méthode est
classifiée par 1'"American Welding Society' comme
une variation du "Soudage sous flux gazeux avec

fil sclide" et désignée comme "GMAW-EG"* ou
"FCAW-EG"* (si 1'@lectrode fournit son propre gaz).

Voir figure 12).

%

EG pour €lectrogas; GMAW et FCAW abréviations
américaines pour SEGFS et SFF.
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Schéma d'un équipement de soudure sous laitier gazeux

FIGURE: 12

Sources dl&nergie

Le courant de soudure est relatif au taux de consom-
mation de 1'€lectrode. En augmentant celui~ci, on
augmente le déploiement du fil de 1'€lectrode et, donc,
la quantité de métal déposé. La moyenne des courants
utilisés varie de 550 & 650 ampéres pour une &lectrode

de 1/8 de pouce de diamé&tre.

Quant au voltage, il affecte la profondeur de fusion
et la stabilisation du processus. En augmentant le
voltage, on augmente aussi la largeur et la profondeur
de la soudure ainsi que les chances de craquclures.
C'est pour ces raisons que le voltage est maintenu en-

tre 40 et 55 volts.

La source de couvant est, dt'habitude, de courant conti-
nu (c.c.), bien que le courant alternatif (c.a.) peut
aussi 8tre utilisé&. La puissance varie de 20 kilowatts

(c.c.) & plusieurs centaines de kilowatts (c.c.).
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Le soudage sous laitier est utilis@ pour souder des
structures en acier, des réservoirs & haute pression
ou des plaques métalliques allant de 2 & 36 pouces
d'épaisseur. Le processus trouve ses applications
surtout dans la construction, la construction marine,

la fabrication des réservoirs et les aciéries.

Les machines & soudage sous laitier granul@ ou gazeux
en grandeuxr de 75 1lbs & des dimensions massives
nécessitant 1'usage de grues mécaniques pour leur
déplacement. Elles sont, pour la plupart, automati-
sées et peuvent contenir plusieurs &lectrodes. Quant
aux prix de l1l'&quipement, ils commencent & partir de
$5,000 pour une machine portative et exc&dent $50,000

pour des machines hautement automatisées.




LES SOURCES D'ENERGIE

POUR LA SOUDURE A ARC ELECTRIQUE

"ARC WELDING™

CATEGORIE I

(sous~section)

33




34

Plusieurs sources d'@nergie sont disponibles pour les diver-
ses catégories de soudeuse & arc &lectrique. En rdégle géné-
rale, des facteurs d'ordre €conomique sont & la base de la
sélection de ces sources de courant. Ces dernidres sont
classifiges d'apr&s les besoins du processus de soudure.
Exemple: Voltage constant ou courant constant ou bien d'a-
prés l'&quipement dont 11 est fait usage ex: transformateur,
moteur-générateur, etc., 11 est donc désirable de décrire une
machine 4 souder d'apr&s le genre de courant quelle utilise
et d'aprés 1'€quipement &lectrique qu'elle contient., Par
exemple: "Transformateur, courant constant, c.c./c.a.',
Ensuite, 11 s'agit de décrire les caractéristiques du courant,

le "duty cycle", le voltage et la fréquence de la source.

Le tableau suivant relate les types de machines & souder et

leurs besoins, en termes de courant €lectrique.

Requirements of Process Selected

Volt-Ampere

Weld'{rnygple\gchiue Characteristics Type of Welding Voltage
AC
Coustant- | Constant- AC or DC AC and

Voltage Current Only DC Quty DC Pulse

Rotating electric motor generator X X X

{ ransformer . X X X i .

{ransformer-rectifier X X X X X
Type of Power

Power line to motor generator X X X

Power line to transformer X X X X X

Fnyine to generator X X X X X
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En régle générale, le courant distribué par les compagnies
d'€lectricité détient un voltage trop élevé (220 volts ou
plus) pour que 1'@lectrode puisse en faire usage. Il est
donc commun de réduire ce voltage (20 a4 80 volts), en in-
corporant un transformateur ou un moteur connecté& 4 un géné-
rateur. Ces derniers, en baissant le voltage, augmentent

en mé€me temps l'intensité du courant intrant (10 4 100 am-
péres) aux alentours de 50 & 500 amp&res. Le diagramme
suivant schématise le circuit €lectrique utilisé par les

soudeuses & arc Electrique.

FUSED DISCONAECT

SWITCH (OFEN) ARC WELOING FOWER SQURCE

woustriAl § e A\ et -
POWER SYSTEM N, FUSES e
T oroen smenr ) I Jiaeans or x
(POWER SUPFLY (MEANS OF RENUC- AE AN
ETY c NG IONER SYSTEM | COVIROL LING
SAFETY DEVICE) s 5 cov1so ‘ e_»__]
EXTERNAL _GROUND LEAD CHARACTERISTIC)
_I_erouno T T Tm_ o o 'I ]
= | cHasSIs 6rROUND

CONNECTION

e ELECTRICAL COANNECTIONS
e RECHANICAL STRICTURE ANO CHASSIS

Fig. 25.1 ~ Elements of an arc welding power source, shown connected (o power lines

Il serait bien trop compliqué de discuter chaque variation
décrite dans le tableau précédent, en détail, dans ce texte.
Mais, vus 1'importance du sujet, le lecteur pourra se réféerer

aux titres qui 1'intéressent en annexe. Les sujets sulvants

y sont traités:
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SOURCES D'ENERGIE: Sujets traités en annexe
PAGE
Constant-Current and Constant-Voltage Power Sources 25.4
Service Classification 25.9
Maintenance 25.11
. Alternating-Current Power Sources - Constant Current 25,172
. Direct-Current Welding Generators - Constant Current 25.23
Rectifier-Type Power Sources - Constant Current 25.31
Direct-Current Welding Generators - Constant Voltage 25.36
|
. Rectifier-Type Power Sources - Constant Voltage 25.41
. Special Power Sources for Other Application 25.43

Ces numéros de page correspondent aux numéros de page
du "Welding Handbook", publié par l'American Welding
Society, Volume 2, dont nous avons reproduit le chapitre

a ltannexe 1.



SOUDURE PAR RESISTANCE AU COURANT ELECTRIQUE

"RESISTANCE WELDING™

CATEGORIE 11
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SOUDURE PAR RESISTANCE AU COURANT ELECTRIQUE -

("Resistance Welding'")

La soudure par résistance au courant €lectrique des matériaux
a souder, tout comme la soudure & arc &lectrique, est une
catégorie qui inclut plusieurs procé&dés de soudure qui ont
pour dénominateur commun de générer la chaleur requise grice
4 la résistance des piéces & souder au courant €lectrique.
Cette catégorie de soudure est surtout utilisée pour souder
des feuilles de métal superposées, grice a4 des €lectrodes
qui, en plus de conduire le courant &lectrique, servent &

appliquer une forte pression au centre de la jointure.

Les variables importantes & considérer dans cette catégorie

de soudure sont l'amplitude du courant, le temps de soudure Te-
quis, la pression appliquée par 1'électrode et les caractéris-
tiques de 1'@lectrode. En général, l'amplitude du courant
utilisé par cette catégorie est de dix 4 cent fois plus €levée
que la soudure a arc &lectrique. Par exemple, une soudure par
point requiert un courant de 19,000 ampéres et une demie seconde

pour souder deux feuilles d'acier de 1/8 de pouce d'épaisseur.

La catégorie "soudure par résistance'" comprend trois procé&dés
majeurs qui sont discutés conjointement dans les pages qui

suivent. Ces derniers sont:

7. Soudure par point: (SPP)
(Ré€sistance Spot ‘Welding): (RSW)

8. Soudure par joint continu: (SJC)’
(Resistance Seam Welding): (RSEW)

9. Soudure par bossage: (SPP)
(Projection Welding): (RPW)



.1 Description

7.1 Soudure par

point:

8.1 Soudure par

“joint

continu:

9.1 Soudure par

39

Une soudure a4 forme presque
circulaire de deux feuilles de
métal superposées. Apr&s chaque
soudure, les &lectrodes sont ré-

tractées.

Une soudure continue de deux
feuilles de métal superposées. La
soudure peut 8tre un sillon continu
ou bien une série de points super-

posés.

bossage:Une soudure obtenue grdce & la cha-

leur que dégage la résistance au cou-

rant €lectrique de deux pi&ces tenues

ensemble par la pression de deux &é-
lectrodes., Les soudures sont loca-
lisées & des points prédéterminés,
lors de la conception des pi&ces &

souder.

La figure 13 refl&te la différence entre les trois procédés.
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ELECTRODES OR ELECTRODES OR PROJECTION

FIELDI“Q WEI:_U‘I‘N_G* [\\ ELECTRODES
TiPs WHEELS @it DR DTS

SPOT WELD SEAM WITLD PROJECTION WELD

\ —Comparison of spol, scam and projection welding

Comparaison entre les trois procédés.

FIGURE: 13

Principe _de fonctionnement

Les trois procé&dés suivent un cycle identique de soudure
(voir figure 14)., Ce cycle consiste en quatre Etapes

distinctes qui sont les suivantes:

a) Temps d'accos- le laps de temps entre l'application
tage: initiale de 1'€lectrode sur la piéce

et l'application du courant &lectri-

que.

b) Temps de sou- le laps de temps que dure 1l‘'applica-
dage: tion du courant &lectrique.

c) Temps de main- le laps de temps durant lequel 1la
tien: pression est appliquée aprés la ces-

sation du courant €lectrique.

d) Temps dfouver- le laps de temps durant lequel les

ture:

Electrodes sont rétractées. Ce terme
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est employ& pour les soudures

répétitives et non continues.

TIME

VIRDIG PROCESS ‘-m{;{;{zi L wib 10LD 1‘ OFF SOUEEZE -
CURREHT
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Y [IRACKIRE OPERATIRG THAE

—Graphical represeniation of simple resistance welding cycle; simulates

functions of NEMA type N2 control '

Représentation graphique du cycle de soudage.

FIGURE: 14

Le principe de fonctionnement des tfois.procédés implique’
l'application coordonnée d'un courant €lectrique d'une certaine
amplitude, pour un certain laps de temps. Ce courant est le
produit d'un court-circuit contr8lé grace & la pression appli-
quée par les &lectrodes. La chaleur dégagée par le processus
doit @tre assez &levée afin de fondre un volume suffisant de
métal qui, une fois refroidi-.-sous pression, se solidifie et
soude les deux piéces., Les températures atteintes lors de ce
procédé ne doivent pas @tre &levées au point de fondre trop de
métal, sinon les électrodes, sous pression, passeraient i
travers les piéces & souder. Les temps de réchauffement et de
refroidissement doivent @tre courts afin de rendre la vitesse

de soudure commercialement viable.
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Sources d'énergie

Un circuit €lectrique type du procé&dé "Resistance Welding"
est représenté par la figure 15. I1 consiste en une source
de courant, un transformateur et deux &lectrodes. Les sour-
ces de courant peuvent 8tre du type alternatif (c.a.), con-

tinu (c.c.) ou i énergie &lectrique emmagasinée.

La majorité des machines 3 résistance, aux Etats-Unis et au
Canada, utilisent le courant alternatif & phase unique dont 1la
fréquence est de 60 Hz. Un transformateur ré&duit le voltage
entrant & un niveau variant de 1 & 25 volts ct augmente 1'am-
plitude du courant a 1,000 ou 100,000 ampéres, dépendant des

types de piéces & souder et de leur &paisseur.

D'autres systémes de courant alternatif moins usités rédui-
sent la fr&quence du courant gréce & un changeur de fréquen-
ce trois-phases ou bien 1' augmentent a des fréquences pou-

vant atteindre 450,000 Hz.

Les systémes 4 courant continu transmettent le courant de 1la
source et du redresseur de courant directement au transfor-
mateur., Les redresseurs les plus usités sont duv type &

trois phases, 4 diodes de silicone et refroidis & 1'eau. :

Finalement, les systémes 4 énergie-emmagasinée sont, pour
la plupart, dépassés sauf le type 4 condensateur qui est
encore utilisé par certaines petites industrics de piéces

€lectroniques.

Applications

7.4 La soudure par point est utilisée pour souder des

feuilles de métal dont 1'épaisseur peut varier de
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0.001L- &2 1 pouce, hien que la majorité des pitGces
soudées grdce d cette technigue ont moins d'un
quart de pouce d'épailisseur. La figure suivante

démontre quatre types d'application.

e

DIRLCT WELDING
m

\ogoe

(s
DIRECT WELOING DRECY WRLDIHG
M {AFTER itE)

o
..o ATypes of single spot welds

Diverses techniques de scudure par point.

FIGURE: 15
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La soudure par joint continu est le plus souvent

appliquée pour souder des piéces dont 1l'€paissecur

ne dépasse pas le quart de pouce.

Les figures

suivantes donnent une 1dée des maintes applications

de ce processus.

[EPUSE———

—Muash seans weld

FIGURE:

17
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—Common rypes of seam-welded flanged joints

Variétés communes de joints

FIGURE: 16
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—Special elecirade for seam
welding dished heads

\@ I

—Use of small diameter elec-
trode for seam welding corner joints

Méthodes de soudure par joint continu

FIGURE: 18

FIGURE: 19



9.4 La souduve par bossage peut souder dcs piBces dont
l'épaisseur dépasse 0.02 pouce. Les figures qui
suivent décrivent certaines applications de ce

processus.

WELD BOLTS

Ty

. ~Typical screw and stud
parts suitable for projection welding

AL e
[;.?_‘C‘-J)_@"

FIGURE: 20

S —Parts available with welding projections

Exemple d'application de soudure par bossage

FIGURE: 21
Les coflits des machines a souder & ré€sistance €lectri-
que varient largement, dépendamment du type et de 1'E-
paisseur du matériel & souder. -Par cxemple, une ma-
chine & phase unique et de faible puissance (mesurée
en KVA) cofite approximativement $1,000; paxr contre,
une machine de 100 KVA cofite $7,000. En régle géné-
rale, une machine & trois phases cofite dcux fols et
demie le prix d'une machine & phase unique de la ménme
puissance. Malgré les cofits élevés des machines, ce
processus est plus ou meoins E€conomique, vu qu'il ne
consomme pas autant d'@lectrodes que le processus @
arc electrique et qu'il ne requiert pas de métal

d'apport ni de gaz protecteur.
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10. SOUDURE PAR ETINCELAGE
(Flash Welding)

10.1 Description

La soudure par étincelage est un prdcessus qui
utilise la résistance des pi&ces 4 souder au
courant €lectrique pour faire fondre les surfaces
od se fait le contact. Une forte pression est.
alors appliquée, mélangeant ainsi le métal fondu.

Ce dernier, en refroidissant, forme la soudure.

10.2 Principe de fonctionnement

SOLID CONTACT

e e
C————] E———=} 0

LIGRT CONTACT

o —Relationship of parts for flash welding

Positions des pidces & souder pour ce procédé
FIGURE: 22

Deux piéces de métal sont placées 1l'une en face de
l'autre., Un courant &lectrique passe & travers les
pidces et donne lieu & une étincelle aux extrémités

adjacentes. L'étincelle dégage une chaleur qui fait
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fondre le métal des surfaces opposées. Une forte
pression soude le mé&tal ainsi fondu. (Voir figure
22)

Le laps. de temps que dure 1'&tincelle est critique.
S'il est trop court, la chaleur est insuffisante
pour terminer la soudure; par contre, s'il est trop
long, une grande quantité de métal fond et il est
difficile d'appliquer la bonne pression pour faire

une belle soudure.

La pression est appliquée pour deux raisons fonda-
mentales. La premiére est évidente: elle unit le
métal en fusion. La seconde est de ressortir le
laitier et les particules oxydées vers la surface de
la soudure. Ceux-ci sont enlevés par la suite. La
phase lors de laquelle la pression est appliquée est
nommée "écrasemént”. Durant cefte phase, le courant
8lectrique est toujours en vigueur pour maintenir
les extrémités du métal dans un &tat plastique. La

flgure sulvante relate le processus.
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) ~Flash welding two solid rods. From tap to bottom: before weld-
ing, after welding, after flash reinoval and after upset metal removal

Cycle de soudure par étincelage
FIGURE: 23
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Sources d'énergie .

La plupart des machines & soudure quil utilisent

ce processus sont semi-automatiques ou automatiques.

Le courant et le voltage varient largement dépen-
damment du type de métal, de son épaisseur et du
"Upsetting time". Il n'est donc pas possible de
généraliser 8 ce sujet. Une source d'énergie de
4,800 volts accomode une machine dont la puissance

peut varier de 200 & 500 KVA.

Applications

Le processus d'étincelage est trés pratique pour
souder des fils, des tubes et méme des feuilles
métalliques. Les industries éutomobiles, aéronau-
tiques et d'appareils de cuisine utilisent ce pro-
cessus pour souder des feuilles de 0.01 & 1 pouce
d'épaisseur et des tubes de 0.05 & 2 pouces de
diamétre. Le cofit des machines varie de §$5,000
pour une puissance de 10 KVA & $600,000 pour une
soudeuse de feuilles d'acier automatique de 1,500
KVA.
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SOUDAGE PAR PHYSIQUE DE L'ETAT SOLIDE.- SOUDAGE PAR
BOSSAGE ET COMPRESSION
(Solid State - Diffusion Welding)

11.1 Description

Bien que les principes du soudage par bossage et
compression aient &té& connus depuis plus de mille
ans, 1'intér&t qu'ils ont suscité est tout récent.
Ce type de soudure offre des solutions a plu-
sieurs problé&mes, tels que la réduction de la cor-
rosion (ex: titanium et zirconium), 1'amélioration
de la r&sistance du titanium & la fracture, 1'&vi-
tement de dommages métallurgiques des métaux ré-
fractaires et l'amélibration de la soudure de

métaux différents.

Cette technique de soudage est définie comme un
processus od la chaleur des surfaces juxtaposées
est générée sous pression et a des températures
Elevées, La soudure se fait.sans déformations
macroscopiques ni mouvement relatif des pig&ces.

Le métal d'apport est optionnel.

11.2 Principe de fonctionnement
Le processus de soudure par bossage et compression
inclut deux &tapes fondamentales. La premidre
consiste a4 amener un contéct mécanique intime
entre les deux pi&ces & souder. La seconde est
de joindre les deux pi&ces le long de la surface
de contact.
Quand une forte pression est appliquée sur les deux

pig&ces & souder, une certaine déformation microsco-
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pPique commence aux parties les plus proches des
pigéces (voir figure 24). Cette derniére se géné-
ralise graduellement a4 la totalité de la surface,
créant ainsi un contact intime de métal & métal.
C'est alors qu'une force d'attraction surgit entre

les atomes et joint les deux piéces.

N
N

—Qverall two step diffusion welding process. (Steps expanded in sequential
' form for clarity.)

7

Etape de la soudure paf bossage et compression
FIGURE: 24

Les trois variables les plus importantes sont 1la
température, la pression et le temps. Le degré de
température absolu est généralement plus &levé que
0.5 Tm (Tm est la température 8 laquelle le métal
fond) et dépend de la pression appliquée et du

temps d'application. Le temps est un paramétre
relatif a4 la température et & la pression appliquée,
I1 varie de quelques secondes & plusieurs heures,
dépendamment des circonstances, Quant & la pression,
elle représente la variable la plus importante vu
que, pour un temps/température donné, plus de pres-
sion signifie meilleure soudure, La figure suivante
résume la relation qui existe entre les trois varia-

bles temps/température/pression,
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’ ~—Effect of temperature and pres}fgre on strength of 0.45%C steel diffusion
welds

Effet de la température et de la pression quant a3 la
qualité de la soudure.

11.3

FIGURE: 25

L!&quipement

Plusieurs sortes d'€quipement sont disponibles
pour réaliser de telle soudure. Cette technique
a l'avantage de souder des géométries fort com-
plexes. Un exemple de machine & soudure par
bossage et compression est représent& par la

figure suivante,
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KUPTURE DISK ASSEMBLY

YACUUX LINE
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PRESSURE LINE
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ELECTRODE —_|

T~ ji

CAVITY FILLED ——p |

WITH INSULATION | | COOLANT LINE

SPIRAL-GROOVED LINER ——
Il {— THERMOCOUPLE

BUNDLE

NEATER

_—High-temperature cold-wall autaclave

Exemple d'un &quipement de soudure par bossage
et compression.

FIGURE: 26

11.4 Applications
Les principales applications de ce type de soudure
se retrouvent principalement dans 1'industrie
atomique et aéronautique. Vu les cofits &levés qu'en-
trafne ce procé&dé&, il n'est utilis& que pour obtenir
des soudures de haute.performance sans pour cela chan-
ger les dimensions ou caractéristiques des &léments

soudés.
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Le cofit d'un &quipement & soudure par bossage et
compression varie, dépendamment de la surface &
souder. Il se situe entre $1,000 et $2,000 par
pouce carré de surface & souder. Vu son cofit
exorbitant, cette technique n'est €conomique

que pour des soudures nécessitant une haute

précision.
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12. SOUDURE PAR FAISCEAU D'ELECTRONS

("Electron Beam Welding")

12.1

12,2

Description

La soudure par faisceau d'é€lectrons, comme son nom
1'indique, consiste @ chauffer les pi8ces & souder
par 1l'entremise d'un faisceau d'€lectrons (d'infimes
particules 4 charge négative). Autrefois, le proces-
sus se faisait & 1l'intérieur d'une chambre & vide

ol l'appareil et les pidces &taient inclus. L'avan-
tage, bien sfir, €tait d'obtenir une soudure trés
pure. -Aujourd'hui, cette soudure est pratiquée dans
un vide partiel et dans des conditions de pression
atmosph&rique normale. Néanmoins, le faisceau d'élec-

trons est toujours généré dans un vide presque total.

Le fait d'utiliser un faisceau d'électrons permet
d'obtenir une source de chaleur trés condensée pou-

vant faire une soudure d'une E€paisseur de 0.06 pouce.

Principe de fonctionnement

Un faisceau d'€lectrons convergents, accéléré i’

-~

une vitesse de 30,000 & 120,000 milles par seconde,
passe par un orifice & l'intérieur de 1'anode et

se dirige vers la pigce 3 souder. Ces 8lectrons

sont tellement rapides qu'ils traversent la pigce

a souder et perforent un trou trés &troit. Le

métal du trou fond et coule vers la surface inférieu-
re de la pi&ce ol il se solidifie, formant ainsi la
soudure., Le schéma de la figure 27 représente le

processus.
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FILAMENT
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DIVERGENCE (CAUSED BY
MUTUAL REPULSION)D

- . —Geometry of electron beam in unobstructed space

Géométrie d'un faisceau d'électron dans un espace libre.

12.3

FIGURE: 27

Sources_d!€nergie

La capacité d'une soudeuse & faisceau d'électrons
est déterminée par la densité& du faisceau 4 la sur-
face de la pig&ce & souder. A son tour, cette den-
sité dépend du paramdtre du canon d'électrons et
surtout du produit dv courant par le voltage.

La densité du faisceau d'é€lectrons peut atteindre
108 watts/cm2 (plus que le double de la chaleur

atteinte par la soudure & arc €lectrique).
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I1 existe deux types de systéme. Celui qui ne
dépasse pas le voltage de 60 KV et dont la capa-
cité du faisceau atteint 50 KW, et celul qui
opére 3 un haut voltage, dépassant-les 60 KV et
atteignant 150 KV et dont la .puissance.du fais-
ceau atteint 30 KW.

Applications

La soudure & faisceau d'électrons est surtout uti-
lisée de nos jours dans 1l'industrie aéronautique et
atomique. Toutefois, ce procédé est utilisé dans
la fabrication d'automobiles, de camions et de

tracteurs.

L'équipement inclut une chambre & vide, un canon
d'électrons de 30 4 175 KV.et 50 & 1,000 mA, une
source de courant trois-phases 60 Hz, 440/480 volts,
des instruments optiques et des accessoires.

Les prix varient de $75,000 & $1,500,000. Par con-
tre, une machine 8 vide tré&s poussé peut souder de
1'aluminium. Des exemples de soudures possibles

sont illustrés & la page suivante.
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ELECTRON BEAM
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Exemple de soudure par faisceau d'électrons

FIGURE: 28
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13. SOUDURE AU LASER

("Laser Beam Welding")

13.1

Description

Le laser est un appareil optique qui amplifie des
rayons de lumi&re et les concentre & un point don-
né. Cette concentration de rayons lumineux déga-
ge une chaleur intense qui sert, dans le présent

cas, 4 souder des pitces de métal.

Certains types de laser (mati8re & 1'&tat solide)
utilisent des cristaux d'oxyde d'aluminium et de
chrome. Cet alliage est appelé '"rubis'". Quand
ce dernier est exposé aux radiations lumineuses

de lampes au x&non, il dégage des rayons lumineux
rouges qui sont concentrés par un jeu de prismes.
Cette €nergie lumineuse est transformée en énergie

calorifique au contact de la pi&ce & souder,

Principe_de_fonctionnement

La chaleur intense dégagée par le rayon lumineux
vaporise la surface du métal et fait fondre une
colonne cylindrique & travers le métal, Le ratio
de pénétration 4 la largeur est de 4 8 1. Cl'est’
pour cette raison que les lasers & rubis sont uti-
1lisés pour souder des pidces microélectriques ou
d'autres qui né&cessitent une grande précision de
soudure. La chaleur du laser se dé€gage sous forme
d'impulsion. Le taux d'impulsion par seconde varie
d'aprés le genre de laser utilis&. La figure 29

illustre des impulsions de différente durée.




!

13.3

63

3 millisecond pulse

2 mriliisecond pulye

BN E¥ ‘;"
B m i M taset ) A2

1.5 millisecond pulse

S G R IR

~—Typical enerpy-thme distribusions

Exemple de cycle &nergétique.

FIGURE: 29

Applications

La soudure au laser a prouv® son utilit& pour
souder des métaux différents, tels que le cuivre,
le titanium, l'acier inoxydable, le dumet, le kovar,
1'aluminium, le tungsten, le titanium, etc. Les
soudures sont généralement fil a4 fil, feuille &
feuille, fil & feuille et tube & feuille. Elle

est surtout bien adaptée pour les soudures infini-
ment petites et précises, dans des m&taux relative-

ment lourds.
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La soudure au laser offre plusieurs avantages
comparativement a8 la soudure au faisceau d'élec-

trons. Ceux-ci se résument comme suit:
a) Le laser n'a pas besoin de chambre 3 vide.
b) Le faisceau de lumiére ne génére pas de radiations.

c) Les faisceaux du laser sont plus facilement con-
tr6lables par des appareils optiques, facili-

tant ainsi 1'automatisation;

d) La densité de chaleur du faisceau laser &tant
plus faible que le faisceau & électrons, il en
résulte moins de détonnations, une meilleure

fusion et porosité du métal.

Un laser 34 bioxyde de carbone de 5 KW peut atteindre
une vitesse de soudure de 200 pouces & la minute,
dans une épaisseur de 0.1 pouce. La puissance maxi-
male atteinte, obtenu a ce jour dans les soudeuses
au laser est de 25 KW. Les cofits n'en demeurent pas

moins exorbitants et varient de $40,000 3 $750,000.
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14, ETAMAGE
(Soldering)

14.1

14,2

Description

L'étamage est défini comme une catégorie de
soudure qui regroupe plusieurs procé&dés qui ont
en commun le fait de chauffer les pi&ces 3 souder
et d'utiliser un métal de remplissage dont 1le
point de fusion est plus bas que le métal qu'il

soude et n'excéde pas 800°F ou 427°F.

Principe de fonctionnement

Un métal est ajouté& entre les deux piéces a sou-
der, Le tout est chauffé (par plusieurs moyens dis-
cutés plus loin) & une température qui fait fondre
le métal d'apport qui rougit les pigces A souder.
C'est alors que le métal d'apport se dissout sur

la surface qui lui est adjacente et forme avec

elle un composé métallique. Ce dernier, en refroi-
dissant; durcit et joint les deux pi€ces. -Le réle
du solvent est primordial dans ce procédé. La.sou-

dure est meilleure a4 mesure que l'action du solvent

est plus efficace.

Les sondures réalisées par cette technique sont gé-
néralement plus faibles que les métaux qu'elles joi-
gnent. C'est pour cette raison qu'il est suggéré
d'utiliser ce procé&d& pour les applications dont les
piéces soudées ne seront pas soumises a des forces
importantes et que la soudure du type a joints su-

perposés (voir figure 30) est 4 conseiller.
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BUTT JOINT

Joint en bout

LAP JOINT

Joint superposé

PIPE JOINT
Joint tubulaire

—Typical joint design used for soldering

Exemple de joint pour le soudage par &tamage.

FIGURE: 30
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Sources _d!&nergie

La source d'énergie ou de chaleur est choisie de
fagon 4 atteindre la bonne température, un taux

de réchauffement et de refroidissement adéquats

et, finalement, en fonction des métaux & souder.
Plusieurs mé&thodes sont pratiquées. Elles sont

brigvement discutées dans les pages suivantes.

A- FER A SOUDER
(Soldering Iron)

La méthode du fer 4 souder est la plus tradi-
tionnelle, Elle .consiste & utiliser un métal
d'apport d'étain, de cuivre et chauffé, soit

dlectriquement, soit & 1'huile, au charbon ou,

au gaz.

B~ TORCHE A SOUDER
(Torch Soldering)

Cette méthode consiste 3 utiliser une torche i
gaz comme source d'&nergie. Dépendamment de la
grandeur des pi&ces a souder, de leur poids et
géométrie, par conséquent, le type de torche &
utiliser varie selon la sorte de flamme désira-
ble.

C- SOUDAGE PAR PLONGE
(Dip Soldering)

Cette m&thode consiste & plonger des unités en-
tiéres 4 souder dans un bassin oli se trouve le
métal d'apport, dans un &tat liquide et chaud.
Ce dernier remplit les ouvertures a souder et y

demeure jusqu'ad refroidissement.
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Cette méthode est trés €conomique. Elle ne
s'applique, toutefois, qu'aux piBces qu'on
peut plonger sans déplacer les espaces & sou-

der.

SOUDURE AU FOUR
(Oven Soldering)

Bien que cette méthode n'est pas couramment
utilisée, elle est trds efficace dans les cir-

constances suivantes:

- quand des pi€ces enti&res peuvent &tre chauf-
fées sans pour cela détériorer leurs compo-

santes et leurs propriétés;

- quand la production est telle qu'il soit &€co-
nomique de mécaniser le processus d'entrée et

de sortie des pigces du four;
- quand les pi&ces sont si complexes que les au-

tres méthodes ne sont plus pratiques.

SOUDURE PAR PISTOLET A JET
(Spray Gun Soldering)

Quand 1'endroit de la soudure se présente de fa-
gon 4 ce qu'il est difficile de placer le métal
d'apport & la main, il est préférable d'utiliser
des pistolets a jet. Ces derniers sont chauffés
au gaz ou a4 l'@lectricit@ et sont congus pour
déposer un jet de soudure sur les piBces a souder.
Ce jet est & 90% liquéfié par la chaleur du pis-
tolet et regoit la balance de chaleur requise de

la piéce a8 souder. |
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SOUDURE PAR RESISTANCE
(Resistance Soldering)

La pigce & souder est reliée soit a8 la terre
et & une &lectrode mouvante ou bien & deux
€lectrodes mouvantes pour refermer un circuit
€lectrique. De par la résistance du métal et
de 1'électrode au courant &lectrique, une in-
tense chaleur se dégage et produit la soudure.
Plusieurs variétés d'é@€lectrodes peuvent &tre
utilisées, dépendamment de la vitesse de sou-

dure, de la chaleur et de 1l'é€nergie requise.

SOUDURE PAR INDUCTION
(Induction Scoldering)

Tout matériel qui soit bon conducteur de 1'8-
lectricité peut &tre soudé par cette technique.
La chaleur dégagée et sa distribution dépendent
de la fréquence du courant. Les hautes fréquen-
ces concentrent la chaleur & la surface. Trois
types d'é&quipement sont, & l'heure actuelle,
disponibles sur le marché. Ils sont 1l'loscilla-
teur 4 .lampe, le ré&sonnateur &8 cavité et 1'unité

moteur-générateur.

SOUDAGE PAR VAGUE
(Wave Soldering)

Une variante du soudage par plongé&, consiste 2
pomper le métal d'apport & l'intérieur du bain

ol baigne la pi&ce & souder. Le métal d'apport

. pompé& produit des vagues d'od le nom "soudage

par vague',



14.4

71
I- SQUDAGE PAR ULTRASON
(Ultrasonic Soldering)
Cette méthode est rarement utilisée. Elle

-

consiste 4 créer des vibrations 3 hautes fré-
quences afin de briser les films d'oxyde tena-
ces qui se trouvent sur la surface des métaux

4 souder et, en particulier, sur l'aluminium.

NOTE: D‘'autres méthodes d'étamage moins con-
nues sont le soudage par infra-rayons -
infra-rouge, le soudage par gaz chaud,

le soudage par abrasion.

Applications

Le processus d'étamage est utilisé& pour souder

une grande gamme de métaux de diverses épaisseurs et
largeurs. Les vitesses de soudure de 1l'équipement
automatisé sont trés &levées, vu- -le nombre de soudures

possibles en une seule plongée dans un bain de métal

dtapport. Les circuits imprimés &lectroniques utili-
sent cette méthode &conomique. Les colits de 1'@quipe-
ment sont trés vari€s. Une machine manuelle peut

cofiter une centaine de dollars alors qu'un &quipement

automatique atteint $50,000,
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PROCEDES

TABLEAUX SYNTHESES

MATERTIAUX




Overview of Joining Processes*

Thick-| «
Material | ness Joining Process
__GIEiAW B
S S B P SIFIGIPIE|EIRIFIO{D|(F LIT F1 RDT1 DI|S
MIA|T C|T|A|S|G!IW(WIF{F|{R|B|B{B B B B B R F
AW ATA|WIW{W WiW:wiwiw B B ~
W Wiw
Carbon S XX X X X X X| X XX X X X X X XiX
Steel I XXX X X X|X[{X XXX XIX{X{x Xx X X X Xt X
M X|X{X X X X XXX XXX X X X
T XXX X X X XX X! X XX X X
Low Alloy S XX X X X XiXIXIX XIX|IX X X X X X XX
Steel 1 XXX X XiXiX XiX XX X{X]X X X XX
M XXX X X X XXX X{X X X X
T X{X]X X X X X XXX X X
Stainless S XX X X XX XX XX XXX X X X X X X({X
Steel 1 XiXiX X X[IX{XIX XX XIXIXPX X X X XX
M XXX X X X X XIXIXIXiX X X X
T X{XIX X X X X X{X{X X X
Cast Iron 1 X X X X X X1 X
M XXX X X X X X X1X
T XXX X X X X
Nickel S X X X X X{ X[ X XXX X X X X X X|X
and Alloys I XXX X X XX XX X{X|X}|X X X XX
M XiX|X X X X XIXIX]X X X
T X X X X X XX X X
Aluminuin S X X X1 X XIXPXIXPXPXIX]IX X X X X X X|X
and Alloys 1 X X X Xi X XX X{X{X X X XX
M X X X XX X X X X
T X XX X X X X
Titanium S. X XX XX X XX X X X X
and Alloys 1 X X XiX X XiX{XiX X X
M X X XiX X X[ X[X|X X . X
T X X X X X X X
Copper S X XX X X X X X X XX
and Alloys I X X X X XX X X X XX
M X X XiX X X X
T X X X X X
Magnesium | S X X X XXX X X X
and Alloys I X X X XX XIX{XIX X X X
M X X X XXX X X
: T X X X X
Refractory S X XX XiX X X X X X X X
Alloys 1 X X X X X X X X
M X
T

*This table is presented as a general survey only. In sclecting processes to be used with specific alloys, the reader should
refer to other appropriate sources of information.

LEGEND FOR TABLE

Process Code . Thickness
SMAW —Shielded Metal Arc Welding RW-—Resistance Welding S —Sheet: up to 3 mm (1/8 in.)
SAW-—-Submerged Arc Welding FW—Flash Welding I —Intermediate: 3 to 6 mm (1/8 to
GMAW-Gas Metal Arc Welding OFW-Oxyfuel Gas Welding 1/4in.)
*€ST-Spray Transfer DFW-Diffusion Welding M—Medium: 6 to 19 mm (1/4 to 3/4in.)
**B -Buried Arc FRW—Friction Welding T --Thick: 1 mm (3/4 in.) and up
**P —Pulsed Arc X EBW-Electron Beam Welding X ~Recommended
**8 —Short Circuiting Arc LBW-—Laser Beam Welding
FCAW-Flux Cored Arc Weiding B-—Brazing
GTAW-Gas Tungsten Arc Welding TB-Torch Brazing
PAW—Plasma Arc Welding FB—Fumace Brazing
ESW-Electroslag Welding IB—Induction Brazing
FEGW—Electrogas Welding RB-Resistance Brazing

DB-Dip Brazing

IRB~Infrared Brazing

DFB-Diffusion Brazing
S—Soldering

**Not standard AWS letter designations. Pulsed arc and short circuiting arc are officiaily designated GMAW-P and
GMAW-S respectively, but for brevity, the designations are given here as P and S. There are no ofiicial
designations for spray transfer and buried arc.

1Not standard AWS Ictter designation. Electrogas welding is a process variation of GMAW and FCAW and should be]
designated as either GMAW-EG or FCAW-EG. (Sce discussion of electrogas welding on p.12,) For brevity, however,
clectrogas welding is designated as EGW here.

Source: American Welding Handbook, Volume 1



Source:

Applicability of Cutting Processes to

Materials*
Material Cutting Processes
OC PAC AAC LBC
Carbon Steel X X X X
Stainless Steel X! X X X
Cast Iron X' X X X
Aluminum and Alloys X X X
Titanium and Alloys X X X X
Copper and Alloys X X X
Refractory Metals X X X

and Alloys

*This table is limited in content and scope and
should be regarded as only a very general guide to
process applicability. For processes to be used with
specific alloys, appropriate sources should be
referenced.

LEGEND
Process Code
OC — Oxygen Cutting X - Process may be ap-
plied.
PAC — Plasma Arc X' — Process applicable
Cutting with special techniques.
AAC — Air Carbon
Arc Cutting
LBC — Laser Beam
Cutting

American Welding Handbook, Volume 1.
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CONSTANT-CURRENT AND CONSTANT-VOLTAGE
POWER SCURCES

Arc welding power sources are commonly classified as constant current and
constant voltage, Paragraph EW1-1.18 of the Electric Arc-Welding Apparatus
Standard (EW1-1968) of the Natiopal Electrical Manufacturers Association
(NEMA) states: “A constant-current arc-welding power supply (arc welder)
is one which has characteristically drooping volt-ampere curves producing rela-
tively constant current with limited change in load voliage. This type of supply
is conventionally used in connection with manual-stick-electrode or tungsten-
inert-gas arc welding.”

The characteristics of this type of supply are such that if the arc length varies
because of external influences, and slight changes in arc voltage result, the weld-
ing current remains substantially constant. Generally, manual operations where
variations in arc length are almost inevitably owing to the human element em-
ploy this type of power source.

Although cach current setting of the supply yields a separate and individual
volt-ampere curve when tested under sieady conditions, the curves are not usu-
ally parallel. In the vicinity of the operating point, it should be expected that
the static volt-ampere curve will be more vertical than horizontal (see Fig. 25.14
on page 25.24),

The no-load voltage is considerably higher than the arc voltage under load
in the constani-current type of arc welding power supply.

Constant-current power supplies are not used exclusively for manual shielded
metal-arc welding processes; they are also applicable to semiautomatic or auto-
matic processes in which a constant arc length is maintained by automatic
changes in the feed rate of the consumable electrode. This type of supply is
suitable for automatically controlied processes for which a reasonably constant
current is required.

In the NEMA standard quoted above, the constant-voltage system is defined
as follows: “A constant-voltage arc-welding power supply (arc welder) is one
which has characleristically flat volt-ampere curves producing relatively con-
stant voltage with a change in load current. This type of power supply is con-
ventionally used in connection with welding processes involving consumable
electrodes fed at a constant rate” (Paragraph EW1-1,19}.

A welding arc fed by a constant-voltage supply, and utilizing consumable
electrodes and a constant-speed wire feed, is essentially a self-regulating system.
It tends to stabilize itsell despite momentary changes such as friction in the
wire feed, fluctuations in the power supply, etc. The arc length and weld current
are interrelated in such a way as to correct for sudden changes. For exarnple,
arc length variation is fundamentally determined by the differences between
melting rate and f{eed rate; arc voliage is directly related to arc length; for
any one wire size, melting rate is governed to a major extent by current.

.
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Thus, if the power supply is capable of providing large current variations
while still maintaining nearly constant voltage, a constant-speed system for wire
feed can be used to good advantage. The wire-feed rate will be found to be
proportional to arc current for all wire sizes,

PRINCIPLES OF OPERATION

The voltage-reducing element in Fig. 25.1 may be an electric generator driven
by an electric motor, or it may be a transformer. If an electric generator is
used, it is usually a d-c generator. The arc welding power supply is then used
for d-c welding only. In this case, the electromagnetic means of controlling
the volt-ampere characteristic of the arc welding power source is an integral
part of the generator; it is not a separate element as shown in Fig, 25.1,

Various d-c generator configurations are employed. The d-c generator may
use a separate exciter and current control for determination of the desired volt-
ampere characteristics. Another type uses a separate exciter and differential or
cumulative compounding for selection of volt-ampere characteristics.

Figure 25.2 shows the basic elements of a transformer. For a transformer,
the significant relations among turns ratio, and input and output voltages and
currents, are as follows:

N 7 B 7 1

where N is the number of turns on the primarly winding of the transformer,
N, is the number of turns on the secondary winding, E; is the input voltage,
E, is the output voltage, I; is the input current and Xy is the output (load)
current, The element that determines the volt-ampere characteristics is not shown
in Fig. 25.2.

Taps in the transformer secondary winding may also be furnished as shown
in Fig. 25.3 to control the no-load output voltage. In this case, the tapped
transformer permits the adjustment or control of the number of turns, Ny, in
the secondary winding of the transformer. Fewer turns used on the secondary
means less output voltage, since a smaller proportion of the transformer sec-
ondary windings is then in use. The tap selection, therefore, controls the no-

load voltage.

1
Ny TUBNS  No TURVS
1 L.
WouSTRIAL WL ZN PRIMARY seconparr NGl en LOAD
POWER £ WINDING WIKOING (4.c
SYSTER OuTPU
(INPUT) E}
i ~ 3IC e
' METAL TS
AMMETER CORE " AMMETER

TRANSFORMER CASE

ELECTRICAL CONNECTION
MECHANICAL STRUCTURE OR MAGNETIC MATERIAL

Fig. 25.2.—Principal électrical elements of a welding transformer, shown connected
to power supply and load
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—— TAPPED
SECONDARY
WINDING
Y. i
o o ROTARY
3 TAP
% “\\ SELECTOR
PRIMARY ¢
AC . WINDING S = ° §
INEUT | A
VOLTAGE N pe o o C.
. TURNS b ouTEuT
2 N2 | SELECTOR CASE 6t
b TURNS
%} CORE

TRANSFORMER CASE

Fig. 25.3—Welding transformer with tapped secondary winding to control no-load
output voltage

In constant-voltage systems (Fig. 25.4), there may be an adjustable (satu-
rable or tapped) reactor connected electrically to the transformer secondary
winding, The reactor adjustment determines the slope of the static volt-ampere
characteristics and the tap selection controls the no-load voltage. A later sec-
tion entitled Manual Control explains these adjustments for both generator and
transformer or transformer-rectifier power supplies.

In constant-current arc welding power sources that use a transformer, the
adjustable reactor is usually located in the secondary circuit in series with the
arc circuit, Here again, taps in the transformer secondary can offer control of
the no-load voltage, but this is not usually done.

The type of circuit shown in Fig. 25.4 is typical of the constant-current type
as well as many constant-voltage type arc welding power supplies. In constant-
current power supplies, the voltage drop, Ex, across the reactor increases greatly
as the load current, I, is increased. The increase in load current causes a large
reduction in the level of the load voltage, E;. Adjustments in the value of

Ex
VOLTAGE DROP
S | N SERIES
- © NS REACTOR® I é
A.c Wo~L.04D _ Ee 040
INPUT VOLTAGE LOAD B
voLTage | TRANSFORMER = VOLTAGE
Ea ] . <
4 > o y g 2 \l
LOAD
CURRENT

Fig. 25.4—Typical circuit for constant-current and many constant-voltage type arc
welding power supplies using a reactor to control output



reactance in the series reactor con-
trol the relation of load current to
load voltage. This is called current-
range control. Voltage Ep equals the
no-load (open-circuit) voltage of the
power supply.

In constant-voltage power supplies,
the voltage drop, Eyx, across the
reactor increases only slightly as the
load current increases; the drop in
the level of the load voltage is small.
Adjustments in the value of reactance
in the series reactor control the rela-
tion of load current to load voltage.
This is known as slope control with
simple reactors, and voltage control
with saturable reactors.

Figure 25.5 shows a typical vector
relationship of the a-c voltages for
the circuit of Fig. 25.4. The voltage
drop across the reactor plus the
load voltage equals the no-load
voltage only as a vectorial addition.
In the example pictured, the output
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_Ep LOAD VOLTAGE
40 voirs

Eyx
VOLTAGE
DROP

NO-LOAD
VOLTAGE

voLrs

4

Fig. 25.5.—Typical vector relationship
of the a-c voltages in the secondary
circuit of a welding transformer as

voltage of the transformer is 80 volts, shown in Fig. 254

the voltage drop across the reactor is 69 volts and the load (equivalent to a
resistor) voltage is 40 volts. The vectorial addition shown is analogous to the
addition of 69 miles west and 40 miles north to make a total of 80 miles
northwest. .

In those welding power sources having both a transformer and a rectifier
(for a-c or d-c welding), the rectifiers are located in the arc-circuit side. In
other words, the control system is not located in the d-¢ circuit since it is an
a-c system including reactors and transformer taps. The transformer-rectifier
type of arc welding power supply usually incorporates a stabilizing inductance
or choke located in the d-c arc circuit to improve arc stability.

STATIC VERSUS DYNAMIC CHARACTERISTICS

A power source, either of the generator or transformer type, has two kinds
of operating characteristics, each of which affects’its welding performance in
different ways. These are its dynamic characteristics and its static characteristics.

Only the static characteristics can be readily measured by conventional test
procedures, A set of voltage-current characteristic curves (E-I curves, or volt-
ampere curves) describes the static characteristics.

In contrast, the dynamic characteristic of the arc welding power source is
determined by the characteristic variations in output voltage that appear in as
little as 0.001 second after a change in arc current. Dynamic characteristics
describe the instantaneous variations or those variations that occur over very
short intervals of time. Static characteristics are measured over longer periods
of time (seconds or minutes).

Arc stability is primarily determined by the dynamic characteristics of the
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arc welding power supply. It is also true that improper selection of a voh-
ampere characteristic for a given electrode and material might result in diffi-
culty in maintaining an arc; however, circuit elements that add to arc stability
will be effective to some extent regardless of other variables.

The ipherently transient characteristic of all welding arcs is the principal
reason for the great importance of the dynamic characteristic of an arc weld-
ing power source. The arc is, of course, in a continuous transient condition
but, in particular, transients occur (1) during striking and extinction of arcs
in short-circuiting metal transfer (with either globular transfer or short-circuit-
ing transfer), (2) in spray transfer and (3) during arc extinction and reigni-
tion during each half-cycle of a-c welding, Other causes of transients includc
variations in arc length, variations in arc colummn temperatures and variations
in cathode spot emission characteristics.

Each of these arc transients can appear and disappear in a time interval com-
parable to the interval during which a significant change in ionization of the
arc column can occur (0.001 second). However, this time interval is too short
for the static characteristics of the welding power supply to react correctively.
Therefore, steady state or static volt-ampere characteristics (defined by constant
load current tesis) have little significance in determining dynamic characteristics
of an arc welding power source.

Among the arc welding power supply characteristics that do have an effect
on arc stability are those that provide: (1) local transient energy storage, such
as a d-c series inductance; (2) feedback controls in automatically regulated
systems and (3) modifications of wave form or a-e¢ frequencies in the welding
current. An improvement in arc stability is typically the goal of such modifica-
tions; bencficial results include: (1) easier control of the amount and direc-
tion of metal transfer, (2) reduction in spatter and (3) improvement in the
efficiency of metal transfer.

MANUAL CORTROL OF VOLT-AMPERE CHARACTERISTICS

As described under “Principles of Operation,” manual adjusiments are used
to control the load-voltage versus load-current characteristic (E-I curve). A
description of how to select the characteristics best suited to various welding
conditions is included in the section above entitled “Constant Current and
Constant Voltage.” .

The no-load voltage control of a d-c generator used as an are welding power
supply adjusts the relatively small current in the main field winding; this con-
trol is sometimes described as a vernier control, The current-range control
adjusts the d-c generator series or bucking field winding that carries the arc
current. The reversing switch eontrols the voltage polarity by changing the
interconnection between the exciter and the main field. In general no separate
inductor need be added to the welding circuit to improve arc stability in this
type of welding equipment; the several turns of series winding on the field poles
of the rotating generator represent more than enough inductance to ensure
satisfactory arc stability. This unit is described in more detail in later sections
of this chapter.

Variable reactance or variable mutual induetance may be used to control the
E-I characteristics in typical transformer or transfermer rectifier arc welding
power sources, The variable reactance or mutual inductance is, of course,
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located in the a-c electrical circuit of the welding machine, in series with the
secondary circuit of the transformer as shown in Fig, 25.4. The basic trans-
former and its principal electrical modification, a tapped transformer, were
shown in Figs. 25.2 and 25.3.

As previously mentioned and as shown in Fig. 25.5, the voltage drop across
a series reactance in an a-c circuit may be added vectorially to the load voltage
to equal the transformer secondary voltage. By varying the voltage drop across
the reactor, the load voltage may be changed. This peculiar characteristic (vec-
torial addition) of reactor voltages in a-c circuits is related directly to the
reason reactors are used in place of serics resistances for producing a drooping-
voltage characteristic. An advantage is that the reactor consumes little or no
power, despite the fact that a current flows through it and a voltage can be
measured across it. Were a resistor used in its place, the power loss and the
temperature rise would be much increased. In this case, the voltage drop across
the resistor could be added arithmetically to that of the load voltage to equal
the output voltage of the transformer.

Another major advantage of reactance over resistance is that the phase shift
produced in the current by the reactance increases arc stability for a given
open-circuit voltage to be discussed below under Electrical Characteristics.

The reactor can be varied by any of several means; it can be built with taps
similar to a resistor; it can be varied by many other mechanical and electrical
means, some of which are described in later sections.

Varying thc inductance and, therefore, the reactance value will vary the
voltage drop across the reactance for any one load current, The rcactance value
controls the shape of the volt-ampere characteristic of the arc welding power
source.

In addition to the adjustment of reactance (self-inductance), it is also pos-
sible to adjust the mutual inductance of a pair of coils. This may be done by
moving the coils in relation to one another, or by combining the concept of a
movable shunt with the concept of a saturablc reactor, to produce a trans-
former with an electrically adjustable mutual inductance.

SERVICE CLASSIFICATION

Since some welding loads are not as demanding as others in time of opera-
tion, a power source that supplies a given current for a short time need not
be as large and rugged as one required to supply the same current continuously.
Duty cycle is onc of thc most important rating points of a welding power
supply that takes into coosideration this difference in load. Unlike many other
clectrical devices or machines that, once turned on, must deliver their rated
output until shut off, a welding power supply is called on to deliver output
during limited periods only, unless it is used on automatic processes. Because
the welder must stop welding to change electrodcs, and to adjust his work and
his position, a wclding power supply is allowed to be idle during part of its
operating time,

Duty cycle expresses as a percentage the portion of the time that the power
supply must deliver its rated output in each of a number of successive 10
minute intervals. Thus a 60% duty cycle (the standard industrial rating) means
that the power supply can deliver its rated load output for 6 minutes out of
cvery 10 minutes. (Operation at rated load steadily for 36 minutes out of one




25.10 | Arc Welding Power Sources

hour is not a 60% duty cycle. The rating is based on successive 10 miinute
intervals.) A 100% duty cycle power supply can produce its rated output con-
tinuously without exceeding the established temperature limits.

Duty cycle is the main determizing factor regarding the type of service for
which a power supply is designed. Industrial units for manual welding are rated
at 60% duty cycle. For automatic and semiautomatic processes, the rating
usually is at 100% duty cycle. NEMA rates limited service power supplies at
20% duty cycle. Individual manufzcturers have sometimes rated power supplies
at duty-cycle values other than those above; but the rating method using 10
minute intervals is standard,

In any duty-cycle rating, the maximum allowable temperature of the com-
ponents in the unit is the detemmining factor. These maximum temperatures
are specified by various organizations and agencies whose interest lies in the
field of insulation standards.

An important point is that the duty cycle of a power supply is based on the
output current and not on the kva or kw rating, Two useful and approximate
formulas are given below for determining a new duty cycle at other than rated
output, or for determining anothzr than rated output at a new specified duty

cycle.
I 2
Ta = (T;) T

Ia:I‘)_L
Ta

where T is given duty cycle in percent; Ta is required duty cycle in percent;
I is rated current at given duty cycle and Ia is current at required duty cycle.
Example—At what duty cycle can a 200 ampere industrial-type NEMA-rated
welding transformer (60% duty cycle) be operated at 250 ampere output?
200 \*
Ta = (Eb——) X 60%
= {0.80)2 x 60% = (0.64) X 60%
Ta = 38% (approximately)
Therefore, this unit must not be operated more than 3.8 minutes out of each
10 minute period at 250 amperes.
Example—The aforementioned transformer is to be operated contimrously
(100% duty cycle). What current must not be exceeded?
T

\/ Ta

Ja=1

60%
= 2004/ T00%
Ia == 155 amperes (approximately)

=200 \jﬁz 200 x 0.775

If this transformer is operated centinuously, nc more than 155 amperes out-
put should be used.

For very high current output power supplies (750 amperes and higher),
another duty-cycle rating is usually used. This is identified as the one-hour
duty rating. These power supplics are designed for service in semiautommatic
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or automatic welding systems. In determining the rated output of these ma-
chines, they are loaded for one hour at rated output and then tested. Then the
output is reduced immediately to 75% of the rated current value, and opera-
tion is continued for an additional three hours; at this time the test period is
terminated. Temperatures are measured at the end of the first one-hour period
and at the conclusion of the test. These temperatures must be within estab-
lished allowable limits.

MAINTENANCE

Welding power sources demand very little attention in normal service. How-
ever, trouble-free operation cannot be achieved without proper care and
maintenance. Periodic checks provide for the correction of minor troubles
and prevent greater ones.

Servicing and maintenance schedules have been established by the manu-
facturers of welding power sources. Maintenance schedules and the related
instructions are listed in instruction manuals for the various power sources.
Maximum service life and performance result from following recommended
maintenance schedules.

SAFETY

Safe practices for the installation and operation of welding machines are dis-
cussed in Chapter 9 of Section 1 of the 6th Edition of the Handbook. Most of
the precautions that should be taken are obvious, but they bear repeating,

A welding machine should be treated with the same regard for safety that
would be exercised with any electrical device. The nameplates of all devices
should be checked carefully and compared to the line power available. When a
considerable number of single-phase units are being installed, unbalanced line
loads can be minimized by connecting them to different phases. When a-c weld-
ing machines are used, welders should avoid physical contact with one another
when they are working on a single large weldment, since a voltage may exist
between clectrode holders. When adapting a unit for a specific voltage, the in-
struction manual for the specified power supply should be consulted to make
sure that all changeovers for the specific line voltage have been completed. In-
stallation of the power supply should be done by a licensed electrician. Part
of the installation should be a fusible safety switch, mounted on the wall near
the power supply. The case of the unit should always be groundcd. Special care
should always be taken to assure tight connections on the output side of the
power supply. )

Care should be taken in the selection of arc welding power supplies to ensure
that the current rating chosen is adequate to handle the job. Welding machines
should not be operated above their current ratings and corrcsponding rated duty
cycles listed in the standards, or abovc the limits specified by the manufacturer,
Welding cables should be of the extra-flexible type designed especially for weld-
ing and of size adequate for current and duty cycles reasonably expected. The
msulation on the cables should be in good condition. It is essential from the
standpoints of good quality and safety that proper equipment be used. The
selection and the condition of equipment, such as electrode holders, cables,
connections and clamps are equally important. Electrode holders should not
be used if the insulation is damaged.
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Avoidance of electric shock is largely within the control of the welder. There-
fore, it is especially important that he be thoroughly instructed how to avoid
shock. Voltages required for arc welding are low and narmally will not cause
injury or severe shock, although the fact that they are low may, and does, lead
to carelessness, These voltages are nevertheless high enough to endanger life
under certain circumstances. Severity of shock is determined largely by the
amount of current flowing through the body, and this is determined by voltage
and contact resistance of the area of skin involved.

Welding power sources are no more hazardous than any other piece of prop-
erly used industrial equipment. Because all manual arc welding processes are
based on an exposed electrode, a welder may touch the electrode and receive
a mild to severe shock, depending on the local conditions.

A point is often made that alternating current is more dangerous than direct
cwrrent. This generalization is usually made on the basis that a-c rms (root-
mean-square) voltages given are actually only 71% of the peak value. In addi-,
tion, the physiological effect of alternating current is somewhat different from
that of direct current. The NEMA maximum open-circuit voltage for a-c weld-
ing power sources is approximately 35% lower than the normal voltage in
homes, but this is no reason to abandon caution. Electricity must be treated
with respect no matter where it is encountered.

Voltage reducers, designed either to remove or substantially reduce the open-
circuit voltage of a-c power sources during idling periods, arc available as an
auxiliary device that may be incorporated into the circuitry of most industrial
a-c power sources. The use of these devices is normally specified in hazardous
locations where the usual precautions are not deemed sufficient.

If alternating current is applied to the body at the normally used 50 or 60
cycles, the muscles will react and tighten. This explains why a person cannot
release an cleetrically charged conductor on his own volition. The electrical
impulses sent out from the human brain are literally overpowered by the higher
a-c voltage of the power line,

ALTERNATING-CURRENT POWER
SOURCES—CONSTANT CURRENT

Single-operator, alternating-current power sources are normally single-phase
transfornmers that take the commercial a-c power from plant power lines and
transform the voltage and amperage to values suitable for welding. The
transformer also serves to isolate the welding circuit from the plant power lines.

Another source of a-c welding power is a generator (more properly called
an alternator), which converts mechanical energy into electrical power suitable
for arc welding. The mechanical power may be obtained from various sources,
stch as an internal combustion engine or an electric motor.

Alternator design normally places the magnetic field coils on the rotor and
the armature coils in the stator. This configuration precludes the necessity of
the commutator and the brushes used with d-c output generators, The frequency
of the output welding current is controlled by the speed of rotation of the rotor
assembly, and by the number of poles in the alternator design. A two-pole
alternator must operate at 3600 rpm to produce 60 cycle current, whereas a
four-pole alterpator design will operate at 1800 rpm to produce 60 cycle current.
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TRANSFORMER ALTERNATING-CURRENT POWER SOQURCES

To discuss the types of transformer alternating-current power sources is to
define their methods of adjustment of the voli-ampere output characteristic.
For many years, the welding industry has considered that current is set on a
“constant-current” power source. This is misleading. It is the volt-ampere output
curve characteristic that is set on any power source, regardless of make, model
or type. This concept is explained in detail in the following paragraphs.

Movable-Coil Control

A movable-coil transformer consists essentially of an elongated core on which
are located primary and sccondary coils. Either the primary coil or the secondary
coil may be movable, the other one is fixed in position. Most a-c transformers of
this design have a fixed position secondary coil. The primary coil is normally
attached to a lead screw and, as the screw is turned, it moves closer to, or farther
from, the secondary coil.

The varying distance between the two coils regulates the inductive coupling
of the magnetic lines of force between them. The farther the two coils are apart,
the more vertical the volt-ampere curve and the less the maximum short-circuit
current value. Conversely, the closer the two coils are together, the higher the
maximum short-circuit current and the less slope in the volt-ampere output
curve.
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Fig, 25.6—Movable coil a-c power source with coil spread set for minimum output

Figure 25.6 shows the movable coil machine with the coils far apart, and
the steep shape of the volt-ampere curve, Figure 25.7 shows the coils as close
together as possible, The volt-ampere curve is indicated at maximum output.

Movable-Shunt Confrol

The movable-shunt method of control is used with a-c transformers and may
be used with ac/dc power sources also. In this design concept, both the
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primary coils and secondary coils are fixed in position. A laminated iron core
shunt, fixed within a containing mechanism, is moved between the primary
and secondary coils. The iron material is the same as that used for the trans-
former cores and is insulated on both sides of each lamination. The shunt acts
as a magnetic “flux” diverter. (The term flux means the same as magnetic
lines of force in this usage.) The following sections provide details about the
other types of controls used with welding transformers.

As illustrated in Fig. 25.8, the movement of the magnetic lines of force, or
magnetic flux, is unobstructed when the iron shunt is not between the primary
and secondary coils. As the shunt is moved between the primary-secondary coil
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Fig. 25.8~Movable shunt a-c power source with shunt removed for maximum ouwtput

arrangement, as shown in Fig. 25.9, the magneiic lines of force are diverted
into the iron shunt rather than to the secondary coil.

The output volt-ampere curve is adjusted from minimum to maximum with-
in the amperage range of the welding power source. When the shunt is not
between the primary-secondary coils, the output volt-ampere curve is at maxi-
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Fig. 25.9—Movable shunt a-c power source with shunt between power coils

mum. As the iron shunt moves in between the primary and secondary coils,
the volt-ampere curve is positioned more vertically and the maximum short-
circuit current is decreased.

Moving Core Reactor

The moving core reactor type of a-c welding machine consists of a constant-
voltage transformer, plus a reactor whose inductance is varied by moving a
section of its iron core (Fig. 25.10). The moving core is shown in a withdrawn
position, forcing the magnetic lines of flux (magnetic field) to cross an air
space, making for low inductance, which, in turn, permits a large welding
current to flow. When the moving core is inscrted into the stationary core as
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Fig, 25.10.—Moving core reactor type a-c power source

shown in dotted lines in Fig., 25.10, inductance of the reactor is increased, re-
ducing welding current.

Tapped Secondary Coil Conirol

A tapped sccondary coil may be used for control of the volt-ampere output
of a transformer. This method of adjustment is used with limited service
power sources. Basic construction is somewhat similar to the moving shunt
type (Fig 25.9) except thal the shunt is permanently located inside the main



25.16 | Arc Welding Power Sources

core and the secondary coils are tapped to permit adjustment of the number
of turns. Decreasing secondary turns reduces open-circuit voltage, but also
decreases inductance of the transformer, causing welding current to increase.

Saturable Reactor Centrol

A saturable reactor control is called an electrical control because it employs
an isolated low-voltage and low-amiperage d-c circuit to change the eflective
magnetic characteristics of the reactor cores, The principal advantage of this
type of control circuit is that it makes remote control of output from the power
source relatively easy.

In this design concept, the main transformer has no moving parts., As such,
there would be only one output volt-amperc characteristic and that is maximum.
By adding a reactor to the secondary a-c circuit, it is possible to achieve the
mininuen volt-ampere curve characteristic,

By adding a d-c control circuit to the reactor system, it is possible to adjust
the output volt-ampere curve from minimum to maximum. The saturable
reactor uses d-c power for control purposes. It is possible to control a large
amount of alternating current by a small amount of direct current.

Saturable Diverter Path Transformer

The saturable diverter path transformer is a cross between the moving shunt
and the saturable reactor type controls. A shunt (known as the diverter path)
is permanently fixed in position between the primary and secondary coils of a
transformer. A control coil is wound on this diverter path. When a direct
current (known as control current) is passed through the control coil, a d-c
magnetic field is set up in the paths, as shown in Fig. 25.11. This d-c magnetic
ficld interacts with the normal a-c magnetic field to cause the welding current
to increase when control cwrent is increased.
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Fig. 25.11 —Saturable diverter path type a-c power source
OPEN-CYRCUIT VOLTAGE (BCV)
Open-circuit voltage is the voltage apparent at the output terminals of a

welding machine when it is enerpized under no-load conditions, Open-circuit
voltage is one of the design factors influencing the performance of a single-
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phase a-c wclding machine, along with transient-voltage recovery character-
istics of the machine, drop transfer and degree of ionization of the arc stream
of the electrode.

Open-circuit voltage is a {unction of the primary input voltage and the ratio
of primary-to-secondary coils of the main transformer. This fact naturally
affects the physical size of the welding power source.

Although a high open-circuit voltage may be desirable from the standpoint
of arc stability, the factors of safety and cost preclude excessively high values.
Alternating-current arc welding power supplies of the transformer type are
usually made in ratings that have been standardized by NEMA,,

The NEMA standards require that no-load (open-circuit) voltage does not
exceed 80 volts for manual welding and 100 volts for automatic and semi-
automatic welding operations. Lower open-circuit voltages are sometimes used
on a-c power sources., No-load voltages of 65 and 75 volts are common for
a-c power sources of industrial sizes, with 80 volts favored where low-hydrogen
electrodes are to be used. In some of the smaller a-¢c power sources such as
the limited-service class, open-circuit voltages may be as low as 40 volts. Most
a-c electrodes may be used with a 75 to 80 volt power source. Power sources
with lower open-circuit voltage may require the selection of specific grades and
types of electrodes for successful operation,

Power sources classed as industrial models normally have one open-circuit
voltage at, or close to, the maximum allowed by NEMA. Limited-service class
a-c power sourccs frequently have two or more open-circuit voltages. One
arrangement is to have a high and low range of amperage output from the
power source. The low range normally has approximately 80 volts open circuit,
Another arrangemcnt is the tapped secondary coil method, described carlier,
in which at each current setting, the open-circuit voltage changes sbout 2 to
4 volis.

Alternating current (60 cycle) reverses direction of flow each 1/120 second.
Plotting the direction and strength of the current through a complete cycle of
alternations produces a sine wave form. Figure 25.12 shows typical a-c two-
range power source sine wave forms, with open-circuit voltages of 80 volts
and 55 volts. A key fact is that each sine wave form shown goes through a
complete cycle in 1/60 second.

Since the current must change direction after each half-cycle, it is apparent
that, for an instant, at the point at which the current wave form crosses the
zevo line, the current must be zero. At that time, the. electrons and ions, which
constitute the current flow in the arc, cease to flow. An instant later, the elec~
trons and ions should reverse their respective directions of flow. However, dur-
ing the period in which current is decreasipg and reaches zero, the arc cools,
reducing the thermal energy level, which helps maintain ionization of the arc.
In order for the current to begin flowing in the opposite direction, ionization
of the material in the arc must cithcr be maintained or reinitiated by the voltage
across the arc gap. This voltage is shown in Fig. 25.12 as the rccovery voltage.
The geeater this rccovery voltage, the shorter the period during which the arc
is extinct.

Figure 25.12 also shows the phase relations among voltage and the same
current for two different open-circuit voltages, assuming the same arc voltage
(not shown) in each case, As can be seen in the figure, recovery voltage is
greater with 80 volts opcn-circuit voltage because of the higher source voltage
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and because the greater phase shift of the current causes zero current at a
time when recovery voltage is near the peak of the open-circuit voltage wave
form. If resistance, rather than reactance, were used to regulate welding
current, the power source voltage and current would be in phase, and the
recovery voltage would be zero, causing a less stable arc.

Factors that permit use of low open-circuit voltages include the ingredients
in some electrode coatings, which help to maintain ionization, and favorable
drop transfer characteristics in some electrodes, which prevent sudden gross
increases in arc length.
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Fig. 25.12.—Typical sine waves of two-runge a-¢ power source
ELECTRICAL RATING

The NEMA ratings for transformer-type arc welding power sources are
shown in Table 25.2, The welding transformers having high current ratings
(1 hour duty ratings) of 750 amperes or more are uscd mainly for automatic
or machine welding.

ELECTRICAL CHARACTERISTICS

The electrical characteristics of any static, single-phase a-c welding power
source normally appear in the form of plotted curves. For example, the input
energy, the electrical efficiency, the power factor and the output energy are
capable of being plotied. In Fig. 25.13 (p. 25.20) all these curves appear in a
graph. The graph represents a typical 300 ampere a-c, single-operator welding
transformer, As indicated in the illustration, the electrical efficiency is quite high
for this type of power source.

Before discussing power factor, some of the terms used must be defined.
Primary kva power (kilo-volt-amperes) is the apparent power drawn from
plant power lines. Primary kw power is the actual power used by the welding
machine to produce its rated load. Secondary kw power is the product of the
output voltage (amperes) multiplied by the current when the power source is
connected to a purely resistive load.

The ratio of primary kw to primary kva is called input power factor.
Dividing the primary kw by the primary kva will give the power factor per-
centage of an a-c welding machine. Power factor may be improved by the



Alternating-Current Power Sources | 25.19

addition of capacitors to the primary power circuit of the welding power source.
The addition of capacitors to an inductive circuit, such as a transformer-type
a-c power source, improves power factor by demanding less primary current
from the plant power lines while welding is being performed.

Table 25.2-~NEMA ratings of tronsformer a-c welding power sources

Industrial Service A-C Transformer Type

Output Ratings—609%, Duty Cycle at Rated Output

Rated Minimum Maximum (at 35% Duty Cycle)
Ampers . (155 Amperes . (438, Ampsre e (314,
200 28 40 22 250 30
300 32 60 22 375 35
100 36 80 23 500 40
500 40 100 24 625 44
600 44 120 25 750 44

High Current Ratings—(One-hour Duty Ratings)

750 44 187 28 925 44
1000 44 - 250 30 1250 44
1500 44 450 38 1875 44

Limited Service Arc Welding Machines (AC, DC, AC/DCQC)

Output Ratings—20% Duty Cycle at Rated Output

Rated Minimum Maximum
Amperes at {{7%?& Amperes at {{‘,g'i‘g Amperes at {%’g:lit(i
180-230 25 3010 20 180-230 25
235-295 30 40-50 22 235-295 30

*Voltages are based on the formuia E = 20 4 0.04 I, where E is the load voltage and 1 is the load cur-
rent. For onrrents above 600 amperes, the voltage shall remain constant at 44 volts.

Alternating-current transformer power sources are normally equipped with
capacitors for power factor correction to approximately 75% at rated load.
At lower than rated load current settings, the power factor may have a leading
characteristic. When the a-c transformer is operating at no load or very light
loads, the capacitors are drawing their full corrective kva, thus contributing
power factor correction to the remainder of the load on the total electrical
system, For this reason, too much power factor correction may be undesirable.

When a number of transformer-type a-c welding power sources are con-
nected to a primary supply line, consideration should be given to the pos-
sibility that the combined power factor correction capacitance will not upset
the voltage stability of the line when all units arc operating at light loads.
If threc-phase primary power is used, the load on each phase of the primary
system should be balanced for best performance. Power factor correction, under
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normal conditions, has no bearing on welding performance except for any
effect that may be attributed to high primary current.
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Fig. 25.13.—Typical characteristic curves of a 300 ampere welding transforier

CONTROL DEVICES

Diflerences in transformer welding machines exist mainly in the auxiliary
equipment used. Auxiliary equipment is incorporated in transformer welding
machines either to adapt the unit specifically for use with a given process or
to make it more convenient to operate.

Primary contactors, or manually operated power switches, are usually in-
cluded in industrial a-c power sources to turn the welding machine on and off.
Most industrial units are furnished with a terminal board or other means of
reconnecting for various rated primary line voltages. Input supply cords are
not normally supplied with indusirial welding power sources. The smaller,
limited-service power sources are generally equipped with a manually operated
primary switch and are usually furnished with an input supply cord.

Some a-c power sources incorporate a system of relays for supplying a higher-
than-normal current to the arc for a fraction of a second at the start of a weld.
This “hot start” device is intended to provide starting surge characteristics
similar to those of motor-generator sets and to assist in initiating the arc,
particularly at current levels under 100 amperes.

Alternating-current power sources in industrial sizes may be provided with
means for remote adjustment of output energy. This may consist of a motor-
driven, geared device for use with crank-adjusted units, or a rbeostat at the
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work station when an electrically adjusted reactor control is being used. When
a weldment requires frequent changes of amperage or when welding must be
accomplished in an inconvenient location, time studies have shown that use of
remote control adjustment can save money for the user. The use of foot-
operated remote controls permits a gradual build-up and reduction of welding
current, which is of great assistance in crater filling to prevent crater cracking.
The use of these devices on a-c industrial welding power sources has proved
to be economical and sound engineering practice since greater safety and more
satisfactory operations resulf,

Voltage reducers are available to reduce the no-load voltage of a-c arc
welding power sources. With these units, voltage at the electrode holder dur-
ing no-load times is reduced to about 30 volts. Voltage reducers consist of
relays and contactors that either reconnect the secondary winding of the main
transformer for a lower voltage, or disconnect the welding load from the
main transformer and connect it to an auxiliary (ransformer of a lower voltage.

Units designed for the gas tungsten-arc welding process usually incorporate
electrically operated valves and timers to control the shiclding gas and coolant
flows for the electrode holder.

ELECTRICAL RATING

The electrical rating of transformer-type welding power sources should be
shown on the pameplate of the machine. The normal procedure is to show the
primary voltage and current requirements, the number of phases used, fre-
quency used, primary kva and primary kw. The listing of secondary output
data includes rated output voltage and current, duty cycle, maximum open-
circuit voltage, the minimum-maximum current range and the maximum
allowable temperature rise of the power source components.

Prior to 1962, all industrial class welding power sources were usually rated
at 40 load volts. For example a 300 ampere NEMA-rated power source coutd
deliver 300 amperes into a 40 volt load, although it would seldom be required
to do so, The 40 volt load rating bad its origin during the early 1930’s when it
appeared that arc voliages would tend to higher values with the new mineral
electrode coverings. This trend did not materialize however, .and so the 40
volt load rating is unrealistic when considered from a practical standpoint.
Individual power source manufacturers generally use their own curve of load
volts versus amperes, based on an average electrode characteristic, when they
place the ampere markings on the “current control” device.

The present NEMA ratings (1968) arc based on a load voltage given by
the formula cited in the footnote to Table 25.2: E = 20 4 0.04 I, where B
is the load voltage and I is the output current in amperes. An upper load limit
of 44 volts is applied for current output of 600 amperes or more. This formula
follows very closcly the various international standards and also provides a
realistic compromise with actual welding conditions.

SERVICE CLASSIFICATIONS

The service classifications of welding power sources are usually based on
rated current output, rated load voltage and duty cycle. All three factors must
be considered in-order to properly determine power source capability., The
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two general classifications of service for constant-current transformer power
sources are limited service and industrial.

Limited Service—This class of power source is normally considered as a
semi-industrial unit, Limited service units are designed for less rigorous appli-
cations than industrial power sources, and are usually rated at less than 300
amperes at 50% or less duty cycie,

Industrial. ~Any welding power source having 60%- duty cycle or more is
considered an industrial model. This class of power source is specifically de-
signed to withstand the heavy-duty service required in industrial environments.

The current rating of a power source is not necessarily a true indication of
its size or capacity. Therefore, the user nst use discretion in the choice of a
power source, in order to make sure that the equipment is compatible with the
job requirements,

APPLICATIONS

Alternating-current transformer welding power sources have many uscs in
industry or wherever arc welding is being done. Whereas this section of the
text does not cover all possible applications, it is designed to provide a basis
from which to determine usefulness of specific a-c transformer units.

Shielded KMefal-Ave Welding

Alternating-current transformer welding power sources are designed spe-
cifically for this welding process. Indusirial class units provide the necessary
open-circuit voltage and output current for most welding applications. Elee-
trodes designed for a-c welding should be used.

Gas Tungsten-Are Welding

Alternating-current transformers are normally employed for welding alumi-
num and magnesium with the gas tungsten-arc welding process, Although
standard industrial class units are sometimes used, with a separate high-
{requency system added to the welding power circuit, it is more common to
use a-c power sources that are specifically designed for the process. This type
of power source normally has built-in high frequency, gas and water valves
and solenoids, timers for postflow control of gas and water, etc. Such units
may also be used for shielded metal-arc welding.

Submerged Arve Welding

Alternating current transformers are used with the submerged arc welding
process where heavy plate thicknesses are being joined. The a-c power sources
designed for the process are normally rated at 750 amperes or higher. In most
cases, the appropriate contactor and other circuitry necessary to supply power
to the process cquipment are built into the power source,

Carhion-Arc Cutting and Gouging

Almost any industrial a-c power source may be used for carbon-arc cutting
and gouging if the electrode size is compatible with the power source rating.
Carbon electrodes recently introduced are designed specifically for use with
a-c power sources and they permit the use of alterpating current on some
applications heretofore restricted to d-¢c welding power.
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PDIRECT-CURRENT WELDING
GENERATORS—~CONSTANT CURRENT

TYPES

The motor-generator welding power source converts the alternating current
of the power line or the energy output of an internal combustion engine into
mechanical rotation and then into d-c power of suitable voltage and current.
The first arc welding generator of this type was introduced in 1907. This
welding power source was a constant-current design. Today there exist three
types of direct-current welding gencrators. They are the constant-current weld-
ing generator, the constant-voltage welding generator and a combination
generator that permits selecting either the constant-voltage or constant-current
performance characteristics or any variation in between. Although these power
sources vary considerably in performance, they are all specifically designed to
have electrical characteristics suitable for welding.

The typical direct-current generator power source is driven by a line-
operated, three-phase electric motor. If convenient or necessary, the motor can
be replaced with a gasoline or diesel engine or some other source of mechanical
energy to drive the gencrator. The electric motor or engine has no effect on
the welding performance characteristics or power output of the generator
provided it is of sufficient size. and operation is at the proper speed.

A direct-current welding generator has three primary parts: the field coils,
the armature and the commutator. Like all electrical generators, it operates
on a principle of inducing a voltage in a coil that is mechanically moved with
relation to a magnetic field. Usually the magnetic ficld is produced by ficld
coils energized by direct current.

The generator armature consists of numerous coils that are conneccted to a
copper bar commutator. Alternating-current welding power is generated as
the armature is rotated by the niotor or engine in the magnetic field, This a-c
power is picked up by carbon brushes that ride on the surface of the com-
mutator and convert the alternating current into direct current. Heavy elec-
trical cables are fastened to the brush holders that hold the brushes on the
commutator. These cables, which are inside the welding machine, carry the
d-c power from the brushes to the output terminals or “studs™ where the
welding cables are connected.

The variations in electrical design of the currently available gencralor power
sources primarily relate to diflerences in the system of excitation used to
energize the magnetic ficld. The source of this d-c field current classifies the
generator as to self- or scparate excitation. In the separately excited generator,
a small self-excited generator called the exciter is mechanically coupled to
the main generator and generates the proper excitation current. In the self-
excited generator, part of the actual output current is used to energize the
field coils. Another separately excited generator malkes use of a small control
transformer and diodec bridge to provide excitation current. This systeni is
used with electric motor driven models. Both principles are sound in design
and provide satisfactory performance.

OPEN-CIRCUIT VOLTAGE

A constant-current welding generator (often called a variable-voltage weld-
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Fig, 25.14 —Volt-npere curves for the maximum and minimum open-circuit voltage
settings of a constant-current motor gencrator; the drooping characteristic of this type
of power source is illustrated

ing generator) can be described as one whose current output varies ounly
slightly with variations in arc voltage as compared to the alternate constant-
voltage welding generator designs. The volt-ampere curves for a constant-
current welding generator are found in Fig. 25.14. Because of the shape of
these curves, the constant-current welding generator is occasionally described
as having a “drooping-voltage” output, and called a “drooper” type of power
source. When the arc is struck, the voltage automatically falls from the preset
open-circuit voliage (which can be anywhere befween the minimum and
maximum open-circuil voltage settings on the machine) to the arc voltage.
These static volt-ampere characteristic curves suggest the possible voltage-
current combinations that can be supplied by a gencrator for steady-state load
conditions and by a fixed setting of the generator controls. The instantaneous
relation of voltage and current for transient 16ad conditions is not indicated
by these characteristics.

ELECTRICAL CIIARACTERISTICS

The performance characteristics of the constant-current welding generator
are controlled by the volt-amperc curve for a given generator setting and the
welding arc voltage as indicated in Fig. 25.15. The arc voltage is a function of
load conditions such as arc length, current density, electrode feed rate and
composition of the arc atmosphere. If these load conditions change, the arc
voltage changes as does the welding current, The degree of current change
with. voltage change is confrolled by the amount of droop or “slope™ of the
volt-ampere curve. This is graphically illustrated by the current variation rec-
sulting from the short arc—Ilower voltage——and the long arc—higher voltage—
intersection with the two extreme volt-ampere curves,
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Fig. 25.15.—Changing the open-circuit voltage setting of a constant-current generator
welding machine changes the slope

The short-to-long arc length variation occurring in manual arc welding
produces little change in current if the shape of the curve is that of (A) in
Fig. 25.15. The clectrode melting rate and heat input, therefore, would remain
faitly constant, despite the welder’s inability to hold a perfectly steady arc
length. A constant welding current is desired when welding thin materials. The
high open-circuit voltage and steep slope of curve (A) give relatively little
current variation with change in arc length. When automatic equipment is
used, the steeper volt-ampere characteristic promotes constant current, thereby
assuring uniform appearance and penetration of the weld bead.

The alternate curve (B) shown in Fig. 25.15 would be particularly helpful
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for manual welding in the vertical and overhead positions. The low open-circuit
voltage and flatter slope of curve (B) give more current variation with change
in arc length, Thus, the welder has the opportunity to substantially vary the
current with changes in arc length. This enables him to vary the current input
by lengthening or shortening the arc, and thus helps control the volume of
molten metal in the weld puddle. This is essential for out-of-position welding.

A welding gencrator is also characterized by its response to transient load
conditions, Conditions in manual arc welding operations may change rapidly
because of short circuits between the electrode and the work caused by transfer
of metal from the electrode. The generator must be capable of providing ex-
tremely rapid changes in its output voltage and current in response to these
continually changing arc conditions; yet it must provide a steady current
output during the welding operation at each current setting. For example, the
surge of current during a short cireuit causes an increase in weld metal spatter.
Inversely an appreciable decrease in the arc current, during re-establishment
of the arc after a short circuit, may result in extinction of the arc. The voltage
and current output from the generator must change rapidly enough to meet
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the demands of the arc load at all times. The generator response to these
transient load conditions cannot be observed with the standard meters for
reading vollage and current, Laboratory equipment is needed to detect this
type of response.

,

GENERATOR DESIGN

The static and dynamic volt-ampere characteristics are determined by the
clectrical design of the generator. Direct-current arc welding generators have
been developed in a large number of designs. They differ primarily with respect
to the method of gencrating and controlling the welding current. One of the
earliest designs still manufactured employs a gencrator with separate excitation,
differential compounding and an external stabilizer, Elimination of the stabilizer
or external recactor is accomplished in later designs of this type by incor-
porating suflicient inductance in the generator. The circuit for such a generator
is shown in the top sketch in Fig. 25.16. In order to achieve a wide welding
current range, adjustment of the differential series field is usually provided,
either by means of an adjustable shunt across the series field or by tapping ils
windings. The former approach provides for continuous current control
throughout the entire range of the machine, whereas the latter offers specific
fixed settings between the maximum and minimum output of the generator.
The cireuit for a self-excited version of this basic design is found in the bottom
sketch in Fig, 25.16.

The present constant-current welding generator designs incorporate two
methods of controlling outputs. Compound-wound d-c generators have a series
control, a shunt ficld control, or both. Changing the shunt field control raises
or lowers the open-circuit voltage and results in a group of essentially parallel
volt-ampere curves (Fig. 25.17A p. 25.28). Changes in the serics field controt
do not affect the open-circuit voltage but result in a group of volt-ampere curves
having various slopes, all of which have the same open-circuit voltage (Fig.
25.17B p. 25.29).

CONTROL DRVICES

Devices that make possible remote control of the welding current are some-
times used with constant-current welding generators. Good practice frequently
requires that a different current be used for welding in the overhead, vertical
and flat positions, and for different thicknesses of metal. A remote control
device may be desirable under these conditions when the work is some distance
from the welding units.

One simple method involves either attaching a portable foot control rheostat
in parallel with, or actually removing the rhesstat from, the generator that is
used to adjust the welding current. In either case, the portable control is placed
at the welding position. A cable the size of a Jamp cord is used to connect the
rheostat to the welding generator, This portable control permits the welder to
adjust the welding current over a Jimited renge without returning to the
generator.

Another remote control scheme uses a small motoy and gear reduction
arrangement to operale the continnous-current control of the vnit, The welder
is given a push-button wired to the motor to allow the raising and lowering
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resuly when volrage control is changed, the current control remalning consient

of the welding current setting without moving from the welding position. This
arrangement provides preater range of adjustment of the welding current, but
it is wsually more expensive to install than the devices mentioned previously.

ELECTRICAL RATING

Minimum ratings of constani-current welding generaiors have been stand-

Talde 25.3—NEMA ralings of canstent-current d-¢ wolding generdters

Gulput Ralings—0%; Duty Cyele at Rated Output

Rated Miniinnm Maximuin
Amperes al {{'.gi'&‘ Asnperes at {]\'";g?:l‘ Amperes at {{;g‘l‘;;“
150 16 20 20 1854 27
200 B8 30 23 250 50
250 20 40 22 310 Az
R1EY] 32 GG 23 375 36
400 36 80 23 500 44)
500 41 30 pa 625 44
€] 44 120 25 750 44

+The ahove fond voltuees mie based on the formula B = 20 -4 .04 1, where E s the lead voltege and Tis

the lond current. For curtents above 600 emperes, the voltage shall remain constant at 44 vole
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ardized by the MNational Electrical Manwfactarers Association as shown in
Table 25.3. A rating is capressed in terms of arc voltage, current asd duty
cycle.

PARALLEL OPERATION

Although increascd current capacity can be obtained by connecting genera-
tors in parallel, parallel connection is not advised unless the manufncturer’s
specific instiuctions are foliowed; even then, parallel connection should not he
altempted by an inexperienced person. Such caution Is necessary beocause suc-
cessful paralleling depends upon matching the output voltage, ouiput setting
and polarity of cach machine. In the case of seif-excited gencrators, the problem
is further complicated by the necessity to equalize the excilation between the
generators,

SOURCE OF MECHANICAL POWER

Consfant-cutrent d-c¢ generators are available with aliernating-current driving
motors of several voltage and frequency ratings, and also with direct-cturent
motors, The constant-current welding generators are usunally single units witly
the electric motor or engine and generator assembled on the same shafll

Inductien moter driven welding generators are hormally available for 200,
230, 460 and 575 volis, three-phase, 60 iz input. Other standard input require-
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ments are 220, 380 and 440, 50 Hz, Few are made with single-phase motors,
since transformer or rectifier-type welding power supplics usually fill the need
for single-phase operation. The most commonly used driving motor is the
230/460 volt, thrce-phase, 60 Hz induction motor,

Typical curves for over-all efliciency, power factor and current input of a
230/460 volt, three-phase, 60 Hz induction motor-generator set are shown in
Fig. 25.18.

The motors of d-c welding generators usually have a good power factor (80
to 90% ) when under load and from 30 to 40% lagging power factor at no
load. No-load pover input ranges between 2 and 5 kw, depending upon the
rating of the motor-generator set. The power factor of induction motor driven
welding generators may be improved by the use of static capacitors similar to
those used on a-c welding transformers. Welding generators have been built with
synchronous motor drives in order to correct the low line power factor,

When no electric power is available, gasoline, liquefied petroleum gas and
diesel engines are commonly used to drive welding generators. The engine
should be selected with care and with consideration for the overload capacity
inherent in welding gencrator design. A 300 ampere welding unit, for example,
has a rated output of 9.6 kw. When the overload capacity and efliciency of the
generator are taken into account, a 20 horsepower electric motor is needed to
drive the generator to assure full-capacity, trouble-free performance. The cngine,
however, is usually rated at its maximum possible cutput. General practice is
to publish horsepower ratings that include the power required by the fan, water
pump and other engine accessories. This accessory load reduces the power avail-
able at the output shaft. The gasoline enginc for this same welding generator
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would be rated in the 50 horsepower area at generator operating speed. A diesel
engine with a Jower nominal horsepower rating can normally produce the same
output, because accessories are usually included in the engine rating.

In order to provide for engine accessory load, generator losses and the over-
all capacity of the generator, the use of about 70 cu. in. of piston displacement
per 100 amperes of gencrator rating is a good rule of thumb. This is based on
an engine speed of between 1500 and 2000 rpmi. At higher engine speeds, the
cubic inch displaccment per 100 amperes drops at about the same ratc that
the speed increases.

Constant-current welding generators can be obtained without electric motor
or engine. These usually come equipped with a shaft extension for belt or direct
connection to any suitable source of mechanical power.

SERVICE CLASSIFICATIONS

Ratings of constant-current d-¢c welding generators were shown in Table 25.3,
The duty cycle of the generators is normally 60%, but manufacturers supply
welding generators of the constant-current type with duty cycles other than 60
percent. Such ratings may vary from 30 to 1009%, depending on the design
and application.

APPLICATIONS

The response of the power source to the transient load conditions of the arc
determines whether the power source is suitable for use with the various weld-
ing processes, Transient load conditions concern currcnt density, composition
of the arc atmosphere and mode of weld mctal transicr, as opposed to the static
load conditions that involve open-circuit voltage, arc voltage, short-circuit cur-
rent and welding current. The dynamic response of the constant-current weld-
ing generator makes il capable of handling the wide variety of arc transfer
charactcristics of the various types and kinds of manual electrodes and, there-
fore, suitable for use with the shielded metal-arc welding process. In addition,
the units continue to cxperience wide use with submerged arc welding and gas
tungsten-arc welding,

The versatility and portability of constant-current equipment, plus its reputa-
tion for rugged, trouble-frec performance make such units particularly appro-
priate for maintenance welding activities both in shop and field; it can also be
used for stud welding and arc-air gouging, but is not nccessarily the best power
source selection for these types of jobs. The constant-current welding genera-
tor can be used as a power source for mechanized welding with one of the
various gas shielded or self-shiclded open-arc welding processes; however, this
type of application is not recommended. The constant-voltage welding genera-
tor has performance characteristics better suited for these processes.

RECTIFFER-TYPE POWER
SOURCES—CONSTANT CURRINT

A feature comnion to all arc welding power sources in this category is that
the ontput is direct current obtained {rom rectificrs and the input to the rectifiers
is alternating current. The source of the alternating current varies with the type
of machine.
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TYPES
Single Phase

A single-phase transformer is used to change the a-c voltage of the incoming
power line to a suitable lower voltage. An example would be a transformer
wound for a 460 volt primary and an 89 volt secondary.

Multiphase

A multiphase, or polyphase transformer is almost always a three-phase sys-
tem. There are two-phase systems, but they are rare. A three-phase transformer
is used to change the high primary voltage to a lower secondary voltage. An
example would be a 460 volt primary and a 55 volt secondary,

Ingine-Drriven Generator

An engine-driven generator has a generator that may be either single-phase
ac or three-phase ac in its output. The a-c output is then fed into the rectifiers
the same way as that from single-phase and threc-phase transforimers. The
engines commonly used are gasoline or diesel fueled.

Yleetric Motor Driven Generator

It is also possible to drive an a-c generator by an electric motor. However,
this type of drive is not commonly used. A single-phase or multiphase trans-
former would e preferred. )

Transformer-Rectifier AC/BDC Constant-Current hMachine

This type of machine is a variation of the single-phase type referred to above.
A switch is provided so that the rectifier can be connected to, or removed {rom,
the secondary circuit to furnish either a-c or d-c¢ current at the output terminals.
These machines involve some engineering comprontises, but they are very useful
and have wide acceptance because of their versatility.

Constant-Current—Constani-Voltage

Constant-current—constant-voltage machines are built (o allow the user to
choose either type characteristic. This 1s done by infernal taps or switching that
must be changed by the user when going from one type of characleristic to
the other.

OPEN-.CIRCUIL VOLTAGE

Open-circuit voltage for constant-current rectifier-lype machines depends on
the intended welding application and can range from 50 to 80 volts, Yndustrial
machines are usually in the 70 {o 80 volt range.

ELECTRICAL CHARACTERISTICS

An important electrical characteristic is the relation of the output current to
the output veltage. There is a static (stcady-state) relationship and a transient
(dynamic) rclationship that are of intercst. The first relationship is easily
measured and shown by volt-amperc curves (Fig. 25.19), usually representing
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Fig. 25.19 —Static volt-ampere curves of constant-current rectifier machine

the maximum and minimum curves for each current range sctting as the load
current is increased from zero to the short-circuit value. The dynamic relation-
ship is seldom published, since it is difficult to define and measure for all load
conditions. The dynamic characteristic determines the stability of the arc under
actual welding conditions.

GENERAL DESIGM

Transformers are designed so that the primary can be connected to the in-
coming supply line. In the United States, the usual voltages of the a-c supply
mains are 200, 230, 460 and 575 volls with a frequency of 60 Hz. With 50 Hz
input, voltages are 220, 380 and 440 voits. Transformers arc scldom designed
to work on all the above voltages, although a choice of two or three of those
voltages is often provided for in a single machine., This is done by arranging
the primary coils in sections and with taps so that the leads from each section
can be connccted in series or parallel with other sections to suitably match
the incoming line voitage. On threc-phase machines, the primary can be con-
nected in delta or Wye and the secondary is_frequently connected in delta be-
cause a delta connection makes it casier to use for low voltages and high current
from the standpoint of wire size. There are exceptions to this, and transformers
can use the Scott Tee connections as well as the Vee or open delta. The latter
two methods are convenient in machines that use the moving coil type of cur-
rent control, ‘

The method of varving the current is usually in the a-c section of the ma-
chine before the rectifiers. The control of the current uses the principle of
variable inductance or impedance. The methods of varying the impedance for
current controls are: (1) moving coil, (2) moving shunt, {(3) saturable reactor
or maguetic amplificrs, (4) tapped reactor and (5) moving reactor core. In
addition to these five systems is a type that emiploys resistors in series with the
d-c portion of the cireuit. hethods (1), (2) and (5) are classed as mechanical
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Yable 25.4—HMethods of current control for constani-current rectifier-type power sovrces

Transformer Transformer ' Three-Phase One-Phase
With Three- With One- Alternator Alternator
Phase Input Phase Input i (Alternator- or (Motor- or
Line Line I Engine-Driven) Engine-Driven)
1
Moving Coil Seldom used Used often ! Cannot be used Cannot be used
Moving Shunt Seldom used Used often i Cannot be used Cannot be used
Saturable Reactor Used often Used often l Can be used Can be used
Tapped Reactor Seldom used Suitable I Can be used Can be used
Noving Core Suitable Can be used l Can be used Can be used
Resistor Suitable Can be used } Can be used Can be used

controls; method (3) as an electric control; method (4) as the resistor type
of tap control. These are the same mcthods used in control of a-c transformer
constant-currcnt machines. On constant-current rectifier-type machines, the suit-
ability of these methods varies as shown in Table 25.4.

Rectifiers are used to convert the alternating current to direct current. The
rectificrs are in the class of semiconductors and are made of selenium or silicon,
selenium rapidly being replaced by silicon, Silicon diodes are smaller than those
of selenium and are mountud on a suitable fin for cooling. Selenium cells have
lower voltage capability than silicon. Two or three sclenium cells may be
required in cach leg of a rectifier stack where a single silicon ccll would suffice.
Silicon is vulnerable to transient voltages and currents. Manufacturcrs design
transient protection into the equipment. Selenium has protection inherent in the
cell or diode construction. Both require forced air cooling for optimum. eco-
nomic designs. Theoretically, silicon has greater rectification .efficiency than
two or three sclenium diodes per leg; however, the rectifier losses are small
compared to over-all losses in constant-current machines, and are not of great
economic significance. Recent advances in both selenium and silicon rectifiers
are such that the choice of rectifier tvpe is largely a matter of manufacturing
economics—Dboth units perform well. Thermal sensing elements are often placed
in the rectifier stack to avoid current overload and damage to the rectifiers.
When actuated, these thermal sensors can cither remove power to the machine
or reduce the current to a lower level until the rectifier temperature drops.

Figure 25.20 shows typical single-phase and three-phase rectifier circuits,

A. stabilizer is used in the d-c circuit (o minimize excessive current surges
in load current. These surges have two sources: some arc leads produce surges,
and there is also the inherent ripple in rectifying alternating current into direct
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Fig. 25.20—Bridge rectifier circuitry
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current. A three-phase rectifier has relatively little ripple so that the size of
the stabilizer (often called reactor) is determined by the need to reduce arc
load surges. On singlc-phase rectifiers, the ripple is quite high because the volt-
age goes to zero twice each cycle, or 120 times per second on 60 Hz power.
Therefore, the stabilizer on single-phase i sut machines will be larger than on
three-phase input machines, The stabilizer is required to sinooth the ripple pro-
duced by the arc as well as the ripple in the rectifier output. Machines of this
type often have a switch in-the d-c output so that the polarity of the voltage
at the machine terminals can be reversed.

COINERCL DEVICES

Control devices are those used by the operator in the normal opcration of
the machine such as power on-off switches, range switches and current controls.
Frequently, transformer-rectifier machines have thie total current range broken
into scgments or steps. This is similar to coarse adjustment. The range selector
is similar to a knife switch. In general, the wider the machine range, the more
switch positions necessary. As many as five ranges is common. The current
control is that device used by the operator to vary the current within a given
range.

Mechanically controlied machines can use a hand wheel rotating an ad-
justing screw to transmiit motion to the controlling element. In electric control,
a rheostat, potentiometer or variable transformer is vsed to vary the control
current to a saturable reactor. Electric control machines are casily adjusted
from a remote location., Mechanical controls require the addition of a motor
drive for remote current control and, in some types, the current cannot be
adjusicd while there is a load on the machine. In resistor-controlled machines,
switches on the control panel change the magnitude of resistance in series with
the d-c portion of the welding machine circuit,

SELECTRICAL RATING

Electrical ratings are given to the input and output. The input or primary
ratings that are of interest are the primary input voltage, current for cach volt-
age at rated output load and power factor. The output rating is the d-c load
current at a specified Joad voltage at the machine terminals, Duty cycle and
current range are specified, Qutput ratings established by NEMA standards for
industrial machines are shown in Table 25.5. (Sec Table 25.2 for ratings for
limited service type d-c and ac/dc arc welding machines.)

SERVICE CLASSIFICATION

Service classifications for these welding machines fall into industrial and
limited service types as identified under NEMA specifications. (See Table 25.2
for data on limiled service d-c and ac/dc arc wélding machines.)

APPLICATEONS

Applications of machines of the industrial transformer-rectifier type include
shielded metal-arc welding, gas tungsten-arc welding, carbon-arc gouging, sub-

merged arc welding, plasma arc welding and stud welding processes.
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Tukle 25, 5—~NEMA rotings of industrial transformer-re dtifier d-c are welding mochines

Outpit Ratings—86055 Duty Cyole at Rated Qutput

Rated Alfnimum Maxinum {at 355 Doty Cycle)
. t
Amperes al {{‘gzl‘ﬂ* Amperes at {{;'(c}nilt[i‘ Amperes at ﬁ}gg‘g,
200 2 40 22 230 30
300 32 60 20 375 34
400 30 £0 33 500 40
5C0 40 100 24 425 44
600 41 120 26 150 44
800 44 160 26 106G0 44

*Valtages are based on the lormula & = 20 4 0.04 1, where F ig the load voltace and ¥ is the load cue-
reid, ot corrents above 600 amperes, the vollage shall semain constant at 44 volts.

BIRECT.-CURRENT WELRING
GENERATORS~-CONSTANT VOLTACE

A constanl-vollage welding generator can be defined as an arc welding power
source that will maintain a relatively constant are voltage throughout the entire
current range of the machine, A fow typical voll-ampere curves for a constant-
voltage welding gencrator appear in Fig. 25.21. Since this type of power source
offers continnous voltage conlrol, similar output curves for any desired arc
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Fig, 25,21 —Typical volt-ampere curves of constani-voltage generator
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voltage between the maximum and minimum voliage scttings of the macline
may be obtained.

ELECTHRICAY, CHARACTERISTICS

The open-cireuit vollage and are voltage of a constant-voltage welding peoera-
tor are aimost identical, Although the curves in Fig, 25.21 demonstrate a slightly
droaping characieristic, some constant-voltage welding generators have a per-
fectly flat characteristic; others have a slightly rising characteristic, while still
others offer limited slope control,

Since the arc voliape of the constant-voltage type of power source rennins
almast constant throughout the entire current range of the machine, varations
in arc conditions produce a substantial, instanfansous chanpe in welding cur-
rent. This instantancous current-voltage response relationship differs signifi-
cantly from that of the constant-current wekling gencrator, The current response
to a chanpge in arc conditions for the curves, (1), (2) and (3}, illustrated in
Fig. 25,22 provides zn example, The welding current for a speeific wire-leed
speed has stabilized at 200 amperes. Any change in wire-feed speed will pro-
duce a compensating change in welding current. If the wire-fced speed is in-
creased, the wire, eniering the are st g higher speed, tend (o reduce the are
fength, thus causing a lower are voltage. However, the design characteristics
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of the constant-voltage welding generator will not permit a reduction in arc
voltage, and the welding current changes automatically to raise the energy in-
put at the arc, thus increasing the melting rate of the wire elecirode. If the
increased wirc-feed speed is maintained, the generator output stabilizes at the
higher current level. The same response occurs, but in a revelse manner, when
the wire-feed speed is reduced. '

The same generator response is produced by momentary variations in arc
conditions, which continually occur as the droplets of molten metal cross an
arc, or are caused by the welding operator’s inability to maintain a constant
distance between his wclding gun and the surface of the weld puddle. But in
such cases, the wire-feed speed has not been permanently changed and, after
answering the need for more or less arc energy, the welder returns to the 200
ampere welding curreat output. If the generator output is observed with meters
while a weld is being made, the voltage reading will remain steady, whereas
the current will be continually changing to compensatc for the varying arc
conditions,

As Fig. 25.22 shows, the direction of the current change will be the same
regardless of the slope of the volt-ampcre curve. This response characteristic
of the constant-voltage gencrator is clearly contrary to what has already been
statcd concerning the volt-ampere response of the constani-current welding
generator. The slope of the curve of a constant-voltage welding generator does,
however, affect the rate of responze to varying arc conditions during welding.
It also affects the arc starting characteristics as welding commences. A droop-
ing curve will have a definite short-circuit current value and this will have
less fendency to generatc a lower starling current. Thus, there will be less
likelihood of blasting the tip off the clectrode when establishing the arc,

GENERATOR DESIGN

The constani-voltage welding gencrator is of the scparately excited, com-
pound-wound design with interpolas. The generator ficld windings are cumula-
tively compounded as compared to the differential compounding in the constant-
current design. Cumulative compounding devclops the flat volt-ampere output
curves characteristic of the constant-voltage welding generator.

A constant-voltage welding generator has a single rheostat control for chang-
ing generator output. Adjustment of this control varies the strength of the
generator’s shunt fields, thereby raising or lowering the open-circuit voltage
and the arc voltage of the machine, The control cannot change either the slope
of the volt-ampere curves or the current oufput.

Limited slope change can be accomplished on some constant-voltage weld-
ing generators by reconnecting the elecirode cable to an alternate ouiput ter-
minal, internally connccted to a different point in the scries field of the genera-
tor (Tig. 25.23), This change is made when the normal volt-ampere perform-
ance af the generator does not meet the requircments of the welding process
being uscd. Addition of a small resistance in series with the generator js an-
other method of slope control.

Current coutrol is accomplished by varying the wire-feed speed. This forces
the constant-voltage generator to automatically change the welding current to
provide sufficicnt energy to the are to melt the electrode at a rate that main-
tains the presclecied arc voltage.
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Comparison of the schematic diagrams in Fig. 25.23 with those appearing
at the top of Fig. 25.16 shows the similarity of the two designs.
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Fig. 25.23 —Separately excited, cumulatively compaunded welding generator circuit

An electric motor is used to provide the mechanical energy nceded to drive
the constant-voltage welding generator, Gasoline cngine driven models arc also
available but experience limited use, since an enginc drive suggests portable use
of the gencrator for maintenauce or some type of field welding, These applica-
tions normally call for the use of manual shiclded metal-arc welding as well
as a mechaunized welding process and would require constant-current perform-
ance as well as in the constant-voltage category. A combination constant-volt-
age—constant-current engine-driven welding gencrator would be preferred as
the better power source sclection for this type of work and would thus elimi-
nate the necd for an engine-driven constant-voltage welding generator.

CONTROL BEVICES

The output of the constant-voltage welding generator may be completely con-
trolled by a small shunt field rheostat or a solid slatc control device. In ecither
case, it is a simple matter to provide for remote control. One type of remote
control is usually a second rheostat atfached to the voltage knob in the con-
trol panel of the wire feeder. It is usually wired in scries with the rheostat at
the generator and provides limited adjustment of the welding generator at the
welding station. If total range control is required, however, it is usually neces-
sary to relurn to the control box on the welding generator. Solid state controls
using a small potentiometer mounted at the wire feeder provide full voltage
control if desired.

ELECTRICAL RATINGS AND SERVICE CLASSIFICATION

Constant-voltage generators arc normally rated at 100¢% duty cycle owing to
their use for mechanized welding involving either semiautomatic or fully auto-
matic wire feeders. Consequently, this power source is usually providing more
current for a greater time period than its constant-current counterpart. For this
reason, it is important to consider both the welding procedure and operating
factor when specifying size.
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APPLECATIONS

The perlormance characteristics of (he constant-vollage welding generator
make it particularly suited for the various open arc welding processes being
used for semiautomalic and fully 2utomalic welding. These inctude both the
gas shielded-arc and self-shiclded arc processes using solid or fiuy cored wire
electrodes, Such generators also work well for small wire submerged arc weld-
ing where the wire clectrode diameter 1s 1/16 in. or smaller.

The constant-veltage welding generator 15 not a suitable power source for
manual shielded metal-are welding or submerged arc welding with the larger
eleclrode dwmelers. These processes call for the performance characteristics
of the constant-current design,

COMETANT-CURRENT-—CONSTANT.WWOLTAGE
WELDHNG GENERATOR

The expanding industrial acceptance of the varous arc welding processes
suited to mechanized welding and the continued vse of manual shielded raetal-
arc welding has created a need for a combination power source capable of bath
constant-current and constant-voltage performance, This type of power source
can be vsed for all existing arce welding processes—manual shiclded p-ial-arc
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or the mechanized gas shiclded-arc, self-shiclded arc and submerged arc proc-
esses. The typical applications for this power source are such that relatively
jow generator capacity (300 or 400 amperes) is adequate,

GENERATOR DESIGN

The volt-ampere curves for various conirol settings shown in Fig, 25.24
demonstrate the performance-range of thie constant-current—constant-voltage
1ype of machine, This combination power source, like the constant-current and
constant-voltage units, is a separately excited, medified compound-wound gen-
erator with interpoles, Solid state componerits are used in the excitation circuit
to achicve optimum performance. The same schematic diagrams appearing in
Figs. 25.16 and 25.23 prescnt the arrangement of the major clectrical com-
ponents. The generator is differentially compounded when performing as a
constant-currcnt power source and cumulatively compounded for constant voli-
age.

The presence of solid state regulation of shunt field excitation simplifies ye-
mote control. A small control box can be carried to the welding site to provide
voltage and limited current adjustment for ecither mechanized or manual shiclded
metal-arc welding,

Eleetrical Rating

The combination welding generator carries the same NEMA ratings as the
constant-voltage and constant-current machines. The generator can be driven
by an electric motor or by a gasoline or diescl engine, Since its use invariably
involves welding mechanizaiion, the decision on welding generator size shonld
involve consideration of the application, the process or processes to be used
and the anticipated operating factor.

Applications

The combination constant-current—constant-voltage power source has poten-
tial use in respect to the existing arc welding processes within the current ca-
pacity of the welding generator,

RECTIFIER.-TYPE POWER SOCURCHES
CONSTANT VOLTAGE

Rectifier constant-voltage welding power sources are the newest family of
welding power supplies and have undergone considerable evolution since their
introduction. This evolution, the result of advauces and new techniques in
consumable clectrode gas shielded metal-arc welding, may bhave reached a
leveling-off point with the present state of the art, The first machines in this
classification had a relatively flat output curve of about 1 volt drop per hundred
amperes. Some machines have a rising volt-ampere curve designed to match
the arc-length-—arc-voltage characteristic of the arc and were adjustable from
0 to 6 volts rise per hundred amperes, The actual steady state load that was
present at the terminal of the power source by the arc was also within the range
of constant-current machines. For some welding processes, easier arc starting
and better arc stability could be obtained with this rising-voltage type. The most
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recent step has been the inclusion of a variable inductance (or stabilizer) to
improve the welding with low-voltage arcs.

TYPES

All high-current machines of this type are designed for three-phase inpui.
Low-current machines are designed for three-phase input and in some cases for
single-phase input.

An important variation is the amount of inductance (stabilizer) buill into
the machine and whether it is located electrically in the a-c or d-c part of the
circuit. Machines with a large range of adjustment in the inductance in the a-c
part of the circuit are often referred to as constant-voltage variable-slope weld-
ing machines.

FLECTRICAL CHARACKLRISTICS

The volt-ampere curve of this class of machine ranges from relatively fiat to
a slope thatl approaches that of a constant-current machine. The machines that
do not have a variable inductance have a constant slope of 1 or 2 volts per
hundred amperes of load current. In the machines with variable-slope induct-
ances, a change in the slope inductance aflects the static volt-ampere and the
dynamic characteristics.

GENERAL DESIGIN

There arc several popular approaches to the design of constant-voltage power
sources. In the versions using a variable inductance, the power transformer
secondaries (three-phase) have an adjustable voltage taken off the secondary by
contacts (brushes) moving along the sccondary windings or by some other
means of tapping the transformer sccondary winding. This is the open-civeuit
voltage control. A series inductance in the secondary side of the transformer
is adjustable to give proper output characteristics under Joad.

Another design approach is to have taps selected by a switch on the secondary
at about 4 to & volt increments and then use a saturable reactor for the finc
voltage adjustment, Some designs use a stabilizer in the d-c circuit. These ma-
chines do not incorporate a polarity switch in the d-¢ output circuit. They are
normally used with the negative terminal connected to the work,

In a third approach, a booster transformer with its secandary winding in
series with either the primary or secondary of the main transformer is used.
The sccondary voliage of the booster transformer adds to the sccondary voitage
of the main transformer, producing a change in tetal output voltage. The pri-
mary of the booster transformier is fed by a variable transformer whose output
is adjustable from 0 to 115 or 230 volts, When the variable transformer is
adjusted, the voltage suppliecd by the booster transformer changes, and thus, the
output voltage of the welding machine changes.

A Tourth approach involves emplovment of a transformer, reactor in series
‘with the secondary and a stabilizing reactor in the d-c circuit. The secondary
of the transformer is tapped at 1 to 2 volt intervals for vohage control. The
reactor is tapped for slope control, and the stahilizer may also be tapped.
Switches on the control panel are used to select the proper tap.
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Frequently, a separate control transformer is built in with a [15-volt sec-
ondary. The 115 volts is brought to a receptacle where it is available to power
accessory equipment,

CONTROL DEVICES

Constant voltage rectifiers are provided with line contactors controlled through
a receptacle on the control panel by the trigger on the welding gun. By this
means the operator can prevent accidental arcs,

These units are normally supplied with both a volumeter and an ammeter to
permit monitoring of both arc voltage and current, primarily in order to aid
in setting wire-feed speed, arc voltage and sometimes slope.

BLECTRICAL RATINGS

The primary rating is specified in the same way as for constant-current rec-
tifier-type machines. The d-c secondary rating method is not as well established
with respect to output voltage. The voltage ratings range from 25 to 50 volts,
No-load (open-circuit) voltages go as high as 75 volts. For machines designed
to include the low-voltage arc processes, the no-load voltage may be as Jow
as 10 volts. Current ratings are from 200 tc 1000 ampercs,

SERVICE CY.ASSIFICATION

Rectifier-type constant-voltage machines are rated for industrial service only.
The duty cycle rating is usually 100 percent.

AFPELICATIONS

The applications for these machines are with semiautomatic and automatic
welding processes using the pas shiclded-are, flux-cored clectrode, small wire
submerged arc and electroslag processes, It should be borne in mind that the
volt-ampere curve (when all the reaclance is in the circuit) of machines with
the variable-slope feature is similar to thal of a constant-current machine, Al-
though this feature might appear to suggest suitability of constant-voltage ma-
chines for some applications that use constant-current unils, it is not a wise
use: if the reactance were inadvertently reduced to the minimum, very high
current surges could take place during stiiking of the arc, and these surges
could damage the machine,

SPECIAL POWER SQURCES FOR
CTHER APPLICATIONS

MULTIPLE-GPERATOR WELDING

Multiple-operator welding equipment has proved economical where there are
a number of welding stations in a small area, Multiple-operator welding equip-
ment is used to advantage i shipbuilding and construction, for example,

Multiple-operator installations are supplied from either rotating-type motor-
gencrator sels, static rectifier-type power supplies, or from transformers, Com-
mercially available units vary from 500 to 2300 amperes for rotaling wnits, from
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500 to 1500 amperes for rectifier-type installations and from 500 to 2000 am-
peres for the transformers. Rectifiers used in these power supplies are silicon or
selenium. Qverload protection and circuit breakers protect the equipment from
damage.

The usual practice is to provide a power source voltage of 70 {o 80 volts with
provisions for paralicling two or more units for combined output. The rnanu-
facturer’s instructions should be followed to assure proper parallel operation,

Large copper bus bars are run from the power source to the welding centers
and are there connected to welding outlet panels. Sometimes individual panels
are installed for each welding operator. As many as ten circuits may be grouped
in onc panel., Bach circuit is basically a resistor for direct current or a reacior
for alternating current, connected in serics with the electrode holder.

Individesi Modules

One type of power supply consists of individual power-packed modules that,
housed in & common cabinet, provide remotely controlled d-c welding current
to individual stations al distances up to 200 feet from the main unit. Where
the output of an individual module is not sufficient for a particular welding
job, two or more modules may be paralleled. Common grounding connection of
all modules is provided. Such a welding machine consists of eight separate
modules powered by one three-pbase power transformer. Each module consists
of a d-c control cail, a-c control coil, rectifier stack, contrel rectifier, current
control rheostat, stabilizer and thermal protection thermostat, Each individual
welder can use whichever polarity he requires, since cach module can be indi-
vidually controlled. Individual contrel is alse possible on multiare systems
using grid resistor banks, although two power sources are requived for such
applications.

Adjustable Resistor Banls

A second type of power supply is a constant-voltage motor-generator set or
transformer-rectifier providing 75 to 80 volts {o a group of adjustable resistor
banks., Use of two power sources permits individual polarity selection by the
welder., Three-phase full-wave bridge rectifiers are used to change the output
of the transformer from a-c curreat to d-¢ welding current,

Cuarrent Conirol .

The current that will flow in the eircuit is limited to the value that produces
a voltage drop in the ballast equal to the difference between the constani-
polential source voltage and the zre voltage. Varying the value of the ballast

Tesistance or reactance will change the value of currenf required to produce

this drop, thus permitting control of the welding current.

Advangages

In Jurge installations, use of multiple-operator equipment usually results jn
the reduction of fixed costs of equipment, cables and the amount of power used.
Maintenance costs arce also reduced since only onc power supply must be main-
tained in place of the many it replaces, The individual resistor bank or reactor
panels can usually be located close io the welder to enable him to make current
adjustments conveniently. Although most installations are direct current, some
shipyards ave using a-c mulliple-operator apparatus,
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SUBMERGED ARC WELDING

The power supply used for submerged arc welding may be d-c constant cur-
rent, d-c constant voltage or alternating current. Direct-current power supplies
may be cither motor generators or rectifiers. Transformers are used for a-c
power supplies. The power supply and the wire-drive mechanism must be de-
signed to operate together so that ellective control of the arc length can be
maintained. Constant-current types of power sources arg used with arc voltage
controls. 1f current control is used (o regulate the arc length, a constant-voltage
power supply must be used. Submerged arc welding generally is dope at higher
currents (350 to 1200 amperes) than other types of are welding, so the power
supply must have a high cuirent rating at high duty cycles.

A standard NEMA-rated motor-gencrator or rectifier-type d-c welding power
supply can be used for submerged arc welding if the machine is rated high
cnough for the application. Machines may be paralleled to obtain the necessary
current capacity; however, this should only be donc by an expericnced operator
or an electrician, Duplex units are available consisting of two single-operator
vnits assembled and connected for single or parallel operation. The use of these
machines as well as the single units of larger eurrent ratings is preferred over
the usc of standard power supplies, individually or in parallel.

Constant-voltage power supplies, cither motor generators or rectifiers, used
for submerged arc welding should have an open-circnit voltage in the 50 volt
d-c range and a current rating high enough for the application. With this type
of power supply, the arc vollage is adjusted by raising or lowering the open-
circuit voltage of the power unit. The welding current is automatically controlled
by the fced rate of the electrode wire. One of the advantages of this method
is the simple control systcm used, This system provides a uniformly stable arc
voltage, which is of particular advantage for high-specd, light-gage welding,
as well as more consistent starting because of the high nitial surge current.

The higher load voltage of some submerged arc applications causcs addi-
tional Joad on the motor driving the generator, At a given current, the input
to the generator is roughly proportional to the load voltage of the generator.
Care should be taken to select units having adequate motor rating. This pre-
caution also applies to some rectifier-type machines when arc voltage exceeds
the rated output voltage of the welding machine.

The flow of d-c welding current is started and stopped by mcans of a mag-
netic contactor in the welding circnit, or by means of a relay in the generator
field circuit, depending upon the design and characteristics of the generator.
Rectifier-type power supplies control the current by means of a contactor in
the primary (a-c input) line of the machine. Duplex rectifier welding power
supplies are generally equipped with primary contactor controt.

Magnetic deflection of the arc (arc blow), a characteristic of direct current,
usually limits the magnitude of direct current which can be used in submerged
are welding. Reference should be made to Chapter 24, Submerged Arc Weld-
ing, for additional details. Although some applications of multiple-arc welding
employ alternating current. most applicatons use dircet current on onc or more
clectrodes and alternating current on others, or direct current on both.

Transformers with standard ratings, up to and including 2000 amperes, are
aviailuble with special features adapting themy to submerged arc welding ap-
plication. A schematic of a standard welding transformer is shown in Fig.
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25,25, The main [actors to be considered are special cowtrol features, high
current ad high load volinge. Remuote control adjusters, actuated by controls
on the operator’s panel, are usually required for convenience.

\\\\\ - s POWER
i - fi‘,,m [, LINE

WEE DING
PEANSEORHER

cmm | mome emasm ememen oo mus o

ERNI

orczzet

B P Tt R L B TR

- . - 171
1, WORK
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Alternating gusrent are welding unils of simitlar design may be paratleled to
oblain additienal welding current, The relalively high arc voltage, pius the
reaclive impedance drop in the high current welding cireuit, vsually require
the use of units with at least 8G volts {open circuil) bot prefcrably 85 to 100
volls,

Welding current for mulliple-are welding may be supplied in a nuwmber of
different ways, For parallel arc welding, a d-c power supply can be ased, con-
neeted in the conventional single-clectiode manner. With this method, the two
or more welding wires are not insulated [rom each other and are usualiy fed
by a single-drive head through @ common contact nozzle or jaw,

A single transformer or d-¢ power supply can be wused for supplying two
independent welding heads feeding into the same puddle, by connecting the
power supply work lead to a sceomsl welding head, This is called a series arc
system and requires a power supply with a lhigh apen-cireuit voltage,

High-speed tandem welding generally ulitizes two independent welding heads,
supplied by multiple-transformer units using either a closed delia or o Seott
connection across a thyee-phase line, Since heavy currents are frequently used
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Fig, 2526 ~Alicrnating-cierreni are welding transformer connections for three-phase
closed delta sysiem

in tandem welding, these systems have the advantage of cqualizing the load
fairly evenly on the threc phases.

The closed delta system requires the use of welding transformers with sepa-
rabic reactors, so that the lransformer sccondaries can be connected in closed
delta ahead of Lhe veaciors (Fig, 23.20). This system provides maxinum flexi-
hitity in the adjustment of welding currents in the two ares, the ground current
and phase-angle displacement between the three currents. Adjusiment of these
conditions s important 1o obtain desired arce deflection (magunetically), pone-
tration and weld contour.

The Seott-connected system  uses
lwo transformers connected as in
Fig. 25.27; these may be speeifically
designed, but standard units can be
used if at least one has a cenfer lap
connection on the primary, It is

i
|r2raze a
RIEIE3 Pl bge,

also preferable thal the unils have : /:
secondary OCV connections for §3 = "_____"T.}

and 100 volits. Although this system Wi Hitmar ¥4 10,

does not provide the extrene flexi- L 1

bility of adjustment inhereatl in the R

closed delta systen, i givcs, in oa g, 2327 Alternating-current  arc
simpler manner, the essential re- welding  transformer  connections  for

quirements for current and phase- Scoft-conaected system

angle adjustment, and is considered easier (o coniral.
SEUD WELDINM

Electric arc stud welding must be done using a d-¢ power source—a motor
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generator, an engine generator, a transformer rectifier or a battery unit, Be-
cause stud welding demands more capacity, more consistency and betler con-
tret than is normally alforded with conventional d-¢ power sources, gpecial
power sources have beea designed for this process. The general characteristics
desired in a stud welding power source are:

1. Iigh terniinal voltage in the range of 70 to 00 valts d-c open circuit,

2. A diooping volt-ampere characieristic such that 30 (o 38 volts de appears
across the arc al maximum load,

3. A rapid current rise lime,

4. High current capacity for a relatively short time. The current require-
ments are higher, and the duty cyele is much less in stud welding than in
other types of welding.

Each of the various types of special power sources available, inchuding moior
generator, battery unil and transformer-rectifier units, has its own characieris-
tics. This is why it is diflicult to compare these types with other sources of
power. One method of comparison weuld be o evaluate each power supply in
terms of current ouimil and stud welding base diameter, Table 25.6 indicates
the range of requirements. A power source would be expected to develop the
required cursend on any size of stud under the following conditions: ferminal
voliage during weld, 5% volts minimunt; open-circuii voltage, 75 volts minimting;
welding voltage across the arc, 33 to 37 valts: welding cable in the circuit,
150 {t 4/0; duty cycle— ninimtum {12 studs 708 in. in diameter per minuie),
20 percent,

Tablo 25.6—-Raximum stvd welding capacity of vurious power sourees

Stnd Wekd Rase
Power Sourcos 1amceles, Ing, Max
400 pmpere d-c WEM A rated units T
GO0 ampere d-c NEMAraed nwits 2
Fwo 400 ampere unils in paralle! i
Twe 00 ampere unils In parallel B3
. Ttalicry unit+ ’ 14
100" power unitf -3
Twe “1000" power wuits i paralle 35
C2000" power unjtd 15
Tawva 3000 power uniks in paraliel 1

¢Lgedd where 230 oF 460 volt pawer is nol available; requires 115 volis, a-¢ power for charging baiteries
while weleing (s being perforued.

Trurni-h vowelding fram M) gage pins o BF fo. diameler slunds with recomniended stud weld-
fne uniig o tea SLal) or 4LR valt, thres.shnse Ineoring power.

TRequires 30 or 400 volt, thice-phase power,

Table 25.7 shows the approximate weld time, in cycles, and the actual weld
current, in antperes, requived for the varfous stud weld hase diameters. It should
be noted that the currents are actual weld currcot readings sud have no rela-
tion o generalar settings.
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GAS TUNGSTEN-ARC WELBING

Almost any type of power source, cither ac or de, may be used with the gas
ungsten-arc welding processes; however, special power sources designed for the
particular application are preferred. Special welding power sources designed
for use with the gas tungsten-arc welding process may be as simple as a mechan-
ically controlled a-c unit with built-in high-frequency stabilization, or as sophis-
ticated as a three-phase d-c power source that has facilitics for completely
programming gas tungsten-arc welds.

‘The choice of a particular kind of welding current, either ac or de, depends
on the type of metal 1o be welded, the type of shiclding gas used, the welding
techniques, ete. Selection is normally based on metal type. Alternating current
is usually used for the light metals such as aluminum and magnesium. The kasic
reason for this selection is that ac provides the cleaning action nccessary during
the reverse polarity half-cycle.

Some exceltent d-¢ welding techniques have been developed recently for
gas tungsten-arc welding of aluminum. Helium shielding gas is employed with
direet current straight polarity for this type of welding application. With these
procedures, aluminum up to | in. thick has been welded in two passes. Direct
current straight polarity is normally used for welding steel, low-alloy stecl,
stainless steel, copper and its alloys, refractory metals, ete. Very little direct
current reverse polarity is used for the gas tungsten-are welding process. Chapter
23, Gas Shielded-Are Welding contains additional information.

Alternating-current welding power sources of the transformer type, designed
especially for the gas tungsten-arc welding process, are equipped with gas and
waler solenoid valves, a gas timer and usually some means of arc stabilization.
Alterpating-current power sources usually have an open-circuit voltage between
70 and 80 volts rms, which is sufiicient for consistent arc establishment on
straight polarity hall-cycles when the electrode is negative, but is insutficient
when the electrode is positive during the reverse polurity half-cycles, The result
is a very unstable, erratic are, unless some method is uscd to impress a suitably
high voltage into the welding circuit at the start of each reverse polarity half-
cvele, The impressed high voltage serves to re-establish an jonized path in the arc
region and produce a stable are condition,

When changing direction, current must come to a stop before it can reverse,
At the instant the are is struck, the current begins flowing in one direction. As
the current reverses direction no
currcnt flows; then for an instant
the arc will cither be reignited or Table 2‘5.7---Time tm:} average cunent
remain extinguished, depending upon required for welding steel studs

the electrical chm*a;‘.tcristics of Lh_e Stud Weld Wweld

system and the particular arc condi- Weld Base Time, Cunient,

tions. I)lame{‘er. in. Cycles Amjeres
In an incrt-gas atmosphcrcf urrent 1 10

flows more readily in one direction % 15

than in the other from a tungsten 7'4: 23 ;

eleclrode to another metal, The dif- ;;q 2 o

ference in current flow is consider- %fg - 15

able with some ruetals (aluminum, 17 82 2500

magnesium  and copper) and is
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greater in be presence of heavy oxide filins thua with chemically clean metal.
This resistance (0 current flow in one dircetion produces a teadency toward
rectification ol alternafing current, which is the unbalanced flow in that one
direciion. Are reignition and mainteaance following current yeversal are dif-
ficult and uncertain on one hall of the cycle bui easy and sure on the other,
The easiest flow is obtained when the eleclrode is negative (the straight polarity
haif of the eycle).

Exhaustive tests have shown that during current reversals involving change
from gleclyoda negative to electrode positive about 130 oy more volis Tis &re
required for reliable are reignition. The exact voltage differs for different metals
and varies with surface condition, amperage, gas and electrode Lype used.

Figure 25.28 itlustrates the various electrical conditions: partial and complete
rectification, are stability with ordinary unstabilized a-¢ machines, and the effect

of slabilizing accessocies and systems, Fipure 25.28A fiustrales partial and
compleie rectificstion front grealer resislance (o fiow in one direetion than ihw
other with added resistance in one instance and complate blockage in the other.

Both partia]l and complele rectification normally eccur together when stand.
ard 75 to 80 volt welding transformers are used withoul stbilizing accessories.
Partial rectificaticn occurs when reverse polarily half-cycles tgnite the are bat
impase higher resistance 1o current flow than the Uie straight polarity hal{-cycles.
Complete reciification ogenrs when reverse polarity half-cycies fail to jpuite
ihe are at all, Doth conditions, as vwill as the extra voliape yequired for ignition
of reverse polavity hali-cycles, ave illusirated in Fig. 25284, logeiber with a
wave form typical of welding arc valtage,

Three methods have been devoloped for commercial use in obtabming the
voltage necessary 10 ignifc the reverse polarby Lalf-cyeles and thus stabilize tic
arc. These methods arc:

I, & superinpesed high-Trequeney voltage of 3000 1o 3060 volie.

Fhe use of a welding transformer having a relalively high openeeircuit
volage of 150 to 200 volis s,

0.0 VOLTAGE: § 5,

r?"fr N.J Pl)‘?;”/"'[' N
' A 2 b& ﬁ;ﬁ) If/lkrjl
CURRENT VL TANE e
> A P 5 B
iy 0
CURRRENT VO_!..'/W(?:’:"
! Ry
o A ¢ sy
CURRENT VOLFAGE

Fip, 2528 —Flectrical conditions reseliing froin the wse of alternaving current
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3. Surge injections wherein a 200 to 400 volt condenser charge is injected

into the welding circuit at the start of each reverse polarity half-cycle.

The eficct of arc-stabilizing accessories, such as superimposed high-frequency,
voltage surge injection or high-voltage transformers, is shown in Fig. 25.28B.
Figure 25.28C illustrates the effect of current-balancing systems.

Balanced flow can be achieved by the use of condensers in the welding circuit,
or by placing batteries in the circuit in such a way that their voltage will be
additive to the reverse polarity half-cycle and subtractive {rom the straight
polarity wave side. Six to eight volts of battery power arc usually sufficient to
accomplish balancing with at Ieast 100 amp-hours of storage battery capacity
per 100 amperes of maximum welding current.

The advantages of balanced current flow are as follows:

I. Better oxide cleaning action is obtained with full reverse polarity current
flow,

Smoother, beiter welding action is obtained.

Electrical wupset in the welding transformer, resulting {rom unbatanced

core magnetization, is lessened. Unbalanced core magonetization occurs

from rectification and the resulting d-c component,

The disadvantages of balanced current flow are as follows:

1. Larger etectrodes are required,

2, The higher open-circuit voltages generally associated with some wave-
balancing means may constitute a safety hazavd, :

Wt

3. The addition of a wave-balancing system increases equipment cast con-
siderably.

Although desirable for some appl

most manual welding operations. 1t i
anized welding,

Available voltage at the start of the reverse polarity half-cycle is the main
factor in arc stability with alteraating current, but other details, such as ¢lee-
trode size, current density, type of shielding gas, shape of the elecirode tip and
type of clectrode, also intluence arc stability. Pointing the electrode at low
current density is helpful for stability., High current density in the electrodes is
also bencficial, however, pointing is not necessary as the clectrode will ball at
the end because of the high current density. It is good practice, therefore, to
use the smallest clectrode capable of carrying the required amperage.

Direct-current power sources of the trausformer-rectifier and motor-genera-
tor types designed especially for gas fungsten-arc weldiiig have drooping volt-
ampere characteristics, with open-cireunit voltage between 70 and 80 volts rms.
The current rating of the power source depends on the particular application.
Power sources with current ratings between 200 and 600 amperes arc available.
These machines arc cguipped with built-in high-frequency oscillators for arc
initiation, gas and water control circuits, and a welding current control cireuit.

The increased demand for thin-skin structural members in commercial and
military products has led to the development of clectronically controlled power
supplies for automatic gas tungsten-arc welding. One such power supply de-
signed for automatic gas tungsten-arc spot and seam welding has a drooping
volt-ampere characteristic that has been extended to the extreme to produce a
steep (almost vertical) volt-ampere curve, Changes in are length will not cause

ications, balanced flow is not cssential for
s, however, desirable for high-speed mech-
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Fig, 2529 —Relettonship between load voltage and welding current; arrosw indicaies
gos fungsici-are welding range

changes in welding current. Navel magnetic cirenilyy and a high open-cireuit
voltage provide a power source that displavs a very high internal impedance.
Load volluges from 4 Lo 40 vells do oot malterially affect the output current.
Tape-wound cores are used for the magnetic elemenis. A hybrid conneciion
utilizes the best characteristics of bath the saturable reactar (stable, with sood
slarting charncleristics) and the magnciic amplifier (fast response, wide range).

The curves in Fig. 25.29 show the results in a single welding range of divect
current from 2 10 150 amperes. A larger model provides currenls to 400 am-
peres. Since the achievement of the vertieal voll-ampere curves is atiributed
primarily ic the mnagnetic cireuitry of the power source, it was possible w0
considerably simplify the required elcctronic circuilry, The clectronic sysicms
arc nol compelled to make exiremely large corrections,

Fig, 25.30 15 o block diagram of a typical electronically controlled gas {ung-
sten-are weidimg machine, A closed-oop feedback system is used, wherein the
oulput welding currenl is continuously eompared with the desired value, and
any error correcled. The output current-sensing element is a special d-¢ current
transformer utilizing “square hysteresis foop™ core material, The design of this
trapsformer is such that its oulput voltage is directly proportional to the jo-
tegrated heating value of the welding current,

The magnetic amplifier-reactors feed the desired mmount of (hree-phase cur-
rent from the constant-potential {ransformer into the rectifiers. Tape-wound
magnelic cores are uscd. The rectifier is a three-phase, heavy-duty, low-lcakage
selenium stack chosen {or ity ability to handle the transient voltages encoun-
tered, The individua! components ased in the rectifier stack of this machine
must be chosen [or reliahility, because of the greater number used, as compared

r
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Fig. 25,30 —Block diagram for gos tungsten-ore welding machine

to o standard welding machine and, henee, becuuse of the greater cost involved.
The outpul ¢hoke serves as a moderate ripple filter at low currents where arc
autages wouid be mave likely (o oceur, and provents the pulse generated by the
are starting mechanism [rom catering the welding machine, thereby routing it
to the clectrode holder (lorch). The choke, in combination with the magneiic
amplifier-resctor and hish open-civcuit voltage, contributes (o the “intensfod
arc produced, Lfiiciency has beon subordinated in favor of perfonnance. Power
factor cerrection brings the power factor to 1005 at a 44 ampere Joad,

The are is started and stabilized by the use of an impulse type of arc starter
that was developed for use with the power supply This device provides the high-
voltage spdll« recessary (o break down and initially ionize the gas and, secondiy,
lo superimpose on the spark a short pulse of lower volizgze, hicher current. The
arc zone and electrode are given an initial heat sufficient to relinbly strike a
stable arc.

The impuise polarity is reversibly independent of the basic machine polarity
with a two-postlion frant panel foggle switch. Slorage capacilors are precharped
with a front panel “intensity” control. The characteristics of the pulse, with
respect to slope of the Icading cdge and total width of the pulse, are of con-
siderable importance. The time of discharge must be long enoush to definitelv
“light” the are, yet short enough io allow an output rencror 1o block the pulse
elicctively from the power source, The sysfem is safe becpuse of the extremely
shart dunt on (mitiscconds) of the starting impulse. Radio interference prob-
lems associated with high-frequency starting are greatly reduced because of
the short duration of thiy starting impulse.

No speeint eleelrode holders or extra eables are requited (0 use the sysiem.
The bupuisc sulfers no severe lasses owing 1o long conductors. In priciice,
impulse starting allows the operater grester {reedom of eleclrode shape. In
production spot welding, for instance, crosion can be minimized becauvse the
electiode necd not be ground down 1o a fine point to ensure good starts but
can be ailored for the desired are cone and nuggel dinmeter.

ELECTROSLAG AND FLECTROGAS WELDING

The cc;uipmcnt used for clectroslag and electrogas welding is very simiioy,
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Alternative Current Power Source
Buried Arc
Butt Joint

Constant Current and Constant
Yoltage Power Service

Diffusion Wolding
Dip Soldering
Direct Current Welding Generator

Drooping Veltage

Election Beam Welding

Flectrogas & Electrosiag Welding

Filler
Flash Welding
Flux Cored Arc Welding

Gas Metal & Flux Cored Arc Welding
Gas Tungsten Arc Welding

Hold Time

Induction Soldering
Key liole Arc

Lasor Beawm Welding
Maintenance

Melt-in Mode
Needle Arc

Non Transfefred Arc

RKozzle

Poste courant alternatif
DépbBt pay globule de métal
Joint en bout

Poste i courant constant au
voltage constant

Soudage per bossoge
Etanage dans un bain
GEnErateur de courunt continu

Caractérisiique tombante de
tension (volt)

Soudage par panneau d'élection

Soudage sous lalfer avec ou
sans paz

Métal dlappoert
Scudage par &tincelage
Soudage avec i1 fourré

Soudage sons flux gazesux ot
fil seclide ou fourrs

Soudage sous flux gazeux avee
tlectrode Lungstene

Temps de nmaintien
Etamage par induction
Arc aveg d&forcement
Socudage par laser
Entretien

Are sous déforcement
Arc # Taible intensité
Arc non transféré

Orifice de fusil (canon)
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(suite)}

25~ Offtime - Temps d'ouvertuve
26- Oven Soldering - Ltamage auw four
27~ TPlasma Arc Welding - Soudage avec arc Plasma
28— Projection Welding - Boudage par bossage

.
29~ Pulsed Arc - Rre pulsé
50« Resistance Seam Welding - Soudage continu & la malette
3l Resistance Soldering - Ftamage par résistance
32~ Resistance Spot Welding - Soudage par point
33~  Shielded HMetal Avce Welding -~ Soudage avec &lcctrode envobd
34 Short Circuit Arc Dép6t par court-clircuit
35~ Slag -~ Laiter
S6- Soldering Yron ~  Ter & souwder
37~  Soldering Techniques ~  Techniques d'E€tasmage
38-  Spray Gun Soldering - BEtamage au pistolet
39~ Spray Transfoer «  Dépbt par pluie de goutteleties
40~  Squecze Time - Temps d'accostape
41~ Gtored Lnergy - Energle saccumielie
42 Svbmerged Arce Welding - Soudage sous fliux granulé
45~ Tap Joint -~ Joint par recouvryement
44~ Toreh Seldecing - Framapge au chalumeau
45~ Transferred Arc -~ Are transiird
A6~ Ulrasanlc Soldering - Btomage par &closion
47-  Wave Seldeving - Btamage dans un bain turbulent
48~ Weld Tine - Temps de soudage
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and the smune power sources can be used for either process with one exception:
a-¢ power supplies cannot be used with the electrogas process. Both a-¢c and
d-¢ power supplies can be used wiih the electrosiag process, Any standard a-c
or d-¢ power supply with an open-circuit vollage up to 80 volts and capable of
delivering 600 amperes continuously is suilable for electroslag welding; any
standard d-c power supply with an oper-circuit voltage up te 80 volts and
capable of delivering 600 amperes continuously is suitable for eleclrogas weld-
ing. The power supplies should be squipped with remote controls {or use with
either process. The number of power supplies required depends on the number
of welding wires being used. One power supply is required for each welding
wire used; therelere, a two-wire wekling head would require two power sources,

Spectal constani-polential d-c power supplies desipned for electroslag and
elecirogas welding are available. These power supplics are (ransformer-rectifiers
having an open-circuil voltage of 74 volts and are rated at 750 ampoeres at 50
volis output, 100% duly cycle. The primary input is 60 iz, thvee phase, 73
amperes ab 460 volts or 130 amperes at 230 volts.

PLASMA ARC WHLLMIMG

Conventional direct current power supplies with drooping volt-ampere char-
acteristics and 70 velts open cirevit are suitable for most plasma are welding
applications where argon or o mixture of argon and up to 5% hydrogen is
used, Mowever, if hellum or an argon-hydrogen gas mixture containing more
than 5% hydrogen is used, additional open-circuit voltzge is required for reli-
able arc ignilion. This may be accomplished by connecling two power supplics
in series. An altetnate approach, requiring the use of only one power supply,
is to stitke Uy arc in pure arpon sad then switch over to the desired arpon—
hydrogen, or helium misture for the welding operation.

The power supplies may be cither rectifiers or molor generators; however,
rectifiers are preferved beeause they have better current stability during the
time requirved for the power supply Lo warn o {0 operzling temperature.

Because of the relative Insensitivity of the piasma are process o are Jength
variations, arc voltuge contro] cgnipment is not normally used, However, arc
voltage control con be used with the process for applications such as welding
contorired joints il precaulions are taken to jock out the height contrat when
current or pas sloping is vsed. )

Plasma arc controds have built-in high-frequency geperators for are igoition;
therefore, the power supply does wat bave to be equipped wilh high frequency.
Special power supplies designed specifically for plastha arc processes are now
available. These power supplics were developed 10 meel the specializad re-
guircmenty of plasma are surfacing and colting, as well as welding and, there-
fore, are not generally compatible with ather welding applications, They ave
usually rated betweea 500 and 1000 amperes with a 100% duty cycle and an
open-cirenit voliags of 400 volts,

FULSEL ARC WELDIMG
A pulsed are welding machine normally consists of a three-phase transformer-

rectifier previding a constant d-¢ voltage oulpul together with a single-phase
half-wave rectifier, which is supoiimpesed on the d-¢ or backaround currcnt.



Bibliography [ 35.558

Both transformer-rectifiers are mounted in a single configuration with appro-
priate controls for adjustment of background and pulsed current,

The pulsed ace welding process is vsed with clectredes and shiclding gases
that normally operate only in the Iigh current density or spray-trausfer region.
The power level Is between the spray-iransfor and dip-transfer regions and fills
an operational gup between them.

The pulsed are welding machines have the advantages of welding at lower
mean welding currents, controlling the size of the metn} droplet transferved
and using Jower average welding curients for a given wire size.
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