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WARNINGS

Cyanide and cyanide fumes are dangerous poisons. The cyaniding methed of case
hardening requires expert supervision and adequate ventilation.

Oil or grease in the presence of oxygen will ignite violently, especially in an
enclosed pressurized area.

Do not substitute oxygen for campressed air in pneumatic tools. Do not use oxygen
to blow out pipe lines, test radiators, purge tanks or containers, or to "dust"
clothing.

Welding machine Model 301, AC/DC, Heliarc with inert gas attachment, NSM 3431-00-
235-4728, may cause electrical shock if not properly grounded. If one is being
used, contact Castolin Institute, 4462 York St., Denver, Colorado 80216 ATIN: Mr.
Lent.

The vapors fram same chlorinated solvents (e.g. carbon tetrachloride,
trichloroethylene, and perchlorocethylene) break down under the ultra-violet radia-
tion of an electric arc and form a toxic gas. Avoid welding where such vapors are
present. These solvents vaporize easily and prolonged inhalation of the vapor can
be hazardous. These organic vapors should be removed fram the work area before

welding is begun.

Do not assume that a container that has held cambustibles is clean and safe until
proven so by proper tests. Do not weld in places where dust or other cambustible
particles are suspended in air or where explosive vapors are present. Removal of
flammable material fram vessels/containers may be done either by steaming out or
boiling.

The autamotive exhaust method of cleaning should be conducted only in well ventilat-
ed areas to ensure levels of toxic gases are kept below hazardous levels.

Welding polyurethane foam-filled parts can produce toxic gases. Welding should not
be attempted on parts filled with polyurethane foam. If repair of such parts by
welding is necessary, the foam must be removed fram the heat affected area,
including the residue, prior to welding.

Do not stand facing cylinder valve outlets of oxygen, acetylene, or other cam-
pressed gases when opening them.

If it is necessary to blow out the acetylene hose, do it in a well ventilated
place, free of sparks, flame, or other sources of ignition.
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WARNINGS (cont)

Purge both acetylene and oxygen lines (hoses) prior to igniting torch. Failure to
do this can cause serious injury to personnel and damage to the equipment.

Regulators with gas leakage between the regulator seat and the nozzle should be
repaired immediately to avoid damaged to other parts of the requlator or injury to
personnel. With acetylene regulators, this leakage is particularly dangerous.
Acetylene at high pressure in the hose is an explosion hazard.

Defects in oxyacetylene welding torches which are sources of gas leaks must be cor-
rected immediately, as they may result in flashbacks, or backfires, with resultant
injury to the operator and/or damage to the welding apparatus.

Damaged inlet connection threads may cause fires by ignition of the leaking gas,
resulting in injury to the welding operator and/or damaged to the equipment.

Dry cleaning solvent and mineral spirits paint thinner are highly flammable. Do
not clean parts near an open flame or in a smoking area. Dry cleaning solvent and
mineral spirits paint thinner evaporate quickly and have a defatting effect on the
skin. When used without protective gloves, these chemicals may cause irritation or
cracking of the skin. Cleaning operations should be performed only in well venti-
lated areas.

The acid solutions used to remove aluminum welding and brazing fluxes after welding
or brazing are toxic and highly corrosive. Goggles, rubber gloves, and rubber
aprons should be worn when handling the acids and solutions. Do not inhale fumes.
When spilled on the body or clothing, wash immediately with large quantities of
cold water.

Never pour water into acid when preparing solutions; instead, pour acid into wa-
ter. Always mix acid and water slowly. These operations should only be performed
in well ventilated areas.

Precleaning and postcleaning acids used in magnesium welding and brazing are highly
toxic and corrosive. Goggles, rubber gloves, and rubber aprons should be worn when
handling the acids and solutions. Do not inhale fumes and mists. When spilled on
the body or clothing, wash immediately with large quantities of cold water, and
seek medical attention. Do not pour water into acid when preparing solution; in-
stead, pour acid into water. Always mix acid and water slowly. Cleaning opera-
tions should be performed only in well ventilated areas.

If the electrode becames frozen to the base metal during the process of starting
the arc, all work to free the electrode while the current is on must be done with
the eyes shielded.
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The nitric acid used to preclean titanium for inert gas shielded arc welding is
highly toxic and corrosive. Goggles, rubber gloves, and rubber aprons should be
worn when handling the acid and the acid solution. Do not inhale gases and mists.
When spilled on the body or clothing, wash immediately with large quantities of
cold water, and seek medical help. Do not pour water into acid when preparing the
solution; instead, pour acid into water. Always mix acid and water slowly. Per-

N 3 3 _ =T adend aemma
form cleaning operations only in well ventilated areas.

“he caustic chemicals (including sodium hydride) used to preclean titanium for
inert gas shielded arc welding are highly toxic and corrosive. Goggles, rubber
gloves, and rubber aprons should be worn when handling these chemicals. Do not
inhale gases or mists. When caustics are spilled on the body or clothing, wash
immediately with large quantities of cold water, and seek medical help. Special
care should be taken at all times to prevent any water fram caming in contact with
the molten bath or any other large amount of sodium hydride, as this will cause the
evolution of highly explosive hydrogen gas.

When using weld backup tape, the weld must be allowed to cool for several minutes
before attempting to remove the tape fram the workpiece.

Safety precautions must be exercised in underwater cutting and welding. Electrode
holder and cable must be insulated, current must be shut off when changing elec-
trodes, and the diver should avoid contact between the electrode and grounded work.

-

n thermit welding, the mold must be thoroughly dried before the charge in the
crucible is ignited. When the charge has been ignited, the operator should stand a
afe distance away and should wear goggles. Painful burns may occur fram splashing
metal, upsetting of the crucible, breaking of the mold, or allowing the molten
metal to came in contact with moisture in the mold.

N

{

Before welding on equipment painted with CARC paint, remove the paint fram an area
larger than that which will be heated during welding.

Do not operate welding machines in an enclosed area unless the exhaust gases are
pi to the outside. Inhalation of exhaust fumes will result in serious illness
o) +h

When filling the fuel tank, always provide a metal-to-metal contact between the
container and the fuel tank. This will prevent a spark fran being generated as
fuel flows over the metallic surfaces.

Do not fill the fuel tanks while the engine is running. Fuel spilled on a hot
engine may explode and cause injury to personnel.
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WARNINGS (cont)

Do not attempt any maintenance on the welding machine while it is in operation.
The voltage generated by it can cause injury or death.

Ensure that all welding machines are properly grounded. Failure to properly ground
welding machines could result in electrical shock.

Always use ear plugs. Diesel engines exceed a permissible decibel level. Failure
to observe this warning could result in a permanent hearing injury.

Always wear arc proof glasses or a welder's helmet when welding to prevent serious
eye burns or possible blindness.

Use only approved cleaning solvents to avoid the possibility of fire or poisoning.

Inert gas, metal-arc welding processes produce intense ultra-violet radiation which
can be harmful to the eyes and skin. Therefore, certain precautions must be ob-
served to protect the operator fram injury.

Skin must be campletely covered. Leather gloves are recammended for hand protec-
tion. Heavy, dark colored clothing should be worn to prevent the radiation fram
penetrating to the skin or reflecting onto the neck under the helmet. Lightweight
leather clothing is recammended because of its durability and resistance to deterio-
ration fram radiation. Cotton clothing will deteriorate rapidly when subjected to
ultra-violet radiation.

Adequate ventilation should be provided to remove fumes which are produced by weld-
ing processes. American standard 2-49.1 on welding safety covers such ventilation
procedures. Highly toxic gases are formed when the vapors fram halogenated sol-
vents are subjected to ultra-violet radiation. Therefore, it is recammended that
degreasers and other sources of these vapors should be located so that the vapors
cannot reach the welding operation.

Under no circumstances should acetylene cylinders be positioned or stored in other
than an upright position. Storage of the cylinder in a horizontal or reclining
position could create a hazardous condition.

Stand to the side of gas and oxygen cylinders when turning on the pressure release
valves. The cylinders contain extreme pressure. Injury could occur if a defective
flowmeter or pressure regulator valve ruptures when subjected to these pressures.
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Ensure that all gages are removed fram gas and oxygen cylinders before transport-

Ha=2

ing. Failure to observe this warning could create a hazardous condition.

Wear head and eye protectlon, rubber gloves, boots, and aprons when handling steam,
hot water, and caustic solutions. When handling dry caustic soda or soda ash, wear
approved respiratory protective equipment, long sleeves, and gloves. Wear fire

Y‘QC‘I ‘:+‘2h+ hand n;aﬂc or n1mroc +A h:nﬂ’c Hr\-}- A\L&“\.}H‘s.
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Brazing filler metals containing cadmium may form poisonous fumes on heating. Do
not breathe fumes. Use only with adequate ventilation, such as fume collectors,

exhaust ventilators, or air-supplied respirators. See American National Standards
Institute Standard 249.1-1973. If chest pain, cough, or fever develops after use,

1 a4 1
call physician immediately.

Acetylene, stored in a free state under pressure greater than 15 psi (103.4 kPa),
can break down fram heat or shock, and possible explode. Under pressure of 29.4
psi (203 kPa), acetylene becames self-explosive, and a slight shock can cause it to
explode spontaneously.

Acetylene which may accumulate in a storage roam or in a ¢

and exp1051on hazard All aéetylene cylinders should be checked, u
solution, for leakage at the valves and safety fuse plugs.

Do not stand facing cylinder valve outlets of oxygen, acetylene, or other cam-
pressed gases when opening them.
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Always have suitable fire extingquishing equipment at han
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CHAPTER 1
INTRODUCTION

Section . GENERAL

1-1. SCOPE

This training circular is published for use by personnel concerned with welding and
other metal joining operations in the manufacture and maintenance of materiel.

1-2. DESCRIPTION

a. This circular contains information as outlined below:

(1) Introduction
(2) Safety precautions in welding operations
§3§ Print reading and welding symbols
4) Joint design and preparation of metals
5) Welding and cutting equipment
6) Welding techniques
Metals identification
8) Electrodes and filler metals
(9) Maintenance welding operations for military equipment
§10§ Arc welding and cutting processes
11) Oxygen fuel gas welding processes
(12) Specia applications
(13) Destructive and nondestructive testing

b. contains a list of current references, including supply and tech-

nicall manuals and other available publications relating to welding and cutting
operations.

c. [Appendix B contains procedure guides for welding.

d. |JAppendix C contains a troubleshooting chart.

e. [Appendix DO contains tables listing materials used for brazing. welding.
soldering, arc cutting, and metallizing. ’

. l[Appendix E| contains miscellaneous data as to temperature ranges, melting
points, and other information not contained In the narrative portion™of this manual.

Section |I. THEORY

1-3. GENERAL

Welding is any metal joining process wherein coalescence is produced by heating the

metal to suitable temperatures, with or without the application of pressure and
with or without the use of filler metals. Basic welding processes are described

and illustrated in this manual. Brazing and soldering, procedures similar to weld—
ing, are also covered.
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1-4.  METALS

a. Metdsaredivided into two classes, ferrous and nonferrous. Ferrous metals
arethose in the iron class and are magnetic in nature. These metals consist of
iron, steel ,and alloys related to them. Nonferrous metals are those that contain
either no ferrous metals or very small amounts. These are generally divided into
the aluminum, copper, magnesium, lead, and similar groups.

b. Information contained in this circular covers theory and application of
welding for al types of metals including recently developed aloys.

1-2
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CHAPTER 2
SAFETY PRECAUTIONS IN WELDING OPERATIONS

Section |. GENERAL SAFETY PRECAUTIONS
2-1. GENERAL

~a. To prevent injury to personnel, extreme caution should be exercised when
using any types of welding equipment. Injury can result from fire, explosions,
electric shock, or harmful agents. Both the general and specific safety precau-
tions listed below must be strictly observed by workers who weld or cuf metals.

b. Do not permit unauthorized persons to use welding or cutting equipment.

c. Do not weld in a building with wooden floors, unless the floors are protect-
ed from hot metal by means of fire resistant fabric, sand, or other fireproof mate-
rial. Be sure that hot sparks or hot metal will not fall on the operator or on any
welding equipment components.

_ d.. Remove all flammnable material, such as cotton, oil, gasoline, etc., from the
vicinity of welding.

e. Before welding or cutting, warm those in close proximity who are not protect-
ted to wear proper clothing or goggles.

f. Remove any assembled parts from the component being welded that ma become
warped or otherwise damaged by the welding process.

gr_ Do not leave hot rejected electrode stubs, steel scrap, or tools on the
floor or around the welding equipment. Accidents and/or fires may occur.

h. Keep a suitable fire extinguisher nearby at all times. Ensure the fire
extinguisher is in operable condition.

i. Mark al hot metal after welding operations are completed. Soapstone is
commonly used for this purpose.

2-2. PERSONAL PROTECTIVE EQUIPMENT

~a. General. The electric arc is a very powerful source of light, including
visible, ultraviolet, and infrared. Protective clothing and equipment must be worn
during all welding operations. During all oxyacetKIene welding and cutting proccess-
es, operators must use safety goggles to protect the eyes from heat, glare, and
flying fragments of hot metals. During all electric welding processes, operators
must use safety goggles and a hand shield or helmet equipped with a suitable filter
glass to protect against the intense ultraviolet and infrared rays. When others
are in the vicinity of the electric Weldin% processes, the area must be screened so
the arc cannot be seen either directly or by reflection from glass or metal.
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2-2. PERSONAL PROTECTIVE EQUIPMENT (cont)
b. Helmets and Shields.

(1) Welding arcsare intensely brilliant lights. They contain a proportion
of ultraviolet light which may cause eye damage. For this reason, the arc should
never be viewed with the naked eye within a distance of 50.0 ft (15.2 m). The bril-
liance and exact Sﬁectrum, and therefore the danger of the light, depends on the
welding process, the metals in the arc, the arc atmosphere, the length of the arc,
and the welding current. Operators, fitters, and those working nearby need protec-
tion against arc radiation. The intensity of the light from the arc increases with
increasing current and arc voltage. Arc radiation, like all light radiation, de-
creases with the sguare of the distance. Those processes that produce smoke sur-
rounding the arc have a less bright arc since the smoke acts as a filter. The
spectrum of the welding arc is similar to that of the sun. Exposure of the skin
and eyes to the arc is the same as exposure to the sun.

ﬁ) Beincr:; closest, the welder needs a helmet to protect his eyes and face
from harmful light and particles of hot metal. The weldin{g helmet (fig. 2-1) is
%enerally constructed of a Fressed fiber insulating material. It has an adjustable
eadband that makes it usable by persons with different head sizes. To minimize
reflection and glare produced by the intense light, the helmet is dull black in
color. It fits over the head and can be swung upward when not welding. The chief
advantage of the helmet is that it leaves both hands free, making it possible to
hold the work and weld at the same time.

CUTAWAY VIEW COF WELDING HEIMET
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ing on the Weldin%; process, type of base metal, and the welding current. The color
of the lens, usually green, blue, or brown, is an added protection against the

intensity of white light or glare. Colored lenses make is possible to clearly see
the metal and weld. Table 2-1 lists the proper filter shades to be used. A’magni-
fier lens placed behind the filter glass is sometimes used to provide clear vision.

A cover plate should be placed outside the filter glass to protect it from weld
spatter. The filter glass must be tempered so that is will not break if hit by
flying weld spatter. Filter glasses must be marked showing the manufacturer, the
shade number, and the letter “H” indicating it has been treated for impact resis-

tance.
Table 2-1. Lens Shades for Welding and Cutting

Electrode Size

Welding or Cutting Metal Thickness or Filter Shade
Operation Welding Current Number
Torch soldering - 2
Torch brazing - 3or 4
Oxygen cutting
Light Under 1 in., 25 mm 3 or 4
Medium 1 to 6 in., 25 to 150 mm 4 or 5
Heavy Over 6 in., 150 mm S or 6
Gas welding
Light Under 1/8 in., 3 mm 4 or 5
Medium 1/8 to 1/2 in., 3 to 12 mm S oré6
Heavy Over 1/2 in., 12 mm 6 or 8
Shielded metal-arc Under 5/32 in., 4 mm 10
welding (stick) 5/32 to 1/4 in., 4 to 6.4 mm 12
electrodes Over 1/4 1n., 6.4 mm 14
Gas metal-arc
welding (MIG)
Non-ferrous base metal All 11
Ferrous base metal All 12
Gas tungsten arc All 12

welding (TIG)

L A T T, SR . A n 11
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2-2. PERSONAL PROTECTIVE EQUIPMENT (cont)

NOTE

Colored glass must be manufactured in accordance with specifications
detalled in the “National Safety Code for the Protection of Hands and
Eyes of Industrial Workers’, issued by the National Bureau of Stan-
dards, Washington DC, and OSHA Standards, Subpart Q, “Welding, Cut-
ting, and Brazing”, paragraph 1910.252, and American National Stan-
dards Institute Standard (ANSI) Z87.1-1968, “American National Stand-
ard Practice for Occupationa and Educationa Eye and Face Protection”.

(5) Gas metal-arc. (MIG) welding requires darker filter lenses than shielded
metal-arc (stick) welding. The intensity_of the ultraviolet radiation e?mitted_
during gas metal-arc welding ranges from”5 to 30 times brighter than welding with

covered electrodes.

%6) Do not weld with cracked or defective shields because penetrating rays
from the arc may cause serious burns. Be sure that the colored glass plates are
the aProper shade for arc welding. Protect the colored glass plate from molten
metal spatter by using a cover glass. Replace the cover glass when damaged or
spotted by molten metal spatter.

(7) Face shields (fig. 2-2) must also be worn where required to protect
eyes. Welders must wear safety glasses and chippers and grinders often use face
shields in addition to safety glasses.
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c. Safety Goggles. During al electric welding processes, operators must
wear safety goggles (fig. 2-3) to protect their eyes from weld spatter which occa-
sionally gets inside the helmet. These clear ﬁ;oggle_s also protect the eyes from
slag particles when chipping and hot sparks when grinding. Contact lenses should
not be worn when welding or working around welders. Tinted safety glasses with
side shields are recommended, especially when welders are chipping or_%rin_ding.
Trr:_osled working around welders should also wear tinted safety glasses with side
shields.

TYPE GC-2 CHIPPER'S GOGGLES TYPE GC CHIPPER'S GOGGLES

Figure 2-3. Safety goggles.

d. Protective Clothing.

(1) Personnel exposed to the hazards created by welding, cutting, or brazing
operations shall be Brotected by personal protective equipment in accordance with
OSHA standards, Subpart |, Personal Protective Equipment, paragraph 1910.132. The
appropriate protective clothing (fig. 2-4) required for any welding operation will
vary with the size, nature, and location of the work to be performed. Welders
should wear work or shop clothes without openings or gaps to prevent arc rays from
contacting the skin. Those working close to arc welding should also wear protec-
tive clothing. Clothing should aways be kept dry, including gloves.
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2-2. PERSONAL PROTECTIVE EQUIPMENT (cont)

eéZ) Woolen clothing should be worn instead of cotton since wool is not easily
burned or damaged by weld spatter and helps to protect the welder from changes in
temperature.  Cotton clothing, if used, should be chemically treated to reduce its
combustibility. All other clothing, such as jumpers or overals, should be reason-
ably free from oil or grease.

(3). Flameproof aprons or jackets made of leather, fire resistant material, or
other suitable material should be worn for protection against spatter of molten
metal, radiated heat, and sparks. Capes or shoulder covers made of leather or
other suitable materials should be worn during overhead welding or cutting opera-
tions. Leather skull caps may be worn under helmets to prevent head burns,

ﬁ4) Sparks may lodge in rolled-up sleeves, pockets of clothing, or cuffs of
overalls and trousers. Therefore, seeves and collars should be kept buttoned and
pockets should be eliminated from the front of overalls and aprons. Trousers and
overalls should not be turned up on the outside. For heavy work, fire-resisant
leggings, high boots, or other equivalent means should be used. |n production
work, a sheet metal screen in front of the worker's legs can prowdé) PurLtjher protec-
tion against sparks and molten metal in cutting operations.

(5) Flameproof gauntlet gloves, preferably of leather, should be worn to
rotect the hands and arms from rays of the arc, molten metal spatter, sparks, and
ot metal. Leather gloves should be of sufficient thickness so that they will not
shrivel from the heat, burn through, or wear out quickly. Leather gloves should
not be used to pick up hot items, since this causes the leather to become stiff and
crack. Do not alow oil or grease to cane in contact with the gloves as this will
reduce their flame resistance and cause them to be readily ignited or charred.

e. Protective Equipment.

(1) Where there is exposure to sharp or heavy falling objects or a hazard of
bumping in confined spaces, hard hats or head protectors must be used.

(2) For welding and cutting overhead or in confined spaces, steel-toed boots
and ear” protection must also be used.

(3) When welding in any area, the operation should be adequately screened to
protect nearby workers or pasSers-by froman the glare of welding. The "screens should
be arranged so that no serious restriction of ventilation exists. The screens
should be mounted so that they are about 2.0 ft above the floor unless the work is
performed at such a low level that the screen must be extended closer to the floor
to protect adjacent workers. The height of the screen is normally 6.0 ft (1.8 m)
but may be hi%her depending upon the situation. Screen and surrounding areas must
be painted with special paints which absorb ultraviolet radiation yet do not create
high contrast between the bright and dark areas. Light pastel colors of a zinc or
titanium dioxide base paint are recommended. Black paint should not be used.



TC9-237

2-3. FIRE HAZARDS

a. Fire prevention and protection is the res;ﬁonsibility of welders, cutters,
and supervisors. Approximately six percent of the fires in industrial plants are
caused by cutting and welding which has been done primarily with portable equipment
or in areas not specifically designated for such work. The elaboration of basic
precautions to be taken for fire prevention during welding or cutting is found in
the Standard for Fire Prevention in Use of Cutting and Welding Processes, National
Fire Protection Association Standard 51B, 1962. Some of the basic precautions for
fire prevention in welding or cutting work are given below.

b. During the vyeldin? and cuttinagb operations, sparks and molten spatter are
formal which sometimes fly considerable distances. Sparks have also fallen through
cracks, pipe holes, or other small openings in floors and partitions, starting
fires in other areas which temporarily may go unnoticed. For these reasons, weld-
ing or cutting should not be done near flammable materials unless every precaution

Is taken to prevent ignition.

c. Hot pieces of base meta may come in contact with combustible materials and
start fires. Fires and explosions have aso been caused when heat is transmitted
through walls of containers to flammable atmospheres or to combustibles within
containers. Anything that is combustible or flammable is susceptible to ignition
by cutting and welding.

d. When welding or cutting parts of vehicles, the oil pan, gasoline tank, and
other parts of the vehicle are considered fire hazards and must be removed or effec-
tively shielded from sparks, slag, and molten metal.

~e. Whenever possible, flammable materials attached to or near equipment requir-
ing welding, brazing, or cutting will be removed. If removal is not practical, a
suitable shield of heat resistant material should be used to protect the flammable
material. Fire extinguishing equipment, for any type of fire that may be encoun-
tered, must be present.

2-4. HEALTH PROTECTION AND VENTILATION
a. General.

E)l) All welding and thermal cutting operations carried on in confined spaces
must be adequately ventilated to prevent the accumulation of toxic materials, com-
bustible gases, or possible oxygen deficiency. Monitoring instruments should be
used to detect harmful atmospheres. Where it is impossible to provide adequate

vvoantilatinn  atr-crinnlied receniratnare Nnr hneae macle annrenvweed fAar thice niirnnca mMia it
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2-4. HEALTH PROTECTION AND VENTILATION (cont )

(2) In specific cases, there are other factors involved in which respirator
protective devices (ventilation) should be provided to meet the equivalent require-
ments of this section. They include:

(a) Atomspheric conditions.
(b) Generated heat.
(c) Presence of volatile solvents.

(3) In all cases, the required health protection, ventilation standards, and
standard” operating procedures for new as well as old welding operations should be
coordinated and cleaned through the safety inspector and the industrial hygienist
having responsibility for the safety and health aspects of the work area

b. Screened Areas. When welding must be performed in a space entirely screened
on all sides, the screens shall be arranged so that no serious restriction of venti-
lation exists. It is desirable to have the screens mounted so that they are about
2.0 ft (0.6 m) above the floor, unless the work is performed at such a low level
that the screen must be extended closer tq the floor to protect workers from the

glare of welding. See| paragraph 2-2 e (3).

c. Concentration of Toxic Substances. Local exhaust or general ventilating
stems shall be provided and arranged to keep the amount of “toxic frees, gas, or
usts below the acceptable concentrations as set by the American National Standard

Institute Standard 7.37; the latest Threshold Limit Values (TLV) of the American
Conference of Governmental Industrial Hygienists; or the exposure limits as estab-
lished by Public Law 91-596, Occupational Safety and Health Act of 1970. Compli-
ance shall be determined by sampling of the atmsphere. Samples collected shall
reflect the exposure of the persons involved. When a helmet is worn, the samples
shall be collected under the helmet.

NOTE

Where welding operations are incidental to general operations, it is
considered good practice to apply local exhaust ventilation to prevent
contamination of the general work sea

d. Respiratory Protective Equipment. Individual respiratory protective ecgjip-
ment will be well retained. Only respiratory protective equipment approved by
the US Bureau of Mines, National Institute of Occupational ety and Health, or
other government-approved testing agency shall be utilized. Guidance for selec-

tion, care, and maintenance of respiratory protective equipment is given in
Practicee for Rechiratnryy Protection A mericean Natinnal Standard Inctitite <tandard
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(1) AIll filler metals and fusible granular materials shall carry the follow-
Ing notice, as a minimum, on tags, boxes, or other containers:

CAUTION
Welding may produce fumes and gases hazardous to health. Avoid breath-
ing these fumes and gases. Use adequate ventilation. See American
National Standards Institute Standard Z49.1-1973, safety in welding
and Cutting published by the American Welding Society.

(2) Brazin? ﬁwel_ding) filler metals containing cadmium in significant amounts
shall carry the following notice on tags, boxes, or other Containers:

WARNING
Contains CADMIUM - POISONOUS FUMES MAY BE FORMED ON HEATING

Do not breathe fumes. Use only with adequate ventilation, such as
fume collectors, exhaust ventilators, or air-supplied respirators.
See American National Standards Institute Standard Z49.1-1973. If
chest pain, cough, or fever develops after use, call physician immedi-

ately.

_ (3) Brazing and gas welding fluxes containing fluorine compounds shall have a
cautionary wording. One such wording recommended by the American Welding Society
for brazing and gas welding fluxes reads as follows:

CAUTION
_ CONTAINS FLUORIDES o
This flux, when heated, gives off fumes that may irritate eyes, nose,

and throat.

Avoid fumes--use only in well-ventilated spaces.
Avoid contact of flux with eyes or skin.

Do not take internally.

f. Ventilation for General Welding and Cutting.
(1) General. Mechanical ventilation shall be provided w welding or cut-
S 1| through

ting is done on metals not covered in|subparagraph of this section,
and under the following conditions:

(@ In a space of less than 10,000 cu ft (284 cu m) per welder.
(b) In a roan having a ceiling height of less than 16 ft (5 m).

~ (c) In confined spaces or where the welding space contains partitions,
balconies, or other structural barriers to the extent that they significantly ob-

struct cross ventilation.

~ (2)_ Minimum rate. Ventilation shall be at the minimum rate of 200 cu ft per
minute (57 cu m) per welder, except where loca exhaust heeds, as in[paragraph Z-4]
@ below, or airline respirators approved by the US Bureau of Mines, National Tnsti-

te of Occupational Safety and Health, or other government-approved testing agen-
cy, are used. When welding with rods larger than 3/16 in. (0.48 cm) in diameter,
the ventilation shall be higher as shown in the following:
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2-4. HEALTH PROTECTION AND VENTILATION (cont)

Rod diameter Required ventilation
(inches) (Cfm)

1/4 (0.64 cm) 3500

3/8 (0.95 cm) 4500

Natural ventilation is considered sufficient for welding or cutting operations.
where the conditions listed above are not present. Figure 2-5 is an illustration
of a welding booth equipped with mechanical ventilation sufficient for one welder.

Figure 2-5. Welding booth with mechanical ventilation.

. Local Exhaust Ventilation. Mechanical local exhaust ventilation may be
obtaned by either of the following means:

(1) Hoods. Freely movable hoods or ducts are intended to be placed by the
welder as near as practicable to the work being welded. These will provide a rate
of airflow sufficient to maintain a velocity in the direction of the hood of 100
linear feet per minute in the zone of welding. The ventilation rates required to
accomplish this control velocity using a 3-in. wide flanged suction opening are
listed in table 2-2.
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(2) Fixed enclosure. A fixed enclosure with a top and two or more sides
which surrounds the welding or cutting operations will have a rate of airflow suffi-
cient to maintain a velocity away from the welder of not less than 100 linear ft
per minute . Downdraft ventilation tables require 150 cu ft per minute per square
foot of surface area. This rate of exhausted air shall be uniform across the face
of the grille. A low volume, high-density fume exhaust device attached to the
welding gun collects the fumes as close as possible to the point of origin or at
the arc. This method of fume exhaust has become quite O|oopular for the semi-
automatic processes, particularly the flux-cored arc welding process. Smoke ex-
haust systems incorporated in semiautomatic guns provide the most economical ex-
haust system since they exhaust much less air they eliminate the need for massive
air makeup units to provide heated or cooled air to replace the air exhausted.
Local ventilation should have a rate of air flow sufficient to maintain a velocity
away from the welder of not less than 100 ft (30 m) per minute. Air velocity is
measurable using a velometer or air flow inter. These two systems can be extreme-
ly difficult to use when welding other than small weldments. he down draft weld-
ing work tables are popular in Europe but are used to a limited degree in North
,fA\_rlntericaEI In all cases when local ventilation is used, the exhaust air should be

iltered.

h. Ventilation in Confined Spaces.

(1) Air _replacement. Ventilation is a perquisite to work in confined
spaces. AIl welding and cutting operations in confined spaces shall be adequately
ventilated to prevent the accumulation of toxic materialsor possible oxygen defi-
ciency. This applies not only to the welder but also to helpers and other person-
nel in the immediate vicinity.

_ (2) Airline respirators. In circumstances where it is impossible to pro-
vide adequaie venfilaiion In a confined area, airline respirators or hose masks,
approved by the US Bureau of Mines, Nationa Institute of Occupational Safety and
Health, or other government-approved testing agency, will be used for this pur-
pose. The air should meet the standards established by Public Law 91-596, Occupa-
tional Safety and Health Act of 1970.

(3) Self-contained units. In areas immediately hazardous to life, hose
masks with blowers or self-contained breathing equipment shall be used. The breath-
ing equipment shall be approved by the US Bureau of Mines or National Institute of

Occupational Safety and Health, or other government-approved testing agency.

(4) Outside helper. Where welding operations are carried on in confined
spaces and where welders and helpers are provided with hose masks, hose masks with
blowers, or self-contained breathing equipment, a worker shall be stationed on the
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2-4. HEALTH PROTECTION AND VENTILATION (cont)

(20 Maximum allowable concentration. The need for local exhaust ventila-
tion or airline respirators tor welding or cutting in other than confined spaces
will depend upon the individual circumstances. However, experience has shown that
such protection is desirable for fixed-location production welding and for all

roduction welding on stainless steels. When air samples taken at the welding
ocation indicate that the fluorides liberated are below the maximum allowablée

concentration, such protection is not necessary.

j. Zinc
_ (1)  Confined spaces. In confined spaces, welding_ or cutting involving
zinc-bearing TiTTer metalsl_QLmﬂaLs_QQaLeﬁi with zinc-bearing materials shall be
done in accordance with| paragraph 2-4 h, ventilation in confined spaces.
_ (2) Indoors. Indoors, welding or cutting involving zinc-bearing metals or
filler metalS coafed with zinc-bearing materials shall be done in accordance with

paragraph 2-4 g
k. Lead.

(1) Confined spaces. In confined spaces, welding involving |lead-base met-
als ierroneously called Tead-burning) shall be done in accordance with| paragraph

2) Indoors. Indoors, welding involving lead-base metals shall be done in
accordance with [paragraph 2-4 ¢, local exhaust ventilation.

(3) Local ventilation. In confined spaces or indoors, welding or cutting
involving metals containing lead or metals coated with lead-bearing materials,
including paint, shall be done using local exhaust ventilation or airline respira-
tors. Outdoors, such operations shall be done using respirator protective equip-
ment approved by the US Bureau of Mines, National Institute of Occupational Safety
and Health, or other government-approved testing agency. In all cases, workers in
the immediate vicinity of the cutting or welding operation shall be protected as
necessary by local exhaust ventilation or airline respirators.

1. Ber\B/IIium. Welding or cutting indoors, outdoors, or in confined spaces
involving beryllium-bearing material or filler metals will be done using local
exhaust ventilation and airline respirators. This must be performed without excep-
tion unless atmospheric tests under the most adverse conditions have established

that the workers' exposure is within the acceptable concentrations of the latest

Threshold Limit Vaues (TLV) of the American Conference of Governmental Industrial
Hygienists, or the exposure limits established by Public Law 91-596, Occupational
Safety and Health Act of 1970. In all cases, workers in the immediate vicinity of
the welding or cutting operations shall be protected as necessary by local exhaust

ventilation or airline respirators.
m.  Cadmium.
(1) General. Welding or cutting indoors or in confined spaces involving

cadmium-bearing or cadmium-coated base metals will be done using local exhaust
ventilation or airline respirators. Outdoors, such operations shall be done using
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respiratory protective equipment such as fume respirators, approved by the US Bu-
reau of Mines, Nationsl Institute of Occupational Safety and Health, or other

government-approved testing agency, for such purposes.

(2) Confined space. Welding (brazing) involving cadmium-bearing filler

metals shall be done using ventilation as prescribed in| paragraphs 2-4 ¢, local
exhaust ventilation, and| 2-4 ﬁ ventilation in confined spaces, if the work is to

be done in a confined space.

NOTE

Cadmium-free rods are available and can be used in most instances with
satisfactory results.

Welding or cutting indoors or in a confined space involving
met%]%ith mercury-bearing materials, including paint, shall be done using
local exhaust ventilation or airline respirators. Outdoors, such operations will
be done using respiratory protective equipment approved by the US Bureau of Mines,
National Institute of Occupational Safety and Health, or other government-approved

testing agency.

0. Cleaning Compounds

(1) Manufacturer’s instructions. In the use of cleaning materials., because
of their toxicity of T flammability, appropriate precautions listed in the manufactur-
er's instructions will be followed.

(2) Degreasing. Degreasing or other cleaning operations involving chlori-
nated hydrocarbons will be located so that no vapors from these operations will
reach or be drawn into the area surrounding any welding operation. In addition,
trichloroethylene and perchloroethylene should be kept out of atmospheres penetrat-
ed by the ultraviolet radiation of gas-shielded welding operations.

. Cutting of Stainless Steels. Oxygen cutting, using either a chemical flux
or Iron powder, or gas-shielded arc cutting of stainless steel will be done using
mechanical ventilation adequate to remove the fumes generated.

. First-Aid_Equipment. First-aid equipment will be available at all times.
On every shift of welding operations, there will be personnel present who are
trained to render first-aid. All injuries will be reported as soon as possible for
medical attention. First-aid will be rendered until medical attention can be pro-

vided.
2-5.  WELDING IN CONFINED SPACES
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2-5. WELDING IN CONFINED SPACES (cont)

c. Where a welder must enter a confined space through a manhole or other all
opening, means will be provided for quickly removing him in case of emergency.
When safety belts and life lines are u for this purpose, they will be attached
to the welder's body so that he cannot be jammed in a small exit opening. An atten-
dant with a preplanned rescue procedure will be stationed outside to observe the
welder at all times and be capable of putting rescue operations into effect.

d. When arc welding is suspended for any substantial period of time, such as
during lunch or overnight, all electrodes will be removed from the holders with the
holders carefully located so that accidental contact cannot occur. The welding
machines will be disconnected from the power source.

e. In order to eliminate the possibility of gas escaping through leaks or im-
properly closed valves when gas welding or cutting, the gas and oxygien wgr)ly
valves will be closed, the regulators released, the gas and oxygen lines bled, and
the valves on the torch shut off when the equipment will not be used for a substan-
tial period of time. Where practical, the torch and hose will also be removed from

the confined space.

f. After welding operations are completed, the welder will mark the hot metal
or provide some other means of warning other workers.

Section |l. SAFETY PRECAUTIONS IN OXYFUEL WELDING
2-6. GENERAL

~In addition to the information listed in|section || of this chapter, the
following safety precautions must be observed.

b. Do not experiment with torches or regulators in any way. Do not use oxygen
reglijlators with acetylene cylinders. Do not use any lubricants on regulators or
tanks .

¢ Always use the proper tip or nozzle, and always operate it at the proper
pressure for the particular work involved. This information should be taken from
work sheets or tables supplied with the equipment.

d. When not in use, make sure the torch is not burning. Also, release the
regulators, bleed the hoses, and tightly close the valves. Do not hang the torch
with its hose on the regulator or cylinder valves.

~ Do not light a torch with a match or hot metal, or in a confined space. The
explosive mixture of acetylene and oxygen might cause personal injury or property
damage when ignited. Use friction lighters or stationary pilot flames.

f. When working in confined spaces, provide adequate ventilation for the dissi-
pation of explosive gases that may be generated. For ventilation standards, refer
to | paragraph 2-4, Health Protection and Ventilation,

g. Keep a clear space between the cylinder and the work so the cylinder valves
can be reached easily and quickly.
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h. Use cylinders in the order received. Store full and empty cylinders sepa-
rately and mark the empty ones with “MT".

I . Compressed gas cylinders owned by commercial companies will not be painted
regulation Army olive drab.

forl h'Nr?V'?r: use Cy”tndgfesd for rollers, supports, or any purpose other than that
or which they are “intended.

k. Always wear protective clothing suitable for welding or flame cutting.

|. Keep work area clean and free from hazardous materials. When flame cutting,
sparks can travel 30 to 40 ft (9 to 12 m). Do not alow flare cut sparks to hit
hoses, regulators, or cylinders.

m.  Use oxygen and acetylene or other fuel gases with the appropriate torches
and only for the purpose intended.

n. Treat regulators with respect. Do not turn valve handle using force.
0. Always use the following sequence and technique for lighting a torch:
(1) Open acetylene cylinder valve.
(2) Open acetylene torch valve 1/4 turn.
(3) Screw in acetylene regulator adjusting valve handle to working pressure.
(4) Turn off the acetylene torch valve (this will purge the acetylene line).
(5) Slowly open oxygen cylinder valve al the way.
(6) Open oxygen torch valve 1/4 turn.
(7) Screw in oxygen regulator screw to working pressure.
(8) Turn off oxygen torch valve (this will purge the oxygen line).

(9) Open acetylene torch valve 1/4 turn and light with lighter.

NOTE
Use only friction type lighter or specially provided lighting device.

(10) Open oxygen torch valve 1/4 turn.

(11) Adjust to neutral flame.
p. Always use the following sequence and technique for shutting off a torch:

(1) Close acetylene torch valve first, then the oxygen valve.

(2) Close acetylene cylinder valve, then oxygen cylinder valve.

2-15
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2-6. GENERAL (cont)

(3) Open torch acetylene and oxygen valves to release pressure in the regula-
tor and hose.

(4) Back off regulator adjusting valve handle until no spring tension is left.

(5) Close torch valves.

g. Use mechanical exhaust at the point of welding when welding or cutting lead,
cadmium, chronium, manganese, brass, bronze, zinc, or galvanized steel.

r. Do not weld or flame cut on containers that have held combustibles without
taking special precautions.

~s. Do not weld or flame cut into sealed container or compartment without provid-
ing vents and taking special precautions.

t. Do not weld or cut in a confined space without taking special precautions.
2-7. ACETYLENE CYLINDERS

CAUTION
If acetylene cylinders have been stored or transported horizontally
(on their sides) , stand cylinders vertically (upright) for 45 minutes
prior to (before) use.

a. Always refer to acetylene by its full name and not by the word “gas’ aone.
Acetylene is very different from city or furnace gas. Acetylene is a compound of
carbon and hydrogen, produced by the reaction of water and calcium carbide.

b. Acetylene cylinders must be handled with care to avoid damage to the valves
or the safety fuse plug. The cylinders must be stored uloright in a well ventilat-
ed, well protected, dry location at least 20 ft from highly combustible materials
such as oil, paint, or excelsior. Vave protection caps must always be in place,
handtight, except when cylinders are in use. Do not store the cylinders near radia-
tors, furnaces, or in any are with above normal temperatures. In tropical cli-
mates, care must be taken not to store acetylene in areas where the temperature is
in excess of 137 °F (58 °C) . Heat will increase the pressure, which ma¥ cause the
safety fuse plug in the cylinder to blow out. Storage areas should be located away
from elevators, gangways, or other places where there is danger of cylinders being
knocked over or damaged by falling objects.
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e. Before attaching the pressure regulators, open each acetylene cylinder valve
for an instant to blow dirt out of the nozzles. Wipe off the connection seat with
a clean cloth. Do not stand in front of valves when opening them.

f. Outlet valves which have become clogged with ice should be thawed with warm
water. Do not use scalding water or an open flame.

. Be sure the regulator tension screw is released before opening the cylinder
valve. Always open the valve dowly to avoid strain on the regulator gage which
records the cylinder pressure. Do not open the valve more than one and one-half
turns. Usually, one-half turn is sufficient. Always use the special T-wrench
provided for the acetylene cylinder valve. Leave this wrench on the stem of the
valve tile the cylinder is in use so the acetylene can be quickly turned off in an
emergency.

h. Acetylene is a highly combustible fuel gas and great care should be taken to
keep sparks, flames, and heat away from the cylinders. Never open an acetylene
cylinder valve near other welding or cutting work.

i. Never test for an acetylene leak with an open flame. Test all joints with
soapy water. Should a leak occur around the valve stem of the cylinder, close the
valve and tighten the packing nut. Cylinders leaking around the safety fuse plug
should be taken outdoors, away from all fires and sparks, and the valve opened
slightly to permit the contents to escape.

_j. [If an acetylene cylinder should catch fire, it can usually be extinguished
Wlﬂll a wet blanket. A burlap ba? ‘wet with calcium chloride solution is effective
I‘(or such anlemergency. If these fail, spray a stream of water on the cylinder to

eep it cool.

k. Never interchange acetylene regulators, hose, or other apparatus with simi-
lar equipment intended for oxygen.

1. Always turn the acetylene cylinder so the valve outlet will point away from
the oxygen cylinder.

m. When returning empty cylinders, see that the valves are closed to prevent
escape of residual acetylene or acetone solvent. Screw on protecting caps.

n. Make sure that all gas apparatus shows UL or FM approval, is installed prop-
erly, and is in good working condition.

- 0. Handle all compressed gas with extreme care. Keep cylinder caps on when not
in use.

. Make sure that al compressed gas cylinders are secured to the wall or other
structural supports. Keep acetylene cylinders in the vertical condition.

. Store compressed gas cylinders in a safe place with good ventilation. Acety-
lene cylinders and oxygen cylinders should be kept apart.

r. Never use acetylene at a pressure in excess of 15 psi (103.4 kPa). Higher
pressure can cause an explosion.
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s. Acetylene is nontoxic; however, it is an anesthetic and if present in great
enough concentrations, is an asphyxiant and can produce suffocation.

2-8. OXYGEN CYLINDERS

a. Always refer to oxygen by its full name and not by the word “air” aone.

b. Oxygen should never be used for “ar” in any way.
WARNING

Oil or grease in the presence of oxygen will ignite violently, espe-
cially in an enclosed pressurized area.

~ €. Oxygen cylinders shall not be stored near highly combustible material, e5||oe-
cialy oil and grease; near reserve stocks of carbide and acetylene or other fuel

gas cylinders, or any other substance likely to cause or accelerate fire; or in an
acetylene generator compartment.

d. Oxygen cylinders stored in outside generator houses shall be separated from
the generator or carbide storage rooms by a noncombustible partition having a fire-
resistance rating of at least 1 hour. The partition shall Be without openings and

shall be gastight.

e. Oxygen cylinders in storage shall be separated from fuel gas cylinders or
combustible materials (especially oil or grease) by a minimum distance of 20.0 ft

f(6.1 m) or by a noncombustible barrier at least 5.0 ft (1.5 m) high and having a
ire-resistancé rating of at least one-half hour.

f. Where a liquid oxygen system is to be used to suppSIK ?aseous oxygen for
welding or cutting and a bulk storage system is used, it shall comply with the
provisions of the Standard for Bulk Oxygen Systems at Consumer Sites, NFPA No.
566-1965, National Fire Protection Association.

g When oxygen cylinders are in use or being roved, care must be taken to avoid
dropping, knocking over, or striking the cylinders with heavy objects. Do not

handle oxygen cylinders roughly.

h. All oxygen cylinders with leaky valves or safety fuse plugs and discs should
be set aside and marked for the attention of the supplier. Do not tamper with or
attempt to repair oxygen cylinder valves. Do not use a hammer or wrench to open

the valves.

i . Before attaching the pressure regulators, open each oxygen cylinder valve
for an instant to blow out dirt and foreign matter from the nozzle. Wipe off the

ponn_eftion seat with a clean cloth. Do not stand in front of the valve when open-
ing it.

WARNING

D not substitute oxygen for compressd air in pneumatic tools. Do
not use oxygen to blow out pipe lines, test radiators, purge tanks or

containers, or to “dust” clothing or work.
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g{ Open the oxygen cylinder valve slowly to prevent damage to the regulator

high pressure gage mechanism. Be sure that the regulator tension screw Is released
before opening the valve. When not in use, the cylinder valve should be closed and
the protecting caps screwed on to prevent damage to the valve.

k. When the oxygen cylinder is in use, open the valve to the full limit to
prevent leakage around the valve stem.

|.  Always use regulators on o_xyégen cylinders to reduce the cylinder pressure to
a low working pressure. High cylinder pressure will burst the hose.

m. Never interchange oxygen regulators, hoses, or other apparatus with similar
equipment intended for other gases.

2-9.  MAPP GAS CYLINDERS
a. MAPP gas is a mixture of stabilized methylacetylene and propadiene.

b. Store liquid MAPP gas around 70 °F (21 °C) and under 94 psig pressure.

C. Repar any leaks immediately. MAPP gas vaporizes when the valve is opened
and is difficult to detect visually. However, MAPP gas has an obnoxious odor de-
tectable at 100 fpants_per million, a concentration 1/340th of its lower explosive
limit in air. If repaired when detected, leaks pose little or no danger. However,
if leaks are ignored, at very high concentrations (5000 parts per million and
above) MAPP gas has an anesthetic effect.

d. Proper clothing must be worn to prevent injury to personnel. Once released
into the open air, liquid MAPP gas boils at -36 to -4F (-54 to -20°C) . This
causes frost-like burns when the gas contacts the skin.

€ MAPP gas toxicity is rated very slight, but high concentrations (5000 part
per million) may have an anesthetic affect.

~ f. MAPP gas has some advantages in safety which should be considered when choos-
ing a process fuel gas, including the following:

(1) MAPP gas cylinders will not detonate when dented, dropped, or incinerated.
(2) MAPP gas can be used safely at the full cylinder pressure of 94 psig.

(3) Liquified fuel is insensitive to shock.
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2-10. FUEL GASCYLINDER

a. Although the most familiar fuel gas used for cutting and welding is acety-
lene, propane, natural gas, and propylene are also used. Store these fuel gas
cylig_d_ers in a specified, well-ventilated area or outdoors, and in a vertical
condition.

b. Any cylinders must have their caps on, and cylinders, either filled or emp-
ty, should have the valve closed.

c. Care must be taken to protect the valve from damage or deterioration. The
major hazard of compressed %as Is the possibility of sudden release of the gas by
removal or breaking off of the valve. Escaping gas which is under high pressure
will cause the cylinder to act as a rocket, smashing into people and property.
Escaping fuel gas can also be a fire or explosion hazard.

d. In a fire situation there are s*o_ecial precautions that should be taken for
acetylene cylinders. All acetylene cylinders are equipped with one or more safety
relief devices filled with a low meltlng point metal. This fusible metal melts at
about the killing point of water (212 °F or 100 °C) . If fire occurs on or near an
acetylene cylinder the fuse plug will melt. The escaping acetylene may be ignited
and will burn with a roaring sound. Immediately evacuate all people from the ar-
ea. It is difficult to put out such a fire. The best action Is to put water on

the cylinder to keep it cool and to keep all other acetylene cylinders in the area

cool . Attempt to remove the burning cylinder from close proximity to other acety-
lene cylinders, from flammable or hazardous materials, or from combustible build-

ings. It is best to alow the gas to burn rather than to allow acetylene to es-
cape, mix with air, and possibly explode.

e. If the fire on a cylinder is a small flame around the hose connection, the
valve stem, or the fuse plug, try to put it out as quickly as possible. A wet
glove, wet heavy cloth, or mud slapped on the flame will frequently extinguish it.
Thoroughly wetting the gloves and clothing will help protect the person approaching
the cylinder. Avoid getting in line with the fuse plug which might melt at any
time.

f. Oxygen cylinders should be stored separately from fuel gas cylinders and
separately from combustible materials. Store cylinders in cool, well-ventilated
areas. The temperature of the cylinder should never be allowed to exceed 130 °F

(54 °C).

g. When cylinders are empty they should be marked empty and the valves must be
closed to prohibit contamination from entering.

h. When the gas cylinders are in use a regulator is attached and the cylinder
should be secured to prevent falling by means of chains or clamps.

i. Cylinders for portable apparatuses should be securely mounted in specialy
designed cylinder trucks.

Cylinders should be handled with respect. They should not be dropped or

struck. They should never be used as rollers. Hammers or wrenches should not be
used to open cylinder valves that are fitted with hand wheels. They should never
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be moved by electromagnetic cranes. They should never be in an electric circuit so
that the welding current could pass through them An arc strike on a cylinder will
damage the cylinder causing possible fracture, requiring the cylinder to be con-
demned and discarded from service.

2-11. HOSES

a. Do not alow hoses to come in contact with oil or grease. These will pene-
trate and deteriorate the rubber and constitute a hazard with oxygen.

b. Always protect hoses from being walked on or run over. Avoid kinks and
tangles. Do not leave hoses where anyone can trip over them. This could result in
personal injury, damaged connections, or cylinders being knocked over. Do not work
with hoses over the shoulder, around the legs, or ti to the waist.

C. Protect hoses from hot slag, flying sparks, and open flames.

d. Never force hose connections that do not fit. Do not use white lead, oil,
grease, or other pipe fitting compounds for connections on hose, torch, or other
equipment. Never crimp hose to shut off gases.

e. Examine al hoses periodically for leaks by immersing them in water while
under pressure. Do not use matches to check for leaks in acetylene hose. Repair
leaks by cutting hose and inserting a brass splice. Do not use tape for mending.
Replace hoses if necessary.

_f. Make sure that hoses are securely attached to torches and regulators before
using.

. Do not use new or stored hose lengths without first blowing them out with
compressed air to eliminate talc or accumulated foreign matter which might other-
wise enter and clog the torch parts.

h. Only approved gas hoses for flame cutting or welding should be used with
oxyfuel gas equipment. Single lines, double vulcanized, or double multiple strand-
ed lines are available.

I. The size of hose should be matched to the connectors, regulators, and torch-
es.

j. In the United States, the color green is used for oxygen, red for acetylene
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Section I11.  SAFETY IN ARC WELDING AND CUTTING
2-12. ELECTRIC CIRCUITS

a. A shock hazard is associated with all electrical equipment, including exten-
sion lights, electric hand tools, and all types of electrically powered machinery.
Ordinary household voltage (115 V) is higher than the output voltage of a conven-

tiona arc welding machine.

b. Although the ac and dc open circuit voltages are low compared to voltages
used for Ii?(htlng circuits and motor driven shop tools, these voltages can cause
severe shock, particularly in hot weather when the welder is sweating. Consequent-
ly, the precautions listed below should always be observed.

(1) Check the welding equipment to make certain that electrode connections
and insulation on holders and cables are in good condition.

(2) Keep hands and body insulated from both the work and the metal electrode
holder. Avoid standing on wet floors or coming in contact with grounded surfaces.

(3) Perform all welding operations within the rated capacity of the welding
cables. Excessive heating will impair the insulation and damage the cable leads.

WARNING

Welding machine, Model 301, AC/DC, Heliarc with inert gas attachment,

NSN 3431-00-235-4728, may cause electrical shock if not properly
rounded. If one is being used, contact Castolin Institute 4462 York
. Denver, Colorado 80216.

c. Inspect the cables periodically for looseness at the joints, defects due to
wear, or other damage. Defective or loose cables are a fire hazard. Defective
electrode holders should be replaced and connections to the holder should be tight-

ened .

d. Welding generators should be located or shielded so that dust, water, or
other foreign matter will not enter the electrical windings or the bearings.

e. Disconnect switches should be used with all power sources so that they can
be disconnected from the main lines for maintenance.

2-13.  WELDING MACHINES
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c. Motor-generator welding machines feature complete separation of the primary
power and the welding circuit since the generator is mechanically connected to the
electric rotor. A rotor-generator type arc welding machine must have a power
ground on the machine. Metal frames and cases of motor generators must be grounded
since the high voltage from the main line does come into the case. Stray current
may cause a severe shock to the operator if he should contact the machine and a
good ground.

d. In transformer and rectifier type welding machines, the meta frame and
cases must be grounded to the earth. The work terminal of the welding machine
should not be grounded to the earth.

e. Phases of a three-phase power line must be accurately identified when paral-
leling transformer welding machines to ensure that the machines are on the same
phase and in phase with one another. To check, connect the work leads together and
measure the voltage between the electrode holders of the two machines. This volt-
age should be practically zero. If it is double the normal open circuit voltage,
it means that either the primary or secondary connections are reversed. |If the
voltage is approximately 1-1/2 times the normal open circuit voltage it means that
the machines are connected to different phases of the three phase power line.
Corrections must be made before welding begins.

f. When large weldments, like ships, buildings, or structural parts are in-
volved, it is normal to have the work terminal of many welding machines connected
to it. It is important that the machines be connected to the proper phase and have
the same polarity. Check by measuring the voltage between the electrode holders of
the different machines as mentioned above. The situation can also occur with re-
spect to direct current power sources when they are connected to a common weld-
ment. If one machine is connected for straight polarity and one for reverse polari-
ty, the voltage between the electrode holders will be double the normal open cir-
cuit voltage. Precautions should be taken to see that all machines are of the same
polarity when connected to a common weldment.

. Do not operate the polarity switch while the machine is operating under
WeI%mg current load. Consequent arcing at the switch will damage the contact
surf aces and the flash may burn the person operating the switch.

h. Do not operate the rotary switch for current settings while the machine is
operating under welding current load. Severe burning of the switch contact sur-
faces will result. Operate the rotary switch while the machine is idling.

I . Disconnect the welding machines from the power supply when they are left
unattended.

i . The welding electrode holders must be connected to machines with flexible
cabJIes for welding application. Use only insulated electrode holders and cables.
There can be no splices in the electrode cable within 10 feet (3 meters) of the
electrode holder. Splices, if used in work or electrode leads, must be insulated.
Wear dry protective covering on hands and body.

k. Partially used electrodes should be removed from the holders when not in

use. A place will be provided to hang up or lay down the holder where it will not
come in contact with persons or conducting objects.

2-23
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2-13.  WELDING MACHINES (cont)

. The work clamp must be securely attached to the work before the start of the
welding operation.

m. Locate welding machines where they have adequate ventilation and ventilation
ports are not obstructed.

2-14. PROTECTIVE SCREENS

a. When welding is done near other personnel, screens should be used to protect
their eyes from the arc or reflected glare. See| paragraph 2-2 e |for screen design
and method of use.

b. In addition to using portable screens to protect other personnel, screens
should be used, when necessary, to prevent drafts of air from interfering with the
stability of the arc.

c. Arc welding SB%Ferations give off an intense light. Snap-on light-proof
screens should be u to cover the windows of the welding truck to avoid detection

when welding at night.
2-15.  PLASMA ARC CUTTING AND WELDING

a. Plasma arc welding is a process in which coalescence is produced by heating
with a constricted arc between an electrode and the work piece (transfer arc) or
the electrode and the constricting nozzle (nontransfer arc) . Shielding is obtained
from the hot ionized gas issuing from the orifice which may be supplemented by an
auxiliary source of shielding gas. Shielding gas may be an inert gas or a mixture
of gases, pressure may or may not be used, and filler meta may or may not be sup-
plied. Plasma welding is similar in many ways to the tungsten arc process. There-
fore, the safety considerations for plasma arc welding are the same as for gas
tungsten arc welding.

b. Adequate ventilation is required during the plasma arc welding process due
to the brightness of the plasma arc, which causes air to break down into ozone.

c. The bright arc rays adso cause fumes from the hydrochlorinated cleaning
materials or decreasing agents to break down and form phosgene gas. Cleaning opera-
tions using these materials should be shielded from the arc rays of the plasma arc.

d. When welding vyith transferred arc current up to 5A, sa“m_gty glasses with side
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f. Welding power should be turned off before electrodes are adjusted or re-
placed,

_ gh Adeguate eye protection should be used when observation of a high frequency
discharge is required to center the electrode.

h. Accessory equipment, such as wire feeders, arc voltage heads, and oscilla-
tors should be properly grounded. If not grounded, insulation breakdown might
cause these units to become electrically “hot” with respect to ground.

I. Adequate ventilation should be used, particularly when welding metals with
high copper, lead, zinc, or beryllium contents.
2-16. AIR CARBON ARC CUTTING AND WELDING

a.  Air carbon arc cutting is an arc cutting process in which metals to be cut
are melted by the heat of a carbon arc and the molten metal is removed by a blast

of air. The process is widely used for back gouging, preparing joints, and remov-
ing defective metal.

b. A high velocity air jet traveling parallel to the carbon electrode strikes
the molten metal puddle just behind the arc and blows the molten metal out of the
immediate area. Figure 2-6 shows the operation of the process.

HAND HELD ELECTRODE HOLDER

CARBON ELECTRODE
\// WORK LEAD

DIRECTION OF TRAVEL

Figure 2-6. Process diagram for air carbon arc cutting.

c. The ar carbon arc cutting process is used to cut meta and to gouge out
defective metal, to remove old or inferior welds, for root gouging of full penetra-
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2-16. AIR CARBON ARC CUTTING AND WELDING (cont)

e. The circuit diagram for air carbon arc cutting or gouging is shown by figure
2-7. Normally, conventional welding machines with constant current are used.
Constant voltage can be used with this process.

OOMPRESSED AIR

POWER SOURC

500 1
QO
4

Figure 2-7. Circuit block diagram AAC.

f. When using a constant voltage (CV) power source precautions must be taken to
operate it within its rated output of current and duty cycle.

~g. Alternating current power sources having conventional drooping characteris-
tlsceil can also be used for special applications.  AC type carbon electodes must be
used .

~h. Special heavy duty high current machines have been made specificaly for the
alr carbon arc process. This is because of extremely high currents used for the
large size carbon electrodes.

I . The air pressure must range from 80 to 100 psi (550 to 690 kPa) . The volume

of comprecced air rediilired randec from ac low ace BN 11 ft/min (2 5 liter/rein ) 110
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Section V. SAFETY PRECAUTIONS FOR GAS SHIELDED ARC WELDING
2-17. POTENTIAL HAZARDS

When any of the welding processes are used, the molten puddle of metal should be
shielded from the air in order to obtain a high quality weld deposit. In shielded
metal arc welding, shielding from the air is accomplisied by gases produced by the
disintegration of the coating in the arc. With gas shielded arc welding, shielding
from the air is accomplished by surrounding the arc area with a localized gaseous
atmosphere throughout the welding operation at the molten puddie area.

Gas shielded arc welding processes have certain dangers associated with them.
These hazards, which are either peculiar to or increased by gas shielded arc weld-
ing, include arc g*ases, radiant energy, radioactivity from thoriated tungsten elec-
trodes, and metal fumes.

2-18. PROTECTIVE MEASURES
a. Gases.

(1) Ozone. Ozone concentration increases with the type of electrodes used,
amperage, extension of arc tine, and increased argon flow. If welding is carried
out in confined spaces and poorly ventilated areas, the ozone concentration may

increase to harmful levels. The exposure level to ozone is reduced through good
welding practices and properly designed ventilation systems, such as those de-

scribed in|[paragraph 2-4.

(2) Nitrogen Oxides. Natural ventilation may be sufficient to reduce the
hazard of exposure to nitrogen oxides during welding operations, provided all three
ventilation criteria given in|paragraph 2-4| are satisfied. Nitrogen oxide concen-
trations will be very high when performing gas tungsten-arc cutting of stainless
steel using a 90 percent nitrogen-10 percent argon mixture. Also, high concentra-
tions have been found during experimental. use of nitrogen as a shield gas. Good
industrial _hygiene practices dictate that mechanical ventilation, as defined in
| paragraph 2-4, be used during welding or cutting of metals.

(3) Carbon Dioxide and Carbon Monoxide. Carbon dioxide is disassociated by
the heat of the arc to form carbon monoxide. The hazard from inhalation of these
_asﬁs will be minimal if ventilation requirements found in |paragraph 2-4| are satis-
ied.

WARNING
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2-18. PROTECTIVE MEASURES (cont)

(4) Vapors of Chlorinated Solvents. Ultraviolet radiation from the welding
or cutting ‘arc can decompose the vapors of chlorinated hydrocarbons, such as
perchloroethylene, carbon tetrachloride, and trichloroethylene, to form highly
toxic substances. Eye, nose, and throat irritation can result when the welder is
exposed to these substances. Sources of the vapors can be wiping rags, vapor
degreasers, or open containers of the solvent. Since this decompsition can occur
even at a considerable distance from the arc, the source of the chlorinated sol-
vents should be located so that no solvent vapor will reach the welding or cutting

area.

b. Radiant Energy. Electric arcs, as well as gas flames, produce ultraviolet
and infrared rays which have a harmful effect on the eyes and skin upon continued
or repeated exposure. The usual effect of ultraviolet is to “sunburn” the surface
of the eye, which is painful and disabling but generally temporary. Ultraviolet
radiation may also produce the same effects on the skin as a severe sunburn. The
production of ultraviolet radiation doubles when gas-shielded arc welding is per-
formed. Infrared radiation has the effect of heating the tissue with which it
comes in contact. Therefore, if the heat is not sufficient to cause an ordinary
thermal burn, the exposure is minimal. Leather and wool clothing is preferable to
cotton clothing during gas-shielded arc welding. Cotton clothing disintegrates in
one day to two weeks, presumably because of the high ultraviolet radiation” from arc

welding and cutting.

c. Radioactivity from Thoriated Tungsten Electrodes. Gas tungsten-arc weld-

ing using these electrodes may be employed with no significant hazard to the welder

or other room occupants. ial ventilation or protective equipment
other than that specified in : 4} is not needed for protection from expo-
sure hazards associated with welding with thoriated tungsten electrodes.

d. Meta Fumes. The physiological response from exposure to metal fumes
varies depending upon the metal being welded. Ventilation and personal protective
equipment requirements as prescribed in [paragraph 2-4| shall be employed to prevent
hazardous exposure.

Section V. SAFETY PRECAUTIONS FOR WELDING AND CUTTING CONTAINERS
THAT HAVE HELD COMBUSTIBLES

2-19. EXPLOSION HAZARDS

a Severe explosions and fires can result from heating. welding, and cuttina



TC 9-237

b. Flammable and explosive substances may be present in a container because it
previously held one of the following substances:

1) Gasoline, light oil, or other volatile liquid that releases potentially
hazardous vapors at atomspheric pressure.

(2) An acid that reacts with metals to produce hydrogen.

~ (3) A nonvolatile oil or a solid that will not release hazardous vapors at
ordinary” temperatures, but will release such vapors when exposed to heat.

_ (42 A combustible solid; i.e., finely divided particles which may be present
in the form of an explosive dust cloud.

c. Any container of hollow body such as a can, tank, hollow compartment in a
welding, or a hollow area on a casting, should be given special attention prior to
welding. Even though it may contain only air, heat from welding the metal can
raise the temperature of the enclosed air or gas to a dangerously high pressure,
causing the container to explode. Hollow areas can also contain oxygen-enriched
air or fuel gases, which can be hazardous when heated or exposed to an arc or
flane. Cleaning the container is necessary in all cases before cutting or welding.

2-20. USING THE EXPLOSIMETER

a. The explosimeter is an instrument which can quickly measure an atomsphere
for concentrations of flammable gases and vapors.

b. It is important to keep in mind that the explosimeter measures only flam-
mable gases and vapors. For example, an atomsphere that is indicated non-hazardous
from the standpoint of fire and explosion may be toxic if inhaed by workmen for

sane the.

c. Model 2A Explosimeter is a general purpose combustible gas indicator. It
will not test for mixtures of hydrogen, acetylene, or other combustibles in which
the oxygen content exceeds that of normal air (oxygen-enriched atomspheres). Model
3 Explosimeter is similar except that it is equipﬂed with heavy duty flashback
arresters which are capable of confining within the combustion chambers explosions
of mixtures of hydrogen or acetylene and oxygen in excess of its norma content in
air. Model 4 is designed for testing oxygen-acetylene mixtures and is calibrated

for acetylene.
d. Testi

n
ﬁnnf:\min:\fag wwinth lAand AAacAlinA e kA witdh A MNA

Atomspheres Contaminated with Leaded Gasoline. When an ato sphere
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2-20. USING THE EXPLOSIMETER (cont)

CAUTION
Silanes, silicones, silicates, and other compounds containing silicon
in the test atomsphere may seriously impair the response of the instru-
ment. Some of these materials rapidly “poison” the detector filament
so that it will not function properly. When such materials are even
suspected to be in the atmosphere being tested, the instrument must be
checked frequently (at least after 5 tests). Part no. 454380 calibra-
tion test kit is available to conduct this test. |f the instrument
re?d:;, |19VIvt on the test gas, immediately replace the filament and the
inlet filter.

e. Operation Instructions. The MSA Explosimeter is set in its proper operating
condition Dy the adjustment of a single control. This control is a rheostat regu-
lating the current to the Explosimeter measuring circuit. The rheostat knob is
held in the “OFF’ position by a locking bar. This bar must be |ifted before the
knob can be turned from “OFF" position.

To test for combustible gases or vapors in an atomsphere, operate the Model 2A
Explosimeter as follows:

(1) Lift the left end of the rheostat knob “ON-OFF" bar and turn the rheostat
knob one quarter turn clockwise. This operation closes the battery circuit. Be-
cause of unequal heating or circuit elements, there will be an initial deflection
of the meter pointer. The meter pointer may move rapidly upscale and then return
to point below “ZERO”, or drop directly helm “ZERO”.

(2) Flush fresh air through the instrument. The circuit of the instrument
must be balanced with air free of combustible gases or vapors surrounding the detec-
tor filament. Five squeezes of the aspirator bulb are sufficient to flush the
combustion chamber. If a sampling line is used, an additional two squeezes will be

required for each 10 ft (3 m) of line.

_ (f3) Adjust rheostat knob until meter pointer rests at “ZERO”. Clockwise, rota-
tion of ‘the rheostat knob causes the meter pointer to move up scale. A clockwise

rotation sufficient to move the meter pointer considerably above “ZERO” should be
avoided as this subjects the detector filament to an excessive current and may
shorten its life.

(4) Place end of sampling line at, or transport the Model 2A Explosimeter to,
the point where the sample is to be taken.
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The graduations on the scale of the indicating inter are in percent of the lower
explosive limit. Thus, a deflection of the meter pointer between zero and 100
percent shins how closely the atmosphere being tested approaches the minimum concen-
tration required for the explosion. When a test is made with the instrument and
the inter pointer is deflected to the extreme right side of the scale and remains
there, the atmosphere under test is explosive.

If the meter pointer moves rapidly across the scale, and on continued aspiration
guickly returns to a position within the scale range or below “ZERQO”, it Is an
indication that the concentration of flammable egases or vapors may be above the
upper explosive limit. To verify this, immediately aspirate fresh air through the
sampling line or directly into the instrument. Then, if the meter pointer moves
first to the right and then to the left of the scale, it is an indication that the
Ic_onc_entration of flammable gas or vapor in the sample is above the upper explosive
imit.

When it is necessary to estimate or compare concentrations of combustible gases

gb(za(\)/ef t(hlc)e lower explosive limit a dilution tube may be employed. See paragraph

The meter scale is red above 60 to indicate that gas concentrations within that
range are very nearly explosive. Such gas-air mixtures are considered unsafe.

(7) To turn instrument off: Rotate rheostat knob counterclockwise until
arrow on knob points to “OFF". The locking bar will drop into position in its slot
indicating that the rheostat is in the “OFF” position.

NOTE

When possible, the bridge circuit balance should be checked before
each test. |If this is not practical, the balance adjustment should be
made at 3-minute internals during the first ten minutes of testing and
every 10 minutes thereafter.

f. Specia Sampling Applications

(1) Dilution tube. For those tests in which concentrations of combustible
gases in excess of Tiner explosive limit concentrations (100 percent on instrument
Inter) are to be compared, such as in testin% bar holes In the ground adjacent to a
leak in a buried gas pipe, or in following the purgin? of a closed vessel that has
contained f flammable gases or vapors, a specia air-dilution tube must be used.
Such dilution tubes are available in 10:1 and 20:1 ratios of air to sample, en-
abling rich concentrations of gas to be compared.

In all tests made with the dilution tube attached to the instrument, it is neces-
sary that the instrument be operated in fresh air and the gaseous sample delivered
to the instrument through the sampling line in order to permit a comparison of a
series of samples beyond the norma range of the instrument to determine which
sample contains the highest concentration of combustible gases. The tube also
makes it possible to folbw the progress of purging operation when an atomsphere of
combustibles is being replaced with inert gases.

2-31
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2-20. USING THE EXPLOSIMETER (cont)

(2) Pressure testing bar holes. |n sane instances when bar holes are drilled to
locate pipe line leaks, a group of holes all containing pure gas may be found.
This condition usually occurs near a large leak. It is expected that the gas pres-
sure will be greatest in the bar hole nearest the leak. The instrument may be used
to locate the position of the leak by utilizing this bar hole pressure. Observe
the time required for this pressure to force gas through the instrument sampling
line. A probe tube equipped with a plug for sealing off the bar hole into which it
is inserted is required. To remove the flow regulating orifice from the instru-
ment, aspirate fresh air through the Explosimeter and unscrew the aspirator bulb
coupling. Adjust the rheostat until the meter pointer rests on “ZERQO”.

The probe tube is now inserted in the bar hole and sealed off with the plug. Ob-
serve the time at which this is done. Pressure developed in the bar hole will
force gas through the sampling line to the instrument, indicated by an upward de-
flection of the meter pointer as the gas reaches the detector chamber.

Determine the time required for the %as to pass through the probe line. The bar
hole showing the shortest time will have the greatest pressure.

When the upward deflection of the meter pointer starts, turn off the instrument,
replace the aspirator bulb and flush out the probe line for the next test.

2-21. PREPARING THE CONTAINER FOR CLEANING

CAUTION
Do not use chlorinated hydrocarbons, such as trichloroethylene or
carbon tetrachloride, when cleaning. These materials may be decom-
posed by heat or radiation from welding or cutting to form phosgene.
Aluminum and aluminum alloys should not be cleaned with caustic soda
or cleaners having a pH above 10, as they may react chemically. Other
nlonfe_rrous metals and alloys should be tested for reactivity prior to
cleaning.

NOTE

No container should be considered clean or safe until proven so by
tests. Cleaning the container is necessary in all cases before weld-
ing or cutting.

~a. Disconnect or remove from the vicinity of the container all sources of igni-
tion before starting cleaning.
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d. Empty and drain the container thoroughly, including all internal piping,
traps, and standpipes. Remova of scale and sediment may be facilitated by scrap-
ing, hammering with a nonferrous mallet, or using a nonferrous chain as a srub-
ber. Do not use any tools which may spark and cause flammable vapors to ignite.
Dispose of the residue before starting to weld or cut.

e. ldentify the material for which the container was used and determine its
flammability "and toxicity characteristics. If the substance previously held by the
container is not known, assure that the substance is flammable, toxic, and insolu-
ble in water.

f. Cleaning a container that has held combustibles is necessary in all cases
before any welding or cutting is done. This cleaning may be supplemental by fill-
ing the container with water or an inert gas both before and during such work.

g. Treat each compartment in a container in the same manner, regardiess of
which comparment is be welded or cut.

2-22. METHODS OF PRECLEANING CONTAINERSWHICH HAVE HELD FLAMMABLE LIQUIDS

a. General. It is very important for the safety of personnel to completely
clean all tanks and containers which have held volatile or flammable liquids.
Safety precautions cannot be over-emphasized because of the dangers involved when
theseﬂitems are not thoroughly purged prior to the application of heat, especially
open flame.

b. Accepted Methods of Cleaning. Various methods of cleaning containers
which have held fTammable Tiquids are listed in this section. However, the automo-
tive exhaust and steam cleaning methods are considered by military personnel to be
the safest and easiest methods of purging these containers.

2-23.  AUTOMOTIVE EXHAUST METHOD OF CLEANING
WARNING

Head and eye protection , rubber gloves, boots, and aprons must be worn
when handling-steam, hot water, and caustic solutions. When handling
dry caustic soda or soda ash, wear approved respiratory protective
equipment,long sleeves, and ?Ioves. Fire resistant hand pads or
gloves must be worn when handling hot drums.

The automotive exhaust method of cleaning should be conducted only in
well-ventilated areas to ensure levels of toxic exhaust gases are kept
below hazardous levels.

CAUTION
Aluminum and auminum alloys should not be cleaned with caustic soda
or cleaners having a pH above 10, as they may react chemicaly. Other
nonferrous metals and alloys should be investigated for reactivity
prior to cleaning.

a. Completely drain the container of all fluid.

2-33
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2-23. AUTOMATIVE EXHAUST METHOD OF CLEANING (cont)

b. Fill the container at least 25 percent full with a solution of hot soda or
detergent (1 Ib per gal of water (O. 12 kg per 1)) and rinse it sufficiently to
ensure that the inside surface is thoroughly finished.

c. Drain the solution and rinse the container again with clean water.

d. Open all inlets and outlets of the container.

e. Using a flexible tube or hose, direct a stream of exhaust gases into the
container. Make sure there are sufficient openings to allow the gases to flow
through the container.

f. Allow the gases to circulate through the container for 30 minutes.

g. Disconnect the tube from the container and use compressed air (minimum of 50
psi (345 kPa)) to blow out all gases.

h. Close the container openings. After 15 minutes, reopen the container and
test with a combustible gas indicator. |If the vapor concentration is in excess of
14 percent of the lower [imit of flammability, repeat cleaning procedure.

2-24. STEAM METHOD OF CLEANING

WARNING
Head and eye protection, rubber gloves, boots, and aprons must be worn
when handling steam, hot water, and caustic solutions. When handling
dry caustic soda or soda ash, wear approved respiratory protective
equipment, long sleeves, and gloves| Fire resistant hand pads or
gloves must be worn when handling hot drums.

well-ventilated areas to ensure levels of toxic exhaust gases are kept
below hazardous levels.

CAUTION
Aluminum and aluminum alloys should not be cleaned with caustic soda

or cleaners having a pH above 10, as they may react chemically. Other
nonferrous metals, and alloys should be investigated for reactivity
prior to cleaning.

a. Completely drain the container of all fluid.
b. Fill the container at least 25 percent full with a solution of hot soda,

detergent, or soda ash (1 Ib per gal of water (O.12 kg per 1)) and agitate it suffi-
ciently to ensure that the inside surfaces are thoroughly flushed.

NOTE
Do not use soda ash solution on auminum.

c. Drain the solution thoroughly.
d. Close all openings in the container except the drain and filling connection

or vent. Use damp wood flour or similar material for sealing cracks or other dam-
aged sections.

2-34



TC 9-237

e. Use steam under low pressure and a hose of at least 3/4-in. (19.05 mm) diame-
ter. Control the steam CPreﬁere by a vave ahead of the hose. If a meta nozzle
IS used at the outlet end, it should be made of nonsparking material and should be
electrically connected to the container. The container, in turn, should be ground-
ed to prevent an accumulation of static electricity.

f. The procedure for the steam method of cleaning is as follows:

- (1) Blow steam into the container, preferably through the drain, for a period
of time to be governed by the condition or nature of the flammable substance previ-
ously held by the container. When a container has only one opening, position it so
the condensate will drain from the same opening the steam inserted into. (When
steam or hot water is used to clean a container, wear suitable clothing, such as

boots, hood, etc., to protect against burns.)

(2) Continue steaming until the container is free from odor and the metal
parts are hot enough to permit steam vapors to flow freely out of the container
vent or similar opening. Do not set a definite time limit for steaming containers
since rain, extreme cold, or other weather conditions may condense the steam as
fast as it is introduced. |t may take several hours to heat the container to such
a temperature that steam will flow freely from the outlet of the container.

_ (3) Thoroughly flush the inside of the container with hot, preferably boil-
ing, water.

(4) Drain the container.

(5) . Inspect the inside of the container to see if it is clean. To do this,
use a mirror to reflect light into the container. [f inspection shows that it is
not clean, repeat stefps (1) through (4) above and inspect again. (Use a nonmetal
electric lantern or flashlight which is suitable for inspection of ‘locations where

flammable vapors are present.)

(_6% Close the container openings. In 15 minutes, reopen the container and
test with a combustible gas indicator. |f the vapor concentration is in excess of
14 percent of the lower limit of flammbility, repeat the cleaning procedure.

2-25. WATERMETHOD OF CLEANING

a.  Water-soluble substances can be removed by repeatedlv filling and draining
the container with water. Water-soluble acids, acetone, and acohol can be removed
in this manner. Diluted acid frequently reacts with metal to produce hydrogen;
care miust be taken to en<iire that all traces of the acid are removed
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2-26. HOT CHEMICAL SOLUTION METHOD OF OF CLEANING (cont)

CAUTION
Aluminum and aluminum alloys should not be cleaned with caustic soda
or cleaners having a pH above 10, as they may react chemically. Other
nonferrous metals and alloys should be investigated for reactivity
prior to cleaning.

a. The chemicas generally used in this method are trisodium phosphate (strong
washing powder) or a commercial caustic cleaning compound dissolved in water to a
concentration of 2 to 4 oz (57 to 113 g) of chemical per gallon of water.

b. The procedure for the hot chemica solution method of cleaning is as follows:

(1?J Close all container oper_lin_?s except the drain and filling connection or
vent. se damp wood flour or similar material for sealing cracks or other damaged

sections.

(2) Fill the container to overflowing with water, preferably letting the
water 'in through the drains. If there is no drain, flush the container by insert-
ing the hose through the filling connection or vent. Lead the hose to the bottom
of the container to get agitation from the bottom upward. This causes any remain-
ing liquid, scum, or sludge to be carried upward and out of the container.

(3) Drain the container thoroughly.

(4) Completely dissolve the amount of chemical required in a small amount of
hot or boiling water and pour this solution into the container. Then fill the
container with water.

(5) Make a steam connection to the container either through the drain connec-
tion or by a pipe entering through the filling connection or vent. Lead the steam
to the bottom of the container. Admit steam into the chemical solution and main-
tain the solution at a temperature of 170 to 180 °F (77 to 82 °C). At intervals
during the steaming, add enough water to permit overflying of any volatile liquid,
scum, or sludge that may have collected at the top. Continue steaming to the point
where no appreciable amount of volatile liquid, scum, or sludge appears at the top
of the container.

(6) Drain the container.

(72 Ingpect the inside of the container as described in|paragraph 2-24 f
[(5]. 'If it is not clean, repeat steps (4) thru (6) above md‘%ﬁ%‘ﬁl‘n—‘.
_ (8) Close the container openings. In 15 minutes, test the gas concentration
in the container as described in |paragraph 2-24 t (6).

c. |If steaming facilities for heating the chemical solution are not available,
a less effective method is the use of a cold water solution with the amount of
cleaning compound increased to about 6 oz (170 g) per gal of water. |t will helﬁ
if the solution is agitated by rolling the container or by blowing air through the
solution by means of an air line inserted near the bottom of the container.
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d. Another method used to clean the container is to fill it 25 percent full
with cleaning solution and clean thoroughly, then introduce low pressure steam into
the container, allowing it to vent through openings. Continue to flow steam
through the container for several hours.

2-27. MARKING OF SAFE CONTAINERS

After cleaning and testing to ensure that a container is safe for welding and cut-
ting, stencil or tag it. The stencil or tag must include a phrase, such as “safe
for welding and cutting,” the signature of the person so certifying, and the date.

2-28. FILLING TREATMENT

It is desirable to fill the container with water during welding or cutting as a
supplement to any of the cleaning methods (see fig. 2-6). Where this added precau-
tion is taken, place the container so that it can be kept find to within a few
inches of the point where the work is to be done. Make sure the space above the
water level is vented so the heated air can escape from the container.

Figure 2-8. Safe way to weld container that held combustibles.
2-29. PREPARING THE CLEAN CONTAINER FOR WELDING OR CUTTING--INERT GASTREATMENT

a General. Inert gas may be used as a squPIement to any of the cleaning
methods and as an alternative to the water filling treatment. If sufficient inert
gas iIs mixed with flammable gases and vapors, the mixture will come non-flamma-

le. A continuous flow of steam may also be used. The steam will reduce the air
concentration and make the air flammable gas mixture too lean to burn. Permissible
inert gases include carbon dioxide and nitrogen.

I~ Aarlharny MiAaviAA AlA NidvraciAam
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2-29. P(REPA)RI NG THE CLEAN CONTAINER FOR WELDING OR CUTTING-INERT GAS TREATMENT
cont

C. Procedure. The procedure for inert gas, carbon dioxide, or nitrogen treat-
ment is as follows:

(1) Close al openings in the container except the filling connection and
vent. Use damp wood flour or similar material for sealing cracks or other damaged
sections.

%2? Position the container so that the spot to be welded or cut is on top.
Then Till it with as much water as possible.

_ (3) Calculate the volume of the space above the water level and add enough
inert gas to meet the minimum concentration for nonflammability. This will usually
require a greater volume of gas than the calculated minimum, since the inert gas
may tend to flow out of the vent after displacing only part of the previously con-
tained gases or vapors.

(4) Introduce the inert gas, carbon dioxide, or nitrogen from the cylinder
through” the container drain at about 5 psi (34.5 kPa). If the drain connection
cannot be used, introduce the inert gas through the filling opening or vent. Ex-
tend the hose to the bottom of the container or to the water level so that the
flammable gases are forced out of the container.

(5) If using solid carbon dioxide, crush and distribute it evenly over the
greatest possible area to obtain a rapid formation of gas.

d. Precautions When Using Carbon Dioxide. Avoid bodily contact with solid
carbon dioxide, which may produce "burns’.  Avoid breathing large amounts of carbon
dioxide since it may act as a respiratory stimulant, and, in sufficient quantities,
can act as an asphyxiant.

~e. Inert Gas Concentration. Determine whether enough inert gas is present
using a combpustible gas Indicator Instrument. The inert gas concentration must be
maintained during the entire welding or cutting operation. Take steps to maintain
a high inert gas concentration during the entire welding or cutting operation by
one of the following methods:

(1) If gas is supplied from cylinders, continue to pass the gas into the
container.

~ (2) If carbon dioxide is used in solid form, add small amounts of crushed
solid carbon dioxide at intervals to generate more carbon dioxide gas.

Section VI. SAFETY PRECAUTIONS FOR WELDING AND
CUTTING POLYURETHANE FOAM FILLED ASSEMBLIES

2-30. HAZARDS OF WELDING POLYURETHANE FOAM FILLED ASSEMBLIES

WARNING

Welding polyurethane foam-filled parts can produce toxic gases. Weld-
ing should not be attempted on parts filled with polyurethane foam.
If repair by welding is necessary, the foam must be removed from the
heat-affected area, including the residue, prior to welding.

2-38
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a. General. Welding polyurethane foam filled parts is a hazardous proce-
dure. The hazard to the worker is due to the toxic gases generated by the thermal
breakdown of the polyurethane foam. The gases that evolve from the burning foam
depend on the amount of oxygen available. Combustion products of polyurethane foam
in a clean, hot fire with adequate oxygen available are carbon dioxide, water va-
por, and varying amounts of nitrogen oxides, carbon monoxide, and traces of hydro-
gen cyanide. Thermal decomposition of polyurethanes associated with restricted
amounts of oxygen as in the case of many welding operations results in different
gases being produced. There are increased amounts of carbon monoxide, various
aldehydes, isocyanates and cyanides, and small amounts of phosgene, al of which
have varying degrees of toxicity.

b. Safety Precautions.

(1) Itisstrongly recommended that welding on polyurethane foam filled parts
not be performeg. If repair is necessary, the foam must be removed from the heat-

af;eé:_ted zone. |In addition, all residue must be cleaned from the metal prior to
welding.

é%} Several assemblies of the M113 and M113A1 family of vehicles should not
be welded prior to removal of polyurethane foam and thorough cleaning.
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CHAPTER 3
PRINT READING AND WELDING SYMBOLS

Section |. PRINT READING
3-1. GENERAL

a. Drawings. Drawing or sketching is a universal language used to convey al
necessary nformation to the individual who will fabricate or assemble an object.
Prints are also used to illustrate how various equipment is operated, maintained,
repaired, or lubricated. The original drawings for prints are made either by di-
rectly drawing or tracing a drawing on a translucent tracing paper or cloth using
waterproof (India) ink or a specia pencil. The origina drawing is referred to as
a tracing or master copy.

b. Reproduction Methods. Various methods of reﬂroduction have been developed
which will produce prints of different colors from the master copy.

_ (1) One of the first processes devised to reproduce a tracing produced white
lines on a blue background, hence the term “blueprints’.

_ (20 A patented paper identified as "BW" paper produces prints with black
lines on a white background.

(3 The ammonia process, or “Ozalids’ , produces prints with either black,
blue, or maroon lines on a white background.

(4) Vandyke paper produces a white line on a dark brown background .

ot g;)t_ Other reproduction methods are the mmeograph machine, ditto machine, and
photostatic process.

3-2. PARTSOFA DRAWING

a. Title Block. The title block contains the drawing number and al the
information required to identify the part or assembly represented. Approved mili-
tary prints will include the name and address of the Government Agency or organiza-
gon preparing the drawing, the scale, the drafting record, authentication, and the
ate.

b. Revision Block. Each drawing has a revision block which is usually locat-
ed in the upper right corner. All changes to the drawing are noted in this block.
Changes are dated and identified by a number or letter. If a revision block is not
used, a revised drawing may be shown by the addition of a letter to the origina
number.

~c. Drawing Number. All drawings are identified by a drawing number. If a
print has more than one sheet and each sheet has the same number, this information
Is included in the number block, indicating the sheet number and the number of
sheets in the series.
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3-2.  PARTSOF A DRAWING (cent)

d. Reference Numbers and Dash Numbers. Reference numbers that appear in the
title block refer to other print numbers. When more than one detail is shown on a
drawing, dashes and numbers are frequentl)é used. If two parts are to be shown in
one detaill drawing, both prints will have the same drawing nunber plus a dash and
an individual number such as 7873102-1 and 7873102-2.

e. Scade. The scale of the print is indicated in one of the spaces within
the title block. It indicates the size of the drawing as compared with the actual
size of the part. Never measure a drawing--use dimensions. The print may have
been reduced in size from the original drawing.

~ f. Bill of Material. A specia block or box on the drawing may contain a

list of necessary stock to make an assembly. It also indicates the type of stock,
size, and specific amount required.

3-3.  CONSTRUCTION LINES

a Full Lines JA, fig. 3-1). Full lines represent the visible edges or out-

lines of an object.

Hidden lines are made of short dashes which

c. Center Lines (B, fig. 3-1). Center lines are made with alternating short
and long dashes. A Tme throughn the center of an object is called a center line.

d. Cutting Plane Lines [B, fig. 3-1). Cutting plane lines are dashed lines,
generally of the same width as the full lines, extending through the area being
cut. Short solid wing lines at each end of the cutting line project at 90 degrees
to that line and end In arrowheads which point in the direction of viewing. Capi-
tal letters or numerals are placed just beyond the points of the arrows to desig-
nate the section.

~e. Dimension Lines (A, fig. S-IID._ Dimension lines are fine full lines ending
In arrowheads. They are used to Indicate the measured distance between two points.

f. Extension Lines (A, _fig. 3-1). Extension lines are fine lines from the
outside” edges or Intermediaie points of a drawn object. They indicate the limits
of dimension lines.

. Break Lines (C, fig. 3-1). Break lines are used to show a break in a draw-
ing~and are used when 1t Is desired to increase the scale of a drawing of uniform
cross section while showing the true size by dimension lines. There are two kinds
of break lines: short break and long break. Short break lines are usually heavy,
wavy, semiparallel lines cutting off the object outline across a uniform section.
Long break lines are long dash Sﬁarallel lines with each long dash in the line con-
nected to the next by a “2” or sharp wave line.
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10.50 IN.

DIMENSION LINE
(26.67 CM)£L—
~ EXTENSION LINE
l L HIDDEN LINES_}~ -7 =~~~ == —}
--------- ~}ru Lmes—_ !

A - VIBW ARRANGEMENT SHORT BREAK LINES

[ l — f z?
OS]

CUTTING PLANE LINE P/ ! l\ PIPE OR TUBING
T Uiy
. Z l é «  CENTER LINE r 4 P 7]
2ZAR% | Wm W———
| ‘ i LONG BREAK LINES
B - OFFSET SECTION C - CONVENTIONAL BREAKS

Figure 3-1. Construction lines.

Section 1. WELD AND WELDING SYMBOLS
3-4. GENERAL

Welding cannot take its proper place as an engineering tool unless means are provid-
ed for conveying the information from the designer to the workmen. Welding symbols
provide the means of placing complete welding information on drawings. The scheme
for symbolic representation of welds on engineering drawings used in this manua is
consistent with the “third angle” method of projection. This is the method predomni-
nantly used in the United States.
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3-4. GENERAL (cont)

The joint is the basis of reference for welding symbols. The reference line of the
welding symbol (fig. 3-2) is used to designate the type of W§d to be mage, its
location, dimensions, extent, contour, and other supplementary information. Any
welded joint indicated by a symbol will aways have an arrow side and an other
side. Accordingly, the terms arrow side, other side, and both sides are used here-

in to locate the weld with respect to the joint.
FINISH SYMBOL GROOVE ANGLE; INCLUDED

ANGLE OF COUNTERSINK
CONTOUR SYMBOL FOR PLUG WELDS
ROOT OPENING; DEPTH OF E‘ILLING\

FOR PLUG AND SLOT WELDS

EFFECTIVE GROOVE WELD SIZE \E LENGTH OF WELD
A / PITCH (CENTER-TO-CENTER
< "

DEPTH OR PREPARATION; SPACING) OF WELDS

STZE OR STRENGTH
FOR CERTAIN WEIDS | = <«-—rF1ED WEID SsyMBOL

SPECIFICATION § 1 /{ g n “E } ' 4 ARROW CONNECTING
PROCESS, OR '\T\ (E) b o° L-P REFERENCE LINE TO
= / /{ g é"’ ! MEMBERSégEJOINT
(=)
fas] ﬁ G J N

TAIL — V= 0 \
N’
TATL, OMITTED WHEN (N) WELD-ALL~-AROUND SYMBOL
NUMBER
P

REFERENCE IS NOT USED)
OF SPOT OR REFERENCE LINE
BASIC WELD SYMBOL —

PROJECTION WELDS
OR DETAIL REFERENCE ELEMENTS IN THIS
AREA REMAIN AS
SHOWN WHEN TAIL

AND ARROW ARE
REVERSED

Figure 3-2. Standard locations of elements of a welding symbol.

The tail of the symbol is used for designating the welding and cutting processes as
well as the welding specifications, procedures, or the supplementary information to
be used in making the weld. If a welder knows the size and type of weld, he has
only part of the information necessary for making the weld.” The process, identifi-
cation of filler metal that is to be uSed, whether or not peening or root chipping
is required, and other pertinent data must be related to the welder. The notation
to be placed in the taill of the symbol indicating these data is to be establish

by each user. If notations are not used, the tail of the symbol may be omitted.
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3-5.  ELMENTS OF A WELDING SYMBOL

A distinction is made between the terms “weld symbol” and “welding symbol”. The
weld symbol (fig. 3-3) indicates the desired type of weld. The welding symbol
fig. 3-2) is a method of representing the weld symbol on drawings. The assembled
“welding symbol” consists of the following eight elements, or any of these elements
as necessary: reference line, arrow, basic weld symbols, dimensions and other
data, supplementary symbols, finish symbols, tail, and specification, process, or
other reference. T ions of welding symbol elements with respect to each
other are shown in [figure 3-2.

PLUG SPOT
FILLET| OR OR SEAM
SLOT | PROJECTTION

N O |& Q-WT[H

BACK OR | MELT |surracmng L F-ANGE
BACKING | THRU CORNER

SQUARE v BEVELl U J |FLARE - V|FLARE -BEVEL
1 [y . ~ e 1 o
HINAV [NV NI
BASTC ARC AND GAS WELD SYMBOLS
Wf':'l'..DALl'..FLAG CONTOUR
AROUND TOWARD TAIL
FIELD WELD FLUSH CONVEX CONCAVE
O I |—|" v

SUDDT EMENTARY SYMROT S
Sve ekl ndd S LSVl

3-3. Basic and supplementary arc and gas weld symbols.

3-6. BASICWELD SYMBOLS
a. General. Weld symbols are used to indicate the welding processes used in

metalséoining operations, whether the weld is localized or “all around”, whether it
Is a shop or field weld, and the contour of welds. These basic weld symbols are

summrized below and illustrate in figure 3-3.
b. Arc and Gas Weld Symbols. See figure 3-3.
c. Resistance Weld Symbols. See figure 3-3.

d. Brazing, Forge, Thermit, Induction, and Flow Weld Symbols.

(1) These welds are indicated by using a process or specification reference
in the tall of the welding symbol as shown In figure 3-4.

P N /
/ \A 2 B3S/

(2) When the use of a definite process is required (fig. 3-5) ,
be indicated by one or more of the letter designations shown In |tables 3-1| and
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3-6. BASIC WELD SYMBOLS (cont)

Qi - AU v

Vi

Figure 3-5.

(3) When no specification,

symbol,

the tail may be omitted

[

\- Lo

Definite process reference.

<G'1’Aw

Process or other reference is used with a welding

rd

Figure 3-6. No process or specification reference.

Table 3-1. Designation of Welding Processes by Letters*

3-6

Brazing
Torch brazing

[\ X ~avrhesn —avs
Lw’m caroon—axrc

Furnace brazing

hea
AJA

~ 3T
AL L2

Induction brazing
Resistance brazing

Dip brazing

Block brazing

Flow brazing
Flow welding

Resistance welding

Flash welding
Upset welding

Percussion welding

ITnchye+inn wtelAing

Al IAAL L ALLA L VR A AL SNy

Arc welding

Bare metal-arc welding

Stud welding

Gas shielded stud welding

[ol0) e G O - I R P

SUGnErged arc we.l.u.uxg
Gas tungsten-arc welding
Gas metal-arc welding
Atamic hydrogen welding
Shielded metal-arc welding
Twin carbon-arc welding
Carbon-arc welding

Gas carbon-arc m'lrhng

LR Anra s’ e S

Shielded carbon-arc welding
Flux cored-arc welding

Ny
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Table 3-1. Designation of Welding Processes by Letters* (cont)

Letter
Welding Process Designation
Thermit welding
Nonpressure thermit welding NTW
Pressure thermit welding PIW
Gas welding
" Pressure gas welding PGW
Oxyhydrogen welding OHW
Oxyacetylene welding OAW
Air-acetylene welding AAW
Forge welding
Roll welding RW
Die welding DwW
Hammer welding HW

*The following suffixes may be used to indicate the method of applying the above

processes:

Autamatic welding
Machine welding
Manual welding
Semi-autanatic welding

NOTE

LERE

Letter designations have not been assigned to arc spot, resistance
spot, arc seam, resistance seam, and projection welding since the

weld symbols used are adequate.

Table 3-2. Designation of Cutting Processes by Letters*

Letter
Cutting Process Designation
Arc cutting AC
Air-carbon-arc cutting AAC
Carbon-arc cutting CaC
Metal-arc cutting MAC
Oxygen cutting oC
Chemical flux cutting FOC
Metal powder cutting POC
Arc-oxygen cutting AOC

*The following suffixes may be used to indicate the methods of applying the

above processes:

Autamatic cutting
Machine cutting
Manual cutting
Semi-autamatic cutting

LERE

3-7
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3-6. BASICWELD SYMBOLS (cont)

e. Other Common Weld Symbols. ~ Figures 3-7 and 3-8 illustrate the weld-all-
around and field weld symbol, and redstance spot and resistance seam we?ds.

oy N

Figure 3-7, Weld-all-around and field weld symbols.

—_— e e = — e — e - — ]

Figure 3-8. Resistance spot and resistance seam welds.

f. Supplermntary Symbols. These symbols are used in many_welding processes in
congestion with welding symbols and ‘are used as shown in figure 3-3, p 3-5.

3-7.  LOCATION SIGNIFICANCE OF ARROW

a. Fillet, Groove, Flange, Flash, and Upset welding_symbols. For these sym-
bols, the arrow connects the welding symbol reference Tine to one side of the joint

and this side shall be considered the arrow side of the joint (fig. 3-9). The side
opposite the arrow side is considered the other side of the joint (fig. 3-10).

e

DESIRED WELD SECTION OR END VIEW

Figure 3-9. Arrow side fillet welding symbol.

Sl

SECTION CR END VIEW

Figure 3-10. Other side fillet welding symbol.

3-8
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b. Plug, Slot, Arc Spot, Arc Seam, Resistance Spot, Resistance Seam., and Pr(k))-I
symbo

jection Welding Symbols. For these symbols, the arrow connects the welding syn
reference line to the outer surface of one member of the joint at the center line

of the desired weld. The member to which the arrow points is considered the arrow
sidemember. The other member of the joint shall beconsidered the other side

member (fig. 3-11).

DESIRED WELD SECTION OR END VIEW PLAN OR ELEVATION
A - PLUG WELDS ON ARROW SIDE OF JOINT.

DESIRED WELD SECTION OR END VIEW
B - SLOT WELDS ON ARROW SIDE OF JOINT.

Plug and slot welding symbols indicating location and dimensions of

the weld.

c. Near Side. When a joint is depicted by a single line on the drawing and

the arow of a welding symbol is directed to this line, the arrow side of the joint
Is considered as the near side of the joint, in accordance with the usual conven-

tions of drafting (fig. 3-12 and 3-13).

4 — "

Figure 3-11.

DESIRED WELD TOP VIEW
Figure 3-12. Arrow side V—groove welding symbol.
DESIRED WELID TOP VIEW
Figure 3-13. Other side V-groove welding symbol.

Near Member. When a joint is depictd as an area parallel to the plane of

d.
projection in a drawing and the arrow of a welding symbol is directed to that area,
the arrow side member of the joint is considered as the near member of the joint,

in accordance with the usual conventions of drafting (fig. 3-11).



TC 9-237

3-8. LOCATION OF THE WELD WITH RESPECT TO JOINT

a Arrow Side. Welds on the arrow side of the joint are shown by glacing the
weld symbol on the side of the reference line toward the reader (fig. 3-14).

/_TT/—IT\/

Figure 3-14. Welds on the arrow side of joint.

b. Other Side. Welds on the other side of the joint are shown by placing the
weld symbol on the side of the reference line away from the reader (fig. 3-1%),

/_LAL/_IZ_/\

Figure 3-15. Welds on the other side of joint.

c. Both Sides. Welds on both sides of the joint are shown by placing weld
symbolS on both sides of the reference line, toward and away from the reader

- K

Figure 3-16. Welds on both sides of joint.

d. No Side Significance. Resistance spot, resistance seam, flash, and upset
weld symbols have no arrow side or other side significance in themselves. altﬁough
supplementary symbols used in conjunction with th mbols ;ne?/.have such signifi-
cance. For example, the flush contour S}/mbol fig. 3-5}) IS u in conjunction
with the spot and seam symbols (fig. 3-17) to show thai the exposed surface of one
member of the joint is to be flush. Resistance spot, resistance seam, flash, and
upset weld symbols shall be centered on the reference line (fig. 3-17).

FLUSH OONTOUR SYMBOL

N

Figure 3-17. Spot, seam, and flash or upset weld symbols.

3-10
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3-9. REFERENCESAND GENERAL NOTES

a. Symbols With References. When a specification, process, or other refer-
ence is used with a welding symbol, the reference is placed in the tail [fig. 3-4,
p 3-5).

b. Symbols Without References. Symbols may be used without specification,
process, or other references when:

(1) A note similar to the following appears on the drawing: “Unless other-
wise designated, all welds are to be made in accordance with specification no....”

_ (2) The welding procedure to be used is described elsewhere, such as in shop
instructions and process sheets.

c. Generad Notes. General notes similar to the follwing may be placed on a
drawing to provide detailed information pertaining to the predominant welds. This
information need not be repeated on the symbols:

(1) “Unless otherwise indicated, all fillet welds are 5/16 in. (0.80 cm)
size.”

(2) “Unless otherwise indicated, root openings for all groove welds are 3/16
in. (0.48 cm).”

d. Process Indication. When use of a definite p requiri_lthe process
nay beé indicated by the letter designations listed in [tables 3-1 and [3-2
fié. 3-5| p 3-6).

e. Symbol Without a Tail. When no specification, pr r other reference
is used with a welding symbol, the tail m%ag/ be omittedpdfig. 3-6| p 3-6).

3

3-10. WELD-ALL-AROUND AND FIELD WELD SYMBOLS

a. Weds extending? Wy around a joint are indicated by mans of the
weld-all-around symbo -4, p 3-8). Welds that are completely around a joint

which includes more than one type of weld, indicated by a combination weld symbol,
are also depicted by the weld-all-around symbol. Welds completely around a joint
in which the metal intersections at the points of welding are in more than one
plane are also indicated by the weld-all-around symbol.

b. Field welds are welds not made in a shop or at the place of initial construc-
tion and are indicated by means of the field weld symbol (fig. 3-4, p 3-8).

3-11
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3-11. EXTENT OF WELDING DENOTED BY SYMBOLS

a. Abrupt Changes. Symbols apply between abrupt changes in thedirection of

E{I‘F a%%HW%y%bé? ng.0§§§",“ pof3_f%zi\tclglng o{. dimension lines, exceptwhen the weld-

. b. Hidden Joints. Welding on hidden joints may be covered when the welding
is the same as that of the visible joint.” Thedrawing indicates the presence of
hidden members.  If the welding on the hidden joint iS different from that of the
visible joint, specific information for the welding of both must be given.

3-12. LOCATION OF WELD SYMBOLS

a  Weld symbols, except resistance spot and resistance seam, must be shown only
on the welding symbol reference line and not on the lines of the drawing.

yeld symbols may be placed directly at

b. Resistance spot and resistance_seam
, P 38).

the locations of the desired welds

3-13. USE OF INCH, DEGREE, AND POUND MARKS
NOTE

Inch marks are used for indicating the diameter of arc spot, resistance

spot, and circular projection welds, and the width of arc seam and resis-
tance seam welds when such welds are specified by decima dimensions.

In general, inch, degree, and pound marks may or may not be used on welding sym-
bols, as desired.

3-14. CONSTRUCTION OF SYMBOLS

Fillet, bevel and J-groove, flare bevel groove, and corner flange symbols
shall be shown with the perpendicular leg always to the left (fig. 3-18 ) .

. "\ jﬁ

Figure 3-18. Construction of symbols, perpendicular leg always to the left.

b. In a bevel or Jgroove weld symbol, the arrow shall point with a definite
break toward the member which is to be chamfered (fig. 3-19) . In cases where the
member to be chamfered is obvious, the break in the arrow may be omitted.

~ H

Figure 3-19. Construction of symbols, arrow break toward chamfered member.

3-12
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c. Information on welding symbols shall be placed to read from left to right
?lfong the) reference line in accordance with the usual conventions of drafting
ig. 3-20) .

90° = L

5/16 \ / s W ~
™

N N

—

NOTE
ALL DIMENSIONS SHOWN ARE IN INCHES.

Figure 3-20. Construction of symbols, symbols placed to read left to right.

d. For joints having more than one weld, a symbol shall be shown for each weld
(fig. 3-21).

SINGLE BEVEL GROOVE BACK OR BACKING SINGLE BEVEL GROOVE
AND BACK OR BACKING SINGLE J-GROOVE, AND DOUBLE FILLET
WELD SYMBOLS AND FILLET WELD SYMBOLS WELD SYMBOL

>
; i
L/ ] .

e ﬁ-

™ A~ A~ N
)/

PR

DESIRED WELDS WELDS

DESIRED
WELDS

Figure 3-21. Cambinatians of weld symbols.

e. The letters CP in the tail of the arrow indicate a coméz)lete penetration weld
regardless of the type of weld or joint preparation (fig. 3-22).

Jp—

Figure 3-22. Camplete penetration indication.

3-13



TC 9-237

3-14. CONSTRUCTION OF SYMBOLS (cont)

f. When the basic weld symbols are inadequate to indicatethe desired weld, the
weld shall be shown by a cross section, detail, or other datawith_a reference on
the welding symbol according to location specifications givenin |para 3-7
(fig. 3-23).

O DWG 5635
\ DET "A" - SK NO. 52 DWG 1967

Figure 3-23. Construction of symbols, special types of welds.

_ ﬁ’ Two or more reference lines may be used to indicate a sequence of opera-
tiofls. The first operation must be shown on the reference line nearest the arrow.
Subsequent operations must be shown sequentially on other reference lines

(fig. 3-24). Additional reference lines may also be used to show data supplementa-
ry to welding symbol information included on the reference line nearest the arrow.
est information ‘may be shown on a second or third line away from the arrow

(fig. 3-25). When_ required, the weld-all-around symbol must be placed at the junc-
tion of the arrow line ‘and reference line for each operation to which it appliés
(fig. 3-26). The field weld symbol may also be used in this manner.

/ 3RD OPERATION
/ 2ND OPERATION
WELD SYMBOL
/ 7\ PROCESS DATA
1ST — //\ (CO. STD.) L/
2ND / DATA / /\
3RD N 7 / 7\
v
Figure 3-24. Multiple reference lines. Figure 3-25. Supplementary data.
UT
GOUGE
7\

Figure 3-26. Supplementary symbols.

3-14
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3-15. FILLET WELDS

Dimensions of fillet welds must be shown on the same side of the reference
line as the weld symbol (A, fig. 3-27).

2Nz v\ 6 /S N\ wel\ s NI
\ V 1/4]/ 6 5/16V 4

ALL DIMENSIONS SHOWN ARE IN INCHES.
Figure 3-27. Dimensions of fillet welds.

b. When fillet welds are indicated on both sides of a joint and no general note
governing the dimensions of the welds appears on the drawing, the dimensions are
Indicated as follows:

(1) When both welds have the same dimensions, one or both may be dimensioned
(B or C, fig. 3-27).

3.27) (2) When the welds differ in dimensions, both must be dimensioned (D, fig.

“When fillet welds are indicated on both sides of a joint and a genera note
g_overm_ng the dimensions of the welds appears on the drawing, neither weld need be
imensioned.  However, if the dimensions of one or both welds differ from the dimen-
sions given in the general note, both welds must be dimensioned (C or D, fig. 3-27).

3-16. SIZE OF FILLET WELDS

. 327')I'he size of a fillet weld must be shown to the left of the weld symbol (A,
ig. 3-27).

b. The size of a fillet weld with unequal legs must be shown in parentheses to
the left of the weld symbol. Weld orientation is not_shown by the symbol and must
be shown on the drawing when necessary (E, fig. 3-27).

C. Unless otherwise indicated, the deposited fillet weld size must not be less
than the size shown on the drawing.

d. When penetration for a given root opening is specified, the inspection meth-
?_d for determining penetration depth must be included in the applicable specifica-
ion.

3-17. LENGTH OF FILLET WELDS

a. The length of a fillet weld, when indicated on the welding symbol, must be
shown to the right of the weld symbol (A through D, fig. 3-27).

315
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3-17. LENGTH OF FILLET WELDS (cont)

b. When fillet welding extends for the full distance between abrupt changes in
the direction of the welding, no length dimension need be shown on the welding

symbol.

~ ¢. Specific lengths of fillet welding may be indicated by symbols in conjunc-
tion with dimension lines (fig. 3-28).

— 6 —=4~t=5 == S+~ 5+5 ~44—6 ﬂ
| Sressincincs W . .o W ... S .. ]
DESIRED WELDS

=2 =22 =22
Jo- 6 26 =
1/2 1/2 IN 2-5 IN. /
gl A -
SYMBOLS 7] \ r / ,___{]
i ]

Figure 3-28. Cambined intermittent and continuous welds.

3-18. EXTENT OF FILLET WELDING

a. Use one type of hatching (with or without definite lines) to show the extent
of fillet welding graphically.
b. Fillet welding extending beyond abrupt changes in the direction of the weld-

ing must be indicated by additional arrows pointing to each section of the joint to
be welded (fig. 3-29) except when the weld-all-around symbol is used.

FILLET WELD ON 3 STDES
NO WELD AT CORNEFS

Figure 3-29. Extent of fillet weids.
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3-19. DIMENSIONING OF INTERMITTENT FILLET WELDING

a. The pitch (center-to-center spacing) of intermittent fillet welding shall be
shown as the distance between centers of increments on one side of the joint.

b. The pitch In ittent fillet welding shall be shown to the right of the
length dimension (A, fig 3-274, p 3-15).

c. Dimensions of chain intermittent fillet welding must be shown on both sides
of the reference line. Chain intermittent fillet welds shall be opposite each

other (fig. 3-30).

Figure 3-30. Dimensions of chain intermittent fillet welds.

d. Dimensions of staggered intermittent fillet welding must be shown on both
sides of the reference line as shown in figure 3-31.

3-5
4-7
_%_‘_7_/ _&T!'\

3-31. Dimensions of staggered intermittent fillet welds.

Unless otherwise specified, _staggered intermittent fillet welds on both sides shall
be symmetricaly spaced as in figure 3-32.

DESIRED WELDS | ) l(:;—S —T—5— SYMBOL

CENTER OF WELD

LENGTH AND PITCH OF INCREMENTS OF STAGGERED INTERMITTENT WELDING

NOTE
IF REQUIRED BY ACTUAL LENGTH OF THE JOINT, THE LENGTH OF THE INCREMENT
OF THE WELDS AT THE END OF THE JOINT SHOULD BE INCREASED TO TERMINATE

THE WELD AT THE END OF THE JOINT.

Figure 3-32. Application of dimensions to intermittent fillet weld symbols.
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3-20. TERMINATION OF INTERMITTENT FILLET WELDING

a. When intermittent fillet welding is used by itself, the symbol indicates
that increments are located at the ends of the dimensioned length.

b. When intermittent fillet welding is used between continuous fillet welding,
the symbol indicates that spaces equal to the pitch minus the length of one incre-
ment shall be left at the ends of the dimensioned length.

C. Separate symbols must be used for intermittentand continuous fillet welding
when the two are combined along one side of the Jomtﬁig, 3-2§, p 3-16).

3-21. SURFACE CONTOUR OF FILLET WELDS

a. Fillet welds that are to be Welded_apsﬁ_roximately flat, convex, or concave
faced without recourse to any method of finishing must "be shown by adding the flush,

convex, or concave contour symbol to the weld symbol, in accordance with the loca-
tion specifications given in[paragraph 3-7] (A, fig. 3-33).

b. Fillet welds that are to be made flat faced by mechanical means must be
shown by adding both the flush contour symbol and the user’s standard finish symbol
K th(e W?ld s%/rgg)ol in accordance with location specifications given in| paragraph|
-7 (B, fig. 3-33).

c. Fillet welds that are to be mechanically finished to a convex contour shall
be shown by adding both the convex contour symbol and the user’s standard finish
symbol to the weld symbol, in accordance with location specifications given in

| paragraph 3-7|(C, fig. 3-33).

— Ny
B 7 /__M {>>z/

S N N
/G ) c

Figure 3-33. Surface contour of fillet welds.

d. Fillet welds that are to be mechanicaly finished to a concave contour must
be shown by adding both the concave contour symbol and the user's standard finish
i miil ti the weld symbol in accordance with location specification given in [pare:]
Ol dp .

e, In cases where the angle between fusion faces is such that the identifica-
tion of the type of weld and the proper weld symbol is in question, the detail of

the desired joint and weld configuration must be shown on the drawing.
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NOTE
Finish symbols used here indicate the method of finishing (“c” = chip-
glfngf,i:‘%] = grinding, “H” = hammering, "M" = machining), not the degree

3-22. PLUGAND SLOT WELDING SYMBOLS

a General. Neither the plug weld symbol nor the dot weld symbol b
used to designate fillet welds i holes € Sot weld symbol may be

b. Arrow Side and Other Side Indication of Plug and Slot Welds. Holes or
dots In the arrow side member of a joint for plug or slot welding must be indicat-
ing the weld symbol on the side of the reference line toward the reader
A, fig. 3-11, p 3-9) . Holes or dots in the other side member of a joint shal be

indicat yrépj_a?_ng_thg\jweld sgmbol on the side of the reference line away from
the reader (B, fig. 3-11, p 3-9).

. €. Plug Weld Dimensions. Dimensions of plug welds must be shown on the same
side of the reference line as the weld symbol. ™ The size of a weld must be shown to
the left of the weld symbol. Included. an%le e%lf countersink of plug welds must be
the user's standard unless otherwise indicated. |ncluded le of countersink
when not the user's standard, must be shown either above or aggow the ngg Symbol

A and C, fig. 3-34). The ePitch (center-to-center spacing) of plug welds shall be

own to the right of the weld symbol.

d. Depth of Filling of Plug and Slot Welds. th of filling of plug and
dot welds shall be completed unless otherwise in&ggted. Whengt e 3 ?h of filling
is less than complete, the depth of filling shall be shown in inches inside the

weld symbol (B, fig. 3-34).
30 DEG /
/LN 378N
A B C

45 DEG
DIMENSIONS OF PLUG OR SLOT WELDS.

/ WG 23
DET "a" L\ /

D
DETATLS OF SLOT WELDS.

\\-“7 \———7/

E
SURFACE CONTOUR OF PLUG AND SLOT WELDS.

Figure 3-34. Z];ug and slot welding symbols indicating location and dimensions of
e weld.
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3-22. PLUG AND SLOT WELDING SYMBOLS (cont)

e. Surface Contour of Plug Welds and Slot Welds. Plug welds that are to be
welded approximately flush without recourse to any method of finishing must be

shown by adding the finish contour symbol to the weld symbol (fig. 3-35). _Plu%
welds that are to be welded flush by mechanical means must be shown by adding both

the flush contour symbol and the user’s standard finish symbol to the weld symbol
(fig. 3-36).

AN —
]

Figure 3-35. Surface contour of plug welds and slot welds.

N 1l
]

C

AN

Figure 3-36. Surface contour of plug welds and slot welds with user's standard
finish symbol.

~ f. Slot Weld Dimensions. Dimensions of slot welds must be shown on the same
side of the reference Tine as the the symbol (fig. 3-37).

/ 172
3/4 /

Figure 3-37. Slot weld dimensions.

_ Details of Slot Welds. Length, width, spacing, included angle of counter-
sink, orrentafion, and Tocaiion of dot welds cannot be shown on the welding sym-
bols. This data must be shown on the drawing or by a detail with a reference to it
on the welding symbol, in accordance with location “specifications given in

[graph 3-7] (D, fig. 3-33, p 3-18). '
3-23. ARC SPOT AND ARC SEAM WELDs

a  General. The spot weld symbol, in accordance with its location in rela
tion to the reference line, may or may not have arrow side or other side signifi-
cance. Dimensions must be shown on the same side of the reference line as the
symbol or on ether side when the symbol is located astride the reference line and
has no arrow side or other side significance. The process reference is indicated
in the tail of the welding symbol. Then projection welding is to be used, the spot
weld symbol shall be used with the projection welding process reference in the tail
offthe Welolh_ng symbol. The spot weld symbol must be centered above or below the,
reference line.
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b. Size of Arc Spot and Arc Seam Welds.

(1) These welds may be dimensioned by either size or strength.

(2) The size of arc spot welds must be designated as the diameter of the
weld. Arc seam weld size shal be designated as the width of the weld. Dimensions
will be expressed in fractions or in decimas in hundredths of an inch and shall be
shown, with or without inch marks, to the left of the weld symbol (A, fig. 3-38).

3) The strength of arc spot welds must be designated as the minimum accept-
able sheéar strength”in pounds or newtons per spot. [n arc seam welds, strength is

desi%nated in pounds per linear inch. Strength is shown to the left of the weld
symbol (B, fig. 3-38).

/ 1000 4
— s A 4 -w: /

A B C

Figure 3-38. Dimensions of arc spot and arc seam welds.

c. Spacing of Arc Spot and Arc Seam Welds.

(1% The pitch (center-to-center spacing) of arc spot welds and, when indicat-
ed, the length of arc seam welds, must be shown to the right of the weld symbol (C,

fig. 3-38).

(%i) When spot welding or arc seam welding extends for the full distance be-
tween abrupt changes in the direction of welding, no length dimension need be shown

on the welding symbol.
d. Extent and Number of Arc Spot Welds and Arc Seam Welds.

- (1) When arc spot welding extends less than the distance between abrupt chang-
es in the direction of welding or less than the full length of the joint, the ex-

tent must be dimensioned (fig. 3-39).

Figure 3-39. Extent of arc spot welding.
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3-23.  ARC SPOT AND ARC SEAM WELDS (cont)
(2) When a definite number of arc spot welds is desired in a certain joint,

t(r]!e numbe)r must be shown in parentheses either above or below the weld symbol
Ig. 3-40) .

(3) /

.y
(5)

Figure 3-40. Number of arc spot welds in a joint.

_ (3) A group of spot welds may be located on a drawingby intersecting center
|I2I%S-| The arrows point to at least one of the centerlinespassing through each
w ocation.

€. Flush Arc Spot and Arc Seam Welded Joints. When theexposed surface of
one member of an arc spot or arc seam welded joint is to beflush, that surface

must be indicated by addi contour symbol (fig. 3-41) in the same manner
as that for fillet welds [para 3-21)).

y__

Figure 3-41. Surface contour of arc spot and arc seam welds.

f. Details of Arc Seam WWelds. acing, extent, orientation, and location of
arc seam welds cannot be shown on the Werllgfng symbols. %’htls Jata must be shown on

the drawing.
3-24. GROOVE WELDS
a General.

(1) Dimensions of groove welds must be shown on the same side of the refer-
ence line as the weld symbol (fig. 3-42).

A\ C

N

20*

A d

\ J1C

Figure 3-42. Groove weld dimensions.
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(2) When no general note governing the dimensions of double groove welds ap-
pears, dimensions shall be shown as follows:
_ &a) When both welds have the same dimensions, one or both may be dimen-
sioned (fig. 3-43).

40

A K

Groove weld dimensions having no general note.

Figure 3-43.
(b) When the welds differ in dimensions, both shall be dimensioned (fig.

2 Y

1-1/4

3-44).

|45’

Figure 3-44. Groove welds with differing dimensions.
_ (3 When a general note governing the dimensions of ﬂroove welds appears, the
dimensions of double groove welds shall be indicated as follows:

(@ If the dimensions of both welds are as indicated in the note, neither
symbol need be dimensioned.

_ ~(b) When the dimensions of one or both welds differ from the dimensions
given in the general note, both welds shall be dimensioned (fig. 3-44).

b. Size of Groove Welds.
(1) The size of groove welds shall be shown to the left of the weld symbol
(fig. 3-44).
2) Specifications for groove welds with no specified root penetration are
shown as follows:

(@) The size of single groove and symmetrical double groove welds which
extend completely through the member or members being joined need not be shown on

the welding symbol (A and B, fig. 3-45).

\ — 1 Eﬁ

A B
DESIRED WELD SYMBOL DESIRED WELD SYMBOL
Groove weld dimensions for welds extending through the members joined.

Figure 3-45.
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3-24.  GROOVE WELDS (cont)

(b) The size of groove welds which extend only partlx through the member

members being joined must be shown on the welding symbol (A and B, fig. 3-46).
172 1/2
v 172 v 1/2
LY 6 E
(N
A 2t
DESIRED WELD SYMBOL DESIRED WELD SYMBOL

Figure 3-46. Groove weld dimensions for welds extending partly through the members
joined.

(3) The size of groove welds with specified root penetration, except square
groove welds, must be indicated by showing the depth of chamfering and the root
penetration separated by a plus mark and placed to the left of the weld symbol.
The depth of chamfering and the root penetration must read in that order from left
to right along the reference line (A and B, fig. 3-47). The size of square groove
welds must be indicated by showing only the root penetration.

1/4 5/16 ROOT —
1/4 + 1/8 PENETRATION 3/16 3/16 + 5/16
g NOTE
h OVERLAP~ ]\ —/{8 I[
1/8 T — i‘i
3/16 5/16 ROOT PENETRATION
A
DESIRED WELD SYMBOL DESIRED WELD B SYMBOL

Figure 3-47. Dimensions of groove welds with specified root penetration.

(4) The size of flare groove welds is considered to extend only to the tan-
gent poi nts as indicated by dimension lines (fig. 3-48).

—

-1

-
FLARE BEVEL GROOVE FLARE V-GROOVE

Figure 3-48. Flare groove welds.
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c. Groove Dimensions

(1) Root opening, groove angle, groove radii, and root faces of the U and J
groove 'welds are the user's standard unless otherwise indicated.

(2) When the user’'s standard is not used, the weld symbols are as follows:

(@) Root opening is shown inside the weld symbol (fig. 3-49) .

| / o <
I'm\ AN , ol ’o<

Figure 3-49. Root opening.

: | Groove angle of groove welds is shown outside the weld symbol
ig. 3-42, p 3-22).

(c) Groove radii and root faces of U and J groove welds are shown by a
cross section, detail, or other data, with a reference_to it on_the mbol,
in accordance with location specifications given in|paragraph 3-7| (fig. 3-22,

p 3-13).

d. Back and Backing Welds. Bead-tgpe back and backing welds of single~oove
welds shall be shown by means of the back or backing weld symbol (fig. 3-50).

\/ A
~ N = \lé>

Figure 3-50. Back or backing weld symbol.

e Surface Contour of Groove Welds. The contour symbals for groov :
fig. 3-51) are Indicated In the same manner as that for fillet welds (para 3-21).

6
Figure 3-51. Surface contour of groove welds.
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3-24.  GROOVE WELDS (cont )

(1) Groove welds that are to be welded app_roximaIeI?/ flush without recourse

to any method of finishing shall be shown by adding the flush contour_symbol to the

\(/]y_eld 3s3gr£1)bol, in accordance with the location specifications given in|paragraph 3-7
ig. 3-52).

R N AN
Figure 3-52. Contours obtained by welding.

(2) Groove welds that are to be made flush by mechanica means shall be shown
by adding the the flush contour symbol and the User's standard finish symbol to
the weld symbol, in accordance with the location specifications given in|paragraph
[3-7](fig. 3-53).

R M

P BK =

G C

Figure 3-53. Flush contour by machining.

(3) Groove welds that are to be mechanically finished to a convex contour
shall be shown by adding both the convex contour symbol and the user’s standard
finish symbol to the weld symbol, in accordance with the location specifications

given i (fig. 3-54).

\ %
7S C N

M M
i

N~—”
H

~—
G

Figure 3-54. Convex contour by machining.

3-25. BACK ORBACKING WELDS

a. General.

(1) The back or backing weld symbol (fig. 3-50, p 3-25) must be used to indi-
cate bead-type back or backing welds of single-groove welds.

(2) Back or backing welds of single-groove welds must be shown by placing a
back or backing weld symbol on the side of the reference line opposite the groove

weld symbol (fig. 3-50," p 3-25).

(3) Dimensions of back or backing welds should not be shown on the welding
symbol . If it is desired to specify these dimensions, they must be shown on the

drawing .
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b. Surface Contour of Back or Backing Welds. Th t bols (fia. 3-55
for back or backing welds are |nd|catedg|n the same em%?lﬂe?urass%rﬁatofor( %ﬂlet wélds

(para_3-21)).
I/ - PN
— <7\\ S

Figure 3-55. Surface contour of back or backing welds.

3-26. MELT-THRU WELDS

a.  General.

(1) The melt-thru sY]mboI shall be used where at least 100 percent joint_ pene-
tralt|on(fof tge \év)eld through the material is required in welds made from one side
only (fig. 3-56).

(2) Mélt-thru welds shall be shown by placing the melt-thru weld symbol on
the side of the reference line opposite the groove weld, flange, tee, or corner

weld symbol (fig. 3-56).
:/ A

_J DpEesireD weLD SYMBOL

Figure 3-56. Melt-thru weld symbol.

~ (3) Dimensions of melt-thru welds should rot be shown on the welding symbol.
If it is desired to specify these dimensions, they must be shown on the drawing.

b. Surface Contour of Melt-thru Welds. The contour symnbols for melt-thru
welds are indicated in the same manner as that for fillet” welds (fig. 3-57).

~- A 7

Figure 3-57. Surface contour of melt-thru welds.
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3-27. SURFACING WELDS

a General.

(1) The surfacing weld symbol shall be used to indicate surfaces built up by
welding (fig. 3-58), whether built up by single- or multiple-pass surfacing welds.

(2) The surfacing weld symbol does not indicate the welding of a joint and
thus has no arrow or other side significance. This symbol shall be drawn on the
side of the reference line toward the reader and the arrow shall point clearly to
the surface on which the weld is to be deposited.

b. Size of Built-up Surfaces. The size (height) of a surface built up by
welding shall be indicated by showing the minimum height of the weld deposit to the
left of the weld symbol. The dimensions shall always be on the same side of the
reference line as the weld symbol (fig. 3-58). When no specific height of weld
deposit is desired, no size dimension need be shown on the welding symbol.

N

]/8\7\/ 3/32 N_\— \

Figure 3-58. Size of surfaces built up by welding.

c. Extent, Location, and Orientation of Surfaces Built up by Welding. When
the entire area of a plane or curved surface is to be built up by welding, no dimen-
sion, other than size, need be shown on the welding symbol. If only a portion of
the area of a plane or curved surface is to be built up by welding, the extent,
ljocat_ion, and orientation of the area to be built up shall be indicated on the
rawing.

3-28. FLANGE WELDS

a  General.

_ (1) The following welding symbols are used for ligt metal joints involv-
ing the flaring or flanging of thé edges to be joined (fig. 3-59). These symbols
have no arrow or other side significance.

- 3(?%9 dge flange welds shall be shown by the edge flange weld symbol (A,
ig. 3-59).

3) Corner flange welds shall be shown by the corner flange weld symbol @
ﬂ). In cases where the corner flange joint is—not detailed, a break in the

arrow is required to show which member is flanged (fig. 3-59).

b. Dimensions of Flange Welds.

_ (1) Dimensions of flange welds are shown on the same side of the reference
line as the weld symbol.
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(2) The radius and the heigt)ht above the point of tan% cy must be indicated
b%/ showing the radius and height, separated by a plus mark, and placed to the left
of the weld symbol. The radius and height must read in that order from left to
right along the reference line (C, fig. 3-59).

(3) The size (thickness) of flange welds must be shown by a dimension placed
outward of the flange dimensions (C, fig. 3-59).

~(4) Root opening of flange welds are not shown on the welding symbol. If
gpecification of this dimension is desired, it must be shown on the drawing.

c. Multiple-Joint Flange Welds. For flange welds in which one or more pieces
are inserted between the two outer pieces, the same symbol shall be used as for the
two outer pieces, regardless of the number of pieces ‘inserted.

T L
[ L X
o, it

EDGE FLANGE WELD SYMBOL

— | [

B
CORNER FLANGE WELD SYMBOLS

3/32
1/8 + 1/16' k /\
N

C
DIMENSIONS OF FLANGE WELDS

l (T/s + 1/16

Figure 3-59. Flange weld symbols.

3-29



TC 9-237

3-29. RESISTANCE SPOT WELDS

a. General. Resistance spot weld symbols (fig. 3-3, p 3-5) have no arrow or
other side significance in themselves, although supplementary symbols used in con-
junction with them may have such significance. Resistance spot” weld symbols shall
e centere?_ on the reference line. Dimensions may be shown on either side of the
reference line.

. b. Size of Resistance Spot Welds. Resistance spot welds are dimensioned by
either size or strength as follows:

(1) The size of resistance spot welds is designated as the diameter of the
weld expressed in fractions or in decimals in hundredths of an inch and must be

shown, with or without inch marks, to the left of the weld symbol (fig. 3-60).

0.30":>ki ///' #0.25"

Figure 3-60. Size of resistance spot welds.

2) The strength of resistance spot welds is designated minimum accept-
able siwe)ar stren%th % pounds per spot gnd Vr\élustS tl)g shO\(A]/n to t et]he?t of the wg‘(:j ®

symbol (fig. 3-61).

800 >|E€ /
700

Figure 3-61. Strength of resistance spot welds.

c. Spacing of Resistance Spot Welds.

(1) The ?_itch of resistance spot welds shall be shown to the right of the
weld symbol (fig. 3-62).

K soud

Figure 3-62. Spacing of resistance spot welds.

(2) When the symbols are shown directly on the drawing, the spacing is shown
by using dimension lines.
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(3) When resistance spot welding extends less than the distance between
abrupt changes in the direction of the welding or less than the full length of the

joint, the extent must be dimensioned (fig. 3-63).

1 f—12 ——f

S, A
—1 1 12 fﬂr \r:f A ‘T

DESIRED WELD A-A WELDING SYMBOL

Figure 3-63. Extent of resistance spot weld.

d. Number of Resistance Spot Welds. When a definite number of welds is de-
sired in a certain joint, the number must be shown in parentheses either above or

below the weld symbol (fig. 3-64).

(4) /
’ (3)

Figure 3-64. Number of resistance spot welds.

e. Flush Resistance Spot Welding Joints. When the exposed surface of one mem-
ber of a resistance spot welded joint isto be flush, that surface shall be indicat-

ed by adding the flush contour symbol (fig. 3-3, p 3-5) to the weld symboal, (fig.
3-65) in accordance with location specifications given in[paragraph 3-7.

K N

Figure 3-65. Contour of resistance spot welds.

3-30. RESISTANCE SEAM WELDS
a. General.
(1) Resistance seam weld symbols have no arrow or other side significance in
themselves, although supplementary symbols used in injunction with them” may have

Is_uch significance. Resistance seam weld symbols must be centered on the reference
ine.

(2) Dimensions of resistance seam welds may be shown on either side of the
reference line.
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3-30. RESISTANCE SEAM WELDS (cont )

b. Size of Resistance Seam Welds. Resistance seam welds must be dimensioned
by either size or strength as follows:

(1) The size of resistance seam welds must be designated as the width of the
weld expressed in fractions or in decimals in hundredths of an inch and shall be
shown, with or without inch marks, to the left of the weld symbol (fig. 3-66).

xx>< / 0.30"
0.25"

Figqure 3-66. Size of resistance seam welds.

(2) The strength of resistance seam welds must be designated as the minimum
acceptable shear strength in pounds per linear inch and must be shown to the left

of the weld symbol (fig. 3-67).

2000
3000

Figure 3-67. Strength of resistance seam welds.

c. Length of Resistance Seam Waelds.

(1) The length of a resistance seam weld, when indicated on the welding sym-
bol, must be shown to the right of the welding symbol (fig. 3-68).

Figure 3-68. Length of resistance seam welds.

(2) When resistance seam welding extends for the full distance between abrupt
changes in the direction of the welding, no length dimension need be shown on the

welding symbol.

3) When resistance seam welding extends less than the distance between

3
abrupt changes in the direction of the welding or less than the full length of the
joint, the extent must be dimensioned {fig. 3-6§).
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A= 0.32" ¢
<-—3‘\_' v } 0.32 IN " / #1

Figure 3-69. Extent of resistance seam welds.
d. Pitch of Resistance Seam Welds. The pitch of intermittent resistance seam

welding shall be designated as the distance between centers of the weld increments
and must be shown to the right of the length dimension (fig. 3-70).

Figure 3-70. Dimensioning of intermittent resistance seam welds.

e. Termination of Intermittent Resistance Seam Welding. When intermittent
resistance seam welding is used by itself, the symbol indicates that increments are
located at the ends of the dimensioned length. When used between continuous resis-
tance seam welding, the symbol indicates that spaces equal to the pitch minus the
length of one increment are left at the ends of the dimensional length. Separate

mbols must be used for intermittent and continuous resistance seam welding when
the two are combined.

f. Flush Projection Welded Joints. When the exposed surface of one member of a
projection welded joint is to be 1 lush, that surface shall be indicated b
adding the flush contour symbol (fig. 3-3, p 3-5) to the weld symbol, observing the
usual location significance (fig. 3-79).

Figure 3-71. Contour of resistance seam welds.
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3-31. PROJECTION WELDS
a. General.

(1) When using projection welding, the spot weld symbol must be used with the
projection welding process reference in the tail of the welding symbol. The spot
weld symbol must be centered on the reference line.

%2) Embossments on the arrow side member of a joint for projection welding
shall be indicated by placing the weld symbol on the side of the reference line
toward the reader %ig. 3-72).

X

e
INDICATED SECTION OR PLAN OR
EMBOSSMENT END VIEW ETEVATION
SYMBOLS

Figure 3-72. BEmbossment on arrow-side member of joint for projection welding.

3) Embossment on the other side member of a g iecti '
shall be tnikceen by placing the weld Symbol on thi e 'SF thelRrhcd RIgng
away from the reader (fig. 3-73).

w
INDICATED SECTION OR PLAN OR
EMBOSSMENT END VIEW ELEVATION
SYMBOLS

Figure 3-73. Embossment on other-side member of joint for projection welding.

(4) Proportions of projections must be shown by a detail or other suitable
means .

(5) Dimensions of projection welds must be shown on the same side of the
referenCe line as the weld symbol.

b. Size of Projection Welds.

(1) Projection welds must be dimensioned by strength. Circular projection
welds may be dimensioned by size.
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(2) The size of circular projection welds shall be designated as the diameter
of the weld expressed in fractions or in decimals in hundredths of an inch gng

shall be shown, with or without inch marks, to the left of the weld symbol ( fig.

3-74) .
0.25"
1/4

Figure 3-74. Diameter of projection welds.

13) The strength of projection welds shall be designated as the minimum ac-
ceptable shear strength in pounds per weld and shall be shown to the left of the

weld symbol (fig. 3-75).
200 X /

Figure 3-75. Strength of projection welds.

400

Cc. Spacing of Projection Welds. The g)itch of projection welds shall be shown

to the right of the weld symbol (fig. 3-7
X s
>< 4 "\

Figure 3-76. Spacing of projection welds.

d. Number of Projection Welds. When a definite number of projection welds is
desired in a certain joint, the number shall be shown in parentheses (F, fig. 3-77).

—~ AN &

Figure 3-77. Number of projection welds.
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3-31. PROJECTION WELDS (cont)

e. Extent of Projection Welding. When the projection welding extends less
than the distance between abrupt changes in the direction of the “welding or less

than the full length of the joint, the extent shall be dimensioned (fig. 3-78).
—2 16

| W

b e eed

SYMBOLS

Figure 3-78. Extent of projection welds.

f. Flush Resistance Seam Welded Joints. When the exposed surface of one member

of a resistance seam welded joint is_ta be flush, that surface shall be indicated
by adding the flush contour symbol [fig. 3-3, p 3-5) to the weld symbol, observing

the usual location significance (fig. 3-
Figure 3-79. Contour of projection welds.

3-32. FLASH OR UPSET WELDS

~a General. Flash or upset weld symbols have no arrow side or other side
significance in themselves, athough supplementary symbols used in conjunction with
then may have such significance. The weld symnbols for flash or upset welding must
g/emggntered on the reference line. Dimensions need not be shown on the welding

b. Surface Contour of Flash or Upset Welds. The contour symbols (fig. 3-3,
p 3-5) for flash or upset welds (fl%l)s-80) are indicated in the same manmer— as

that for fillet welds (paragraph 3-

I

e

™\

c M

Figure 3-80. Surface contour of flash or upset welds.
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CHAPTER 4
JOINT DESIGN AND PREPARATION OF METALS

4-1. JOINT TYPES

Welds are made at the junction of the various pieces that make up the weldment.
The junctions of parts, or joints, are defined as the location where two or more
nembers are to be joined. Parts being joined to produce the weldment may be in the
form of rolled plate, sheet, shapes, pipes, castings, forgings, or billets. The
five basic types of welding joints are listed below.

Figure 4-1. The five basic types of joints.

o ar?é B, Butt Joint. A joint between two members lying approximately in the same

b. C, Corner Joint. A #'oint between two members located approximately at right
angles to each other in the form of an angle.

C. E, Edge Joint. A joint between the edges of two or more parale or mainl
parallel mem%ers. : J P Y

d. L, Lap Joint. A joint between two overlapping members.

e. T, Tee Joint. A joint between two members located roximately at right
angles to each other in the form of a T. PP Y ’
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4-2. WELD JOINTS

In order to produce weldments, it is necessary to combine the joint types with weld
types to produce weld joints for joining the separate members. Each weld type
cannot always be combined with each joint type to make a weld joint. Table 4-1
shows the welds applicable to the basic joints.

Table 4-1. WELDS APPLICABLE TO THE BASIC JOINT COMBINATIONS

Basic Joint Types

‘;;;‘j Symbol B C E L T
Butt Corner Edge Lap Tee
Fillet vV Special Yes Special Yes Yes
Plug or slot T - - - Yes Yes
Spot or projection —O_ - - - Yes  Special
Seam g - Special - Yes  Special

Square groove 1 Yes Yes Yes - Yes

Vee groove 7—T Yes Yes Yes - Yes

Bevel groove N Yes Yes Yes Yes Yes

U groove N Yes Yes Yes - -

J groove N Yes Yes Yes Yes Yes

Flare V groove i Yes Yes - - -

Flare bevel groove T Yes Yes - Yes Yes
Backing weld -~ Cambin. Cambin. = - Cambin.
Surfacing pv o - - - - -

Flange edge YS - - Yes - -

Flange corner 7" - Yes - - -

4-3. WELD JOINT DESIGN AND PREPARATION

a. Purpose. Weld joints are designed to transfer the stresses between the
members of the joint and throughout the weldment. Forces and loads are introduced
at different points and are transmitted to different areas throughout the weld-
ment. The type of loading and service of the weldment have a great bearing on the

joint design required.
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b. Categories. All weld joints can be classified into two basic categories:
full penetration joints and partial penetration joints.

_ (1) A full penetration joint has weld metal throughout the entire cross sec-
tion of "the weld joint.

(2) A partial penetration joint has an unfused area and the weld does not
completely penetrate the joint. The rating of the joint is based on the percentage
of weld metal depth to the total joint; i.e., a 50 percent partial penetration
joint would have weld metal hafway through the joint.

NOTE

When joints are sub jetted to dynamic loading, reversing loads, and
impact leads, the weld joint must be very efficient. This is more
important if the weldment is sub jetted to cold-temperature service.
Such services require full-penetration welds. Designs that increase
stresses by the use of partial-penetration joints are not acceptable
for this type of service.

c. Strength. The strength of weld joints depends not only on the size of the
weld, but also on the strength of the weld metal.

o ed(l) Mild and low alloy steels are generally stronger than the materials being
joined.
(2) When welding high-alloy or heat-treated materials, special precautions

must be taken to ensure the welding heat does not cancel the heat treatment of the
base metal, causing it to revert to its lower strength adjacent to the weld.

d. Design. The weld joint must be designed so that its cross-sectional area is
the minimum possible. The cross-sectional area Is a measurement of the amount or
weight of weld metal that must be used to make the joint. Joints may be prepared
by shearing, thermal cutting, or machining.

(1) Carbon and low alloy joint design and preparation. These weld joints are
prepared either by flame cutting or mechanically by machining or grinding, depend-
Ing on the joint details. Before welding, the joint surfaces must be cleared of
all foreign materials such as paint, dirt, scale, or must. Suitable solvents or
light eézjrinding can be used for cleaning. The joint surface should not be nicked or
gouged since nicks and gouges may interfere with the welding operation. Specific
nformation on welding carbon and low aloy metals may be found in |chapter 7, par&|
graph 7-10.

CAUTION
Aluminum and aluminum alloys should not be cleaned with caustic soda or
strong cleaner with a pH above 10. The auminum or aluminum alloy will
react chemically with these types of cleaners. Other nonferrous metals
and alloys should be investigated prior to using these cleaners to
determine their reactivity.

4-3
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4-3.  WELD JOINT DESIGN AND PREPARATION (cent)

(2) Aluminum and aluminum alloy joint design and preparation. Weld joint
designs often unintentionally require welds that cannot be made. Check your design
to avoid these and similar errors. Before welding, the joint surfaces must be
cleared of all foreign materials such as paint, dirt, scale, or oxide; solvent
cleaning, light grinding, or etching can be used. The joint surfaces should not be
nicked or gouged since nicks and goug% may interfere with welding operations.
Specific | ' ' Ing auminum and aluminum aloy metals may be
found in|chapter 7, paragraph 7-17

(3) Stainless steel alloy joint design and preparation. These weld joints
are prepared either by plasma arc cutting or by machining or grinding, depending on
the alloy. Before welding, the joint surfaces must be cleaned of all foreign mate-
rial, such as paint, dirt, scale, or oxides. Cleaning may be done with suitable
solvents (e.g., acetone or alcohol) or light grinding. Care should be taken to
avoid nicking or gouging the joint surface since such flaws can interfere with the
welding operation.” Specific | ' ing welding stainless steel alloy

metals may he found in|[chapter 7, paragraph” /-1
4-4. WELD ACCESSIBILITY

The weld joint must be accessible to the welder using the process that is em-
ployed. Weld joints are often designed for welds that cannot be made. Figure 4-2
Illustrates several types of inaccessible welds.

B

.
BOX COLUMN

STRUCTURAL DETAIL

Figure 4-2. Inaccessible welds.
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CHAPTER5
WELDING AND CUTTING EQUIPMENT

Section |.  OXYACETYLENE WELDING EQUIPMENT
5-1. GENERAL

The equipment used for oxyacetylene welding consists of a source of oxygen and a
source of acetylene from a portable or stationary outfit, along with a cutting
attachment or a separate cutting torch. Other equipment requirements include suit-
able goggles for eye protection, ﬁloves to protect the hands, a method to light the
torch, and wrenches to operate the various connections on the cylinders, regula-
tors, and torches.

5-2. STATIONARY WELDING EQUIPMENT

Stationay welding equipment is installed where welding operations are conducted in
a fixed location. Oxygen and acetylene are provided in the welding area as out-
lined below.

a O en. Ox%%gp is obtained from a number of Cylinders manifolded and

ul a er regulator. The regulator and manifold control the pressure
and the flow together (fig. 5-1). The oxygen is supplied_to the welding stations
through a pipe line equipped with station” outlets (fig. 5-2, p 5-2).

{~——OUTLET TO DISTRIBUTING LINE

J HEADER REGULATOR j
N L
1] \ //
— I /'/
>OXYGEN CYLINDERSZ__|
- \[\(\"‘
L J

Figure 5-1. Stationary oxygen cylinder manifold and other equipment,



TC 9-237

5-2. STATIONARY WELDING EQUIPMENT (cont)

s - —

—

T TO ACETYLENE TANK

r MENIFOLD OR GENERATOR
!

f

SHUT-CFF VALVE

STATION REGULATOR

Figure 5-2. Station outlet Zcr oxygen or acetylene.

b. Acetylene. Acetylene is obtained either from acetylene cylinders set up as
shown in figure 5-3, or an acetylene generator ( |fig. 5-4). The acetylene is sup-
plied to the welding stations through a pipe line equipped with station outlets as
shown in figure 5-2.

A--LINE VALVE ﬁ F~-FLASH ARRESTOR CHAMBER
B—RELEASE VALVE I

g G--ESCAPE PIPE

— r G
C--FILLER PLUG H--CYLINDER CONNECTICN PIPE
D--H=EADER PIPE H A E J-—CHECK VALVE AND DRAIN PLUG
E--REGULATOR l D K—ACETVYILENE CYLINDERS
1”4
K )/ —B BN
-—F
—C
J
C ) L ]

Figure 5-3. Stationary acetylene cylinder manifold and other equipment.

52



PRESSURE |

GAUGE |

GAS OUTLET|||

HYDRAULIC |

TC 9-237

PRESSURE

CONTROL
REGULATCR

CARBIDE
FILLING
PLUG

SEAL

MOTOR
DRIVING
WEIGHTS

DOUBLE
ACTING

0

CHECK

VALVE

2 .||
RESIDUE |&—

AGITATOR

|
|M

"H |

PADDLE
WATER

VALVE
OUTLET

Figure 5-4.

» W.llw ni{

{ ‘|"|H““

OUTFLOW
PIPE

il

| |

Acetylene generator and operating equipment.
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5-3. PORTABLE WELDING EQUIPMENT

The portable oxyacetylene welding outfit consists of an oxygen cylinder and an
acetylene cylinder with attached valves, regulators, gauges, and hoses (fig. 5-5).
This equipment_ may be temporarily secured on the floor or mounted on an all welded
steel truck. The trucks are equipped with a platform to support two large size
cylinders. The CP/Iinders are secured by chains attached to the truck frame. A
metal toolbox, welded to the frame, provides storage space for torch tips, gloves,
fluxes, goggles, and necessary wrenches.
OXYGEN HOSE

WELDING TORCH CONNECTION

=
ACETYLENE HOSE

CONNECTICN
WORKING CYLINDER WORKING
PRESSURE GAUGE PRESSURE GAUGE PRESSURE GAUGE
OXYGEN | ) CYLINDER
REGULATOR ™ PRESSURE GAUGE
OXYGEN' /| ACETYLENE
HOSE \ f —d VALVE
WRENCH
(-1 \ r{ACEI’YLENE
SPARKLIGHTER REGULATOR
h T~ |ACETYLENE
HOSE
D3 \
APPARATUS
TWIN HOSE
WRENCH ~JJACETYLENE
CYLINDER

OXYGEN CYLINDER— |

N

Figure 5-5. Portable oxyacetylene welding and cutting equipment.

5-4. ACETYLENE GENERATOR

NOTE : : :
Acetylene generator equipment is not a standarditem of issue and is

included in this manual for information only.

a.  Acetylene is a fuel gas composed of carbon and hydrogen. (C,H,), generated by
the action of calcium carbide, a gray stonelike substance, and water in a generat-
Ing unit. Acetylene is colorless, but has a distinctive odor that can be easily

detected.

b. Mixtures (?f dace\}\ylene_ and air, containing from 2 to 80 percent acetylene by
volume " will" explode” when "ignited. " However, with suitable welding equipment and

54
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proper precautions, acetylene can be safely burned with oxygen for heating, weld-
ing, and cutting putposes.

Acetylene, when burned with oxygen, produces an oxyacetylene flame with
inner; cone tip temperatures of approximately 6300 °F (3482 °C), for an oxidizing
flame; 5850 °F (3232 °C) for a neutral flame; and 5700 °F (3149 °C) for a
carburizing flame.

d. The generator shown in mure 54| is a commonly used commercia type. A
single rated gSOO-Ib generator useS 300 Tb of calcium c%rbide and 300 gal.yg? water.
This amount of material will generate 4.5 cu ft of acetylene per pound; the output
for this load is approximately 300 cu ft per hour for 4.5 hours. A double rated
generator uses 300 |b of finer sized calcium carbide fed through a special hopper
and will deliver 600 cu ft of acetylene per hour for 2.5 hours.

UTION
Since considerable heat is given off during the reaction, precautions

must be taken to prevent excessive pressures in the generator which
might cause fires or explosions.

e. In the operation of the generator, the calcium carbide is.added to the water
through a hopEer mechanism at _a rate which will maintain a working pressure of
approximately 15 psi (103.4 kPa). A pressure regulator is a built-in part of this
equiﬁment. A sludge, consisting of hydrated or slaked lime, settles in the bottom

of the generator and is removed-by means of a sludge outlet.
5-5.  ACETYLENE CYLINDERS

WARNING
Acetylene, stored in a free state under pressure greater than 15 psi
(103.4 kPa), can bresk down from heat or shock, and possibly explode.
Under pressure of 29.4 psi (203 kPa), acetylene becomes self-
explosive, and a slight shock can cause it to explode spontaneously.

CAUTION
Although acetylene is nontoxic, it is an anesthetic, and if present in
a sufficiently high concentration, js an asphyxiant in that it replac—
es oxygen and can produce suffocation.

a. Acetylene is a colorless, flammable gas composed of carbon and hydrogen,
manufactured by the reaction of water and cacium carbide. |t js slightly lighter
than air. Acetylene burns in the air with an intensely hot, yellow, fuminous,
smoky flare.

b. Although acetylene is stable under low pressure, if compressed to 15 psi
(103.4 kPa), it becomes unstable. Heat or shock can cause acetylene under pressure
to explode. Avoid exposing filled cylinders to heat, furnaces, radiators, open
fires, or sparks (from a torch). Avoid striking the cylinder against other objects
and creating sparks. To avoid shock when transporting cylinders, do not drag,
roll, or slide them on their sides. Acetylene can be_compressed into cylinders
when dissolved in acetone at pressures up to 250 psi (1724 kPa) .

c. For welding purposes, acetylene is contained in three common cylinders with
capacities of 1, 60, 100, and 300 cu ft. Acetylene must not be drawn off in vol—
umes greater than 1/7 of the cylinder’'s rated capacity.
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9-5.  ACETYLENE CYLINDERS (cont)

d.

In order to decrease the size of the open spaces in the cylinder, acetylene

cylinders (fig. 5-6? are filled with porous materials such as balsa wood, charcoal,

corn pith, or portland cement. Acetone, a colorless, flammable liquid, is_added to
the cylinder until about 40 percent of the porous material is saturated. The po-
rous material acts as a large sponge which absorbs the acetone, which then absorbs

the acetylene. In this process, the volume of acetone increases as it absorbs the
acetylene, while acetylene, being a gas, decreases in volume.

e.
small

REMOVABLE METAIL. CAP

FUSE PLUGS

40.5"!

R MONOLITHIC FILLER
s B OR BALSA WOOD
N OR FIRE-RESISTANT

____SAFETY FUSE PLUG

Figure 5-6. Acetylene cylinder construction.

: . CAUTION _
Do not fill acetylene cylinders at a rate greater than 1/7 of their

rated capacity, or about 275 cu ft per hour, T t drawi f
of acetone and consequent impairmentpof weld quzgl) iti/)r%/neé1 dar%"é'@ g[ootrwe
welding equipment, do not draw acetylene from a cylinder at continuous
rates in volumes greater than 1/7 of the rated capacity of the cylin-
der, or 32.1 cu ft per hour. When more than 32.1 cu ft per hour are

required, the cylinder manifold system must be used.

Acetylene cylinders are equipped with safety plugs (fig. 5-6 ) which have a
hole ‘through the center. This hole is filled with a_metal alloy which me{_ts

-

at approximately 212 °F (100 °C), or releases at 500 psi (3448 kPa).”"When a cylin-
der 1s overheated, the plug will melt and permit the acetylene to escape before
dangerous pressures can be developed. The plug hole is too smal to premit a flame
to burn back into the cylinder if escaping acetylene is ignited.

5-6
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f. The brass acetylene cylinder valves have squared stainless steel valve
stems. These stems can be fitted with a cylinder wrench and opened or closed when
the cylinder is in use. The outlet of the valve is threaded for connection to an
acetylene pressure regulator by means of a union nut. The regulator inlet connec-
tion gland fits against the face of the threaded cylinder connection, and the union
nut draws the two surfaces together. Whenever the threads on the valve connections
are damaged to a degree that will prevent proper assembly to the regulator, the
cylinder should be marked and set aside for return to the manufacturer.

WARNING

Acetylene which may accumulate in a storage room or in a confined
gpace is a fire arid exploson hazard. All acetylene cylinders should
be checked, using a soap solution, for leakage at the valves and safe-
ty fuse plugs.

. A protective metal cap iné. 5-6|) screws onto the valve to prevent damage
durlgng shipment or storage.

h. Acetylene, when used with oxygen, produces the Qéghest flame temperature of
any of the fuel gases. It also has the most concentrated flame, but produces less
gross heat of combustion than the liquid petroleum gases and the synthetic gases.

5-6. OXYGEN AND ITS PRODUCTION

a. General. Oxygen is a colorless, tasteless, odorless gas that is slightly
heavier than air. It is nonflammable but will support combustion with other ele-
merr:ts. ~In {;tjs free fstate, o_xygeeln iszone of th? most common elements.f The atmo- n
rsgm%riendlesr rTl;ei r?g uParg éaps%rs(.)xmll?atﬁst%g 1Of_p€:}ré?rguso¥qulns’andﬁl 80730 gtrltgno Ofmgg Iggf,t ©
and the corrosion of auminum are al due to the action of atmospheric oxygen,
known as oxidation.

b. Production of Oxygen. Oxygen is obtained commercially either by the liquid
air process or by the electrolytic process.

(1) In the liquid air process, air is compressed and cooled to a point where
the gases become liquid. As the temperature of the liquid air rises, nitrogen in a
gaseous form is given off first, since its boiling point is lower than that of
liguid oxygen. These gases, having been separated, are then further purified and
compressed into cylinders for use. The liquid air process is by far the most wide—
ly used to produce oxygen.

(2) In the electrolytic process, water is broken down into hydrogen and oxy-—
gen by the passage of an electric current. The oxygen collects at the positive
terminal and the hydrogen at the negative terminal. Each gas is collected and
compressed into cylinders for use.
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5-7. OXYGEN CYLINDER

CAUTION
Always refer to oxygen as oxygen, never as air. Combustibles should be
kept away from oxygen, including the cylinder, valves, regulators, and
other hose apparatus. Oxygen cylinders and apparatus should not be
handled with oily hands or oily gloves. Pure oxygen will s_up|oort and
accelerate combustion of almost any material, and is especially danger-
ous in the presence of oil and grease. Oil and grease in the presence of
oxygen may spontaneously ignite and burn violently or explode. Oxygen
should never be used in any air tools or for any of the purposes for
which compressed air is normally used.

A typica oxzy%en cylinder is shown in fi%ure 5-7. It is made of steel and has a
capacity of 220 cu ft at a pressure of 2000 psi (13,790 kPa) and a temperature of
70 °F (21 °C). Attached equipment provided by the oxygen supplier consists of an
outlet valve, a removable metal cap for the protection of the valve, and a low
melting point safety fuse plug and disk. The cylinder is fabricated from a single
plate of high grade steel so that it will have no seams and is heat treated to
achieve maximum strength. Because of their high pressure, ox%/gen cylinders undergo
extensive testing prior to their release for work, and must be periodically test

thereafter.

TOBIN BRONZE VALVE — REMOVABLE METAL CAP

SAFETY FUSE
PLUG AND DISK!' /
PRESSED STEEL NECK RING

OXYGEN CAPACITY OF
CYLINDER 220 CU FT AT
2000 LB PER SQ IN.
PRESSURE AT 70 °F
WATER CAPACITY |- 8.5—| ci
APPROXIMATELY |IN. ID :

2650 CU IN.

MIN. WALL 0.260 IN. -

5-8. OXYGEN AND ACETYLENE REGULATORS
a General. The gases compressed in oxygen and acetylene cylinders are held at

pressures too high for oxyacetylene welding. Regulators reduce pressure and con-
trol the flow of gases from the cylinders. The pressure in an oxygen cylinder can

5-8
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be as high as 2200 psi (15,169 kPa), which must be reduced to a working pressure of
1to 25 psi (6.90 to 172.38 kPa). The pressure of acetylene in an acetylene cylin-
der can be as high as 250 ps (1724 kPa) and must be reduced to a working pressure
of from 1 to 12 psi (6.90 to 82.74 kPa). A gas pressure regulator will automatical-
ly deliver a constant volume of gas to the torch at the adjusted working pressure.

NOTE
The regulators for oxygen, acetylene, and liquid petroleum fuel gases
are of different construction. They must be used only for the gas for
which they were designed.

Most regulators in use are either the single stage or the two stage type. Check
valves must be installed between the torch hoses and the regulator to prevent flash-
back through the regulator.

b. Single Stage Oxygen Regulator. The single stage oxygen regulator reduces
the cylinder pressure of a gas to a working pressure in one step. The single stage
oxygen regulator mechanism (fig. 5-8f) has a nozzle through which the high pressure
gas passes, a valve seat to close off the nozzle, and balancing springs. Some
types have a relief valve and an inlet filter to exclude dust and dirt. pressure
gauges are provided to show the pressure in the cylinder or pipe line and the work-
INg pressure.

CYLINDER PRESSURE

DELIVERY
PRESSURE
GAUGE ——
X ADJUSTING SCREW
e a—
=
HOSE CONNECTION ADJUSTING ~\\

BUSHING SPRING

COMPENSATING SPRING

IGH

H
RUBBER DIAPHRAGM . ~>STIRRUP PRESSURE

o e B T
= (9]

NOZZLE—GTZ ;- GLASS WOOL FILTER
/
SEAT AND HOLDER K_J SEAT SPRING

Figure 5-8. Single stage oxygen regqulator.
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5-8. OXYGEN AND ACETYLENE REGULATORS (cont)

NOTE
In operation, the working pressure falls as the cylinder pressure
falls, which occurs gradually as gas is withdrawn. For this reason,
the working pressure must be adjusted at intervals during welding
operations when using a single stage oxygen regulator.

The oxygen regulator controls and reduces the oxygen pressure from anK_ standard
commercial oxygen cylinder containing pressures up to 3000 psi. The high pressure
gauge, which Is on the inlet side of the regulator, is graduated from O to 3000
psi. The low or working pressure gauge, which is on the outlet side of the regula-
tor, is graduated from O to 500 psi.

c. Operation of Single Stage Oxygen Regulator.

1) The regulator consists of a flexible diaphragm, which controls a needle
valve between the high pressure zone and the working zone, a compression spring,
and an adjusting screw, which compensates for the pressure of the gas against the
diaphragm. The needle valve is on the side of the digphragm exposed to high gas
pressure while the compression spring and adjusting screw are on the opposite side
In a zone vented to the atomsphere.

(2) The oxygen enters the regulator through the high pressure inlet connec-
tion and passes through a glass wool filter, which removes dust and dirt. The
seat, which closes off the nozzle, is not raised until the adjusting screw is
turned in. Pressure is applied to the adjusting spring by turning the adjusting
screw, which bears down on the rubber diaphragm. The diaphragm presses downward on
the stirrup and overcomes the pressure on the compensating spring. When the stir-
rulp is forced downward, the passage through the nozzle is open. Oxygen is then
alowed to flow into the low pressure chamber of the regulator. The oxygen then
passes through the regulator outlet and the hose to the torch. A certain set pres-
sure must be maintained in the low pressure chamber of the regulator so that oxygen
will continue to be forced through the orifices of the torch, even if the torch
needle valve is open. This pressure is indicated on the working pressure gage of
the regulator, and depends on the position of the regulator adjusting screw. Pres-
sure is increased by turning the adjusting screw to the right and decreased by
turning this screw to the left.

(3) Regulators used at stations to which gases are piped from an oxygen mani-
fold, acetylene manifold, or acetylene generator have only one low pressure gage
because the pipe line pressures are usually set at 15 psi (103.4 kPa) for acetylene
d approximately 200 psi (1379 kPa) for oxygen. The two stage oxygen regulator
(fig. 5-9) is similar in _operation to the one stage regulator, but reduces pressure
in two steps. On the high pressure side, the pressure Is reduced from cylinder
pressure to intermediate pressure. On the low pressure side the pressure is re-
duced from intermediate pressure to work pressure. Because of the two stage pres-
sure control, the working pressure is held constant, and pressure adjustment during
welding operations is not required.

5-10
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Figure 5-9. Two stage oxygen requlator.

e. Acetylene Requlator.

CAUTION
Acetylene should never be used at pressures exceeding 15 ps (1034

kPa).

This regulator controls the acetylene pressure from any standard commercial cylin-
der containing pressures up to 500 psi (3447.5 kPa). The acetylene regulator de-

sign is generally the same as that of the oxygen regulator, but will not withstand
such high pressures. The high pressure Ig)qage, on the inlet side of the regulator,

is graduated from O to 500 ps (3447.5 kPa). The low Eressure gzge, on the outlet
side of the regulator, is graduated from O to 30 Bgi (207 kPa). Acetylene should
not be used at pressures exceeding 15 ps (103.4 kPa).

5-9.  OXYACETYLENE WELDING TORCH

a. General. The oxyacetylene welding torch is used to mix oxygen and acetylene
in definite proportions. It also controls the volume of these gases burning at the
welding tip, which produces the required type of flame. The torch consists of a
handle or body which contains the hose connections for the oxygen and the fuel
gas. The torch aso has two needle valves, one for adjusting the flew of oxygen
and one for acetylene, and a mixing head. |n addition, there are two tubes, one
for oxygen, the other for acetylene; inlet nipples for the attachment of hoses; a
tip; and a handle. The tubes and handle are of seamless hard brass, copper-nickel

aIIO%hj SSic’éinleSS steel. For a description and the different sized tips, see[para-]
grapn o-

b. Types of Torches. There are two general types of welding torches; the low
pressure or Injector type, and the equal pressure type.

o-11
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5-9. OXYACETYLENE WELDING TORCH (cont)

_ (1) In the low gressure or injector type (fig. 5-10), the acetylene pressure
is less than 1 psi (6.895 kPa). A jet of high pressure oxygen is used to produce a
suction effect to draw in the required amount of acetylene.” Any change in ‘oxygen
flow will produce relative change in acetylene flow so that the proportion of the
two gases remains constant. This is accomplishd by designing the mixer in the

torch to operate on the injector principle.” The welding tips may or may not have
separate injectors designed integrally with each tip.

Figure 5-10. Mixing head for injector type welding torch.

(2) The equal pressure torch (fig. 5-11) is designed to operate with equal
pressures for the oxygen and acetylene. The pressure ranges from 1 to 15 psi
(6.895 to 1034 kPa). This torch has certain advantages over the low pressure
type. It can be more readily adjusted, and since equal pressures are used for each
gas, the torch is less susceptible to flashbacks.

OXYGEN NEEDLE VALVE STEM ASSEMBLY

OXYGEN NEEDLE
MIXING HEAD NUT VALVE BODY @
OXZGEN TUBE Ogﬁg‘;ﬁg
OXYGEN HOSE CLAND
NO. 1 COPPER TIP HANDLE CONNECTION NUT
\ MIXING HEAD | /

ACETYLENE HOSE CONNECTION GLAND
CONNECTION NUT

Figure 5-11. Equal pressure type general purpose welding torch.
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5-10. WELDING TIPS AND MIXERS

a. The welding tips (fig_5-10] and [5-11) are made of hard drawn electrolytic
copper or 95 percent copper and 5 percent tellurium. They are made in various
styles and types, some having a one-piece tip either with a single orifice or a
number of orifices. The diameters of the tip orifices differ in order to control
the quantity of heat and the type of flame. These tip sizes are designated by
numbers which are arranged accordingh to the individual manufacturer’'s system.
Generally, the smaller the number, the smaller the tip orifice.

b. Mixers (fig. 5-10] and| 5-11) are frequently provided in tip tier assemblies
which assure the correct flow of mixed gases for each size tip. In this tip mixer
assembly, the mixer is assembled with the tip for which it has been drilled and
then screwed onto the torch head. The universal type mixer is a separate unit
which can be used with tips of various sizes.

5-11. HOSE

a. The hoses used to make the connection betwen the regulators and the torch
are made especially for this purpose.

(1) Hoses are built to withstand high internal pressures.

(2) They are strong, nonporous, light, and flexible to permit easy manipula-
tion of the torch.

(3) The rubber used in the manufacture of hose is chemically treated to re-
move free sulfur to avoid possible spontaneous combustion.

(4) The hose is not impaired by prolonged exposure to light.

CAUTION
Hose should never be used for one gas if it was previously used for
another .

b. Hose identification and composition.

(1) In North America, the oxygen hose is green and the acetylene hose is
red. In Europe, blue is used for oxygen and orange for acetylene. Black is some-
times also used for oxygen.

(2) The hose is a rubber tube with braided or wrapped cotton or rayon rein-
forcements and a rubber covering. For heavy duty welding and cutting operations,
requiring 1/4- to |/2-in. internal diameter hose, three to five plies of braided or
\l/\_/rz?]pped rer|]nforcements are used. One ply is used in the 1/8- to 3/16-in. hose for
ight torches.

c. Hoses are provided with connections at each end so that they may be connect-
ed to their respective regulator outlet and torch inlet connections. To prevent a
dangerous interchange of acetylene and oxygen hoses, all threaded fittings used for
the acetylene hook up are left hand, and all threaded fittings for the oxygen hook
up are right hand. Notches are also placed on acetylene fittings to prevent a
mixup .
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5-11. HOSE (cont)

d. Welding and cutting hoses are obtainable as a single hose for each gas or
with the hoses bonded together aong their length under a common outer rubber jack-
et. The latter type prevents the hose from kinking or becoming tangled during the
welding operation:

5-12. SETTING UP THE EQUIPMENT

: . WARNING _ _
Always have suitable fire extinguishing equipment at hand when doing
any welding.

When setting up welding and cutting equipment, it is important that all operations
be performed systematically in order to avoid mistakes and possible trouble. The
setting up procedures given in a through d below will assure safety to the operator

and the apparatus.

a. Cylinders.

WARNING
Do not stand facing cylinder valve outlets of oxygen, acetulene, or
other compressed gases when opening them.

(1) Place the oxygen and the acetylene cylinders on a level floor (if they
are not mounted on a truck), and tie them firmly to a work bench, post, wall, or
other secure anchorage to prevent their being knocked or pulled over.

(2) Remove the valve protecting caps.

(3) “Crack” both cylinder valves by opening first the acetylene and then the
oxygen valve dglightly for an instant to blow out any dirt or foreign matter that
may have accumulated during shipment or storage.

(4) Close the valves and wipe the connection seats with a clean cloth.

b. Pressure Regulators.

(1) Check the regulator fittings for dirt and obstructions. Also check
threads of cylinders and regulators for imperfections.

a§2) Connect the acetylene regulator to the acetylene regulator and the oxygen
regulator to the oxygen cylinder. ~Use either a regulator wrench or a close fitting
wrench and tighten the connecting nuts sufficiently to prevent |eakage.

(3) Check hose for burns, nicks, and bad fittings.
(4) Connect the red hose to the acetylene regulator and the green hose to the

oxygen regulator. Screw the connecting nuts tightly to insure leakproof seating.
Note that the acetylene hose connection has left hand threads.
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WARNING

If it is necessary to blow out the acetylene hose, do it in a well
ventilated place which is free of sparks, flame, or other sources of

ignition.

5) Release the regulator screws to avoid damage to the regulators and % -
€s. pen the cylinder valves slowly. Read the high pressure gages to check the
cylinder gas pressure. Blow out the oxygen hose by turning the regulator screw in
and then release the regulator screw. Flashback suppressors must be attached to

the torch whenever possible.

c. Torch. Connect the red acetylene hose to the torch needle valve which is
stamped “AC or flashback suppressor’. Connect the green oxygen hose to the torch
needle valve which is stamped “OX or flashback suppressor’. Test al hose connec—
tions for leaks at the regulators and torch valves by turning both regulators
screws in with the torch needle valves closed. Use a soap and water solution to
test for leaks at all connections. Tighten or replace connections where leaks are
found. Release the re(?ulator screws after testing and drain both hose lines by
opening the torch needle valves. Slip the tip nut over the tiﬁ’ and press the tip
into the mixing head. Tighten by hand and adjust the tip to the proper angle.
Secure this adjustment by tightening with the tip nut wrench.

WARNING
Pur% both acetylene and oxygen lines (hoses) prior to ignitin
torch. Failure to do this can cause serious injury to personne and
damage to the equipment.

d. Adustment of Working Pressure. Adjust the acetylene working pressure by
opening the acetylene needle valve on the torch and turning the regulator screw to
the right. Then adjust the acetylene—egulator to the required pressure for the
tip size to be used (tables 5-1 and . Close the needle valve. Adjust the oxy-
gen working pressure in the same manner.

Table 5-1. Low Pressure or Injector Type Torch

Tip Size No. Oxygen psi Acetylene psi

AYTT
NJLD

Tips are provided by a number of manufacturers, and sizes may vary slightly.

9
9

1N
i1V

10
11
12
14
16
19
10 21
12 25
15 30

AU WO
R b e b e s
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5-12. SETTING UP THE WELDING EQUIPMENT (cont)

Table 5-2. Balanced Pressure Type Torch

Tip Size No. Oxygen psi Acetylene psi

NOTE
Tips are provided by a number of manufacturers, and sizes may vary slightly.
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5-13.  SHUTTING DOWN WELDING APPARATUS

a Shut off the gases. Close the acetylene valve first, then the oxygen valve
on the torch. Then close the acetylene and oxygen cylinder valves.

b. Drain the regulators and hoses by the following procedures:

(1) Open the torch acetylene valve until the gas stops flowing and the gauges
read zero, then close the valve.

(2) Open the torch oxygen valve to drain the oxygen regulator and hose. When
gas stops flowing and the gauges read zero, close the valve.

(3) When the above operations are performed properly, both high and low pres-
sure gauges on the acetylene and oxygen regulators will ‘register zero.

C. Release the tension on both regulator screws by turning the screws to the
left until they rotate freely.

d. Coail the hoses without kinking them and suspend them on a suitable holder or
hanger. Avoid upsetting the cylinders to which they are attached.

5-14. REGULATOR MALFUNCTIONSAND CORRECTIONS

a. Leakage of gas between the regulator seat and the nozzle is the principal
problem encounter with regulators. |t s indicated by a gradual increase in
pressure on the working pressure gauge when the adjusting screw is fully released
or is in position after adjustment. This defect, called “creeping regulator”, is
caused by bad valve seats or by foreign matter lodged between the seat™and the

nozzle.
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WARNING
Regulators with leakage of gas between the regulator seat and the
nozzle must be replaced immediately to avoid damage to other parts of
the regulator or injury to personnel. With acetylene regulators, this
leakage is particularity dangerous because acetylene at high pressure
in the hose is an explosion hazard.

b. The leakage of gas, as described. above, can be corrected as outlined below:

(1) Remove and replace the seat if it is worn, cracked, or otherwise damaged.

(2) If the malfunction is caused by fouling with dirt or other foreign mat-
ter, clean the seat and nozzle thoroughly and blow out any dust or dirt in the
valve chamber.

((:j. ‘The procedure for removing valve seats and nozzles will vary with the make
or design.

d. Broken or buckled gage tubes and distorted or buckled diaphragms are usually
caused by backfire at the torch, leaks across the regulator seats, or by failure to
release the regulator adjusting screw fully before opening the cylinder "valves.

e. Defective bourdon tubes in the gages are indicated by improper action of the
gages or by escaping dgas from the gage case. Gages with defective bourdon tubes
should be removed and replaced with new gages. Satisfactory repairs cannot be made
without special equipment.

f. Buckled or distorted diaphragms cannot be adjusted properly and should be
replaced with new ones. Rubber diaphragms can be replaced easily by removing the
spring case with a vise or wrench. Metal diaphragms are sometimes soldered to the
valve case and their replacement is a factory or special repair shop job. Such
repairs should not be attempted by anyone unfamiliar with the work.

5-15. TORCH MALFUNCTIONS AND CORRECTIONS

WARNING
Defects in oxyacetylene welding torches which are sources of gas leaks
must be corrected immediately, as they may result in flashbacks or
backfires, with resultant injury to the operator and/or damage to the

welding apparatus.

a. General. Improved functioning of welding torches is usually due to one or
more of the following causes: leaking valves, |eaks in the mixing head seat, scored
or out-of-round welding tip orifices, clogged tubes or tips, and damaged inlet
congggtignl threads. Corrective measures for these common torch defects are de-
scri elow.

b. Leaking Valves.

f (C:IL) Bent or worn valve stems should be replaced and damaged seats should be
refaced.
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(2) Loose ﬁacking ma%/ be corrected by tightening the packing nut or by in-
stalling new packing and then tightening the packing nut.

CAUTION
This work should be done by the manufacturer because special reamers

are required for trueing these seats.

c. Leaks in the Mixing Heads. These are indicated by popping out of the flame
and by emission of sparks from the tips accompanied by ‘a sguealing noise. Leaks in
the mixing head will cause improper mixin% of the oxygen and acetylene causing
flashbacks. A flashback causes the torch head and handle to suddenly become very
hot. Repair by reaming out and trueing the mixing head seat.

d. Scored or Out-of-Round Tip Orifices. Tips in this condition cause the flame
to be irregular and must be replaced.

e. Clogoed Tubes and Tips.

_ (1) Carbon deposits caused by flashbacks or backfire, or the presence of
foreign “matter that has entered thé tubes through the hoses will clog tubes. If
the tubes or tips are clogged, greater working pressures will be needed to produce
the flame required. The flame produced will be distorted.

(2) The torch should be disassembled so that the tip, mixing head, valves,
and hose can be cleaned and cleaned out with compressed air at a pressure of 20 to 30

psi (137.9 to 206.85 kPa).

_ (32 The tip and mixing head should be cleaned either with a cleaning drill or
with soft copper or brass wire, and then blown out with compressed air. The clean-
ing drills should be approximately one drill size smaller than the tip orifice to
avoid enlarging the orifice during cleaning.

WARNING

Damages inlet connection threads may cause fires by ignition of the
leaking gas, resulting in injury to the welding operator and/or damage

to the equipment.

f. Damaged Inlet Connection Threads. | eaks due to damaged inlet connection
threads can be detected by opening the cylinder valves and keeping the needle
valves closed. Such leaks will cause the regulator pressure to drop. Also, if the
threads are damaged, the hose connection at the torch inlet will be difficult or
impossible to tighten. To correct this defect, the threads should be recut and the
hose connections thoroughly cleaned.
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Section I[I. OXYACETYLENE CUTTING EQUIPMENT

5-16. CUTTING TORCH AND OTHER CUTTING EQUIPMENT

a. The cutting torch (fig. 5-12), like the welding torch, has a tube for oxygen
and one for acetylene. In addition, there is a tube for high pressure oxygen,
along with a cutting tip or nozzle. The tip (fi%/.l_5-13) is provided with a center
hole through which a jet of pure oxygen passes. Mixed oxygen and acetylene pass
throu%h holes surrounding the center holes for the preheating flames. The number
of oritices for oxyacetlylene flames ranges from 2 to 6, depending on the purpose
for which the tip is used. The cuttin% torch is controlled by a trigger or lever
operated valve. The cutting torch is furnished with interchangeable tips for cut-
ting steel from less than /4" in. (6.4 mm) to more than 12.0 in. (304.8 mm) in

thickness.
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CROSS SECTION NEEDLE VALVE

THROUGE HANDLE ASSEMBLY

OXYGEN
VALVE SPRING  OxvyGEN VALVE
CUTTING AND SEAT

OXYGEN TUBE OXYGEN HOSE CONNECTION

PREHEATING TRIGGER ACETYLENE
ACETYLENE ASSEMBLY HOSE
TUBE CONNECTION

ACETYLENE NEEDLE
VALVE ASSEMBLY

CROSS SECTION
Figure 5-12. Oxyacetylene cutting torch.

OXYGEN VENT

Figure 5-13. Diagram of oxyacetylene cutting tip.
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5-16. CUTTING TORCH AND OTHER CUTTING EQUIPMENT (cont)

~b. A cutting attachment fitted to a welding torch in place of the welding tip
Is shown in figure 5-14.

il
OXYGEN NEEDLE o
HIGH PRESSURE VALVE LEVER HOSE
P CONNECTION

CUTTING OXYGEN TUBE

90 DEG HEAD
= ==
PREHEATING
GAS TUBE
ACETYLENE ~ ACETYLENE
& NEEDLE VALVE CONNEOTTON

75 DEG HEAD

Figure 5-14. Cutting attachment for welding torch.

C. In order to make uniformly clean cuts on steel plate, motor driven cutting
machines are used to support and guide the cutting torch. Straight line cutting or
beveling is acccomplished by guiding the machine along a straight line on steel
;rbacks. Arcsajand circles are cut by guiding the machine with a radius rod pivoted

out a central point. Typical cutting machines in operation are shown in figures
5-15 and[5-16. yP o g J

5-15. Making a bevel on a circular path with a cutting machine.
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d. There is a wide variety of cutting tip styles and sizes available to suit
various types of work. The thickness of the material to be cut generally governs
the selection of the tip. The cutting oxygen pressure, cuttingi speed, and preheat-
ing intensity should be controlled to produce narrow, parallel sided kerfs. Cuts
that are improperly made will produce ragged, irregular edges with adhering slag at
the bottom of the plates. Table 5-3 identifies cutting tip numbers, gas pressures,
and hand-cutting speeds used for cutting mild steel up to 12 in. (304.8 mm) thick.

Table 5-3. Oxyacetylene Cutting Information

Plate thick- Cutting tip1 Oxygen Acetylene Hand-cutting

ness (in.) (size number) (psi) (psi) speed (in. per minute)

1/4 0 30 3 16.0 to 18.0

3/8 1 30 3 14.5 to 16.5

1/2 1 40 3 12.0 to 14.5

3/4 2 40 3 12.0 to 14.5

1 2 50 3 8.5 to 11.5

1-1/2 3 45 3 6.0 to 7.5

2 4 50 3 5.5to 7.0

3 5 45 4 5.0 to 6.5

4 5 60 4 4.0 to 5.0

5 6 50 5 3.5 to 4.5

6 6 55 5 3.0 to 4.0

8 7 60 6 2.5 to 3.5

10 7 70 6 2.0 to 3.0

12 8 70 6 1.5 to 2.0

lV’arious manufacturers do not adhere to the numbering of tips as set forth in
this table; therefore, same tips may carrv different identification numbers.
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5-17. OPERATION OF CUTTING EQUIPMENT

Attach the required cutting tip to the torch and adjust the oxygen and acety-
lene pressures in accordance with[table 5-3

NOTE
The oxygen and acetylene gas pressure settings listed are only approxi-
mate. In actual use, pressures should be set to effect the best metal
cut .

b. Adjust the preheating flame to neutral.

~ €. Hold the torch so that the cutting oxygen lever or trigger can be operated
with one hand. Use the other hand to steady and maintain the position of the torch
head to the work. Keep the flame at a 90 degree angle to work in the direction of
travel. The inner cones of the preheating flames should be about 1/16 in. (1.6 mm)
above the end of the line to be cut. Hold this position until the spot has been
raised to a bright red heat, and then slowly open the cutting oxygen valve.

d. If the cut has been started properly, a shower of sparks will fall from the
opposite side of the work. Move the torch at a speed which will allow the cut to
continue penetrating the work. A good cut will be clean and narrow.

€. When cutting billets, round bars, or heavy sections, time and gas are saved
if a burr is raised with a chisel at the point where the cut is to start. This

small portion will heat quickly and cutting will start immediately. A welding rod
can be used to start a cut on heavy sections. When used, it is called a starting

rod.

Section I11.  ARC WELDING EQUIPMENT AND ACCESSORIES

5-18. GENERAL

In electric welding processes. an arc is produced between an electrode and the work
piece (base metal). The arc is formed by passing a current between the electrode
and the workpiece across the gap. The current melts the base metal and the elec-
trode (if the electrode is a consumable type), creating a molten pool. On solidify-
ing, the weld is formal. An alternate method employs a nonconsumable electrode,
such as a tungsten rod. |In_this case, the weld is formed by melting and solidify-
ing the base metal at the joint. In some instances, additional metal is required,
and is added to the molten pool from a filler rod.

Electrical equipment required for arc welding depends on the source from which the

electric power is obtained. [f the egaower is obtained from public utility lines,
one or more of the following devices are required: transformers (of which there

are several types), rectifiers, motor gfenerators, and control equipment. If public
utility power is not available, portable generators driven by gasoline or diesel

engines are used.
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5-19.  DIRECT CURRENT ARC WELDING MACHINES

a. The direct current welding machine has a heavy duty direct current generator
5-17). The generators are made in six standardized ratingsfor general pur-
poses as described below:
(e%} The machines rated 150 and 200 amperes, 30 volts, are used for light
shielded metal-arc welding and for gas metal-arc welding. They are also used for
general purpose job shop work.

;2) The machines rated 200, 300, and 400 amperes, 40 volts, used for
general ‘'welding purposes by machine or manua application.

(3) Machines rated 600 amperes, 40 volts, are used for submerged arc welding
and for’ carbon-arc welding.

LIFTING HOOK
STARTING SWITCH BURN PROOF POLARITY SWITCH
START-STOP PUSH BUTTON N Qn CONTINUOUS CURRENT
~ S CONTROL

eIl SELF INDICATING CONTRO
JOB SELECTOR RHEOSTAT—_| ~ DIALS L
GENERATOR INTERPOLE COIL

"SAFETY ZONED" CONTROL BOX —meed =Y N CENERATOR FIEID POLE
MOTOR FIEID COILS MATN BRUSH HOLDERS
ROTOR Lol £ ;
LAMINATED MOTOR STA'IOR_,[ D O TRATOR
EXCITER FIELD QOIL—____|| \
EXCITER BRUSH HOLD > < AL ' LOWE
AND BRUSE " > 1 | | BLOWER FAN
EXCITER T e . AT~ comuma
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BALI BEARING FRAME
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PROTECTIVE
DEVICE

ARC WELDED STEEL FEET

Figure 5-17. Cutaway view of DC welding generator.

b. The eectric motors must commonly used to drive the welding generators are
220/440 volts, 3 phase, 60 cycle. The gasoline and diesel engines should have a
rated horsepower In excess of the rated output of the generator. This will alow
for the rated overload capacity of the generator and for the power required to

operate the accessories of the engine. The smple equarion HP = 1.25P/746 can be
used; HP is the engine horsepower and P is the generator rating in watts. For

exapmle, a 20 horsepower engine would be used to drive a welding generator with a
raiad 12 kilowattseoputput. J 99
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5-19. DIRECT CURRENT ARC WELDING MACHINES (cont)

C. In most direct current welding machines, the generator is of the variable
voltage type, and is arranged so that the voltage is automatically adjusted to the
demands of the arc. However, the voltage may be set manually with a rheostat.

d. The welding current amperage is also manually adjustable, and is set by
means of a selector switch or series of plug receptacles. |n either case. the
desired amdperage is obtained by tapping into the generator field coils. When both
voltage and amperage of the welding machine are adjustable, the machine is known as
dual control type. Welding machines are also manufactured in which current con-
trols are maintained by movement of the brush assembly.

~e. A direct current welding machine is described in TM 5-3431-221-15, and is
illustrated in figure 5-18.
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Figure 5-18. Direct current welding machine.

f. A maintenance schedule should be set up to keep the welding machine in good
operating condition. The machine should be thoroughly inspected every 3 months and
blown free of dust with clean, dry, compressed air. At least once each year, the
contacts of the motor starter switches and the rheostat should be cleaned and re-
placed if necessary. Brushes should be inspected frequently to see if they are
making proper contact on the commutator, and that they move freely in the brush
holders.  Clean and true the commutator with sandpaper or a commutator stone if it
is burned or roughened. Check the bearings twice a year. Remove al the old
grease and replace it with new grease.
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. Direct current rectifier type welding machines have been designed with cop-
per~oxide, silicon, or selenium dry plates. These machines usually consist of a
transform to reduce the power line voltage to the required 220/440 volts, 3
phase, 60 cycle input current; a reactor for adjustment of the current; and a recti-
fier to change the alternating current to direct current. Sometimes another reac-

tor is used to reduce ripple in the output current.

5-20. ALTERNATING CURRENT ARC WELDING MACHINES

a. Most of the alternating current arc welding machines in use are of the sin-

gle operator, static transformer type (fig. 5-19). For manual operation in indus-
trial applications, machines having 200, 300, and 400 amphere ratings are the sizes

in general use. Machines with 150 ampere ratings are sometimes used in light indus-
trial, garage and job shop welding.

POWER CABLE

Figure 5-19. Alternating current arc welding machine.

b. The transformers are generally equipped with arc stabilizing capacitors.
Current control is provided in several ‘'ways. One such method is by means of an
ag{'ustable reactor in the output circuit of the transformer. In other types, inter-
nal reactions of the transformer are adjustable. A handwheel, usually installed on
the front or the top of the machine, makes continuous adjustment of the output

current, without steps, possible.

c. The screws and bearings on machines with screw type adjustments should be

lubricated every 3 months. The same lubrication schedule applies to chain drives.
Contacts, switches, relays, and plug and jack connections should be inspected every

3 months and cleaned or replaced as required. The primary input current at no load
should be measured and checked once a year to ensure the power factor connecting

capacitors are working, and that input current is as specified on the nameplate or
in the manufacturer’s instruction book.
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5-21. GASTUNGSTEN-ARC WELDING (GTAW) EQUIPMENT (TIG)

~a  General. In tungsten inert gas (TIGI) welding, (also known as GTAW), an arc
IS struck between a virtually nonconsumable tungsten electrode and the workpiece.
The heat of the arc causes the edges of the work to melt and flow together. Filler
rod is often required to fill the joint. During the welding operation, the weld
area is shielded from the atmosphere by a blanket of inert argon gas. A steady
stream of argon passes through the torch, which pushes the air away from the weld-
ing area and prevents oxidation of the electrode, weld puddle, and heat affected
zone.

b. Equipment.

The basic equipment requirements for manual TIG welding are shown in

_—
figure %'20- : %ﬂui ment consists of the welding torch plus additional apparatus to
supply electric pf())wer, shielding gas, and a water inlet and outlet. Also, person-

al protective equipment should be worn to protect the operator from the arc rays
during welding operations.

ARGON HOSE GAS REGULATING EQUIPMENT

:
L
\
GAS SUPPLY

¢
it H

4 // W ) . -~
/ SUPPLY POWER b‘:’ _'
WATER INLET HOSE SUPPLY ~
Ficnire S<=20 (cac +Fimrrctran—are 1 A3 my b
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NOTE

Different types of TIG welding equipment are available through normal
supply channels. Water-cooled torches and air-cooled torches are both
available. Each type carries different ampesre%ge ratings. Consult the
appropriate manual "covering the type torch used.

(2) Argon is supplied in steel cylinders containing approximately 330 cu ft
at a préssure to 2000 psi (13,790 kPa). A single or two stage regulator may be

used to control the gas flow. A specially designed regulator containing a
flowmeter, as shown in |figure 5-2 ,pmay ybe usgd. Theeg flowmeter provides better
adjustment via flow control than the single or two stage regulator and is calibrat-
ed in cubic feet per hour (cfh). The correct flow of argon to the torch is set by

turning the adjusting screw on the regulator. The rate of flow depends on the kind
and thickness of the metal to be welded.
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PRESSURE GAGE

ADJUSTING SCREW

Figure 5-21. Argon regqulator with flowmeter.

(3) Blanketing of the weld area is provided by a steady flow of argon gas

directed through the welding torch (fig. 5-22). Since argon is slightly more than
1-1/3 times as heavy as air, it pushes the lighter air molecules aside, effectively

preventing oxidation of the welding electrode, the molten weld puddle, and the heat
affected zone adjacent to the weld bead.

TORCH HANDLE
COLLET

-

A/ AR
(== i
/7 > GAS ORIFICE NUT

T

GAS NOZZLE

WATER INLET HOSE
T~ TUNGSTEN ELECTRODE

Figure 5-22. TIG welding torch.
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5-21. GASTUNGSTEN-ARC WELDING (GTAW) EQUIPMENT (TIG) (cent)

(4) The tremendous heat of the arc and the high current often used usually
necessitate water cooling of the torch and power cable ( fig. 5-22). The cooling
water must be clean; otherwise, restricted or blocked passages may cause excessive
overheating and damage to the equipment. It is advisable to use a suitable water
strainer or filter at the water supply source. If a self-contained unit is used,
such as the one used in the field (surge tank) where the cooling water is recircu-
lated through a pump, antifreeze is required if the unit is to be used outdoors
during the winter months or freezing weather. Some TIG welding torches require
less than 55 psi (379 kPa) water pressure and will require a water regulator of
some type. Check the operating manual for this information.

c. Nomenclature of Torch (fig. 5-22).

(1) Cap. Prevents the escape of gas from the top of the torch and locks the
electrode in" place.

_ (2) Collet. Made of copﬁer; the electrode fits inside and when the cap is
tightened, 1t squeezes against the electrode and leeks it in place.

(3) Gas orifice nut. Allows the gas to escape.

(42 Gas nozzle. Directs the flew of shielding gas onto the weld puddle. Two
types of nozzles are used; the one for light duty welding is made of a ceramic
material, and the one for heavy duty welding is a copper water-cooled nozzle.

(5) Hoses. Three plastic hoses, connected inside the torch handle, carry
water, gas, and the electrode power cable.

5-22.  GASMETAL-ARC WELDING (GMAW) EQUIPMENT

a. General. GMAW is most commonly referred to as “MIG” welding, and the follow-
ing text will use “MIG” or “MIG welding” when referring to GMAW. MIG welding is a
process in which a consumable, bare wire electrode is fed into a weld at a con-
trolled rate of speed, while a blanket of inert argon gas shields the weld zone
from atmospheric contamination. In addition to the three basic types of metal
transfer which characterize the GMAW process, there are several variations

of significance.

(1) Pulsed spray welding. Pulsed spray welding is a variation of the MIG
welding process that Is capable of all-position welding at higher energy levels
than short circuiting arc welding. The power source provides two current levels, a
steady “background” level, which is too low to produce spray transfer; and a
“pulsed peak” current, which is superimposed upon the background current at a regu-
lated interval. The edpulse_ peak is well above the transition current, and usuall
one drop is transferred during each pulse. The combination of the two levels o
current produces a steady arc with axial spray transfer at effective welding cur-
rents below those required for conventional spray arc welding. Because the heat
input is lower, this variation in operation is capable of welding thinner sections
than are practical with the conventional spray transfer.

.. (2) Arc gpot welding. Gas metal arc spot welding is a method of joining
similar 'to resistance spot welding and riveting. A variation of continuous gas
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metal arc welding, the process fuses two pieces of sheet metal together by penetrat-
ing entirely through one piece into the other. No joint preparation is required
other than cleaning of the overlap areas. The welding gun remains stationary while
a spot weld is being made. Mild steel, stainless steel, and auminum are commonly
joined by this method.

(3) Electrogas welding. The electrogas (EG) variation of the MIG welding
process is a fully automatic, high deposition rate method for the welding of Dbuitt,
corner, and T-joints in the vertical position. The eletrogas variation essential-
ly combines the mechanical features of electroslag welding (E with the MIG weld-
Ing process. Water-coded copper shoes span the gap between the pieces being weld-
ed to form a cavity for the molten meta. A carriage is mounted on a vertical
column; this combination provides both vertica and "horizontal movement. Welding
head, controls, and electrode spools are mounted on the carriage. Both the car-
r|a?e_ and the copper shoes move verticaly upwards as welding progresses. The
welding head may also be oscillated to provide uniform distribution of heat and
filler metal. This method is capable of welding metal sections of from 1/2 in. (13
mm% to more than 2 in. (508 an) in thickness in a single pass. Deposition rates
of 35 to 46 Ib (16 to 21 kg) peér hour per electrode can be achieved.

b. MIG Equipment.

NOTE
Different types of MIG welding equipment are available through normal
supply channels. Manuas for each type must be consulted prior to
welding operations.

(1) The MIG welding unit is designed for manua welding with small diameter
wire electrodes, using a Spool-on-gun torch. The unit consists of a torch (fig.
5-23), a voltage control box, and a welding contractor (fig. 5-24). The torc
handle contains a complete motor and gear reduction unit that pulls the welding

wire electrode from a 4 in. }(\102 mm)_diameter spool containing 1 Ib (0.5 kg) of
wire electrode mounted in the rear of the torch.

QONTACT TUBE LOCKSCREW

INLET AND OUTLET
GUIDE BUSHINGS

==
X A\
NOZZLE HOLDER (=7
TRIGGER ASSEMBLY;@ !

ifbeesxn 24 V DC MOTOR

\ INCH PUSHBUTTON
Figure 5-23. MIG welding torch.
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GAS TUNGSTEN-ARC WELDING (GTAW) EQUIPMENT (TIG) (cont)

5-21.
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Connection diagram for MIG welding.

Figure 5-24.
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(2) Three basic sizes of wire electrode maybe used: 3/32 in. (2.38 mm),
3/64 in. (1.19 mm), and 1/16 in. (1.59 mm). Many types of metal may be welded
provided the welding wire electrode is of the same composition as the base metal.

. (3) The unit is designed for use with an ac-dc conventional, constant-current
welding "‘power supply. Gasoline engine-driven arc welding machines issued to field

units may be used as both a power source and a welding source.

c. Nomenclature of Torch.

(12 Contact tube (fig. 5-23). This tube is made of copper and has a hole in
the center of the tube that Is from 0.01 to 0.02 in. $0_25 to 0.51 mm) larger than
the size of the wire electrode being used. The contact tube and the inlet and
outlet edguide bushings must be charged when the size of the wire electrode is
changed. The contact tube transfers power from the electrode cable to the welding
wire electrode. An insulated lock screw is provided which secures the contact tube

in the torch.

(2) Nozzle and holder (fig. 5-23). The nozzle is made of copper to dissipate
heat and is chrome-plated to reflect the heat. The holder is made of stainless
steel and is connected to an insulating material which prevents an arc from being
drawn between the nozzle and the ground in case the gun canes in contact with the

work.

(3;) Inlet and outlet guide bushings (fig. 5-23). The bushings are made of
nylon for long wear. They must be changed to suit the wire electrode size when the

electrode wire is changed.

(4) Pressure roll assembly (fig. 5-23). This is a smooth roller, under
spring tension, which pushes the wire electrode against the feed roll and allows
the wire to be pulled from the spool. A thumbscrew applies tension as required.

(5 Motor (fig. 5-23). When the inch button is depressed, the current for
running the motor comes from the 110 V ac-dc source, and the rotor pulls the wire
electrode from the spool before starting the welding operation. When the trigger
IS depressed, the actual welding operation starts and the motor pulls the electrode
from the spool at the required rate of feed. The current for this rotor is sup-
plied by the welding generator.

~ (6) Spool _enclosure assembly (fig. 5-23). This assembly is made of plastic
which prevents arc spatter from Jammmghthe wire electrode on the spool. A small
window allows the operator to visually check the amount of wire electrode remaining

on the spool.

NOTE

If for any reason the wire electrode stops feeding, a burn-back will
result. With the trigger depressed, the welding contactor is closed,
thereby allowing the welding current to flow through the contact tube.
As long as the wire electrode advances through the tube, an arc will be
drawn at the end of the wire electrode. Should the wire electrode stop
feeding while the triﬂger is still being depressed, the arc will then
form at the end of the contact tube, causing it to melt off. This is
called burn-back.

5-31



TC 9-237

5-21.  GASTUNGSTEN-ARC WELDING (GTAW) EQUIPMENT (TIG) (cent)

(7)[Welding _contactor %flg. 5-24).] The Positive cable from the dc welding
generator IS_connec 0 a cable coming out of the welding contactor, and the
ground cable is connected to the workpiece. The electrode cable and the weldin
contactor cable are connected between the welding contactor and voltage control goox

as shown.

?8) Argon gas hose (fig. 5-24). This hose is connected from the voltage
control box—to the argom gas regutator on the argon cylinder.

(9)|Electrode cable (fig. 5-24)] The electrode cable enters through the
Weldln? current Tefay and connects imto the argon supply line.  Both then go out of
the voltage control box and into the torch in one line.

10 )| Voltage pickup cable (fig. 5-24)] This cable must be attached to the
ground cable a the workpiece. IS supplies the current to the motor during weld-
Ing when the trigger is depressed.

11 )[Torch switch and grounding cables ( fig. 5-24)] The torch switch cable is
conne((:ted) :he—gtorch—gfounding cable Is connected

to the case of the voltage control box.

5-23. OPERATING THE MIG

a. Starting to Weld.

(1) Press the inch button and allow enough wire electrode to emerge from the
nozzle until 1/2 in. (13 mm) protrudes beyond the end of the nozzle. With the main
line switch “ON” and the argon gas and power sources adjusted properly, the opera-
tor may begin to weld.

(2) When welding in the open air, a protective shield must be installed to
prevent the argon gas from being blown away from the weld zone and allowing the
weld to become contaminate.

(3) Press the torch triia%Per. This sends current down the torch switch cable
and through the contactor cable, closing the contactor.

~(4) When the contactor closes, the welding circuit from the generator to the
welding torch is completed.

(5) At the same time the contactor closes, the argon gas solenoid valve
opens, alowing a flow of argon gas to pass out of the nozzle 1o shield the weld

Zone.

(6) Lower the welding helmet and touch the end of the wire electrode to the
workpiece. The gun is held at a 90 degree angle to the work but pointed at a 10
degree angle toward the line of travel.

CAUTION
To prevent overloading the torch motor when stopping the arc, release

the trigger; never snap the arc out by raising the torch without first
releasing the trigger.
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g (7) Welding will continue as long as the arc is maintained and the trigger is
epr
b. Setting the Wire Electrode Feed.

(1) A dia on the front of the voltage control box, labeled WELDING CONTROL,
IS used to regulate the speed of the wire electrode feed.

2) To increase the speed of the wire electrode being fed from the spooal.
turn the dial counterclockwise. This decreases the amount of resistance across the
arc and alows the motor to turn faster. Turning the dial clockwise will incresse
the amount of resistance, thereby decreasing the Speed of the wire electrode being

fed from the spool.

(3) At the instant that the wire electrode touches the work, between 50 and
100 volts dc is generated. This voltage is |i)icked up by the voltage pickup cable
and shunted back through the voltage control box into a resistor. "There it is
reduced to the correct voltage (24 V dc) and sent to the torch motor.

Cc. Fuses.

(1) Two 10-ampere fuses, located at the front of the voltage control box,
protect and control the electrical circuit within the voltage control box.

(2) A l-ampere fuse, located on the front of the voltage control box, pro-
tects and controls the torch motor.

d. Installing the Wire Electrode.

1) Open the spool enclosure cover assembly, brake, and pressure roll assem-
bly [(TTg. 5-23). ® Y P

(2) Unroll and straighten 6 in. (152 mm) of wire electrode from the top of
the spool.

(3). Feed this straightened end of the wire electrode into the inlet and out-
let bushings; then place spool onto the mounting  shaft.

4) Close the Pressure roller and ure it in place. [ :
feedin(g )the wire electrode until there is 1/2 |rn. %13 an% protlr:)lﬂglsﬁgt%eeylonncorll thttgnnd

to the nozzle.
e. Setting the Argon Gas Pressure.

1) Flip the argon switch on the front of the voltage control
MANU(AE position. J a panel to the

t (2) Turn on the argon gas cylinder valve and set the pressure on the regula-
or.

(1L3} When the proper pressure is set on the regulator, flip the argon switch
to the AUTOMATIC POSITION.

5-33



TC9-237

5-23. OPERATING THE MIG TORCH (cont)

L}'?) When in the MANUAL position, the argon gas continues to flow. When in
the AUTOMATIC position, the argon gas flows only when the torch trigger is de-
pressed, and stops flowing when the torch trigger is released.

f. Generator Polarity. The _ﬂenerat_or is set on reverse polarity. When set on
straight "polarity, the torch motor will run in reverse, withdrawing the wire elec-

trode and causing a severe burn-back.

: /—mm) Tong. When burn-backs occur, a maximum of 3/8 in. (9.5 mm
may be filed off. File a flat spot on top of the guide tube, place a drill pilot
on the contact tube, then drill out the contact tube. For a 3/64 in. (1.2 mm)
contact tube, use a No. 46 or 47 drill bit.

. Reclaimi Burned-Back Contact Tubes. When the contact tubes are new, th
are95-378 n (Ilg'g

h. Preventive Maintenance.

(1) Keep all weld spatter cleaned out of the inside of the torch. Welding in
the vertical or overhead positions will cause spatter to fall down inside the torch
n_ozgle holder and restrict the passage of the argon gas. Keep all hose connections
tight.

(2) To replace the feed roll, remove the nameplate on top of the torch, the
flathead screw and retainer from the feed roll mounting shaft, and the contact ring
and feed roll. Place a new feed roll on the feed roll mounting shaft, making cer-
tain that the pins protruding from the shaft engage the slots in the feed roll.
Reassemble the contact ring and nameplate.

5-24. OTHER WELDING EQUIPMENT

a. Cables. Two welding cables of sufficient current carrying capacity with
heavy, Tough, resilient rubber jackets are required. One of the cables should be
composed of fine copper strands to permit as much flexibility as the size of the
cable will allow. One end of the less flexible cable is attached to the ground lug
or positive side of the direct current welding machine; the other end to the work
table or other suitable ground. One end of the flexible cable is attached to the
electrode holder and the other end to the negative side of a direct current welding
machine for straight polarity. Most machines are equipped with a polarity switch
which is used to change the polarity without interchanging the welding cables at
the terminas of the machine. For those machines not equipped with polarity switch-
es, for reverse polarity, the cables are reversed at the machine.

b. Electrode Holders. An electrode holder is an insulated clamping device for
holding the electrode during the welding operation. The design of the holder de-
pends on the welding process for which it is used, as explained below.

(1) Metal-arc electrode holder. This is an insulated clamp in which a meta

electrode can be held at any desjre The jaws can be opened by means of a
lever held in place by a spring |(fig. 5-25)
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iy,

Figure 5-25. Metal-arc welding electrode holders.

(2) Atomic_hydrogen torch. This electrode holder or torch consists of two
tubes in an insulated handle, through which both hydrogen gas and electric current
flow. The hydrogen is supplied to a tube in the rear of the handle from which it

Is led into the two current carrying tubes by means of a manifold. One of the two
electrode holders is movable, and the %ap between this and the other holder is
andle fig. 5-26).

adjusted by means of a trigger on the

ENLARGED SECTION THROUGH 1 ,
ELECTRODE CLAMP «— TUNGSTEN
ELECTRODES
—
TWO~CONDUCTOR CABLE
(

ELECTRODE CLAMPS  usurATOR TRIGGER HOSE

U Figure 5-26. Atomic hydrogen welding torch.

_ (3) Carbon-arc electrode holder.
IC types. One type holds two electrodes and is similar in design to the atomic

hydrogen torch, but has no gas tubes; a second type is a single electrode holder
equipped with a heat shield; the third type is for high amperage welding and is

watercool ed.
c. Accessories.

(1) Chipping hammer and wire brush.

This holder is manufactured in three specif-

A chipping hammer is required to loosen

A wire brush is used to clean each weld bead before fur-

scale, oxides and slag. n I .
ther welding. Figure 5-27 shows a chipping hammer with an attachable wire brush.

Figure 5-27. Chipping hammer and wire brush.

5-35



TC 9-237

5-24. OTHER WELDING EQUIPMENT (cont)

(2) Welding table. A welding table should be of all-steel construction. A
container for electrodes with an insulated hook to hold the electrode holder when

not in use should be provided. A typical design for a welding table is shown in
figure 5-28.

TACK WELD TOP TO
ANGLE WITH 1/4

WELD IN. FILLET WELDS 1/2 IN. HOLE
1 }

1 IN. LONG SPACED FOR GROUND
6 IN. CENTER TO CENTER CONNECTION

24 N\ 1=
\jl l1/4

bo—

1/2 |
;
27-1/4 E
0
i ) ~\ /L
2—?..\ /,? 25-1/2
'3 l\\‘a ________________ /1/: 1/
I ?ﬁ ¥ ISGMETRIC VIEW
9-1/4} i
4 L N
L 4 «
Vs 23 ALL DIMENSIONS SHOWN
ARE IN INCHES.

ALL JOINTS WELDED
Figure 5-28. Welding table.

. .(3) Clamps and backup bars. Workpieces for welding should be clamped in
position with C-clamps or other clamp brackets. Blocks,™ strips, or bars of copper
or cast iron should be available for use as backup bars in welding light sheet
aluminum and in making certain types of_ljoints. Carbon blocks, fire clay, or other
fire-resistant material should also be available. These materials are used to form
molds which hold molten metal within given limits when building up sections. A
mixture of water, glass, and fire clay or carbon powder can be used for making

molds .

d. Gogales. Goggles with green lenses shaped to cover the eye orbit should be
available to provide glare protection for personnel in and around the vicinity of

welding and cutting operations (other than the welder).

NOTE
These goggles should not be used in actual welding operations.
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5-25. ELECTRODESAND THEIR USE

a. General. When molten metal is exposed to air, it absorbs oxygen and nitro-
gen, and becomes brittle or is otherwise adversely affected. A slag cover is need-
ed to protect molten or solidifying weld metal from the atmosphere. This cover can
be obtained from the electrode coating, which protects the metal from damage, stabi-
lizes the arc, and improves the weld in the ways described below.

b. Types of Electrodes. The meta-arc electrodes may be grouped and classified
as bare electrodes, light coated electrodes, and shielding arc or heavy coated
electrodes. The type used depends on the specific properties required “in the weld
deposited. These include corrosion resistance, ductility, high tensile strength,
the type of base metal to be welded; the position of Yhe weld (i.e., flat, horizon-
tal, vertical, or overhead); and the type of current and polarity required.

c. Classification of Electrodes. The American Welding Society’s classification
number series has been adopted by the welding industry. The electrode identifica-
tion system for steel arc welding is set up as tollows:

(1) E indicates electrode for arc welding.

(2) The first two (or three) digits indicate tensile strength (the resistance
of the material to forces trying to pull it apart) in thousands of pounds per
square inch of the deposited metal.

(3) The third (or fourth) digit indicates the position of the weld. O indi-
cates the classification is not used; 1 is for all positions; 2 is for flat and

horizontal positions only; 3 is for flat position only.

(4) The fourth (or fifth) digit indicates the type of electrode coating and
the type of power supply used; alternating or direct current, straight or reverse

polarity.

(5) The types of coating, welding current, and polarity position designated
by the fourth (or fifth) identifying digit of the electrode”classification are as
listed in table 5-4.

_ (6) The. number E6010 indicates an arc welding electrode. with a minimum stress
relieved tensile strength of 60,000 psi; is used in all positions; and reverse

polarity direct current is required.

Table 5-4. Coating, Current, and Polarity Types Designated By the
Fourth Digit in the Electrode Classificaticn Number.

Digit Coating Weld Current

0 * *
1 Cellulose potassium ac, dcrp, dcsp
2 Titania sodium ac, dcsp
3 Titania potassium ac, dcsp, dcrp
4 Iron powder titania ac, dcsp, derp
5 Low hydrogen sodium dcrp
6 Low hydrogen potassium ac, dcrp
7 Iron powder iron oxide ac, dcsp
8 Iron powder low hydrogen ac, dcrp, dcsp
*

When the fourth (or last) digit is 0, the type of coating and current to be

used are determined by the third digit.
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5-25. ELECTRODES AND THEIR USE (cont)

(3) The eletrode identification system for stainless steel arc welding is
set up as follows:

(@) E indicates electrode for arc welding.

(b) The first three digits indicated the American lron and Steel |nstitute
type of stainless steel.

(c) The last two digits indicate the current and position used.

_(d) The number E-308-16 by this system indicates stainless steel type 308:
used in all positions; with alternating or reverse polarity direct glﬁ)rrent.

d. Bare Electrodes. Bare electrodes are made of wire compositions required for
specific applications. These electrodes have no coatings other than those re(T]uired
in wire drawing. These wire drawing coatings have some slight stabilizing effect
on the arc but are otherwise of no consequence. Bare eectrodes are used for weld-
ing manganese steel and other purposes where a coated electrode is not required or
IS undesirable. A diagram of the transfer of meta across the arc of a bare elec-

trode is shown in figure 5-29.

)

s gt
3

Figure 5-29. Molten metal transfer with a bare electrode.

e. Light Coated Electrodes.

(1) Light coated electrodes have a definite composition. A light coating has
been applied on the surface by washing, dipping, brushing, spraying, tumbling, or
wiping to improve the stability and characteristics of the arc stream. They are
listed under the E45 series in the electrode identification system.

(2) The coating generally serves the following functions:

h (@) It dissolves or reduces impurities such as oxides, sulfur, and phos-
phorus.

(b? It changes the surface tension of the molten metal so that the alg(;_lobules
of metal leaving the end of the electrode are smaller and more frequent, making the

flow of molten metal more uniform.

_ (c) It increases the arc stability by introducing materials readily ionized
(i.e., changed into small particles with” an”electric charge) into the arc ‘stream.
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(3) Some of the light coatings may produce a slag, but it is quite thin and
does not act in the samé manner as the shielded arc electrode type slag. The arc

action obtained with light coated electrodes is shown in figure 5-30.

ARC FLAME
LIGHT COATED
* IEIECTRODE
ARC CORE
DEPOSITED METAL / /

p > PENETRATION

'CF&C/ ‘<\\y

LT i — N -

i BASE METAL CRATER

Figure 5-30. Arc action obtained with a light coated electrode.

f. Shielded Arc or Heavy Coated Electrodes. Shielded arc or heavy coated elec-
trodes have a definite composition on which a coating has been apphec?l by dipping
or extrusion. The electrodes are manufactured in three general types. those with
cellulose coatings, those with mineral coatings, and those with coatings of combina-
tions of mineral and cellulose. The cellulose coatings are composed of soluble
cotton or other forms of cellulose with small amounts of potassium, sodium, or
titanium, and in some cases added minerals. The mineral coatings consist of sodium
silicate, metallic oxides, clay, and other inorganic substances or combinations
thereof. Cedllulose coated electrodes protect the molten metal with a gaseous zone
around the arc as well as slag deposit over the weld zone. The mineral coated
electrode forms a slag deposit only. The shielded arc or heavy coated electrodes
are used for welding steels, cast iron, and hard surfacing. The arc action ob-
tained with the shielded arc or heavy coated electrode is shown in figure 5-31.

|

Figure 5-31. Arc action obtained with a shielded arc electrode.
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5-25. ELECTRODES AND THEIR USE (cont)

g. FEunctions of Shielded Arc or Heavy Coated Electrodes.

(1) These. electrodes produce a reducing gas. shield around the arc which pre-
vents atmospheric oxygen or nitrogen from confaminating the weld metal. The oxygen

would readily combine with the molten metal, removing aloying elements and causing
orosity. The nitrogen would cause brittleness, low ductility, and in some cases,
ow strength and poor resistance to corrosion.

(2) The electrodes reduce impurities such as oxides, sulfur, and phosphorus
so that these impurities will not impair the weld deposit.

(3) They provide. substances to the arc which increase its stability and elimi-
nate wide fluctuations in the voltage so that the arc can be maintained "without

excessive spattering.

(4) By reducing the attractive force between the molten metal and the end of
the electrode, or by reducing the surface tension of the molten metal, the vapor-
ized and melted coating causes the molten metal at the end of the electrode to
break up into fine, small particles.

(5) The coatings contain silicates which will form a slag over the molten
weld and base metal.” Since the slag solidifies at a relatively slow rate, it holds
the heat and allows the underlying metal to cool and slowly solidify. This slow
solidification of the metal eliminates the entrapment of gases within the weld and
permits solid impurities to float to the surface. Sow cooling also has an anneal-
Ing effect on the weld deposit.

~ (6) The physical characteristics of the weld della_osit are modified bfy incorp-
or_atlna% alloying materials in the electrode coating. he fluxing action of the slag
will also produce weld metal of better quality and permit welding at higher speeds.

(7) The coating insulates the sides of the electrode so that the arc is con-
centrated into a confined area. This facilitates welding in a deep U or V groove.

8) The coatin roduces a cup, cone, or sheath [(fig. 5-31 | at the tip of the
electr(gd)e which actsg.J a% a shield, cgncentrates and dlr%:, reduces.IO heat

losses and increases the temperature at the end of the electrode.

h. Storing Electrodes. Electrodes must be kept dry. Moisture destroys the
desirable characteristics of the coating and may cause excessive spattering and
lead to the formation of cracks in the welded area. Electrodes exposed to damp air
for more than two or three hours should be dried by heating in a suitable oven
(fig. 5-32) for two hours at 500 °F (260 °C). After they have dried, they should
be stored in a moisture proof container. Bending the €electrode can cause the coat-
ing to break loose from the core wire. Electrodes should not be used if the core
wire is exposed.
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Figure 5-32. Electrode drying ovens.

i. Tungsten Electrodes.

(1) Nonconsumable electrodes for gas tungsten-arc (TIG) welding are of three
types: “pure tungsten, tungsten containing 1 or 2 percent thorium, and tungsten
containing 0.3 to 0.5 percent zirconium.

(2) Tungsten electrodes can be identified as to type by painted end marks as

follows.
(a) Green -- pure tungsten.

(b) Yedlow -- 1 percent thorium.
(c) Red -- 2 percent thorium.
(d) Brown -- 0.3 to 0.5 percent zirconium.

(3) Pure tungsten (99. 5 percent tungsten) electrodes are generally used on
less critical welding operations than the tungstens which are alloyed. This type

of electrode has a relatively low current-carrying capacity and a low resistance to
contamination.

(4) Thoriated tungsten electrodes (1 or 2 percent thorium) are superior to
pure tungsten electrodes because of their higher electron output, better arc-start-

Ing and arc stability, high current-carrying capacity, longer life, and greater
resistance to contamination.

(5) Tungsten electrodes containing 0.3 to 0.5 percent zirconium generally
fall between pure tungsten electrodes and thoriated tungsten electrodes in terms of
performance. There is, however, some indication of better performance in certain
types of welding using ac power.

6) Finer arc control can be obtained if the tungsten alloyed electrode is

ground to a point (fig. 5-33). When electrodes are not grounded, they must be
operated at maximum current density to obtain reasonable arc stability. Tungsten

electrode points are difficult to maintain if standard direct current equipment is
used as a power source and touch-starting of the arc is standard practice. Mainte-

nance of electrode shape and the reduction of tungsten inclusions in the weld can

best be accomplished by superimposing a high-frequency current on the regular weld-
Ing current. Tungsten electrodes alloyed with thorium and zirconium retain their

shape longer when touch-starting is used.

b *i 3/8 to 1/2 IN.

i ———
_E—l/BID\ /s

Figure 5-33. Correct electrode taper.
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5-25. ELECTRODES AND THEIR USE (cont)

(7) The electrode extension beyond the gas cup is determined by the type of
joint being welded. For example, an extension beyond the gas cup of 1/8 in.

(3.2 mm) might be used for butt Z!omts in light gage material, while an extension
of approximately 1/4 to 1/2 in. (6.4 to 12.7 mm) might be necessary on some fillet

welds. The tungsten electrode of torch should be inclined _ingh_tI?/ and the filler
metal added carefully to avoid contact with the tungsten. This will prevent contam-
ination of the electrode. If contamination does occur, the electrode must be re-

moved, reground, and replaced in the torch.

~j. Direct Current Welding. In direct current welding, the welding current
CII’CJUIt may be hooked up as either straight polarity (dcsp) or reverse polarity
(dcrp). The polarity recommended for use with a specific type of electrode is

established by the manufacturer.

(1) For dcsp, the welding machine connections are electrode negative and
workpiece positive (fig. 5-34); electron flow is from electrode to workpiece. For
dcrp, the welding machine connections are electrode positive and workpiece nega-
tive; electron flow is from workpiece to electrode.
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NN
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. ©-0 0
0O O
GENERATOR
LA r
>—— WORKPIECE |
NN
P

REVERSE POLARITY

Figure 5-34. Polarity of welding current.
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(2) For both current polarities, the greatest part of the heating effect oc-
curs at the positive side of the arc. The workpiece is dcsp and the electrode is
dcrp. Thus, for any given welding current, dcrp requires a larger diameter elec-
trode than does dcsp. For example, a 1/16-in. (1.6-mm) diameter pure tungsten
electrode can handle 125 amperes of welding current under straight polarity condi-
tions. If the polarity were reversed, however, this amount of current would melt
off the electrode and contaminate the weld metal. Hence, a 1/4-in. (6.4-mm) diame-
ter pure tungsten electrode is required to handle 125 amperes dcrp satisfactorily
and safely. However, when heavy coated electrodes are used, the composition of the
coating and the gases it produces may alter the heat conditions. This will produce
greater heat on the ne{gative side of the arc. One type of coating may provide the
most desirable heat balance with straight polarity, while another type of coatin
on the same electrode may provide a more desirable heat balance with reverse polari-

ty .

(3) The different heating effects influence not only the welding action, but
aso the shape of the weld obtained. DCSP welding will produce a wide, relatively
shallow weld (fig. 5-35). DCRP welding, because of the larger electrode diameter
and lower currents generally employed, gives a narrow, deep weld.

DC STRAIGHT POLARITY

\_/

SHALLCW WIDE WELD

DC REVERSE POLARITY

\ ]
U/

DEEP PENETRATION NARRCOW WELD

Figure 5-35. Effect of polarity on weld shape.

. (4) One other effect of dcrp welding is the so-called plate cleaning effect.
This surface cleaning action is caused either by the electrons leaving the plate or

by the impact of the gas ions striking the plate, which tends to break up the sur-
face oxides, and dirt usually present.

(§5) In general, straight polarity is used with all mild steel, bare, or light
coated electrodes. Reverse polarity is used in the welding of non-ferrous metals
such as auminum, bronze, monel, and nickel. Reverse polarity is also used with
sane types of electrodes for making vertical and overhead welds.

(6) The proper polarity for a given electrode can be recognized by the sharp,
cracking sound of the arc. “ The wrong polarity will cause the arc to emit a hissing
sound, and the welding bead will be difficult to control.
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5-25. ELECTRODES AND THEIR USE (cont)
k. Alternating Current Welding.

(1) Alternating current welding, theoretically, is a combination of dcsp and
dcrp welding. This can be best explained by showing the three current waves visual-
ly. As shown in figure 5-36, half of each complete alternating current (ac) cycle

IS dcsp, the other half is dcrp.

1‘+ 4 +
*
5325 w| -
§ TIME > % rmﬂ §
aTase TIME
t )
DCSP DCRP ONE COMPLETE
CYCLE OF AC

Figure 5-36. AC wave.

(2) Moisture, oxides, scale, etc., on the surface of the plate tend, partial—
ly or completely, to prevent the flow of current in the reverse polarity direc-
tion. This is called rectification. For example, in no current at all flowed in
the reverse polarity direction, the current wave would be similar to figure 5-37.

-+

PR P
\ /

T w

TWO COMPLETE CYCLES OF RECTIFIED AC
Figure 5-37. Rectified ac wave.

(3) To prevent rectification from occurring, it is common practice to intro-
duce into the welding current an additional high-voltage, h|gh-fre§uency, low-power
current. This high-frequency current jumps the gap between the electrode and the
workpiece and pierces the oxide film, thereby forming a path for the welding cur-
rent to follow. Superimposin? this high-voltage, high-frequency current on the
welding current gives the following advantages:

(@ The arc may be started without touching the electrode to the workpiece.

(b) Better arc stability is obtained.

(c) A longer arc is possible. This is particularly useful in surfacing and
hardfacing operations.

(d Welding electrodes have longer life.
The use of wider current range for a specific diameter electrode is

(@
possible.
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(4) A typical weld contour produced with high-frequency stabilized ac is
shown in figure 5-38, together with both dcsp and dcrp welds for comparison.

\J — e

DC REVERSE DC STRAIGHT WELD
POLARITY POLARITY AC mG

Figure 5-38. Camparison of penetration contours.

1. Direct Current Arc Weding Electrodes.

(1) The manufacturer’'s recommendations should be followed when a specific
type of electrode is being used. In general, direct current shielded arc elec-

trodes are designed either for reverse poIaritK (electrode positive) or for

straight polarity (electrode negative), or both. Many, but not all, of the direct
current electrodes can be used with alternating current. Direct current is pre-
ferred for many types of covered, nonferrous, bare and alloy steel electrodes.
Recommendations from the manufacturer also include the type of base metal for which
given electrodes are suited, corrections for poor fit-ups, and other specific condi-

tions.

(2) In most cases, straight polarity electrodes will provide less penetration
than reverse polarity electrodes, and for this reason will Rermit greater welding
speed. Good penetration can be obtained from either with proper welding condi-
tions and arc manipulation.

m. Alternating Current Arc_Welding Electrodes.

(1) Coated electrodes which can be used with either direct or alternating
current are available. A_Iternatin%_current is more desirable while welding in re-
stricted areas or when using the high currents required for thick sections because
it reduces arc blow. Arc blow causes blowholes, slag inclusions, and lack of fu-
sion in the weld.

(2) Alternating current is used in atomic hydrogen welding and in those car-
bon arc processes that require the use of two carbon electrodes. It permits a
uniform rate of welding and electrode consumption. In carbon-arc processes where
one carbon electrode is used, direct current straight poarity is recommended,
because the electrode will be consumed at a lower rate.

n, Electode Defects and Their Effects.

(1) If certain elements or oxides are present in electrode coatings, the arc
stability will be affected. In bare electrodes, the composition and uniformity of
the wire is an important factor in the control of arc stability. Thin or heavy
coatings on the electrodes will riot completely remove the effects of defective wire.

(2) Aluminum or aluminum oxide (even when present in quantities not exceeding
0.01 percent), silicon, silicon dioxide, and iron sulphate cause the arc to be
unstable. lron oxide, manganese oxide, calcium oxide, and iron sulphate tend to

stabilize the arc.

ol
1
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>-25.  ELECTRODES AND THEIR USE (cont)

(3) When ,ohospho_rus or sulfur are present in the electrode in excess of 0.04
percent, they will impair the weld metal because they are transferred from the elec-
trode to the molten metal with very little loss. Phosphorus causes grain growth,
brittleness, and “cold shortness’” (i.e., brittle when below red heat) in the weld.
These defects increase in magnitude as the carbon content of the steel increases.
Sulfur acts as a dlag, breaks up the soundness of the weld metal, and causes “hot
shortness” (i.e., brittle when above red heat). Sulfur is particularly harmful to
bare, low-carbon steel electrodes with a low manganese content. Manganese promotes

the formation of sound welds.

(4) If the heat treatment, given the wire core of an electrode, is not uni-
form, the electrode will produce welds inferior to those produced with an electrode

of the same composition that has been properly heat treated.
Section 1V. RESISTANCE WELDING EQUIPMENT

5-26. RESISTANCE WELDING

a. General. Resistance welding is a group of welding processes in which the
joining "of mefals is produced by the heat obtained from resistance of the work to
the electric current, in a circuit of which the work is a part, and by the applica-
tion of pressure. The three factors involved in making a resistance weld are the
amount of current that passes through the work, the pressure that the electrodes
transfer to the work, and the time the current flows through the work. Heat is

enerated by the passage of electrical current through a resistance current, with
the maximum heat being generated at the surfaces being joined. Pressure is re-
uired throughout the welding cycle to assure a continuous electrical circuit
through the work. The amount of current employed and the time period are related
to the heat input required to overcome heat losses and raise the temperature of the
metal to the welding temperature. The selection of resistance welding equipment is
usually determined by the joint design, construction materials, quality requir-
ments, production schedules, and economic considerations. Standard resistance
welding machines are capable of welding a variety of aloys and component sizes.
There are seven major resistance welding processes: resistance projection welding,
resistance spot welding, resistance flash welding, resistance upset welding, resis-
tagl%e seam welding, resistance percussion welding, and resistance high frequency
welding.

b. Principal Elements of Resistance Welding Machines. A resistance welding
machiné has three principal elements:

(1) An electrical circuit with a welding transformer and a current regulator,
tanoltha seCﬁndary circuit, including the electrodes which conduct the welding current
o the work.

_ (2) A mechanical system consisting of a machine frame and associated mecha-
nisms to hold the work and apply the welding force.

3) The control equipment (timing devices) to initiate the time and duration

of the( current flow. This equipment may aso control the current magnitude, as
well as the sequence and the time of other parts of the welding cycle.
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c. Electrical Operation. Resistance welds are made with either semiautomatic
or mechanized machines. With the semiautomatic machine, the welding operator posi-
tions the work between the electrodes and pushes a switch to initiate the weld; the
weld pre%grammer completes the sequence. In a mechanized setup, parts are automati-
caly fed into a machine, then welded and gected without welding operator assis-
tance. Resistance welding machines are classified according to their electrical
operation into two basic groups: direct energy and stored energy. Machines in
both groups may be designed to operate on either single-phase or three-phase power.

d. Spot Welding.

(1) There are several types of %ot welding machines, including rocker arm,
press, portable, and multiplé type. typical spot welding machine, with its essen-
tial operating elements for manual operation, is shown in figure 5-39. In these
machines, the electrode jaws are extended in such a manner as to permit a weld to
be made at a considerable distance f ran the edge of the base metal sheet. The elec-
trodes are composed of a copBer dloy and are assembled in a manner by which consid-
erable force or squeeze may be applied to the metal during the welding process.

PASS THROUGH SWITCH

WELDING
ELECTRODE
UPPER ARM

VERTICAL
ARM

SPACING ﬂ
i @om
SPRING
WELDING COLUMN TYPE
LOWER ARM SUPPORT WELDING
PRESSURE
ADJUSTMENT

WATER COOLING HOSE

FOOT TREADLE HEAT REGULATOR | ___REAR ROD

| A N
o © _E:\POWER LINES

WELDING TRANSFORMER

IN MACHINE BASE
e —_ -

Figure 5~39. Resistance spot welding machine and accessories.
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5-26. RESISTANCE WELDING (cont)

(@ Rocker arm type. These machines consist essentially of a cylindrical
am or extenson of an am which transmits the electrode force and in most cases,
the welding current. They are readily adaptable for spot welding of most weldable
metals. The travel path of the upper electrode is in an arc about the fulcrum of
the upper aam. The electrodes must be positioned so that both are in the plane of
the horn axes. Because of the radia motion of the upper electrode, these machines
are not recommended for projection welding.

_ (b) Press type. In this type of machine, the moveable welding head travels
in a straight Tine 1n guide bearings or ways. Press type machines are classified
according to their use and method of force application. They may be designed for
spot welding, projection welding, or both. Force may be applied by air or hydrau-
lic cylinders, or manualy with small bench units.

(c) Portable type. A typical portable spot welding machine consists of
four basic UNitST a portable welding gun or tool; a welding transformer and, in
some cases, a rectifier; an electrical” contactor and sequence timer; and a cable
and hose unit to carry power and cooling water between the transformer and welding
un. A typical portable welding gun consists of a frame, an air or hydraulic actu-
ating cylinder, hand grips, and an initiating switch. The design of the gun is
tallored to the needs of the assembly to be welded.

_ (d) Multiple spot welding type. These are special-purpse machines de-
signed to weld a specific assemblal. They utilize a number of transformers. Force
is applied directly to the electrode through a holder by an air or hydraulic cylin—
der. For most applications, the lower electrode is made of a piece of solid copper
alloy with one or more electrode alloy inserts that contact the part to be welded.
Equalizing guns are often used where standard electrodes are needed on both sides
of the weld to obtain good heat balance, or where variations in parts will not per-
mit consistent contact with a large, solid, lower electrode. The same basic weld-
ing gun is used for the designs, but it is mounted on a specia “C” frame similar
to that for a portable spot welding gun. The entire assembly can move as electrode
force is applied to the weld location.

S(ﬁ) When spot welding aluminum, conventional spot welding machines used to
weld sheet metal may be used. However, the best results are obtained only if cer-
tain refinements are incorporated into these machines. These features inClude the

following:

(@ Ability to handle high current for short welding times.

(b) Precise electronic control of current and length of time it is applied.

_ (c) Rapid follow up of the electrode force by employing anti-friction bear-
ings and lightweight, low-inertia heads.

(d) High structural rigidity of the welding machine arms, holders, and
platens In order to minimize deflection under the high electrode forces used for
aluminum, and to reduce magnetic deflections, a variable or dual force cycle to

permit forging the weld nugget.
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_ (e) Slope control to permit a gradual buildup and tapering off of the weld-
ing current.

(f) Postheat current to allow slower cooling of the weld.

_ (g) Good cooling of the Class | electrodes to prevent tip pickup or stick-
ing. Refrigerated cooling is often helpful.

e. Projection Welding. The projection welding dies or electrodes have flat
surfaces with larger contacting areas than spot welding electrodes. The effective-
ness of this type of welding depends on the uniformity of the projections or emboss
ments on the base metal with which the electrodes are in contact (fig. 5-40). The
Eress type resistance welding machine is normally used for projection welding.

lat nose or special electrodes are used.

/

ELECTRODES
WELDS
g\\\\\\\\\\\ . %’&\\Q &\\\\\\\M\\\\\\\\\L\\\\\
/SIS, VA1 VA PN | 79777, ////W)////I///I\/>// PSS
J FINISHED PROJECTION WELD
PROJECTIONS
‘d\f\-/\—/—

SETUP FOR PROJECTION WELD
Figure 5-40. Projection welding.

f. Seam Welding. A seam welding machine is similar in principle to a spot
welding machine, except that wheel-shaped electrodes are used rather than the elec-
trode tips used in spot welding. Several types of machines are used for seam weld-
ing, the type used depending on the sevicé requirements. |n some machines, the
work is held in a fixed position and a wheel type electrode is passed over it.
Portable seam welding machines use this principle. In the traveling fixture type
seam Weldingi]_machine, the electrode, is stationary and the work is moved. Seam
welding machine controls must provide an on-ff° sequencing of weld current and a
control of wheel rotation. The components of a standard seam welding machine in-
clude a main frame that houses the welding transformer and tap switch; a welding
head consisting of an air cylinder, a ram, and an upper electrode mounting and
drive mechanism; the lower electrode mounting and drive mechanism, if used; the
;s.ecgndary circuit connections; electronic controls and contactor; and wheel elec-
rodes.

. Upset and Flash Welding. Flash and upset welding machines are similar in
condtruct 1on. The major difference is the motion of the movable platen during
welding and the mechanisms used to impart the motion. Flash weld-fig is generaly
preferred for joining components of equal cross section end-to-end. Upset welding
Is normaly used to weld wire, rod, or bar of small cross section and to join the
seam contlnuousIK in pipe or tubing. Flash welding machines are generally of much
larger capacity than upset welding machines. However, both of these processes can
be pelrfotrmgd on the same type of machine. The metals that are to be joined serve
as electrodes.
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5-26. RESISTANCE WELDING (Cont)

(1) A standard flash welding machine consists. of a man frame, stationary
platen, movable platen, clamping mechanisms and fixtures, a transformer, a tap

switch, electrical controls, and a flashing and upsetting mechanism. Electrodes
that hold the parts and conduct the welding current to them are mounted on the
platens.

(2) Upset welding machines consist of a main frame that houses a transform
and tap switch, electrodes to hold the parts and conduct the welding current, and
means to upset the joint. A primary contactor is used to control the welding cur-

rent.

h. Percusson Welding. This process uses heat from an arc produced by a rapid
discharge of electrical energy to join metals. Pressure is applied progressively
during or immediately following the electrical discharge. The process Is similar
to flash and upset welding. Two types of welding machines are used in percussion
welding: magnetic and capacitor discharge. A unit generally consists of a modi-
fied press-type resistance welding machine with specially designed transform,
controls, and tooling.

i . High Frequency Welding. This process joins metals with the heat generated
from the resistance of the work pieces to a high frequency alternating current in
the 10,000 to 500,000 hertz range, and the rapid application of an upsetting force
after heating is completed. The process is entirely automatic and utilizes equip-
ment designed specifically for this process.

Section V. THERMIT WELDING EQUIPMENT
5-27.  THERMIT WELDING (TW)

a  General.. Thermit material is a mechanical mixture of metallic aluminum and
processed iron oxide. Molten steel is produced by the thermit reaction in a
magnesite-lined crucible. At the bottom of the crucible, a magnesite stone is
burned, into which a magnesite stone thimble is fitted. This thimble provides a
passage through which the molten steel is discharged into the mold. The hole
through the thimble is plugged with a tapping pin, which is covered with a fire-
resistant washer and refractory sand. The crucible is charged by placing the cor-
rect quantity of thoroughly mixed thermit material in it. ec!ln reparin tne joint
for thermit welding, the parts to be welded must be cleaned, aﬁ)in : argd elcl firm-
ly in place. If necessary, metal is removed from the joint to permit a free flow
of the thermit metal into the joint. A wax pattern is then made around the joint
in the size and shape of the intended weld. A mold made of refractory sand is
built around the wax pattern and joint to hold the molten metal after it is
poured. The sand mold is then heated to melt out the wax and dry the mold. The
mold should be properly vented to permit the escape of gases and to alow the prop-

er distribution of the thermit metal at the joint. A thermit welding crucible and
mold is shown in |figure 5-41. J
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Figure 5-41. Thermit welding crucible and mold.
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Section VI. FORGE WELDING TOOLSAND EQUIPMENT

5-28. FORGES

Forge welding is a form of hot pressure welding which joins metals by heating them
in an air forge or other furnace, and then applying pressure. The forge, which may
be either portable or stationary, is the most important component of forge welding
equipment. The two types used in hand forge welding are described below.
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5-28. FORGES (cont)

a Portable Forge. The essential parts of a forge are a hearth, a tuyere, a
water tank, and a blower. One type of portable forge.is shown in figure 5-42. The
tuyere is a valve mechanism designed to direct an™ air blast into the fire. It is
made of cast iron and consists of a fire pot, base with air inlet, blast valve, and
ash gate. The air blast passes through the base and is admitted to the fire
through the valve. The valve can be set in three different positions to regulate
the size and direction of the blast according to the fire required. The valve
handle is aso used to free the valve from ashes. A portable forge may have a
handcrank blower, as shown in figure 5-42, or it may be equipped with an electric
blower. The blower produces air blast pressure of about 2 oz per sg in. A hood is
provided on the forge for carrying away smoke and fumes.

TUYERE WATER TANK

HEARTH
;:;5'
———

/)
&

Figure 5-42. Portable forge.

b. Stationary Forge. The stationary forge is similar to the portable forge
except that it is usually larger with larger "air and exhaust connections. The

forge may have an individua blower or there may be a large capacity blower for a
group of forges. The air blast valve usualy has three slots at the top, the posi-
tions of which can be controlled by turning the valve. The opening of these slots
can be varied to regulate the volume of the blast and the size of the fire. The
stationary forges, like portable forges, are available in both updraft and

downdraft types. In the updraft type, the smoke and gases pass up through the hood
and chimney by natural draft or are drawn off by an exhaust fan. In the downdraft

the, the smoke and fumes are drawn down under an adjustable hood and carried
through a duct by an exhaust fan that is entirely separate from the blower. The
downdraft forge permits better air circulation and shop ventilation, because the
removal of furies and smoke is positive.
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5-29. FORGINGTOOLS
a. Anvil.

eél) The anvil (fig. 5-43) is usually made of two forgings or steel castings
welded together at the waist. The table or cutting block Is soft so that cutters
and chisels caning in contact with it will not be dulled. The face is made of

hardened, tempered tool steel which is welded to the top of the anvil. It cannot

be easily damaged by hammering.

HARDY HOLE
ROUND EDGE

FACE
PRITCHEL HOLE
TABLE DROP ,

<= e

LENGTH OF HORN ——’I

WAIST

£ o)

Figure 5-43. Blacksmith's anvil.

2) The edges of an anvil are rounded for about 4.00 in. (102 mm) back from
the table to provide edges where stock can be bent without danger of "cutting it.
All other edges are sharp and will cut stock when it is hammered against them. The
hardy hole is square and is designed to hold the hardy, bottom, swages, fullers,
and other special tools. The pritchel hole is round and permits slugs of meta to
pass througfh when holes are punched in the stock. The anvil is usually mounted on
a heavy block of wood, athough steel pedestals or bolsters are sometimes used.
The height of the anvil should be adjusted so that the operator’'s knuckles will
just touch its face when he stands erect with his arms hanging naturally.

o (3% Anvils are designated by weight (i.e.,, No. 150 weighs 150 Ib), and range
in size from No. 100 to No. 300.

b. Other Tools. In addition to the anvil, other tools such as hammers, slgcelg-
es, tongs, fullers, flatters, chisels, swage blocks, punches, and a vise are u
in forging operations.
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CHAPTER 6

WELDING TECHNIQUES

Section |.

DESCRIPTION

TC 9-237

The purpose of this chapter is to outline the various techniques used in welding
ng processes may be broken down into many categories. Various
methods and materidls may be used to accomplish good welding practices. Common
methods of welding used In modern metal fabrication and repair are shown in figure

processes.
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Figure 6-1.

Chart of welding processes.
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6-2. ARCWELDING

The term arc welding applies to a large and varied group of processes that use an
electric arc as the source of heat to melt and join metals. In arc welding process-
es, the joining of metals, or weld, is produced by the extreme heat of an electric
arc drawn between an electrode and the workpiece, or between two electrodes. The
formation of a joint between metals being arc welded may or may not require the use
of pressure or filler metal. The arc is struck between the workpiece and an elec-
trode that is mechanically or manually moved along the joint, or that remains sta-
tionary while the workpiece is roved underneath it. The electrode will be ether a
consumable wire rod or a nonconsumable carbon or tungsten rod which carries the
current and sustains the electric arc between its tip and the workpiece. Whena
nonconsumable electrode is used, a separate rod or wire can supply filler material,
if needed. A consumable electrode is specially prepared so that it not only con-
ducts the current and sustains the arc, but also melts and supplies filler metal to
the joint, and may produce a slag covering as well.

a. Metal Electrodes. In bare metal-arc welding, the arc is drawn between a
bare or lightly coated consumable electrode and the workpiece. Filler metal is
obtained from the electrode, and neither shielding nor pressure is used. This type
of welding electrode is rarely used, however, because of its low strength, brittle-
ness, and difficulty in controlling the arc.

(1) Stud welding. The stud welding process produces a |Joining of metals by
heating them with an arc drawn between a metal stud, or similar part, and the
workpiece. The molten surfaces to be joined, when properly heated, are forced
toqet er under pressure. No shielding gas is used. The most common materials
welded with the arc stud weld process are low carbon steel, stainless steel, and
auminum. Figure 6-2 shows a typica equipment setup for arc stud welding.

POWER SOURCE TERMINAL CONNECTIONS

CONTROL CABLE TO GUN

Figure 6-2. Equipment setup for arc stud welding.

(2) Gas shielded stud welding. This process, a variation of stud Weldin?, is
basically the same as that used for stud welding, except that an inert gas or flux,
such as argon or helium, is used for shielding. Shielding gases and fluxes are
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used when welding nonferrous metals such as aluminum and magnesium. Figure 6-3
shows a typical setup for gas shielded arc stud welding.

POWER SOURCE TERMINAL CONNECTIONS

CONTROL CABLE TO GUN
Figure 6-3. Equipment setup for gas shielded arc stud welding.

(3) Submerged arc welding. This process joins metals by heat'hneq them with, :i\n

arc maintained between a bare metal electrode and the workpiece. The arc Is shie
ed by a blanket of granular fusible material and the workpiece. Pressure is not
used and filler metal is obtained from the electrode or from a supplementary weld-
ing rod. Submerged arc welding is distinguished from other arc welding processes
by the granular material that covers the welding area. This granular material is
called a flux, although it performs several other important functions. It Is re-
sponsible for the high deposition rates and weld quality that characterize the
submerged arc welding process in joining and surfacing applications. Basjcally, in
submerged arc welding, the end of a continuous bare wire electrode is inserted into
a mound of flux that covers the area or joint to be welded. An arc is initiated,
causing the base metal, electrode, and flux in the immediate vicinity to melt. The
electrode is advanced in the direction of welding and mechanically fed into the
arc, while flux is steadily added. The melted base meta and filler metal flow
together to form a molten pool in the joint. At the same time, the melted flux
floats to the surface to form a protective slag cover. Figure 6-4 shows the sub-

merged arc welding process.

TO AUTOMATIC WIRE FEED
WELDING EILECTRODE

FUSED FLUX

FLUX

FLUX RETAINING PLATES

V-GROOVE
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6-2. ARCWELDING (cont)

(4) Gas tungsten-arc welding (TIG welding or GTAW). The arc is drawn between
a nonconsumable tungsten eletrode and the workpiece. Shielding is obtained from
an inert gas or gas mixture. Pressure and/or filler meta may or may not be used.
The arc fuses the metal being welded as well as filler metal, if used. The shield
gas protects the electrode and weld pool and provides the required arc characteris-
tics. A variety of tungsten electrodes are used with the process. The electrode
iIs normaly ground to a point or truncated cone configuration to minimize arc wan-

dering.  The operation of typical %as shielded arc welding machines may be found ip
TM 5-3431-211-15 and TM~ 5-3431-313-15. Figure 6-5 sfiows the relative position o

the torch, arc, tungsten electrode, gas shield, and the welding rod (wire) as it is
being fed into the arc and weld pool.

CURRENT
« CONDUCTOR
DIRECTION OF TRAVEL

NONCONSUMABLE
TUNGSTEN ELECTRODE

e BBEEOTIICEEAR

COPPER BACKING BAR

Figure 6-5. Gas tungsten arc welding.

(5) Gas meta-arc Welding (MIG welding or GMAW). In this process, coaes
cence iS produced by heating metals with an arc between a continuous filler metal
(consumable) electrode and the workpiece. The arc, electrode tip and molten weld
metal are shielded from the atmosphere by a gas. Shielding is obtained entirely
from an externally supplied inert gas, gas mixture, or a mixtureof a gas and a
flux. The electrode wire for MIG welding is continuously fed into the arc and
deposited as weld metal. Electrodes used for MIG welding are quite small in diame-
ter comgared to those used in other types of welding. Wire diameters 0.05 to 0.06
in. (0.13 to 0.15 cm) are average. Because of the small sizes of the electrode and
high currents used in MIG welding, the melting rates of the electrodes are very
high. Electrodes must always be provided as long, continuous strands of tempered
wire that can be fed continuously through the welding equipment. Since the small
electrodes have a high surface-to-volume ratio, they should be clean and |

faminants which may cause weld defects such as porosity and cracking. | Figur
ﬁ shows the gas metal arc welding process. All commercialy important metals
such as carbon steel, stainless steel, aluminum, and copper can be welded with this
process in all positions by choosing the appropriate shielding gas, electrode, and

welding conditions.
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SOLID
SHIELDING ELECTRODE
GAS IN WIRE CURRENT

Figure 6-6. Gas metal arc welding.

(6) Shielded metal-arc welding. The arc is drawn between a covered consum-
able metal electrode and workpiece. The electrode covering is a source of arc
stabilizers, gases to exclude air, metals to alloy the weld, and slags to support
and protect the weld. Shielding is obtained from the decomposition of the elec-
trode covering. Pressure is not used and filler metal is obtained from the elec-
trode. Shielded metal arc welding electrodes are available to weld carbon and low
alloy steels; stainless steels; cast iron; aluminum, copper, and nickel, and their
alloys. Figure 6-7 describes the shielded metal arc welding process.

ELECTRODE COVERING
CORE WIRE

SHIEIDING ATMOSPHERE

MOLTEN WELD POOL METAL AND SLAG DROPLETS
SOLIDIFIED SLAG

PENETRATION DEPTH

Figure 6-7. Shielded metal arc welding.

(7) Atomic hydrogen welding. The arc is maintained between two metal elec-
trodes in an atmosphere of hydrogen. Shielding is obtained from the hydrogen.
Pressure and/or filler metal may or may not be used. Although the process has
limited industrial use today, atomic hydrogen welding is u to weld hard-to-weld
metals, such as chrome, nickel, molybdenum steels, Inconel, Monel, and stainless
steel. Its main application is tool and die repair welding and for the manufacture
of steel alloy chain.
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6-2. ARC WELDING (cont)

(8) Arc spot welding. An arc spot weld is a spot weld made by an arc welding
process. A weld Is made in one spot by drawing the arc between the electrode and
workpiece. The weld is made without preparing a hole in either member. Filler
metal, shielding gas, or flux may or may not be used. Gas tungsten arc welding and
gas meta arc welding are the processes most commonly used to make arc spot welds.
However, flux-cored arc welding and shielded metal arc welding using covered elec-
trodes can be used for making arc spot welds.

(9) Arc seam welding. A continuous weld is made along faying surfaces by
drawing the arc between an electrode and workpiece. Filler metal, shielding gas,
or flux may or may not be used.

b. Carbon Electrode.

(1) Carbon-arc welding. In this process, the arc is drawn between an elec-
trode and the workpiece. No shielding is USA. Pressure and/or filler metal may
or may not he used. Two types of electrodes are used for carbon arc welding: pure
graphite and baked carbon. The pure graphite electrode does not erode away as
quickly as the carbon electrode, but ismore expensive and more fragile.

(2) Twin carbon-arc welding. In this variation on carbon-arc welding, the
arc is drawn between two carbon electrodes. When the two carbon electrodes are
brought together, the arc is struck and established between them. The angle of the
electrodes provides an arc that forms in front of the apex angle and fans out as a
soft source of concentrated heat or arc flame, softer than a single carbon arc.
Shielding and pressure are not used. Filler metal may or may not be used. The
twin carbon-arc welding process can also be used for brazing.

(3) Gas-carbon arc welding. This process is also a variation of carbon arc
welding, excegt shielding by inert gas or gas mixture is used. The arc is drawn
between a carbon electrode and the workpiece. Shielding is obtained from an inert
gas or gas mixture. Pressure and/or filler metal may or may not be used.

(4) Shielded carbon-arc_welding. In this carbon-arc variation, the arc is
drawn between a carbon electrode and the workpiece. Shielding is obtained from the
combustion of a solid material fed into the arc, or from a blanket of flux on the
arc, or both. Pressure and/or filler metal may or may not be used.

6-3. GAS WELDING

Gas welding processes are a group of welding processes in which a weld is made by
heating with a gas flame or flares. Pressure and/or filler metal may or may not be
used. Also referred to as oxyfuel gas welding, the term gas welding is used to
describe any welding process that uses a fuel gas combined with oxygen, or in rare
cases, with air, to produce a flame having sufficient energy to melt the base met-
al. The fuel gas and oxygen are mixed in the proper proportions in a chamber,
which is generally a part of the welding tip assembly. The torch is designed to
ive the welder complete control of the welding flare, allowing the welder to regu-
ate the melting of the base metal and the filler metal. The molten metal from the
plate edges and the filler metal intermix in a common molten pool and join upon
cooling to form one continuous piece. Manua welding methods are generally used.
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Acetylene was originally used as the fuel gas in oxyfuel gas welding, but other
gases, such as MAPP gas, have also been used. The flames must provide high local-
Ized energy to produce and sustain a molten pool. The flames can also supply a
protective reducing atmosphere over the molten metal pool which is maintained dur-
Ing welding. Hydrocarbon fuel gases such as propane, butane, and natural gas are
not suitable for welding ferrous materials because the heat output of the primary
flame is too low for concentrated heat transfer, or the flame atmosphere is too
oxidizing. Gas welding processes are outlined below.

a. Pressure Gas Welding. In this_Proc&es, a weld is made simultaneouslg over
the entire area of abutfing surfaces with gas flames obtained from the combustion
of a fuel gas with oxygen and the application of pressure. No filler metal is
used. Acetylene is normally used as a fuel gas in pressure gas welding. Pressure
?as welding has limited uses because of its low flame temperature, but is extensive-
y used for welding lead.

b. Oxy-Hydrogen Welding. In this process, heat is obtained from the combustion
of hydrogen with oxygen. No pressure is used, and filler metal may or may not be
used. Hydrogen has a maximum flame temperature of 4820 °F (2660 °C), but has limit-
d use in oxyfuel gas welding because of its colorless flare, which makes adjust-
ment of the hydrogen-oxygen ratio difficult. This process is used primarily for
welding low melting point metals such as lead, light gage sections, and small parts.

~ C. Air-Acetylene Welding. In this process, heat is obtained from the combus-
tion of acetylene with air. No pressure is used, and filler metal may or may not
be used. This process is used extensively for soldering and brazing of copper pipe.

- d. Oxy-Acetylene Welding. In this process, heat is obtained from the combus-
tion of “acefylene with oxygen. Pressure and/or filler meta may or may not be
used. This process produces the hottest flame and is currently the most widely
used fuel for gas welding.

~e. GasWeldingwith MAPP Gas. Standard acetylene gages, torches, and welding
tips usualy work wel with MAPP gas. A neutral MAPP (_?as flame has a primary cone
about 1 1/2 to 2 times as long as the primary acetylene flare. A MAPP gas
carburizing flare will look similar toa carburizing acetylene flare, and the MAPP
gas oxidizing flame will look like the short, intense blue flare of the neutral
acetylene flame. The neutral MAPP gas flame is a very deep blue.

6-4. BRAZING

Brazing is a group of welding processes in which materials are joined by heating to
a suitable temperature and by using a filler metal with a melting point above

840 °F (449 °C), but helm that of the base metal. The filler metal is distributed
to the closely fitted surfaces of the joint by capillary action. The various braz-
ing processes are described below.
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6-4. BRAZING (cont)

a. Torch Brazing (TB). Torch brazing is performed by heating the parts to be
brazed with an oxyfuel gas torch or torches. Depending upon the temperature and
the amount of heat required, the fuel gas may be burned with air, compressed air,
or oxygen. Brazing filler metal may be preplaced at the joint or fed from hand-
held filler metal. Cleaning and fluxing are necessary. ~Automated TB machines use
preplaced fluxes and preplaced filler metal in paste, wire, or shim form. For
manual torch brazing, the torch may be equipped with a single tip, either single or
multiple flame.

b. Twin Carbon-Arc Brazing. In this process, an arc is maintained between two
carbon electrodes to produce the heat necessary for welding.

C. FEurnace Brazm%. In this process, a furnace produces the heat necessary for
welding. In furnace brazing, the flame does not contact the workpiece. Furnace
brazing is used extensively where the parts to be brazed can be assembled with the
filler metal preplaced near or in the joint. Figure 6-8 illustrates a furnace

brazing operation.

FILLER METAL FILLER METAL MELTS AND FLOWS BRAZED JOINT
FLUX
/ FURNACE
1 — 1 — —
OONVEYER

Figure 6-8. Furnace brazing operation.

~d. Induction Brazing. In this process, the workpiece acts as a short circuit
in the flow of an induced high frequency electrical current. The heat is obtained
from the resistance of the workpiece to the current. Once heated in this manner,
brazing can begin. Three common sources of high frequency electric current used
for induction brazing are the motor-generator, resonant spark gap, and vacuum tube
oscillator. For induction brazing, the parts are placed in or near a water-cooled
coil carrying alternating current. Careful design of the joint and the coil are
required to assure the surfaces of all members of the joint reach the brazing tem-
perature at the same time. Typical coil designs are shown in|figure 6-9.
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Figure 6-9. Typical induction brazing coils and joints.

e. Dip Brazing. There are two methods of dip brazing: chemcial bath and mol-
In chemical bath dip brazing, the brazing filler metal is

ten metal bath. _
preplaced and the assembly is immersed in a bath of molten salt, as shown in figure
6-10. The salt bath furnishes the heat necessary for brazing and usually provides

the necessary protection from oxidation. The salt bath is contained in a metal or
other suitable pot and heated. |n molten meta bath dip brazing, the agarts are
immersed in a bath of molten brazing filler metal contained in a suitable pot. A
cover of flux should be maintained over the molten bath to protect it from oxida-
arts such as wires or narrow

tion. DiP brazing is mainly used for joining small _
strips of metal. The ends of wires or parts must be held firmly together when

removed from the bath until the brazing filler metal solidifies.

BRAZED JOINT
™~

i
]
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Figure 6-10. Chemical bath dip brazing.

f. Resistance Brazing. The heat necessary for resistance brazing is obtained
from the resistance to the flow of an electric current through the electrodes and

the joint to be brazed. The parts of the joint are a part of the electrical cur-
rent. Brazing is done by the use of a low-voltage, high-current transformer. The
conductors or electrodes for this process are made of carbon, molybdenum, tungsten,
or steel. The parts to be brazed are held between two electrodes and the proper
ressure and current are applied. Pressure should be maintained until the joint

ﬁas solidified.

|
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6-4. BRAZING (cont)

~ Block Brazing. In this process, heat is obtained from heated blocks applied
to (l]ne to be joined.

h. Flow Brazing. In flow brazing, heat is obtained from molten, nonferrous
filler metal poured over the joint until the brazing temperature is obtained.

i . Infrared Brazing (IRB). Infared brazing uses a high intensity quartz lamp
as a heat source. The process is suited to the brazing of very thin materials and
is normally not used on sheets thicker than 0.50 in. (1.27 cm). Assembies to be
brazed are supported in a position which enables radiant energy to be focused on
the joint. The assembly and the lamps can be placed in an evacuated or controlled
atmosphere. Figure 6-11 illustratesthe equipment used for infrared brazing.

A

OOOLING PLATENS
Figure 6-11. Infrared brazing apparatus.

~ Diffusion Brazing (DFB). Unlike all of the previous brazing processes,
diffusion brazing is not defined bP/_its heat source, but by the mechanism in-
volved. A joint is formed by holding the brazement at a suitable temperature for a
sufficient time to allow mutual diffusion of the base and filler metals. The joint
roduced has a comPosition considerably different than either the filler metal or
ase metal, and no ftiller metal should be discernible in the finished micro-
structure. The DFB process produces stronger joints than the normal brazed joint.
Also, the DFB joint remelts at temperatures approaching that of the base metal.
The typical thickness of the base metals that are diffusion brazed range from very
thin foil up to 1 to 2 in. (25 to 5.1 cm). Much heavier parts can also be
brazed since thickness has very little bearing on the process. Many parts that are
difficult to braze by other processes can be diffusion brazed. Both butt and lap
joints having superior mechanical properties can be produced, and_the Joarts are
usually fixtured mechanically or tack welded together. Although DFB requires a
relatively long period of time (30 minutes to as long as 24 hours) to complete, it
can produce many parts at the same time at a reasonable cost. Furnances are most
frequently used ¥or this method of processing.
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k. Special Processes.

(1) Blanket brazing is another process used for brazing. A blanket is resis-
tance heated, and most of the heat is transferred to the parts by conduction and
radiation. Radiation is responsible for the majority of the heat transfer.

12) Exothemic brazing is another special process, by which the heat required
to melt"and flow a commercial filler metal is generated by a solid state exothermic
chemical reaction. An exothermic chemical reaction is any reaction between two or
more reactants in which heat is given off due to the free energy of the system.
Exothermic brazing uses simple tooling and equipment. The process uses the reac-
tion heat in b_ringin_? adjoining or nearby metal interfaces to a temperature where
preplaced brazing filler metal will melt and wet the metal interface surfaces. The
brazing filler metal can be a commercially available one having suitable melting
and flow temperatures. The only limitations may be the thickness of the metal that
must be heated through and the effects of this heat, or any previous heat treat-
ment, on the metal properties.

6-5. RESISTANCE WELDING

Resistance welding consists of a group of processes in which the heat for welding
Is generated by the resistance to the electrical current flow through the parts
bein? joined, using pressure. It is commonly used to weld two overlapping sheets
or plates which may have different thicknesses. A pair of electrodes conducts
electrical current through the sheets, forming a weld. The various resistance
processes are outlined below.

a. Resistance Spot Welding. In resistance spot welding, the size and shape of
the individually formed welds are limited primarily by the size and contour of the
electrodes. The welding current is concentrated at the point of joining using
cylindrical electrodes with spherical tips. The electrodes apply pressure.

b. Resistance Seam Welding. This weld is a series of overlapping spot welds
made progressively along a joint by rotating the circular electrodes. Such welds
are leaktight. A variation of this process Is the roll spot weld, in which the
spot spacing is increased so that the spots do not-overlap and the weld is not
leaktight. In both processes, the electrodes apply pressure.

c. Projection Welding. These welds are localized at points predetermined by
the design of the parts to be welded. The localization is usually accomplished by
projections, embossments, or intersections. The electrodes apply pressure.

d. Flash Welding. In this process, heat is created at the joint by its resis-
tance to the flow of the electric current, and the metal is heated above its melt-
ing point. Heat is also created by arcs at the interface. A force applied immedi-
ately following heating produces an expulsion of metal and the formation of a
flash. The weld is made simultaneously over the entire area of abutting surfaces
by the application of pressure after the heating is substantially completed.
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6-5. RESISTANCE WELDING (cont)

e. Upset Welding. In this process, the weld is made either simultaneously over
the entire area of two abutting surfaces, or progressively along a joint. Heat for
welding is obtained from the resistance to the flow of electric current through the

metal at the joint. Force is applied to upset the joint and start a weld when the

metal reaches welding temperature. In some cases, force is applied before heating
starts to bring the faying surfaces in contact. Pressure is maintained throughout

the heating period.

f. Percussion Welding. This weld is made simultaneously over the entire area
of abutting surfaces by the heat obtained from an arc. The arc is produced by a
rapid discharge of electrical energy. It is extinguished by pressure applied per-
cussively during the discharge.

. High-Freguency Welding. High frequency welding includes those processes in
Whl%h the joining of metals Is produced by the heat generated from the electrical
resistance of the workpiece to the flow of high-frequency current, with or without
the application of an upsetting force. The two processes that utilize high-frequen-
cy current to produce the heat for welding are high-frequency resistance welding
and hlgh-frequenc?;_ induction welding, sometimes called induction resistance weld-
ing. Almost all high-frequency welding techniques apply sane force to bring the
heated metals into close contact. During the application or force, an upset or
bulging of metal occurs in the weld area

6-6. THERMIT WELDING

a. Thermit welding (TW) is a process which joins metals by heating them with
superheated liquid metal from a chemical reaction between a metal oxide and alumi-
num or other reducing agent, with or without the application of pressure. Filler
metal is obtained from the liquid metal.

b. The heat for welding is obtained from an exothermic reaction or chemical
change between iron oxide and aluminum. This reaction is shown by the following

formula:

8A1 + 3Fe304 = 9Fe + 4A1203 + Heat

The temperature resulting from this reaction is approximately 4500 °F (2482 °C).

c. The superheated steel is contained in a crucible located immediately above
the weld joint. The exothermic reaction is relatively slow and requires 20 to 30
seconds, regardless of the amount of chemicals involved. The parts to be welded
are dined with a gap between them. The superheated steel runs into a mold which
IS built around the parts to be welded. Since it is almost twice as hot as the
melting temperature of the base metal, meltin? occurs at the edges of the joint and
alloys with the molten steel from the crucible. Normal heat losses cause the mass
of molten metal to solidify, coalescence occurs, and the weld is completed. If the
Barts to be welded are large, preheating withtin the mold cavity may be necessary to
ring the pats to welding temperature and to dry out the mold. If the parts are
small, preheating is often eliminated. The thermit welding process is applied only
in the automatic mode. Once the reaction is started, it continues until completion.
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d. Themit welding utilizes gravity, which causes the molten metal to fill the
cavity between the parts being welded. It is very similar to the foundry practice
of pouring a casting. The difference is the extremely high temperature of the
molten metal. The making of a thermit weld is shown in figure 6-12. When the
filler metal has cooled, all unwanted excess metal may be removed by oxygen cut-
ting, machining, or grinding. The surface of the completed weld is usually suffi-

ciently smooth and contour ) that it does not require additional metal finish-
Information on |thermit welding| equipment may be found on p 5-50.
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Figure 6-12. Steps in making a thermit weld.

e. The amount of thermit is calculated to provide sufficient metal to produce
the weld. The amount of steel produced by thereaction is aﬁprommately one-half
the original quantity of thermit material by weight and one-third by volume.

f. The deposited weld metal is homgenous and quality is relatively high.
Distortion is minimized since the weld is accomplished in one pass and since cool-
ing is uniform across the entire weld cross section. There is normally shrinkage
across the joint, but little or no angular distortion.

~ Welds can be made with the parts to be joined in amost any position as long
as %he cavity has vertical sides. If the cross-sectional area or thicknesses of
the parts to be joined are quite large, the primary problem is to provide suffi-
cient thermit metal to fill the cavity.

h. Thermit welds can also be used for welding nonferrous materials. The most
popular uses of nonferrous thermit welding are the joining of copper and auminum
conductors for the electrical industry. In these cases, the exothermic reaction is
a reduction of copper oxide by auminum, which produces molten superheated copper.
The high-temperature molten copper flows into the mold, melts the ends of the parts
to be welded, and, as the metal cools, a solid homgenous weld results. In welding
copper and aluminum cables, the molds are made of graphite and can be used over an
over. When welding nonferrous materials, the parts to be joined must be extremely
clean. A flux is normally applied toc the joint prior to welding. Special kits are
available that provide the molds for different sizes of cable and the premixed
thermit material. This material also includes enoufgh of the i?niting material so
that the exothermic reaction is started by means of a special lighter.
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Section 1. NOMENCLATURE OF THE WELD

6-7. GENERAL
Common terms used to describe the various facets of the weld are explained in

graphs 6-8| and [6-9]and are illustrated in figure 6-13.
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Figure 6-13. Namenclature of welds.
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6-8. SECTIONS OF A WELD

a. Fusion Zone (Filler Penetration). The fusion zone is the area of base metal
melted as determined in the cross section of a weld.

b. Leg of a Fillete Weld. The | of a fillet weld is the distance from the
rOe(I)(tJI of the joint to the toe of the fillet weld. There are two legs in a fillet
weld.

c. Root of the Weld. This is the point at which the bottom of the weld inter-
sects the base metal surface, as shown in the cross section of g wed.

d. Size of the Weld.

(1) Equal leg-length fillet welds. The size of the weld is designated by the
leg-length of the largest isosceles right triangle that can be inscribed within the
fillet weld cross section.

(2) Unequal leg-length fillet welds. The size of the weld is designated by

the leg-length of the largest right triangle that can be inscribed within the fil-
let weld cross section.

(3) Groove weld. The size of the weld is the depth of chamfering plus the
root penetration when specified.

e. Throat of a Fillet Weld.

(1) Theoretical throat. This is the perpendicular distance between the root

of theweld and the r(?/potenuse of the largest right triangle that can be inscribed
within tie fillet weld cross section.

(2) Actual throat. This is the distance from the root of a fillet weld to
the center of its face.

f. Face of the Weld. This is the exposed surface of the weld, made by an arc
or gas welding process, on the side from which the welding was done.

0. Toe of the Weld. This is the junction between the face of the weld and the
base metal.

h. Reinforcement of the Weld. This is the weld metal on the face of a groove
weld in excess of the metal necessary for the specified weld size.
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6-9. MULTIPASSWELDS
a. The nomenclature of the weld, the zones affected by the welding heat when a

butt weld is made by more than one pass or layer, and the pomenclature applying to
the grooves used in butt welding are shown in figure 6-14.|Figure 6—15|is based on

weld type and position.

BEVEL ANGLE GROOVE FACE
I GROOVE ‘
i |
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\\ ’ x
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1ST LAYER

PENETRATION OR FUSION BACK BEAD

LINE HERE IF ROOT FACE CALLED SEAL BEAD
IS NOT FUSED AT ROOT' IF PUT ON SEPARATELY PENETRATION ZONE

Figure 6-14. Heat affected zones in a multipass weld.

b. The primary heat zone is the area fused or affected by heat in the first
pass or application of weld metal. The secondary heat zone is the area affected in
the second pass and overlaps the primary heat zone. The portion of base metal that
hardens or changes its properties as a result of the welding heat in the primary
zone is partly annealed or softened by the welding heat in the secondary zone. The
weld metal in the first layer is also refined in structure by the welding heat of
the second layer. The two_heating conditions are important in determining the
order or sequence in depositing weld metal in a particular joint design.
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WELDING POSITION
FILLET HORIZONTAL VERTICAL UP OVERHEAD
SIZE FLAT 1F IF 3F (V) aF
173/
1/4
11
1/3
1/2
1N2
{
3
oy /1> 4 7
3/4 <7 ‘é,’ 29
1 é
]
WELDING SUGGESTED ELECTRODE DIAMETER FOR
POSITION | ELECTRODE Type | MATERIAL THICKNESS (IN.)
1/4 1/2 3/4
1F, 2F E7024 1/4 1/4 1/4
3F (U) E7018 5/32 5/32 5/32
4F E6010 3/16 3/16 3/16
E7018 5/32 5/32 5/32
MATERIAL WELDING
THICKNESS (IN. ) POSITION
WELZ ING SUGGESTED ELFCTRODE DIAMETER FOR
POSITION | ELECTRODE TYPE | MATERIAL THICKNESS (IN.)
1/8 ALL POSITIONS 1/8 3/16 1/4
1G 6010 3/32 1/8 5/32
3/16 z_——(\ 2G, 3G(U) | E6010, E6012
j 3 3G(D), 4G{ E6014, E6013 3/32 1/8 5/32
1/4 L i} /
N’
Figure 6-15. Welding procedure schedule--various welds (sheet 1 of 3).
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MULTIPASS WELDS (cont)

TC 9-237
6-9.

Welding procedure schedule--various welds (sheet 2 of 3).

Figure 6-15.
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ya
36 357

OVERHEAD
4G
Fa
1
A\
AN
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]
pt

NN

V] ™M~
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1

/4
5/3
3/16
5/32

VERTICAL UP VERTICAL DOWN

3G (U)

FELECTRODE DIAMETER FOR
MATERIAL THICKNESS (IN.)

WELDING POSITIONS

HORI ZONTAL,

E7018
E7018
E6010
E7018

SUGGESTED
ELECTRODE TYPE

POSITION

WELDING

3G (D), 4G

1G
2G
3G ()

Iy o
& o
i

34a

Eds

1 s
—_ x [+

§ a o

Egg - “ES o
£E- | 35

Figure 6-15. Welding procedure schedule--various welds (sheet 3 of 3).
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Section I11.  TYPESOF WELDSAND WELDED JOINTS

6-10. GENERAL

a. Welding is a materials joining process used in making welds. A weld isa
localized coalescence of metals or nonmetals produced either by heating the materi-
als to a suitable temperate with or without the application of pressure, or by
the application of pressure alone, with or without the use of filler metal. Coales-
cence is a growing together or a growing into one body, and is used in al of the
welding process definitions. A weldment is an assembly of component parts joined
by welding, which can be made of many or few metal parts. A weldment may contain
metals of different compositions, and the pieces may be in the form of rolled
shapes, sheet, plate, piBe, forgings, or castings. To produce a usable structure
or weldnent, there must be weld joints between the various pieces that make the
weldment. The joint is the junction of members or the edges of members which are
to be joined or have been joined. Filler metal is the material to be added in
making a welded, brazed, or soldered joint. Base metal is the material to be weld-

ed, soldered, or cut.

b. The properties of a welded joint depend partly on the correct preparation of
the edges being welded. All mill scale, rust, oxides, and other impurities must be
removed from the joint edges or surfaces to prevent their inclusion in the weld
metal. The edges should be prepared to permit fusion without excessive melting.
Care must be taken to keep heat loss due to radiation into the base metal from the
weld to a minimum. A properly prepared joint will keep both expansion on heating
and contraction on coaling to a minimum.

~ C. Preparation of the metal for welding depends upon the form, thickness, and
kind of metal, the load the weld will be required to support, and the available
means for preparing the edges to be joined.

d. There are five basic types of joints for bringing two members together for
welding. These joint types or designs are also used by other skilled trades. The
five basic types of joints are described below and shown in |figure 6-16

(1) B. Butt joint - parts in approximately the same plane.

(2) C. Corner joint - parts at approximately right angles and at the edge of
both parts.

(3) E._Edge joint - an edge of two or more parallel parts.

(4) L, Lap joint - between overlapping parts.

. (5) T T joint - parts at approximately right angles, not at the edge of one
part.
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N

TEE
Figure 6-16. Basic Jjoint types.
6-11. BUTT JOINT

a. This type of joint is used to join the edges of two plates or surfaces locat-
ed in approximately the same plane. Plane square butt joints in light sections are
shown in figure 6-17. Grooved butt joints for heavy sections with several types of
edge preparation are shown in figure 6-18. These edges can be prepared by flame
cutting, shearing, flame grooving, machining, chipping, or carbon arc air cutting
or gouging. The edge surfaces In each case must be free of oxides, scales, dirt,
grease, or other foreign matter.

1/32 TO 1/8 1/32 TO 1/8 1/32 TO 1/8 1/8 TO 3/16
J{Lm & i{— { ‘:_‘
< \%i + I A ¥ % é %
1/16 OR LIGHTER 1/16 TO 1/8 |
ONE HALF —|
NOTE PLATE THICKNESS

ALL DIMENSIONS SHOWN ARE IN INCHES.
Figure 6-17. Butt joints in light sections.

"592% | }%omn@?
N\ D JES:

~—1/8
1/8~— Y0 TO 1/8 B - DOUBLE - V

A - SINGLE - V 4SPBG

X~ Zi/4 rap
< 714 rap { XC_ K
S \,/(‘ B \ ©1/16 TO 3/16
T1/16 TO 3/16
C - SINGIE - U D - DOUBLE - U

Figure 6-18. Butt joints in heavy sections.
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6-11. BUTT JOINT (cont)

b. The square butt joints shown in [figure 6-16|are used for butt welding light
sheet metal. Plate thicknesses 3/8 to 1/2 in. (0.95 to L
using the single V or single U joints as shown in views|A and C, figure 6-1
p. 6-21. The edgese(/)\j_heasLLELsa:LLons (/2 to 2 in. (1.27 to 5.08 an)) are pre-
pared as shown in vi B, figure 6-18, p 6-21. Thicknesses of 3/4 in. (1.91 cm)

and up are prepared as shown in viw_wi%-—%_&_ﬂ‘#be_ed es of heavier
sections should be prepared as shown in views|B and D, figure 6-18, 8 6-21. '?ﬁ\é
single U groove (view [C, fig. 6-18, p 6-21) is more satisfactory and requires less
filler metal than the single V groove when welding heavy sections and when welding
in deep grooves. The double V groove joint requires approximately one-haf the
amount of filler metal used to produce the single V groove joint for the same plate
thickness. In general, butt joints prepared from both sides permit easier welding,
produce less distortion, and insure better weld metal qualities in heavy sections

than joints prepared from one side only.
6-12. CORNER JOINT

f ”a The common corner joints are classified as flush or closed, half open, and
ull open.

~ b. This type of joint is used to join two members located at approximately
right angles to each other in the form of an L. The fillet weld corner joint. (view
A, fig. 6-19) is used in the construction of boxes, box frames, tanks, and similar

fabrications.

c. The closed corner joint (view B, fig. 6-19) is used on light sheet metal,
usually 20 gage or less, and on lighter sheets when high strength is not required
at the joint. In making the joint by ogP/a_ceterne welding, the overlapping edge is
melted dawn, and little or no filler metal is added. In arc welding, only a very
light bead is required to make the joint. When the closed joint is used for heavy
sections, the lapped plate is V beveled or U grooved to permit penetration to the

root of the joint.

.. d. Half open comer joints are suitable for material 12 gage and heavier. This
joint is used when welding can only be performed on one side and when loads will

not be severe.

e. The open corner joint (view C, fig. 6-19) is used on heavier sheets and
plates. The two edges are melted down and filler metal is added to fill up the
corner. This type of joint is the strongest of the corner joints.

f. Corner joints on heavy plates are welded from both sides as shown in view D,
figure 6-19. The joint is first welded from the outside, then reinforced from the

back side with a sea bead

Figure 6-19. Corner joints for sheets and plates.
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6-13. EDGEJOINT

This type of joint is used to join two or more parallel or nearly parallel
members. It is not very strong and is used to {om edges of sheet metal, reinforc-
ing plates in flanges of | beams, edges of angles, mufflers, tanks for liquids,
housing, etc. Two paralel plates are joined together as shown in view A, figure 6-20.
On heavy plates, sufficient filler metal is added to fuse or melt each plate

edge completely and to reinforce the joint.

b. Light sheets are welded as shown in view B, figure 6-20. No preparation is
necessary other than to clean the edges and tack weld them in position. The edges
are fused together so no filler metal is required. The heavy plate joint as shown
in view C, figure 6-20, requires that the ed%es be beveled in order to secure good
penetration and fusion of the side walls. Filler metal is used in this joint.

—J) )

o)
—
)

Figure 6-20. Edge joints for light sheets and plates.

6-14. LAPJOINT

This type of joint is used to join two overlapping members. A single lap joint
where welding must be done from one side is shown in view A, figure 6-21. The
double lap joint is welded on both sides and develops the full strength of the
welded members (view B, fig. 6-21). An offset lap joint (view C, fig. 6-21) is
used where two overlapping plates must be joined and welded in the same plane.
This type of joint is stronger than the single lap type, but is more difficult to

prepare.

[ ]
A
{ 7.
A - ]
B
{ : plest ]
C

Figure 6-21. Lap joints.
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6-15. TEEJOINT

a. Tee joints are used to weld two plates or sections with surfaces located
approximately 90 degrees to each other at the joint, but the surface of one plate
or section is not in the same plane asthe end of the other surface. A plain tee
joint welded from both sides is shown in view B, figure 6-22. The included angle
of bevel in the preparation of tee joints is approximately half that required for

butt joints.

Figure 6-22. Tee joint - single pass fillet weld.

b. Other edge preparations used in tee joints are shown in figure 6-23. A
plain tee joint, which requires no preparation other than cleaning the end of the
vertical plate and the surface of the horizontal plate, is shown in view A, figure
LEj—ZSt. il’/ge_sin ieﬂbevel)eo{hjoii(nt (view B, fig. 6-23) is used in plates and sections

0 In. (Lz/7 cm) thick. Th I joint (vi fig. 6 i
u%d on heavy plates that can be V\(/aelgggbf?or%evt%%ﬁ godets. (TIE%N si%’glng 160|2r13t) (\ﬁ ew)
D, fig. 6-23) is used for welding plates 1 in. thick or heavier where welding is
done from one side. The double J joint (view E, fig. 6-23) is used for welding

very heavy plates from both sides.

0 TO 1/8
(0 TO 3/16 FOR ’ 0 TO 1/8
CURVED SURFACES) 45 DEG MIN \|| ¢1/8 MIN
( f ] ; )
A ~ PIAIN TEE B - SINGLE-BEVELED TEE
ALL DIMENSIONS SHOWN f /ém Mllléij_v 45 DEG MIN
ARE IN INCHES. 2 ’ ]

- 3

C - DOUBLE-BEVELED TEE

j -~ 1/16 TO 3/16 '] 1/16 TO 3/16
35 DEG MIN\Z\ ' 35 DEG MIN f
= 7N
L 1/2 RAD } z 1/2 RAD
D - SINGLE-J E - DOUBLE - J

Figure 6-23. Edge preparation for tee joints.
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c. Care must be taken to insure penetration into the root of the weld. This
penetration is promoted by root openings between the ends of the vertica members

and the horizontal surfaces.
6-16. TYPES OF WELDS

a. General. It is important to distinguish between the joint and the weld.
Each must be described to completely describe the weld joint. There are many dif-
ferent types of welds, which are best described by their shape when shown in cross
section. The most popular weld is the fillet weld, named after its cross-sectional
shape. Fillet welds are shown by figure 6-24. The second nest popular is the
groove weld. There are seven basic tydpes of groove welds, which are shown in fig-
ure 6-25. Other types of welds include flange welds, plug welds, slot welds, seam
welds, surfacing welds, and backing welds. Joints are combined with welds to make

weld joints. Examples are shown in [figure 6-26, p 6-26. The type of weld used
will determine the manner in which the seam, joint, or surface Is prepared.

CORNER JOINT
Figure 6-24. Applications of fillet welds--single and double.

SQUARE GROOVE SINGLE-V SINGLE-BEVEL
WELD GROOVE WELD GROOVE WELD

Y { U3

et

SINGLE-U GROOVE WELD SINGLE J GROOVE WELD
ﬁb ) = ]
FLARE V WELD FLARE BEVEL WELD

Figure 6-25. Basic groove welds.

6-25



TC9-237

6-16. TYPESOF WELDS (cont)

C T3 I

SOUARE SQUARE (OPEN)
7. A
SQUARE SINGLE V

BUTT |(WELDED BOTH SIDES)

R I ¥ e

DOUBLE V SINGLE BEVEL
7\
DOUBLE BEVEL SINGLE J

== [1° 0 f

JOINT
SINGLE V SINGLE V AND SINGLE
FILLET FILLET
= L
JOINT < N
..... ] LS
SQUARE SINGLE V
LAP e —— ==
JOINT | 5TNGLE FILLET DOUBLE FILLET
i__&:i
TEE DOUBLE FILLET SINGLE BEVEL
JOINT v ~
() A N
(  —— 7 Tl
DOUBLE BEVEL DOUBLE J

Figure 6-26. Typical weld joints

b. Groove Weld—These are beads deposited in a groove between two members to
be joined. See|figure 6-27| for the standard types of groove welds.
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N 507

LESS THAN
1/8 THICK

SQUARED FOR ONE-SIDE WELD SQUARED FOR WELDING BOTH SIDES

SINGLE-V (OVER 1/4 1/16

3/32 T0 1/8
DOUBLE V

THICK)

ALL, DIMENSIONS SHOWN
ARE IN INCHES.

Figure 6-27. Types of groove welds.
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6-16. TYPESOF WELDS (cont)

c. Surfacing weld (fig. 6-28). These are welds composed of one or more strings
or weave beads deposited on an unbroken surface to obtain desired properties or
dimensions. This type of weld is used to build up surfaces or replace metal on
worn surfaces. It Is also used with square butt joints.

d. Plug Weld (fig. 6-28). Plug welds are circular welds made through one mem-
ber of a lap or tee joint joining that member to the other. The weld may or may
not be made through a hole in the first member; if a hole is used, the walls may or
may not be parallel and the hole may be partially or completely filled with weld
metal. Such welds are often used in place of rivets.

NOTE
A fillet welded hole or a spot weld does not conform to this defini-
tion.

e. Sot Weld (fig. 6-28). This is a weld made in an elongated hole in one
member of a lap or tee joint joining that member to the surface of the other member

that is exposed through the hole. This hole may be open at one end and may be
partially or completely filled with weld metal.

NOTE
A fillet welded slot does not conform to this definition.

f. Fillet Weld (top. fig. 6-28). This is a weld of approximately triangular
cross section joining two surfaces at approximately right angles to each other, as

in a lap or tee joint.

PLUG WELDS MADE

PLUG WELDS MADE THROUGH HOLES
THROUGH MEMBER
WITHOUT HOLES

Figure 6-28. Surfacing, plug, and slot welds.
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g. Flash Weld (fig. 6-29). A weld made by flash welding (p 6-11).

h. Seam Weld (fig. 6-29). A weld made by arc seam or resistance seam welding

(p 6-11). Where the welding process is not specified, this term infers resistance
seam welding.

I Spot Weld (fig. 6-29). A weld made by arc spot or resistance spot welding

(p 6-11). Where the welding process is not specified, this term infers a resis-
tance spot weld.

j. Upset Weld (fig. 6-29). A weld made by upset welding| (para 6-12)

ARC SEAM WELD ARC SPOT WELD

ET WELD
RESISTANCE SPOT WELD UPS

Figure 6-29. Flash, seam, spot, and upset welds.
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Section 1V. WELDING POSITIONS

6-17. GENERAL

Welding is often done on structures in the position in which they are found. Tech-
niques have been developed to alow welding in any position. Sane welding process-
es have all-position capabilities, while others may be used in only one or two
positions. All welding can be classified according to the position of the
workpiece or the position of the welded joint on the plates or sections being weld-
ed. There are four basic welding positions, which are illustrated in figures 6-30
and 6-31. Pipe welding positions are shown in [figure 6-33. Fillet, groove, and

surface welds may be made in all of the following positions.

FILAT POSITION HORIZONTAL POSITION VERTICAI, POSITION OVERHEAD PCOSITION
A B C D

PLATES AND AXIS OF

PIATES AND AXIS
WELD HORIZONTAL

OF WELD HORIZONTAL N
PLATES VERTICAL AND PLATES VERTICAL AND
AXIS OF WELD HORIZONTAL AXIS OF WELD VERTICAL

Figure 6-30. Welding positions--groove welds—plate.

FLAT POSITION HOPIZONTAL POSITION VERTICAL POSITION  OVERHEAD POSITION

AXIS OF WELD AXIS OF WEID
AXIS OF WELD
HORT ZONTAL VERTICAL HORIZONTAL

Figure 6-31. Welding positions--fillet welds--plate.
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PIPE HORIZONTAL AND ROTATED.

) /(150 o
150 WELD FLAT (i 157) . DEPOSIT FILLER
METAL AT OR NEAR THE TOP.

PIPE OR TUBE VERTICAL
AND NOT ROTATED DURING
WE'I..DIIC\)IG. WELD HORIZONTAL
(+ 159) .
o O

PIPE OR TUBE HORTIZONTAL FIXED (+ 150) .
WELD FLAT, VERTICAL, OVERHEAD

RESTRICTING RING

=

E TEST POSITION 6GR
(T, K, OR Y CONNBECTIONS)

PIPE INCLINED FIXED (45° + 5°) AND NOT ROTATED DURING WELDING.

Figure 6-32. Welding position--pipe welds.

6-18. FLAT POSITION WELDING

In this position, the welding is performed from the upper side of the joint, and
the face of the weld is approximately horizontal. Flat welding is the preferred

term: however, the same position is sometimes called downhand. (See view |A, figure
and view |A, figure 6-31|for examples of flat position welding for fillet and

groove welds).
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6-19. HORIZONTAL POSITION WELDING
| o NOTE |
The axis of a weld is a line through the length of the weld, perpendicu—
lar to the cross section at its center of gravity.

a. Fillet Weld. In this position, welding is performed on the upper side
of an appro_ximeTI-el-y—_l:v;»r-i-y;ucmalil surface and against an approximately vertical
surface. View B, figure 6-31, p 6-30 illustrates a horizontal fillet weld.

b. GrooveWeld. In this position, the axis of the weld lies in an approxi-
mately horizontal plane I_and__tthanLi)f the weld lies in an approximately
V%Irgcal plane. View |B, figure 6-30, p 6-30 illustrates a horizontal groove
weld.
~ C. Horizontal Fi>|<eth_eId. aIjn this pipe welding positiogd, éhe_ axis ?1;' the
pipe is approximately horizontal, and-the pipe is not rotat uring welding.
Pipe welding positions are shown in| figure 6-32, p 6-31.

d. Horizontal Rolled Weld. In this pipe welding position, welding is
performed in osition by rotating the pipe. Pipe welding positions
are shown in|figure 6-32, p 6-31.

6-20. VERTICAL POSITION WELDING

& |n this position, the axis of _the_wel.d_Ls__appLij.maﬁely sertical.
Vertical welding positions are shown in view |C, figures 6-30 jand |6-31, p 6-30.
b. In vertical position pipe welding, the axis of the pipe is vertical,

and the welding is performed in the horizontal position he pipe may or may
not be rotated.” Pipe welding positions are shown in [figure 6-32, p 6-31.

6-21. OVERHEAD POSITION