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How to UseThis Pamphlet 
The secretto successfully earning a ment 

badge is for you to use both the pamphlet and 
the suggestions of your counselor. 

Your counselor can be as importantto you as a 
coach isto an athiete. Use all ofthe resources 

4 your counselor can make available to you. This 
may be the best chance you will have to team 
about this particular subject. Make it count. 

If you or your counselor feels that any information 

‚' 	
in this pamphlet is incorrect, please let us know.  

Please state your source of information. 

Merit badge pamphlets are reprinted annually 
'-- 	and requirements updated regularly. Vour 

suggestionsfor improvement are welcome. 

Who Pays forThis Pamphlet? 
fl This merit badge pamphlet is one in a series 

	

of more than 100 covering all kinds of hobby and 	 -. 
career  subjects. lt is made available for you to buy 

as a service of the national arid local councils, Boy 

	

- 	Scouts of America. The costs of the development, 
writing, and editing of the merit badge pamphlets are 

	

7 	paid tor bythe Boy Scouts of America in orderto bring 	f - 	
you the best book at a reasonable price. 

Send comments alongwith a brief statement about yourself to 	- 
Pilots and Program Development, S272 

Boy Scouts of America • 1325 West Walnut Hill Lane • Irving, TX 75038 
II you prefer, you may send your comments to meritbadge@Scouting.org . 
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Note to the Counselor 
The \Welciing merit hadge must be taught by a qualifftd Person 
who is highlv experienced in .veIding and is knowiedgeable about 
various types of welding processes, specifically oxyac'eivlene 
welding, shielded nietal arc welding, gas metal arc welding, and 
1 iux-cored arc wel ding. 

The Welding merit badge offers Scouts an opportunity to learn 
four welding processes commonly used in industrial workshops 
and in horne "garage" shops. Ilome versions of the eclwpment  your 
Scoiits will need can usualiv be found without a greai invesment. 
Portable versions for field use during Scout outings can sollletimes 
be found, as well. During summer camp, conipact electrical 
welding ertuijnnent  can be powered froni a simple 120-volt circuit 
or from i portahle generator or self-contained power supply. If you 
are using oxy-fuel welding equipment, be aware that it is not 
powerecl by electricity. 

You are enconraged 10 enrich each Scout's experience 
hy drawing upon your professional knowledge and expertise. 
Iluwever, only the niethods, techniques, and materials discussed 
in this book as appropriate for the Welding merit badge shoLdd 
be attempted. Keep in mmd that as a mciii hadge counselor, you 
may not add or delete reqtnrements, or change them 10 make 
them simpler or more diificuli. If a Scout develops an enhanced 
interest in welding and wauts 10 acquire skills beyond the le''el of 
this booklet, encourage the Scout to pursue additional training. 
Many high schools, communilv cofleges, technical schools, and 
union haus otter training opporiwuties in welding to students 
who are of appropriate age and ability level. 
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Scouts who are pursuing theWelding merit badge will 
require direct adult supervision.They will be working with IKW 
molten metals, electric arcs, welding fumes, and power 
tools that, ii misused, can cause serious injury. Personal 
protective equipment including eye protection, hearing 
protection, heavy gloves, and sturdy footwear must be in use at all times 
when Scouts are weding,There are na exceptons. 

See the First 

Aid, Composite 

Materials, 

Home Repairs, 

Woodwork, 

Emergency 

Preparedness, 

''' Safetymerit 

Jge pamphlets 

aridtheBSA 

Scouting Sately 
webpage for more 

information about 

safety, first aid, 

and managing 

risks. The "Health 

and Safety" 

i! 	chapter includes 

a useful checklist 

tor a welder's 

first-aid kit. 
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Requirements 
1. Do the following: 

a. Explain to vour counselor the hazards vou are most 
lik: to ei.:::cr vhile welding, ::.l vhat von 
sh..:::..1 da 	.:::cipate, help preve:::, mitigate, or 
lessc-:: these hazards. 

h. Sh:: that vou know first aid for, and the prevention 
of .: .:::cs or 	that could c:.:r while veIding, 
inc............elect:.ct 	;:•y. e'ce nt::es. bttrrts. fume 

to haz:....ms chen ::Is, including filter metals and 
welding gase-, 

2. Da the following: 

a. 	\Vt ':our c:tcc:. 	:ss gener 	ifety 	oaut:c:: 
an:: Safety 	t::t 5:s:t::: :cated to wcng. l.1.\;:ain t:t 
importance of the SDS 

h. Describe the appropriate safetv gear and clothing that 
rnt: :c-::............n weldi ::c. Therm.  
prct:t: .«: .) weldil:h ......in pic•ic:i• c.;p;nent, 

c. Explain and dernonstrate the proper care and storage 
of 	equipment, tools, and protective clothing 
an. 	:ear. 

3. EXpIn :.. 	- 05 u.e!dfng, e1ecrt2c.s!i.c. 	d oxidarion. 
:'rocess, l- ."..v .::s cc::rated, \vhat 

kind of filter metal fs ::lded (ii an), and what protects the 
t't1ten metal from ine atmosphere. 

4. \te tb' fforett mcc! t'tc and therrtt:! cutt: - c cthods. 

Discuss one adv:. :: tage and one limitation of this process. 

5. Da the following: 

a. Select tv:' .:vding processes, and inake a s: f the 
oner-.'  

for 	c...........ccss. 12.s....ss 	.: 	d'a• :'.c cne 
for each process. 
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b. Choose one welding process. Set up the process you 
have chosen, including gas regulators, work clamps, 
cables, fiiler nkuerials, and equipment settings. tiave 
your counselor inspect amt ipprove the area for the 
welding process you have chosen. 

6. After successfully completing requirelnents 1 tlirough 5, 
use the equipment you prepared for the welding process 
in 5h to do thc fotiowing: 

a. Using a metaJ scribe or soapstone, sketch your initial 
onto a metal plate, and weld a bead on die plate 
following the pattern of your initial. 

b. Cover a small plate (approximately 3" x 3" x 1/4")  with 
weld beads stde by side. 

c. Tack two plates together in a square groove butt joint. 

d. WeId the two plates together from 6c on both sides. 

e. Tack two plates together in a T joint, have your 
counselor inspect it, then weld a T joint with fillet 
weld on both sides. 

f. Tack two platos rogether in a l.p fotüt, have vour 
counselor ins1.eci  ii, then ve1I i 	oint vith filet 
weid on both sides. 

7. Do the following: 

a. Find out about three career opportunities in the welding 
industry. Pick one and find out the edication, trainini, 
and experience requireii für this profession. Discuss this 
wjth our counselor, and 1-'xl3lain  why the profession 
rnight interest you. 

b. Disc s ihe ok of the American Welding Society in 
'c c1ding prolession. 

- 	 T1I1LP, 
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What Is Welding? 
Von may wonder what it means to weld. Welding is the process 

og with a weld—ioining or combining similar pieces of 
metal 	.eating them v 	f.ame torch or 	electric current, Terms in boldface, 

or rresg hcm together v;:iie the 	:e -oft. like welding, 
be oe by me:o 	or meta. ::o the 

joint of: s 	:r material. The temperature range for welding can befound in 
S 3,CCC .. 	egrees Fahrenheit. the glossary at 

1 major role in our modern world, and 
mas::-:; of the sI can lead to exciting career opportunities. the back of 

*.:ieday. you max: 	c:e an oppc 	::::. 	: .xperience excitiflg this pamphlet 
career pa!hz 	e:lling. Th:c 	e than 80 welding. 

.o:::ing, and 	 pro 	a few ot 	ich  
will he covered in this bookiet. 

The American Welding ne p 

Society was formed in 
1919 by 20 members of 	2' 

the Wartime Welding Committee of the Emergency Fko. 

Corporation under the leadership of Comfort Avery 
Adams.This nonprofit organization is dedicated to the 
advancement of welding and allied processes. lt is also 
closely involved with setting safety standards within 
the industry. 

Astronaut BuzzAldrin, who was a Scout, gives crect 
to welders for helping hirn become one of the first 
humans to walk on the moon. 
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On the following pages, you will learn safety procedures to 
foilow when arc weldng. 

Staying Sae WhiIe Wekling 
Arc welding uscs : «ctric current that generates intense heat 
and emits intense Iight, both extremely dangerous. lt is essential 
that von thoroughiy understand all safetv precautions before vou 
begin. Carelessness or ignoring safet practices can be damaging 
or even fatal to ar i to anvone who is nearbv. 

A!wavs rea: 	'"fng labels for every piece of equipment 
or component z. ufer metals vou use, lfyou are ever in doubt 
about a safetv issue, 	your merit badge counselor. Lee's take 
a look at same of the nsks. 

Satety Basics 
Arc welding, oxy4uel welding, and oxy-fuel cutting all share one 
characteristic: The harrnful and inter nfrred a-,1  ttrviolet 
rays that are emitted hy the welding 	will c - - unpro- 
tected eves wid exposed skin, kind of like getting a sunhurn—oniv 
worse. When you am wekling, vou must aiu'ays protect vourself. 
The Information presenteil here will heip you stay safe during 
welding activities. 

Always have a fire extinguisher nearby. When welding, 
von must alwavs be conscious of fire protection and keep a dass 
ABC fire extinguisher within easy reach, mounied at shoulder 
level. Fire extinguishers should be checked monthiv to ensure 
the tank is juli and the pressure is normal. If anvthing appears 
out of ehe ordinarv, replace ehe extinguisher or have it profes-
sionaily serviced. 
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Welder's First-Aid Kit 
These items are typically found in a welder's first-aid kit, which is exten-

sive and geared to treat burns, eye irritations, cuts, sprains, and common 
welder injuries. 

• 32 adhesive bandages (1" x 3") 

• 6 extra-large adhesive bandages 

• 10 PVP iodine wipes 

• 12 BZK antiseptic wipes 

• 10 triple antibiotic individual packets 

• 5 burn gel packets ( 1/,a oz.) 

• 1 Foille®  burn ointment (Yz-oz. tube) 

• 1 burn dressing 

• 10 sterile dressing pads (3" x 3") 

• 4 sterile oval eye pads 

• Eye wash solution (three ½-oz. bottles) 

• 2 sterile combine pads (5" x 9") 

• 1 triangular bandage with pins (40" x 40" x 56") 

• 1 sterile conforming gauze bandage (3") 

• 1 instant cold pack 

• 1 spool of adhesive tape (½" x 5 yards) 

• 1 pair of bandage scissors (steel, 5 ½") 

• 8 nonlatex vinyl gloves (large) 

• 1 pair of forceps 

• First-aid manual (such as one from the American Red Cross) 

12 	waoc 



AclassABCfireextinguisherisa multipurpose, 

dry-chemical extinguisher useful for a weldg 
environment. If you ever need to use an extingusher, 

make sure you are between the fire and an ext. if tee 

fre oan't e controUed. vou need a quIck way out. For 

more Information aboutfire extinguishers, see the 

Fire Safetymerit badge pamphlet 

Button up and wear the proper ciothing for protection 
from UV and infrared rays. Long-sleeved shirts of ti. 	yen, 

100 orcent oo1 (ne', 	 hetic fa 	th buttoned .os 

and cullar (no poci• 	vkle the 	: nection fron - - 

and infrared rad 	 rks. hot or melted metal, and 

flames. - 	-r pant v -' - 	 -- 	 collect sparb 	- d 

hot:oc 	.anddon :ur.lez !t is bla --st 

to 	i colors. 	: - 	: 	- 	..- mut: - : -zis 

orecl ilothtng. \Vear a cap to helr 	:-- :... -ad. 

1 
lttakesonyorte 

le- 

spark to start a 

fireBeaware 

ofthelocatio 

offire alarms 

nsp .11 • 	- 
-: 	 beginning a wetd. 

A fuy protected welder wears the proper ciothing along with a 
welding helmet and leather sleeves, goves, and shoes or boots. 
Wearing protective leather dothing minimizes the risk of fire and 
burns from spatter. Store leather garments in a weil-ventilated area. 
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Spatter (liquid metal droplets) can spray up to 35 feet 

from the work area.These sparks can quickly start 
a fire if they touch flammable material. That is why 

welders must wear only certairi types of clothing. 

Wearing proper clothing will also help prevent most 

welding-related burns. Clothing and shoes made from 

synthetic fabrics like polyester or rayon can melt from 

the arc's extreme heat, causing severe bums. 

Clean clothing, free of grease arid other contaminants, 

is less likely to catch fire than dirty, greasy clothing. 

Wear ciose-fitting 

c}othing. Loose or 

baggy cothes can 

easily get caught 

in machinery. 

Dark cothing he., protect a wekefrom tte grcs hamifu 
Wool offers the best protectjon, but heavy cotton wUl do. For 
added salety, wear another Iayer of any of these: leather welding 
jacket, trousers, aprons, steeves, or bibs 
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Dunng arc welding, never roll up your sleeves or cuff 
your pants. All ckM.hing :.:uId be c 	7 	uttoned with 
ne fravs er tarters, 1rs best to wear a •. :.: as ne eckers. 	Neverhand e 

f vottr shirt has pockets. dose, huuc 	Z :.ern ::.r 10 
	

hot metall 
prevent :ks frorn falling inro them. 

r .' lding,any 	::s: s. 

dUVravs. 

Wear flame-resist nI eather gloves. Keep ve..... 
1eves drv and check th 	for tears and nps. Take c: 

coves. k .ther wel.:::.r. 	tee c. ; to excessive heat, 
thev wil. s..rnk arid ±. . :orr, making thom uncemfortable and 
evenrua unusable. 

Wear .  the proper footwear. Fuliv Iaced high-top boots 
prov: 	ihe best pro::.:on. i'::. 	ause spa:.:t ran 
fall irno kw4op shoes. wear Z

:...‚................tir werk bcois, 

preferahvwirh steel tees. \Vr::: 	:. 	!e vour werk boots 
10 prevE:.: r r: 	:::: :.:.. ::.r ::..: 	:.::s. Sto:e L-Oot hi a 
clean, d:; 

Never handle hot meta!! \Veding gloves are 
not 	 i for handling hc: :rieral. Use pIir: 
er 	grips when han..::i: 	:s:hat hr::s just 
beenwelded. 

Do not leave any skin exposed. A welding 
helmet er weld.::r shield is S::d ro pro:::: ::.:r 

face frcn ::. 	r:: ................rav 	tense 
Iigh. - 	.• :r. 	:.: 	- rote ..... ......ring 
anv\ve1::::....... 	:.:: 	.......wti 
shade.::r. 	smustbeused.;:.gas.-:elding 
and cutung. 

Safe welding starts 
with the proper attire. 
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Protecting yourseff is the first step in safe welding. 

Always wear eye protection when you are welding or 
when you are near anyone else who is welding.Welder's 
f'ash, abe decrbed a sunbum on the eve. kaown to dowr 

.otokerattis. lt s caued be exosn to the rIavioet n1a 
r 	 ' re 	dt 	1Tb.a 

atacs - 	 . 	- 	 - 
- 	pain. vetng nud secretton, and tomponarv hhnortess. Usualjv 

and prei-, 	e 	 wE ben tobe telt everal ho;:rs aier exnosure, l)o ne: 

- 

	

	 let this i..: 	o von. Prevent rurv rorn weklers ftish hv altvavs 
we.t.....z eve protecnon : 5:: vou are ;ve1dng er v. :st von ars 
near 	dn activt 

V if you have been weiding and your eyes feel sunburned 
or you are having difficulty seeing, seek a doctor's care 
immeciiateiy. Weider's flash is usuaily a temporary 

condition, but repeated exposure can iead to permanent 

injury. Protect yourseif from the arc's harmfui rays 
by always wearing proper protective equipment tor 
welding and cutting. 
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Harc 	4 c,e shi&d commoniy 
used  

Remove all jewelry (watches, rings, etc.) before welding. 
.:.ce voll v-. :e w::-::.i .rour.: ectridtv 	..± 	high 

temperature5. wearüg e.:1rv ac 	atdhes i 	the quetion 
Keep the wekling area neat and clean. \Vllh flvirtg sparks. 

anvthinz mn1..:::- will ixyse a fire hazard. Rernove all flammable 
materaIs, trash. and anv pottent:ai fire haza:.. 

Always be aware of others in the welding area. 
Onookers rnust be proiected. e.:.r with a welding screen or 
hat. ::1.f : face shield, dependiL: :r 	..::; :ear the% 	to the 
weiüiüg ativitv 

 
-he,  shou 	a .ioper disaice from 

ihe arc and have adequate 	:ection. 
Even after vou have finished weidi::. f vou and others 

:-:nan 	he work area, veu must connnue to wear eve 
skie shields hecause ei eile risk ci fIvin 

siag  
flux th:: .......... on :he weld head frorn a workpiece. 

Protect Your Eves 
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Always wear a welding helmet for protection from 
the arcs dangerously bright Iight and harmful rays. 

Be sure your helmet has no cracks or breaks that 
1 could let light inside. Always use a plastic cover 

inside and outside of the Jens to protect the filter 

I 

	

	Jens. If the plastic cover Jens becomes excessively 

scratched or dirty, remove and/or replace it. 

frr She 

Operation Eqectrode Size Minimum Sqested 

:frch imm Protei::.a Ss: 	'. 

Shade Cofor 

Sh <60 7 - 

8 

5-8 4-6.4 1€-250 13 

>8 64 2E :-o Ii 

7 - 

60-160 IC 11 

an: 2 
- 	 : -: 1 50_250 10 12 

250-500 1C 14 

Gasturgsten - 8 

arc 	dng 5-- , 50 8 12 

anc : 153-500 10 

arc 

Oxy-fie gas ate ....:kness 
w&ding <3mm 4 or 5 

. 3-13mm 50r6 

- 6or8 

gas Pate t-  :..ness Pflate 	- :.kness 3 9r4 

Proper filter Jens shading for arc welding 

The diart shows the appropriate shading for arc welding processes. Beg 
wfth the darkest shade recommended for the process you are using; ther 

move one shade lighter at a time until you find the most comfort: - 
while still adhering to the standard. Auto-darkening v#eHimil ehfelds :' 

automatically darken when the arc is struck are also at 
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Always wear an approved welding helmet while welding. 
Wearing a welding helmet allows you to safelv view the arc through 
a wkIow with a filter plate that removes Jamaging rays and light. The American 
The ihc'r glate is protected frorn 	paner and Jehris bv a clear lens 

Welding Soctety made of piastic or glass. Filter plates are avaiiabL in varinus 
ranging from darker to lighter. The higher the shade's number, the sets the safety 
more shading it pro ide.. standards tor the • amount of shading 

4 	WA.N3 	 . neededforany 

welding process. 

Th:shad:you:se 

2-1, 	 17Z1 

EN 1AVEF
_  

:::::: 

• 	
youuse. 

Aways read all waming iabeis on arc w&ding components and 
filler metals container. 

Prevention goes hand in hand with mitigaton, whfch means to l essen 

in force er intensity" and "to mak!ess severe« By taking precautions 

to manage risk and thepossibiflty of injury, you can be prepared tu 

anticipate, hep prevent, mitigate, and respond to just about any incident 

that rnight happen while welding. 

Risk of Bums and Fire 
The elcct rk a re ext rerneiv hot. linn reru es can reach 10,000 
degrees Faiiicnhcit or higher. Exposure tu this intense heat poses 
an extreme risk of burns er of starting a fire from the spatter. 

Be sure your work area is frce of combustible and 
flammahic materials, includinc; gas, oil, and grease, and that 
these materials are at least 35 feet froin an• welding activity. 
Commonly ignited substances are trash, wood, fabric, boxes, 
papers, rags, plastics, and chemicals. If you are welding in a 
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questionable area, place fire shields or flame-resistant blankets 
around the welding uea, and have a resporsib!e fire watcher 

For more informa- 	keep wach for you. Continue inspecting for fire for 30 minutes 
tion about burns, 	after weuiing. 

see the FirstAid 	First Aid forThermal Bums. Supc'rfYc'a1 burns are mild 
horns that affect only the outer Iayer of skin. Treat them hy 

merit badge 	holding the burn under cold vater or applying cool, wet corn- 
pamphlet. 	presscs until the pain eases. Partiul-tluckn':s buras are more 

serions than superficial burns and affect the outer layer ei* skin 
and part of the layer of skin below it. They typicaUy inciode a 
reddening and hlistving of Hie skin. To treat such burns, first 
remove the person troni the source of the hurn. Cnnl the hurned 

. 	area with co)cl, runniog vater until the nain is reliuved. l.ct the 

r, 	
hurn drv, then protect it with a loosely appiied, sterile gauze 

i.. - 	pad and bandage. 
FuIi-thickness bums are very serious. They 

destroy the outer layer of skin and the layer below 
it. A victim wlio has been exposed to open flames, 

-- . 	 electricitv. or chemicals ma'.' sustain ful!-thickness. 
hurns. l'hc skn niav be burned avayanci tOc' tiestt 

charred. If nerves are damaged, the victim may feel no pain. 
Such burns constitnte a ni'0cai cmcreencv. Do not trv to 
remove any cioti000, as nabusocking to the vicinn s 

tk k.A 	„;tI, 
IILII. tUtU 	 USJ¼JIIII5 UIC LJUIII 	 LUICI 	 IlIC UUIIICU CIICU IV IUI UI), 

Leather high-top sterile dressings. Seek immediate medical attention. 
work boots wUl 
heip protect your Risk of Electrical Shock 
ankles and teet. One of the most serious risks to the welder is electrical shock. 

An ck'ctrical shock of more than 30 vehts can be fatal. Arc vekling 
presetns the risk of hoth primary voltage shock and secondary 
voltage shock. Primaiy voltage shock occurs when the power is 
on and someone simuitaneousiv tonches a Iead inside im 	wdcling 
rnachine and either the wekling inaciline or other gr000dcLi nietal. 
Jhe -H'ck can be between 120 and 480 volts. 

Sccondo 	:oltaoe shock will occur if you touch the electrode 
whik' anni ho oar 	vour hodv touches the workptoee. If von 
touci 	hoi mi 	0€ 	ot 	t'tns at the same time, von \vtti receive 
an electrical shock ranging from 60 to 100 volts. The higher the 
voltage in an electrical circuit, the rnore serious the electrical shock 
wtti he. 
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Always rernember that electricity easily 
fiows through water. Therefore, wh'n vou 
are arc welding, vou must stay dry. Never 
we]d with wet gloves. Even wetni'. from 
perspiration is dangerous. Wear proper 
weiding clothing to maintain insulation 
between yourseii and yuur '..vork. 

Before you begin welding, be sure your 
work area is clean and dry. Inspect all of 
the Oquillment vou will be using. Cahles, 
electiodes, and olectrode holders nust be 
dry and in goot 	ndition. Ask your counselor 
to make a visuai uspection and to replace auv 
dainaged componeots. Du not attempt to repair 
a weiding inachine yourself. 

WELDING ARC 
EAR PROPER 

E. 
PROTECTION 

Be aware of risks at every stage of 
the welding process. 

The shielded metal 
electrode holder mu 

FFZMM 

When welding, 

stay safe and stay 

dry—never stand 

on a wet floor 

and never 

wear jewelry. 

Always keep your welding work area clean and dry. 
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Never touch the electrode or metal parts of the electrode holder with skin or 
wet clothing. Never rest your body on the workpiece. Welding in or on the 
workpiece in damp or wet conditions will increase the risk of electrical shock. 

First Aid for Electrical Shock. ff electricitv travels through 
a part ci 	hodv, von can -et an electrical horn. Besides 1 

Always remember 	born,ton noJ eectnc(1\ can cven stop 	t ftoni heaing 
that even though 	correctly or damage other ir 1 ooal organs. Superficial and partial- 

thickness horns from electricl', 	iikc huns Hrn ton much 
the welder is in the 	leat hie skin niay look charred. 	1-tickness ciecirical burns 
"oft" position, 	may not leave charred skin. o-tead, the skin can look leathery 

and white and be hard li 	inuch. Call 911 or the local 
a charqe still 	emergency-response number ii someone has an electrical bunt. 
exists inside the 

machine. Never 	
Never touch a person who is in contact with a live 
electrical power source. If you encounter a victim of an 

open the housing 	etectrical burn, shut off the power at its source and calt 

of a welder without 	an ambulance immediately. 

supervision by a 

trained technician. Risks of Harmful Fume Inhalation 

V 	
The welding process can emil dangerous fumes. A visihle, 
smokelike cloud, known as the fume plume, arises directiv from 
the polin of veidiog. The fume plume is never safe to hni'atiin. 
Long-term aH short-term exposure itia' !ead to se'.'eru ; 	raOn 
and skin problems. ne fumc etume conianis rnetahic :itiots tiiat 
have condensed into tiny particles of solid metal. These piiticles 
are susoended in ehe air and ('an setde on ',he walls and fioor of 
the wnk area. Alwavs n roteci vomsei! rom the funie plume by 
wearing nrotective clothing and headgear. Do not ever place 
your head directly into the fume plume. 

When welding with most mild steel electrodes with clean materials, if 
you are comfortable and can breathe easily, and the air is visibly clear, 
you probably have adequate ventilation. However, if you have a headache, 
chest pains, feel dizzy or nauseous, or have trouble breathing, turn off your 
welder, seek fresh air immediately, and notify your merit badge counselor. 
Also take note if you are pate, your eyes are tearing, or you feel a burning 
sensation around the tips, tongue, or on the skin. Seek medical attention. 

22 	WELDING 



- 

Never inhale the gases of the fume plume. 

All welding areas must have good 
ventilation. Air nuist be aflowed to 
circuia 	thout blockages such as 
dividing walls or equ!vment. Good 
ventilation can be supplemented with 
fans or exhausts that will direct fumes 
awav ftorn your face. Always keep von 
head away from the furne plume. 

Some filler rnetals caii produce toxic 
fumes when used in welcling, which 
is wliv h k important to keep the area 
wü 	ntiiated. Anyone who becomes 
ovei 	helmeci by furnes shoulcl seek 
fresh air alul loosen liii>ht ciothing at ' 

the neck and waist for easier breathing. 
Seck inmediate medical attention. lt is 
importatit to tet med cal personnel know 
the contaminants that might have been 
released at the workplace. 

Good ventilation and a safety-approved 
welding helmet are essentials in protecting 
yourself from the fume plume. 
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Risk of Explosion 

The shielding gases used in arc welding are commonly inert or 
only shghtly reactive. However, the cylinders that Contain these 
gases are under intense presstire. Always handle cylinders with 
care. Do not heat or weld on a cylinder. 

Above all, learn about the materials you are welding and 
know the risks involved when working with them .Make sure 
you have the corrcct base metals, elecirode, and shielding gases. 
This infonnation can be tound in the chapler "WeJd ing and 
Cutting Methods." Nlever weld near flammable or combustible 
materials. Nnify your merit badge counselor if you detect any 
damage to your welding equipment. 

When using shielding gas, always observe safety precautions. 
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Safety Data Sheets 
Safety Data Sheets are available for the fihler materials you may 
be using. The SDS gives the proper procedures for working with, 
handling, storing, and disposing of materials. The SDS will also 
alert the user to any hazardous substances ehe product may con-
tain, such as a hazardous material in a particular welding rod or 
that could evolve during welding with a particular welding rod. 

Information about healtti and safety procedures 
is available from the American Welding Society, 
OSHA, and the National Institute for Occupational 
Safety and Health. Guidelines, definitions, and 
facts that will heip you learn how to remain safe 
while welding can be downloaded free of charge 
from the AWS at www.aws.org/technical/facts . 
Also check out 'Safety inWelding, Cutting, and 
Allied Processes' No. ANSI Z49.1, which can be 
found at www.aws.org/safety.  

Sei in Weiding, 
citrg, end 
Allied Pmcennen 
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The format of the SDS may vary, but by U.S. law, all must 
contain certain information presented in 16 sections. Whlle all 
sections must be included to comply with international regula-
tions, the Occupational Safety and Health Administration will 
not enforce the content of sections 12 through 15. 

Sections 1 through 11 and 16 are described below: 
Section 1: Identification. This section identifies the chemical 
on the SDS, lists its recommended uses, and provicies the 
manufacturer's name, address, and emergency telephone 
contact Information. 

Section 2: Hazard(s) Identification. This section identifies 
the hazards of the chemical and provides appropriate 
warning information. 

Section 3: Composition/Information on Ingredients. This 
section identifies the ingredients in the procluct. 
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Section 4: First-Aid Measures. This section describes the 
initial care that should be given by untrained responders to 
someone who has been exposed to the cliemical. 

Section 5: Fire-Fighting Measures. This section provides 
recommendations tor fighting a fire caused by the chemical. 

Section 6: Accidental Release Measures. This section provides 
recommendations on the appropriate response to spills, leaks, 
or releases. 

Section 7: Handling and Storage. This section provides 
guidance ori safe haidling and stolage practices. 

Section 8: Exposure Controls/Personal Protection. This 
section identifies exposure limits and indicates personal 
protective measures to minimize exposure. 

Section 9: Physical and Chemical Properties. This section 
identifies physical and cheniical properties as ociateJ \vith 
the material. 

Section 10: Stability and Reactivity. This section describes 
the reactivity hazards of the material and chemical 
stability information. 

Section 11: Toxicological Information. This section identifies 
the toxicological and health effects information or states that 
such information is not available. 

Section 16: Other Information This section includes other 
information not covered in previous sections, including when 
the S1)S was prepared or last revised. 

Most materials necessary for welding, such as tubing, bars, and shoet,s 
of metal, are safe in their solid form. However, weldirig does create some 
waste that can be toxic ond should be disposed of properiy and aceording 
tothe manufacturer.The industry has been going green in recent years, 
though, and somewelders haveseenthe environmental and economic 
benefits of recycling slag from submerged arc welding. Processing recycled 
siag into flux can be a significant savings over purchsinq new flux. 
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Forge welding 



Welding and 
Cutting Methods 
Welding has come a long way since its early Bronze Age beginning. 
Forge welding is one of the oldest and simplest methods 	am- 
ing me;: :o crea:e one "ne\v ;iece. The 	:jelder heats two 
or mnrc ::icces c .etal and h::imers the:: :.;.her. Todav. forge 

::.s been ia;.zcv :a.d bvgas 
adv:es made during the Industrial Revolution. 

This manual dc-s:bes a nr of convc 	a! 	ding 
and cutting methods. 3ch c:s 	opportur:v 	:o learn 
new skills as ou create, build, and alter obiects or make a:orks. 
Weiding and cutting are gre 	aster. 

Oxy-fu. .ng is one of the s..;Jest methods of i&oing metals and has been 
for more than a century. 
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Wetder us,ng shieWed rnetI an wddrg 

Common W&ding and Cutting Processes 
f thc jre c.:•::;rnon welding and cutting 

m aa: age c. 1:on 

Oxy-FueI Wekling 
.............-[ ve!c s: 	er' ' 1 !cd .x'.'.cetvene or g 	weIdi'& 

-fue 	:: 	 ::xvgen to ve1. 	d cu. 
met:.. Thisproc- 	jlvcs r.:daüon, c::e co:: nation of a 
sub . .:ce with oxvg. 

O::v-fue1 weidir;, : - lies on the chernical reaction hetween the 
oxvacetviene flarne and the base metal. This .::::c the heat to 
: -:. - .t tue .:s• ..nd u :i: . i1er metal. WeIdc jrocess 

	

3; , 	i„, th; 	tuhes, and srnaL-.i 	ppes. 
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hiconiplete joint Penetration 

Oxy-fuel welding 

ADVANTAGES AND DISADVANTAGES 
OF OXV-FUELWELDING 
The primay advantage of oxy-fuel welding is that it aliows good 
control uf the heat input. You can learn how to handle a torch 
and control your weld at a slow speed. Skilled operators with 
gentle movements can control the weldbead size, shape, and 
weld puddle. This method is also inexpensive and portable 
when cornpared with other methnds, and can even be set up 
in a garage shop. 

Oxy-fuel welding has its disadvantages: 

• lt requires a high skill level to minimize 
discontinuities. 

• The OAW flanic is not as concentrated 
as an electic arc. 

• lt is not economical for thick section 
welding (more than ¼ inch thick). 

• T]e welding speed is slower than arc 
weiding speed. 

• \•Veid-metal properties are difficult 
tu cuntrol. 

Undercut at the toe of an oxyfueI arc weld 
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Englishman Edmund Davy discovered acetylene in 1836, and the process 
of welding with an oxy-fuel torch (oxyacetylene torch) was developed by 

French chemist Henry-Louis Le Chatelier in 1895. Oxy-fuel welding was one 
of the first modern fusion-welding processes. lt has become less popular for 

industrial applications but 15 still widely used for welding pipes and tubes, 

repairing objects, and fabricating certain types of metal-based artwork. 

OXY-FUEL WELDING EQUIPMENT 
Oxy-fuel weklig requires two cylinders of gas—one for oxygen 

When welding, anci one for fuel gas. lt also requires gas-flow regulators, hues, 
always wear check valves, flashhack arrestors, and a wekling torch-and-tip 

assernhly. Oxv-tci orches mav be light or heavv duty. Nozzles 
a face shield ancl tus attach 	:eorch icad. Gas fiows t! 	ougll the wekling 
and protective tip just prior to iguition and burnirig. Mariufacturers specify tips 

1 	th C 0 	Ing. by orifice cliamcter or drill size. Rcco 	c'nded tip sizc's .:re hased 
on material thickness. The fuehgas 	i 	cd; the oxvgcn hose is 
green. The 1'-grade hose is for use with 	gases; R-grade is 
for acetv]ene 

 
only.  

lor safetv, thc'  oxvgen fitting his r„ight-hand threads; when 
you turn the thü 	dhe nght lt wid ughten. The fuel-gas fitting 
has left-hanJ ihreads with grooved nuts; when you turn ii to the 
left, lt will tigtuen. lhis inevents sumeone frorn accidcntally 
connc-cting t! -, c lud-gas to die oxygen receptacle, and vice versa. 

In oxy-fuel welding, a welding torch is used to fuse the base 
metals hy heating the two pieces to a temperature that produces 
a shared molten pool of metal. The muiten Pool is generally 
supplied with additional fliler metal. 

When you are finished using the welding torch, turn off the flame, coil the 
hoses, and store them on the appropriate brackets on the torch cart. If there 

are no brackets, store the torch and hoses away from any heat sources, out 
of the way to prevent a tripping hazard.Turn off the gas cylinders. 

Store all hand tools safely in the appropriate place in a tool box or 
cabinet. If there is weld spatter on the welding table, grind off the table to 

remove the welcl spatter.With a hand broom, sweep off the welding table. 

With a floor broom, sweep the floor. Always leave the area neat and clean, 
ready for the next welder and project. 

32 	WEIDING 



OXYGEN VALVE 

WELPING TORCH 	/ OXYGEN HOSE CONNECTON 

WORKING 
FRESSUR 
GAUGE 

OXYGEN 
REGULtL 

FLASH SACK 
ARRESTOR 

OXYGEN 
HOSE 

OXYGEN 
CYUNOE 

CYUNOER 
FRESSURE 
GAUGE 

AFFARATUS 
WRENCH 

VORGNG 
FRESSURE 
GAUGE 

FUEL 
REGULATOR 

FLASHI3ACK 
ARRESTOR 

FUEL HOSE 

FUEL 
CYLINOER 

Setup for oxy-fuel wekling (secure cylinders) 

A valveis a device that prevents the flow of gas from a cynder when it is 

not in use. 
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Oxy-fuel cutting 

Oxy4uel equipment 

lends itselfto 

applications such 

as iren er steel 

welding, brazing, 

metal heating 

(tor bending and 

forming(, and 

oxy-fuel cutting. 

In oxyJuel cutting, a cutting torch is used to heat metal to kindling 
temperature (generaily red for irori atloys). A stream of oxygen is 
then trained on the metal to oxidize (burn) the metal. The siag, or 
burned metal, is i'emoved from the cut (kerf). 

Cutting to Size 
lt you are working with steel pte, tubing, or iron, you 

may need to cut some materials to size before welding. 

Cuts can be made mechanicaliv or therrnally.Thermal 

cutting corifines cuts to a narrow, well-defined zone of 

controlled width, or kerf. Oxy-fuel cutting and plasma 

arc cutting are two widely used thermal methods. 

Oxy-fuel cutting severs ferrous metals by oxidizing 

the iron in oxygen to form iron oxide siag. 
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(A) f'unE ACETYLENE FL/ 

The setup for manual oxy-fuel cutting is similar to oxy-fuel 
welding, although the torch attachment is different. The cutting 
torch attachment functions are designed to (1) control the flow and 
mixture of fuel gas and preheat the oxygen, (2) control the flow of 
cutting oxygen, and (3) discharge the gases through the cutting tip 
at the proper speed and volurne for preheating and cutting. 
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(P) OXIZING FLAME 

Oxy-fuel flames 

Ferrous metais contain iron. Nonferrous metals do not. 
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ADVANTAGES AND DSADVANTAGES 
OF OXY-FUEL CU111NG 
The advantages to oxy-fuel cutting are its bw cost, portability, 
and versatility of cutting direction and size. However, the disad 
vantages of oxy-fuel cutting are poorer tolerances cornpared 
with machine tools, potential fire, fume and burn hazards, and 
the requirements of adequate ventilation. 

VVLLJ ME. It\L. A) 

Shielded metal arc welding components 

Shi&ded Metal Arc W&ding 

In 1890, C.L. Coffin of Detroit was awarded the Erst U.S. patent 
für an arc welding process using a metal electrode. This was the 
Erst record of the metal melted frorn the electrode carried across 
the arc 10 deposit 011er rnetal in the joint to make a weld. By 1900, 
shielded metal arc welding (SMAW)—the process of using a 
coated metal electrode—had been deveboped in Great Britain. 
A thin coating of clay or birne was applied to the bare md by 
dipping shori lengths into a thick paste and albowing the coating 
to dry. This coating provided a more stable arc with the gas and 
flux shielding to protect the molten weld puddle. 



ADVANTAGESAND D$SADVANTGES C  SHELDED 
IETALARCWELDING 
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Gas metal arcfilletweld 
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Shieldi, metaifrom contamination. 
Inshieli 	ms ewe1disIaidthefluxcoating 
of thea >  i 	rates 	n g oft vapers that shield the 
weIdarsafmntmospheicccnaon 



Fume exhaust 

Gas metal arc welding uses the heat of an electric arc between 
a continuously fed bare wire fillenmetal electrode and the work. 
Arc shielding comes from externally supplied gas. 

A variation of gas metal 
arc welding uses a tubular 
electrode containing metallic 
powders that also requires 
a gas shield to protect the 
molten weki pool frorn 
atmospheric contamination. 
For most home and shop 
applications, the power source 
and wire feeder controller 
automatically control the arc 
length and electrode feed. 

: 

Welding fixture used to hold parts in position 
while welding 
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ARCLENGTH 

Gas metal arc welding gun components 

The gas metal arc process deposits ehe weld metal in 
ehe joint by one of three methods: short-circuiting transfer, 
gIobuar transfer, or spray transfer. Several factors determine 
the type of transfer, including magnitude and type of welding 
currene, electrode diameter, electrode composition, electrode 
extension, and shielding gas. 

Short-circuiting transfer uses ehe lowest range of welding 
currents and elecerode diameters. lt produces a srnall, fase-freezing 
weld Pool that is generaily suited for joining thin sections, for 
out-of-position welding, and for bridging large root openings. In 
short-circuiting transfer, ehe wire contacts the workpiece and the 
arc is extinguished. Current continues Co flow and ehe resistance 
causes the wire Co separate and the arc 10 reignite, thereby causing 
the weld Co be deposited drop by drop. 

Globular transfer occurs at bw currents in relation to the 
size of the electrode, regardless of the type of shielding gas, 
although CO2  is commonly used Co weld mild steel. Low current 
density at the electrode tip produces large, irregular drops of 



A typieai gas metal are weg setup 
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The American Welding Society lists specifications 

for filler wires for various metats and related alloys. 

Shieding gases that protect the weld pudde from the 

atmosphere include carbon dioxide, argon, and helium, 

used individuafly and in mixtures that may include 

oxygen. Used tor short-circuiting transfer to 200 amps, 

carbon dioxide gives a stable arc. Additions of argon 

smooth the arc and reduce spatter. 

EQUIPMENT FOR GLS METALARCWELDITG 
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a cable from the power source. High-arnperage guns come with 
tubing for water to cool the gun. 

Stored tinder pressure for ready access in cylinders or in 
bulk containers, shielding gas travels through hoses, gun, and 
into the weld zone. Regulators and flow meters control gas 110w. 

Cables are constructed of drawn copper strands. The elecirode 
lead carnes current to the gun; the work lead, grounded, com-
pletcs die. circuit. 

Gas hoses with accessories such as connectors and clamps 
route the shielding gas irom the cylinder or tank to the welding 
gun. Water for cooling high-arnperage guns comes through a 
flexible hose. Gas meiai arc veidin ivpicaiiy uses Solid wire. 
spooled or reeled, for continuous feeding to the gun, with 
diameters from 0.035 to IA,. inch. 

FIux-Cored Arc Welding 
After the introducilon of CO 2  with gas metal arc welding, flux-
cored arc welding (FCAWL a variation using a special elecirode 
wire, was developed. This wire was ubular in cross-section, with 
ihe fluxing agents on the inside. More developments eliminated the 
exu'rnal gas, leading tu the self-shicicled welding wire. Fluz-cored 
arc \veiding uses t1e heat of an arc between the elecirode vire and 
the work. 

SeIf-shielded flux-cored arc welding process 
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The American Welding Society's identification System 
for flux-cored arc welding electrodes follows the general 
pattern. Shielding is obtained, in whole or part, from a 
flux contained within the tubular electrode. Self-shielded 
electrodes require no external gas protection. Non-selt-
shielded flux-cored electrodes use additional external 
gas shielding (commonly, carbon dioxide or argon/ 
carbon dioxide mixes) supplied through the welding 
gun. CO2 . which is the least costly, gives globular 
transfer. With a mix of 75 percent argon and 25 percent 
CO2 , transfer approaches spray. Inert gases increase the 
efficiency of oxidizers in the wire core. Argon protects 
the molten weld pool at all weld temperatures. 

Flux-cored arc welding owes its versatility to the wide variety 
of ingredies that can te inclidcd in the core of a tubLilIr elec-
trode. The tcLc cunL 	granular f!ux, deoxidizers, and alloying 
i'Ienii'nts vitjUn ::c 	bular 'vire. The selection of filer allovs 
depuds 011 1110 	InCill C0lii)OSItIOfl, base mclii cleanliness, 
thickness, and service. 

ADVANTAGES AND DISADVANTAGES 
OF FLUX-CORED ARCWELDING 
Due to increased deposition rates and a high tolerance tor contam-
ination. flux-cored arc welding has replacc-d shiekled metal arc 
vel 1 iig dill gas n letal an ,  veiding iii 	pl cations. F!u .'- 

cored arc velding can be used in both shop and field app!ications 
.nd irni - idus high product ivity in lerms of the amoni it of weld 
meial i1idt ciii be depnsited in a given time, particularlv tor the 
handheld process. 111 s process is characterized by an aggressive, 
deeply penetrating an: that tends to rc'duce ihe possibility of 
fusio•t.vpc discontinuities. Flux-cored arc welding can be used in 
all posiuiis. 

As for the disadvantages of flux-cored arc welding, because a 
flux is present durin; flux-ct.rcd arc weidiitg, a ocr of soiiclified 
siag must be remuvcd. The IIUX dISC geneiaies significaitt anlount 
of smoke, which can be hazardous and can ecluce the welder's 
visibi!itv, iliaking the veld puddle niore diticult to obstrve. Often, 
veldcrs use velding gun equipped with built-irt fume txtractors 

ducted 10 a filter calist€r and an exfldust pump. 
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Gas shielded flux-cored arc weJding process 

Discontinuities in 
F1ux-Cored Arc Welding 
The most prevalent discontinuities in flux cored arc 

weding are porosity and siag entrapment Inadequate 

shielding or a disruption in the shiniding gas atmosphere 

causes porosity. Improper travei speed or incorrect 

manipulation of the welding gun often results in 

slag entrapment. 
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Plasma Arc Cutting 
Plasma arc cutting uses the heat of a plasma arc (40,000 degrees 
Fahrenheit) Co cut through any metal, ferrous or nonferrous. The 
plasma arc torch, which features a copper electrode recessed 
into a copper tip with a small opening, constricts the plasma gas 
in order to heat and ionize lt. 

A trigger switch controls most manual torches: Press to 
start the gas and cutting arc; release to stop. A pilot arc is estab- 
lished, and when the torch is dose enough to the workpiece 
that the pilot arc touches it, an electrically conductive path [rom 
the electrode to the workpiece is created. The material melts and 
the cutting gas blows the molten metal away. 

The plasma gas cuts a bevel on orte side of the kerf and a 
right-angle edge on the opposite side. The gas swirls clockwise, 
placing the bevel on the left. This requires the worker to plan 
tor the bevel on the scrap side of ehe cut. The welder can rate 
the cut quality according to surface smoothness, kerf width, 
parallelism of faces, adherence of dross to the cut hottom, and 
sharpness of the bottom faces. 

AOVANTAGES AND DISADVANTAGES 
OF PLASMA ARC CUTFING 
Plasma arc cutting is faster than other types of thermal cutting tor 
material less than 1 inch (25.4 mm) thick. Because it works with 
a high-velocity jet of gas, the plasma arc cuts molten material 
without preheating. 

Its disadvantages are that plasma arc cutting is noisy, bright, 
and hot. All operators must wear ear protection (earplugs), 
a shaded face shield or helmet, and protective clothing. This 
method also involves hazards such as [Ire, electric shock, intense 
light, fumes, gases, and high noise levels. Another disadvantage is 
that ehe equipment costs more than oxv-fuel cutting equipment, 
and setups require hoCh compressed air er gas and electrical power. 

In addition to thermal methods of cutting, there are 
also mechanical methods such as grinding, shaping, 
sawing, shearing, chippirig, and milling.The major 
concern for preparation after mechanical cutting is the 
thorough removal of all oils and lubricants used during 
cutting that will interfere with later welds. 
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Gas tungsten arc w&dng 

Gas Tungsten ArcWeldirg 
Gas tungsten are wekling (GTAW) uses a nonconsumable 
tungsten electrode to produce an arc to melt the base metal. 
The weld area is protected from atn1ospheric contamination 
by a shielding gas (usually argon and a filler metal). 

Plasma arc welding is a variation of gas tungsten arc welding 
whereby the electric arc is contained inside the torch and the heat 
energy is transferred to the work through a Plasma jet. This pro 
cess can be used for metal spraying and for cutting. The plasma 
arc has a higher temperature than a tungsten arc. 
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Skilled welders know the right questions to ask themselves to 
determine which method of welding or cutting is best suited for 
the particuiar Job they are doing. They consider weldabiiity, 
metallurgy, and discontinuities. 

Weldability 
Weldabilily is the capacity of a material to be welded. The thick 
ness of the metal often determines the best welding process to 
use. For heavy sections, flux-cored arc welding or shielded metal 
arc welding are gooci options. For sheet metal, oxyfueI welding 
or gas metal arc welding are good choices. 

Metallurgy 
Skilled welders have a knowledge of metallurgy, the physical 
and chemical behavior of metals and their mixtures (alloys). 

The welding position relates to the place where the two 
pieces of metal meet. This is called the joint. When the joint is 
not in the fiat position, the force of gravity limits the use of arc 
and gas welding. 

Backside accessibility is sometimes a factor in determining 
the welding or cutting process to use. When the back side of 
a joint must be reached, the angle may be difficult to reach 
and weld effectively. Incomplete fusion or incomplete joint 
penetration can result. 

G 
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Discontinuities 
When welding, you may see discontfnuities (er irregularities) 
that you can correct: 

1 Uniforrnly scaetered porosity usually means the welding 
technique was faulty or an improper filter metal was used, 
or the hase metal was contaminated. 

2. Incomplete fusion of the base metal edges can occur when 
the edges are inadvertently oxidized, even with the best 
flarne adjustment; lt usually is the result of irnproper 
torch manipulation. 

3. Undercut, underfihl, and overlap are weld faults attributable 
to the skill of the welder. 

4. Cracks are generally bot cracks in oxy4uel welds. 

5. Throat cracks may resuht if the weld deposit is too thin to 
resist weld shrinkage stresses. 

Discontinuities that result in a poor weld are porosity, incomplete fusion, 

incomplete joint penetration, undercut, underfill, overlap, and cracks.You 

can oliminate most problems by cleaning the joint and sides of the base 

metal, and by using proper welding technique. 
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LEGENP 
1 CR'J\TERCfACK 
2 FACE CRACK 
3 HEAfAFFECTEO ZONE C( 

Types of cracks 	 4 LAMELLARTEAE 
5 LONGTUPINAL CRACK 
O ROOTCRAOK 
7 ROOT SURFACE CRACK 
& THROATCRAC 
9 TOECRACK 
10 TRANSVERSE CRACK 
11 UNPERSEALICRACK 
12 WELS NTERFACE CRAC 
13 WELS METAL CRACK  
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Welders can choose from a number of electrodes, 

metals, and alloys. A welder must stop periodicaUy to 
replace electrodes and remove solidified siag. Low 

hydrogen electrodes must be kept in special storage to 
minimize moisture absorption. 

Welding Equipment and Materials 
The equipment and materials discussed here are conventional 
tools of welding. For instance, common C-clamps and bar 
clamps hold parts to ensure precise, repeatable alignment. 
With portable grinders that are either electri- 
cally or pneumatically powered, you 
can bevel joints, grind oft weld 
spatter, remove weld reinforce 
ment, and help clean the scale 
from base material before 	 Electrodes 

welding. Discs and brushes 
offer various finishes. 	 'p 
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Filter lenses must be worn 

L)  when observing thermal cut-
ting (oxy-fuel or plasma arc) 

- 	 operations. Safety goggles with 
side shields are required to protect 

eyes and face from sparks and spatter. Hearing 
protection (wearing earplugs) is required, as noise can 	' 
exceed safe levels. Oil and grease in the presence of 
oxygen may spontaneously combust and burn. 

Accessories To prevent a flashback, which occurs when mixed gases 
foroxy-fuel burn behind the torch mixer, a flashback arrestor shoulcf 

include a fricton he installed at the torch to protect the hose froni burning. 

lighterto ignite 

the gas, tP 
Gas regulators reduce the cylinder gases frorn storage pres- 

sure to working pressure at the torch and maintain this lowered 
cleaners, an pressure during gas [bw. Each regulator is designed to work 

a JUS a 	e 
with a specific gas. The oxygen-cylinder pressure, which can be 
as high as 3,000 pounds per square loch, is reduced to a work- 

wrench, a ing pressure of 1 to 25 pounds per square inch. The fuel gas 

cylindertruck 
storage pressure is reduced [rom 250 pounds per square inch 
to 1 to 12 pounds per square nich. 

and safety goggbes 

and cbothing. 
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Cutting steet with an oxy-tuet torch 

IG 

Base Metat Preparation 

For any welding process, the first step is to clean the base metal 
along the joint and sides to remove any buildup of dirt, oh, and Reasa the 

oxides that can cause a weak weld. Grinding the surface of the "Heatth and 
base metal to a smooth, shiny firiish typically removes the 

Safe« cha ter oxides. Carefully space the part for welding; follow all specifica- 
tions. The root opening should allow für bridging the gap but whenever 
should be large enough für füll penetration. necessary.  

Edge preparation depends on the material thickness. Sheet 
metal can normally be butted together and welclecl. Für material 
that is '/, to / hoch thick, a slight root opening or groove and 
a filler metal are necessary für complete penetration. Thicker 
materials should be beveled für better penetration and fusion at 
the sides. 

Hazards of oxy-fuel wetding are heat and Iight radiation, fumes and 
gases, noise, fire, and explosion. Proper use of equipment-.-especially of 
compressed-gas cyhnders—is vitaLThe oxy-fuet flame is less intense than 
the electric arc but requires that shaded lenses be worn. For heat protec-
tion, wear a shaded or clear face shietd. A!ways wear goggies to protect 
your eyes from sparks, spatter, and motten stag. Keep your head out of the 
fume plume. 

IT 
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- 

Plasma arc cutting 

• 	 -• 

Shielded metal am welding (or "stick welding") 
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Dxy-fuel operators should wear a 	- - 	- 
Nhen welding material is less thah 	- - - -- - 
5 or 6 wtien welding material is Vi ind 	- 



Be sure the gnncier you use is safe by using this checkltst trom the 

Ocaupational Satety and Heatth Administration, which can also be found 

at www.osha,gov/SLTC/machineguarding/new-grinderchecklist.html. 

Address questions answered with a 'no" before using the grinder. 

ChecRlist for Abr3sive 
Wheel Equipment Gründers 

Da s 	iardscover: -  espindlena- 	df1angeand75 Ves 	No 

pe•:-: o!thewh 	diameter? 

lste 	: 	-ast use 	and keptadjustedto within 	ineh YesJ 	NoTJ 

I03i7 	:i, of the wneel? 

is the aüstate a-e guard an 	e ap sde of the grinder Yes J 	Na TJ 

used and kepti 	in 	inch W3 	:— cthewheel? 

is the maXirnL 	RPM rating of each abra s ?C wheel Ves J 	Na J 

compatible w 	e ¶'M rat - 	ofthe grinder motor? 

Befare new abrasive wheels -a mounted, are they Ves J 	Na J 

visuatly inspected and ring-te :ed? 

Is cleaniiness maintained araund grinders? Ves J 	Na J 

Are dust callectars and pawered exhausts p 	ided an J 	Na 

grinders used in operations that produce Ia;e amaunts 

of dust? 

Are goggies c 	ne shiel: 	rys wom .'; -ien grinding? Ves J 	Na 

Am bench and 	edes: z r: 	-s 	rmanently  mounted? Yes J 	Na J 

Is cccl-  e 	- mliv operated grin: 	eectively graunded? Ves :j 	Na 

Am fixed ar permanently mounted grinders connected Ves i 	Na 

to their electrical st: :.s,atem 	- nmtallic canduit ar 

other permanent ;e:-c? 

Does cach grinder ha-e an individual an and oft Ves J 	Na 

cantral switch? 

Fume exhaust equipmerit removes chemical fumes and vapors, oil mist, 

and dust. Equipment ranges from fans and blowers to exhaust hoods and 

smoke-extraction w&ding guns. 
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Gases 
Oxygen for welding and cutting should be at least 993 percent 
pure. Burning acetylene gas with pure oxygen fed through a torch 
produces ehe oxy-fuel flame. Oxygen in the air completes the 
combustion. For most applications, the 5,600-degrees-Fahrenheit 
flame provides both the heat and necessary shielding of the molten 
metal. Fluxes improve the cleaning action on some materials. 

Oil or grease in the presence of oxygen may spontaneously 
combust and burn. Oxygen cylinders must be stored away frorn 
flammable and combustible material. Do not store oxygen or 
acetylene cylinders in confined spaces such as boxes, trunks, 
or vehicies. Acetylene cylinders should be kept upright. Keep 
equipment free of grease and oil. 

Filler Metal and Electrodes 
Filler rods, used for welding of material thicker than IA6 inch with 
oxy-fuel welding, are fed manually. Rods are ¼ inch or slightly 
less in diameter; standard lengths are 18, 24, and 36 inches. 
Electrodes for shielded metal arc welding are usually 3/  inch or 
less in diameter and standard lengths of 14 loches, while electrodes 
for gas metal arc weiding and flux cored arc welding are in coils. 

What happens in the weld puddle determines the weld quality. 
For arc welding processes, the heat of the arc melts the base metal 
and the tip of a consumable covered electrode. Understanding the 
electrical circuit will help you become familiar with the process. 
The following descriptions explain shielded metal arc welding bot 
are sinilar for other common arc welding processes. 

AC OR PC POWER 	 ELECTROLE 
5OUCE ANO CONTROLS 	ELECWODE 	HOLPER 

WORKflECE LEAD 	ELECTROPE LEAO 	WOR 

Are welding circuit 
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This cirduit hegins with the eier ic power source and includes 
the welding cables, an electrode holder, a workpiece connection, 
the workpiece (wedment), and an arc welding electrode. 

One of the two cables from the power source is attached to 
the work. The other is attached to the electrode holder. When the 
arc stnkes between the electrode and the workpiece, welding begins. 

The heat of the are, measured above 9,000 degrees Fahrenheit, 
melts the tip of the electrode and the surface of the work, near the 
arc. Tiny globules of molten metal rapidly form on the electrode tip, 
then transfer through the arc stream into ehe weid pool, depositing 
the 011er metal as the eiectrode is consumed. 

The amount of electric current needed at the arc depends 
on the size of the eiectrode and the gap between the electrocle 
tip and the base metal. The sizes and types of electrodes for 
shielded metal arc welding define the arc voltage and amperage 
requirements. The current may be either alternating or direct 
(eiectrode positive or electrode negative), depending on the 
electrode being used. Manufacturers add alioying elements Co 
the electrode covering to strengehen a shielded metal arc weld. 
Some ingredients and the binder in Ehe covering can attract and 
hold moisture, which may cause cracking. 

PIRECTION OF WELPING 

IHIHI 
ir 	jr 

()TORCH 

O D 

(A)EOREHANP (C)eACKHANP 
TECHN!QUE FERFENDICULAR TECHNQUE 

Effect of travel angle on the weld bead profile, no matter 
which process is used 
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The electrode coating: 

1. Provides a gas to shield the arc and prevent excessive atmospheric 
contamination ofthe motten filter metal. 

2. Provides ingredients to cleanse the weld, 

3. Establishes the electrical characteristics of the electrode. 

4. Provides a stag blanket to protect the hot weld metal from the air 
and enhance the mechanicat properties, bead shape, and surface 
cleanliness of the weld metal. 

5. Provides a means of adding afloying elements to change the mechanicat 
properties of the weld metal. 

Arc Shielding 

The method of shielding and the volume of siag produced vary 
by type of electrode. On some electrodes, most of the covering 
materials are converted to gas by the heat of ehe arc, wiCh only The American 
minimal slag. The gaseous shield prevents atmospheric contami Weiding Society 
nation. Other eiectrodes convert most of the covering to siag that 
coats the globules of metal being transferred across the arc, then ciassifies weiding 
floats to the surface of the weld puddle because it is lighter than rods and eiectrodes 
the metal. The siag solidifies after the weld metal has solidified. 

The choice of eiectrode type depends on the application. for steei on the basis 
Electrodes that produce heavy siag can carry high amperage and of strength, position, 
provide high deposition rates, ideal for heavy weldments in the 
fiat position. Those wiCh a Iight siag and lower amperage and and chemutry. 

deposition rates produce a smaller weld Pool and work in all 
welding positions. 

How to Setect an Electrode 

Consider these factors in approximate order of importance: 

1. Composition of the base material. For stainless steels, 
iow-alloy steels, nickel and copper alloys, and materials 
that serve in corrosive atmospheres, chemical composition 
is important. 

2. Mechanical properties of ehe base material. Tensile strength 
and yield strength of the weld metal should equal or exceed 
that of the base material. 
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3. Welding position. This is the first performance characteristic 
to consider. High-cellulose coating, like those on E6010 and 

For VOUr OWO E6011 electrodes, generate a light siag that makes for rapid 

comfort, choose solidifying of the weld metal, good for out-of-position welds. 
4. Weld current. Covered electrodes run on alternating current, 

the smallest size or direct current, or both. When welding DC, the positive lead 

electrode holder eypically connects to the electrode (direct currene elecerode 
positive, or reverse polarity) Some suppliers design electrodes 

that will hold vour that weld with the electrode negative (direct current eiectrode 
electrode without negative, er straight polarity). Ensure that the electrode will 

h 	f over ea 
perform with the type of current available. 

5. Joint design and material thickness. Some electrodes create 
an arc that penetrates deeply, performing well on thick 
sections with narrow grooves or no bevel. Poor fit-up calls 
for electrodes that can bridge wide gaps. 

6. Productivity. Meeting all other conditions, seiect the electrode 
that gives the highest deposition rate. 

7. The American Welding Society electrodc numbering tor 
shieided metal arc welding electrodes is shown in AWS A5.1, 
Specification tor Covered Carbon Steel Welding Electrodes. 
"E" stands tor eiectrode. The first two digits (or the first 
three digits in a five-digit number) are the tensile strength 
of the weld deposit times 1,000. For example, an E7014 
electrode has a tensile strength of 70,000 psi (70 x 1,000). 
The third digit is the position in which the electrode can be 
used. "1" is all positions, "2" is fiat and horizontal only, and 
"4" is a vertical down low-hydrogen electrode. The last digit 
is the composition of the fiux coating. 

Power Sources 
A combination AC/DC power source is common at home. Power 
sources use static converters (transformers), rotating converters 
(generators/aiternators), or inverters to produce ehe electrical 
power needed for shielded metal arc welding. These produce 
25 to 400 amps at 15 to 35 voits. Either AC or DC may be used, 
depending on the current supplied by the power source and the 
electrode selected. The type of current used influences the perfor-
mance of the electrode. Following are some factors to consider: 

Voltage drop in weiding cables is lower with AC, thus improving 
welding at a distance from the power supply. 
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• Low current requirements of small-diameter electrodes and 
bw welding currents make DC a good choice for a more 
stable arc and better operating characteristics. 

• Arc starting is generaily easier with DC, particularly if 
small-diameter electrodes are used. With AC, the welding 
current passes through zero each half-cycle; this can present 
problems for arc starting and arc stability unless special 
electrodes are used. 

• Arc length is better controlled with DC when welding with 
a short arc length (bw arc voltage) than with AC. 

• Arc blow is seldom a problem with AC because the magnetic 
held is constantly reversing (120 times per second). Welding 
position in the vertical and overhead is somewhat better 
with DC because lower amperage can be used. With suitable 
electrodes, however, satisfactory welds can be made in all 
positions with AC. 

Accessory Equipment 

An electrode holder is a clamping device with an insulated handle 
that aliows the welder to hold the electrode. The electrode holder 
conducts the welding current from the welding cable to the 
electrode through the jaws of the holder. The jaws must be kept 
clean and in good condition to prevent overheating and causing 
an excessive voltage drop in the welding circuit. 

The workpiece connection is a device that connects 
the workpiece lead to the workpiece. lt should produce 
a strong connection, yet aflow for quick and easy 
attachment. For light duty, a spring-loaded ciamp may 
work. For high current, a screw ciamp can provide 
a good connection. 

Welding cables connect the electrode holder and 
workpiece ciamp to the power source as part ofthe 
welding circuit.The cable size depends on the maximum 
amperage to be used for welding, the length of the weld-
ing circuit (welding and work cables combined), and the 
duty cycle of the welding machine. Misceltaneous hand 
tools include a steel wire brush, hammer, chisel, and 
chipping hammer to clean dirt, siag, and foreign matter 
from the welding area. 
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After you have set up an area for the welding process you have 
chosen, your merit badge counselor will inspect and approve 
the area. Before you begin, you must be trained in the proper 
use of regulators, if they are required, and be supervised by 
your merit badge counselor. Always follow the manufacturer's 
recommended procedures. 

This section will outline the steps for only two of the most 
common welding processes, oxy-fuel welding and shielded 
metal arc welding. 

jIJ1i 1 II!I SÄL ITÄIT T$J 	1!- LÄ'Lt1T 
Cylinders should be secured to a wall or Post for stability. Select the 
correct regulator, hose, torch, and nozzle; check to ensure that the 
fittings are tight and grease-free. The regulator shorild be clean and 
in good working condition at all times. Wien opening the cylinder 
valve, always stand with the cylinder valve between you and the 
regulator. Turn the oxygen cylinder valve slowly to full open in 
order to gradually increase the pressure in the regulator. Turn die 
oxygen regulator adjusting screw clockwise to working pressure. 
Ciose the torch-oxygen valve; then open the acetylene cylinder 
valve a quarter tu one and a half tums. 

Turn the adjusting screw on the acetylene regulator clockwise 
to the recommended pressure, no more than 15 psi, or pounds per 
square loch. Close the fuel gas torch valve. As the welder, you must 
regulate the torch flame to burn under neutral condition. With the 
primary reaction exactly balanced, yielding only carbon monoxide 
and hydrogen, the flaine atrnosphere is theo neither carburizing 
nor oxidizing. This flame adjustment must be determined from 
the appearance of the inner flame cone. The hot metalls then 
protected from the atrnosphere by the combustion products in the 
neutral flame and the fluxes, if used. 
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There are three types of usable flames: carburizing, oxidizing, and neutral 

(see page 35). A carburizing flame has an excess fuel gas in the flame, 

while an oxidizing flame has excess oxygen. A neutral flame has no 
excess of either gas and thus is the best flame for welding steel. Using 

a carburizing or oxidizing flame can degrade the material properties. 

Torch and Tip Technique 
Before you try it yourself, your merit badge counselor can 
dernonstrate how to hold the torch tor the proper work and 
travel angles to weld a bead. 

Practice before 

attemptng to 

weki a bead 

into the shape of 

your initial. 1 

W&ding beads with shielded metal arc welding 

How toWeld a Bead 
To begin welding, rotate the torch flame in a small circie at the 
starting edge to establish a puddle; then push the puddle along 
the joint. Continue this action, oscillating the torch tip across 
the joint in a circular or semicircular motion. Forehand and 
backhand welding indicate the direction of the tip relative to 
the completed weld. 

APPLYING WELD BEADS 
Once you get the hang of it, you can take your skills to the next 
level and cover a plate with weld beads side by side. lt will take a 
steady hand, hut with some guidance you will have fun with this 
welding technique. Be sure to follow your counselor's instructions. 
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V-grooveed 

How toWekflWo PlatesTogether 
Ateer prac1cing ligheing ehe rorch and running beads cm a fiat 
reeei nIate vou wfl Iearn how to weld ewe oeces of meral. 
Common ioine are hure lolnes, T-ones, and lap ioines. Velded 
oints are desgned prhnariv ein the basis ei ehe strength and 

safeev reauired ci ehe weldmenc. 
Thicker memhers normal- IV reqidre sene edge renaration 

cc allcw puddle cc reach ehe peint where the weM metal meist 
be deoosieed. Oteen cci chick members. ehe bevei is cm hoch 
sides er weM hacking is used cc prevene ehe mohen mecal bem 
seeping ehrough ehe root ei ehe leine. 

WDNG 69 



Although the steps here are for oxy4uel welding, 

the same steps can be followed for most welding 

processes in which your counselor has experience 

and for the equipment available. 

- 

ea  

Tie zw pec 
sa:e gT:ve. 

eIcve 
::3ope 

Bee e:ti 
1 - 

:r:ger ea 
3 

A weave bead means to move the weld puddle from side to side, or to 

weave it the width of about twa or three times the electrode diameter.  

A tack or tack wald is a small weld bead, usually ¼ to ½ inch lang, used to 

hold the twa pieces of steel together while you complete the weld. lt the 

Iwo pieces of staat have not been tacked together, the heat distortion will 

cause them to move apart or cause what is called angular distortion ance 

you start to weld. 

70 wEuG 



Werk angle 

NoraIv. in addi:o toi diamps,a ktt -we 
ra 	a iack weld zO hd the pies 

dirig !he heag fron he whi bead. Pace zhe 
tack wed on each end ci the im. Dependng en 
he hae oi :he workpi€ce. 	a:v 	:o tack 
wek1 n other piace, rx. :e 	tro warpht. 

T-iohu z and p im an hecined whh tJiet 
weId at :he in renon i the iwo wrkp-ze 

the peces are scare ne end preparation 
necesarv 

 
--her,  p.ssNe ise dot:he-fillet 
hown here ort boh side 	the 

ween the two pez. 
hl:et wdi recures hold:ng the tcrtth a 

degree work angle and :he same iO-degre€ 
Odegree travel angle as 2n :he fiat position. Tack 

t rj u 	 iis ‚ws n—'dd 
a U:- eld. Practce weidng -be miat an,' yen 
np armd dowrt poshions 10 leam ho-  the heat 

hinders vou: eforrs 

' 

W 
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Preparing toWeldWith Shielded 
Metal ArcWelding 
Az a weder VYJ Can contro tour s:ei e:a rc 
paraflerers: cu::erii se::ng apee.ii .e:iw 
eie::de arw,es deg:ees.. ad irav -. 	 per 	iue. 

see :he resultsofu-VT skIj,ve1J. cre 
beads Ihe 3riee Show. 

AmeiicWekkng Sodety.Wehän Han&iook.Sth ed3.c 

ERÄY?&AGE. AC E'.G3-t AZSEEP 
5: 5 YPEAGEOO 

1D) 
E) AC .Er'jO LCN 

AV 3EE COSLO 
(3, ASEEDTOAS 

Effects of paameters an shietded metal am w&d s 

Electricat Cirnent Setting 
31 	ren: 	 aree 
;avng ve3ng crre:s egnii 	at 1 ,  

5 amps. Übendroppng d3;v hv 5aps. R beads 
eih serrng. Asrhe airs are iawered. zhe:k :he ha:ge In 
weld head u:; he hea sutbient ta :iaeb he base meta. 

	

over vih the 	- za 	-p  seng and iarease 
i antps. \Vizh :x nuh heer. the elecrrcde cnverng 

	

Lrn biack. ±e b€a 	 - h a ': spa::e:. and 
:ae Mse niera W EeJnIC QL. \Vdh pra2:ie. and hv U-- , ne 
nann:acturers arnp set:ing recanmre:dat;x:s. van whi on 
ea:n what 	rrenr set:.ngs shand be 
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Arc Length 
After striking the arc, the electrode is consumed, so the weider 
must constantiy correct the arc length—the distance between 
the workpiece and the end of the electrode core wire. The length 
is approximateiy the diameter of the core wire of the electrode. 
A short arc will not generate enough heat to fully melt the base 
metal or the electrode. This can result in the electrode sticking 
to the base metal, shallow penetration, or an uneven bead with 
irregular shape and siag trapped in the weld. 

Electrode Angles 
Shielded metal arc welding requires skill in holding the electrode 
in two related angles—travel angle and work angle. The travel 
angle, movement away from the weld bead, refers to the direction 
of travel the welder holds the electrode during welding. When 
welding on a fiat plate, statt with 15 to 25 degrees from vertical, 
tiited in the direction of travel. The work angle is 0 degrees frorn 
the vertical, or 90 degrees off the base metal. 

Travel Speed 
As you move the electrode along the joint, you can determine 
the best travel speed for building the width and height of the 
weld bead. The correct travei speed should create a weld bead 	Siowtravei speed 
about twice as wide as the outer diameter of the electrode, with 
half-moon or crescent-shaped rippies, similar to laying down 	produces a bead 

a stack of dimes. 	 with ton much 

Prepare and Practice 	 height and wdth 

Use SMAW to practice striking arcs and running beads. Theo, 	and poor fusion 
learn to join two pieces of metal as butt joints, T-joints, and lap 	the base metal 
joints. Follow the steps used with oxy-fuel w&ding. Hold 
the correct electrode angle as you would when running the High travei speed 
beads on plate. resuits in a low, 

Dscontinuities narrow bead, a 

If the SMAW process is not applied properly, the welder can V-shaped rippte, 
produce aimost any discontinuity. Improper manipulation of the 
electrode can cause mistakes like incomplete fusion, incomplete and possibte 

joint penetration, undercut, overlap, incorrect weld size, and undercut atong 
improper weid profile. 

the edges. 
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Porosity normally resuits when moisture or contamination 
is present in the electrode coating on the surface of the material 

Sag inclusions or in the atmosphere. Fauity technique can also cause porosity. 
are most often Cluster porosity occurs due to long arcing at the start and stop 

of the arc. Porosity can result from the presence of arc blow, the 
the result of deflection of an arc from its normal path because of magnetic 
improper welding forces. As you develop your weiding technique with your merit 

technique, insuf- 
badge counselor, you will learn to minimize arc blow, 

ficient cleaning, 	Variables for Are Welding Processes 

onnsufficent The welder has control over a number of variables that affect 
weld penetration, bead geometry, and overail weld quality. 

access für The variables include: 

welding within 1. Welding current (electrode feed speed) 

the joint. 2. Polarity 
3. Arc voltage (arc iength) 
4. Travei speed 
5. Electrode extension 
6. Electrode orientation (trail or lead angle) 
7. Weld joint position 
8. Eiectrode diameter 
9. Shielding gas composition and fiow rate 

To consistently produce a satisfactoiy weld, you will need 
to learn how to control these variables. Generaily, changing one 
variable requires changing one or more of the other variables for 
a good weld. Experience builds the skill to recognize how the 
type of base metal, eiectrode composition, welding position, and 
quality requirements affect Optimum resuits. Tour merit badge 
counselor can help you build these weiding skills. Practice 

Take responsibility running beads on fiat plate; theo, work Ofl the basic joint to 

and precautions gain confidence and skill. 

für minimizing 

risk and avoiding Safety First 
injury by foUowing Review safety practices before welding. Being prepared 

the information in will minimize accidents. Eye damage and skin burn are 

the most commori injuries resulting from gas metal arc 
the 	Health and 

welding. Hazards include fumes, gaseous emissions, 
Safety" chapter. and electrical shock. 
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Build a Patrol Popcom Popper 
Now that vou have some weiding 
knowledge, you can buikl th -. 
:atroi popcorn 

-‚ • 
this niakes an ideal 

- 
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Tools Needed 

- 	 • Metal cutting shears 
• Plasma cutting torch (optional, 

for use in piace of metal 
cuuing shears 

r 	 • Buikler s square 

- • Tape measure 

• Paint pen 

• Vise 

• Sturdv table with square edge 

• Scrap piece of plvwood, at least 11 x 13 

• Hammer 

• Hacksaw 

• Plicrs 

• Srnall prv bar er screwdriver 

• Punch 

• 2 Cc1amps 

• Drill vith 	bit and 	bit 

• Angle grinder, 4 

• Grinding disk and sanding disk 

Materials Needed 

• 22-gauge sheet, cut to 21 x 19' 

• 22-gange sheet, cut to 12 	x 10 

• Round bar, 2 pieces, each 10 x 

• Round bar. 1 piece, 8 ' x 

• Round bar, 2 peeces, each 6 x 

• Round bar, 1 piece, 56 x 

• \Vooden knob 
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Required Skills 

The following skills are needed for this weiding project: layout, 
cutting, fitting, weiding, grinding, drilling. 

Let the Building Begin 
This project can be built frorn mild steel or aluminum sheet, 
depending on the welding process available. If it is built from 
aluminum, you might need more insulation for the handle to 
protect the cook's hands. 

If you need to alter the design, be sure to write down your 
changes and make a new sketch on another piece of paper. 
Inciude dimensions, material callouts, and weiding symbols. 
Have your counselor review your altered design to check for 
constructability and strength. 

Step 1— Place your 21" x 19" sheet metal on a fiat surface, 
and frorn all four corners, measure and mark 5 /2 "  vertically 
and 5 /2 "  horizontaily. Then, using the buiider's square, 
draw straight lines from your marks to create a 5 ½" square 
in each corner. 

Step 2Measure and mark the 1" x /2 "  handle notch found at 
one end. 

Step 3—Using shears (or the plasma cutting 
torch), cut out the squares in each corner. 	 1 

Step 4—Cut the two ½" lines for the handle  
notch. (This tab will be folded back.) - 

Step 5—Next, measure and mark the fold limes, 
½" from the edge of the remaining outside limes. 
The limes remaining in the center are also 
fold lines. 

Step 6—Line up the fold lines at the top edges with a sharp 
metal table edge, and clamp securely. Tap with a hammer to 
get the folds started; bend to 90 degrees. 

Step 7—Line up the inside fold lines in the 
same way, securely clamping, then tapping with 
a hammer on a sharp metai table edge. 

Step 8—Get all four foids started. Finish bemding 
by hand Tack 	full Iength the 	of the inside edges 
tapping the outside edges with a hammer as 2 

needed, to bring them together tightly. 
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Step 9—Place a ½" long filet weid in each 
corner 10 keep the popcorn cii from leaking. Full-
length welds are not necessary. You can ciamp 
thicker metal to the outside to absorb excess heat 
if you have trouble with burn-through. 

Step 10—To start the handle, use the hacksaw 
to cut the Va" round stock into pieces of the 
following sizes: 

• One 56" piece 
• Two 10" pieces 
• One 8 1/2" piece 
• Two 6" pieces 

Step 11 —Find the center of the 56" piece and 
mark lt. Place lt in a vise with the mark at the 
edge of the vise. Bend it in half, by hand, until 
lt has a slightiy rounded middle. Place the two 
6" pieces in between the bent rod and adjust them 
until they fit securely togethec Ciamp and weld. 

Step 12—For the end of the handle, measure 
and mark each piece of the handle at 4 loches. 
Place the pieces of the handle in the vise, lining 
up the marks with the edge of the vise. Bend 
each end outward. 

Step 13—Turn the box upside down on the table 
and place the remaining pieces of round stock 
on eich of the three sides of the box. The handle 
becomes the fourth side of the box. Weld securely. 
Smooth the rough corners hy grinding. 

Step 14—Build the lid from the 12/' x 10 1/8 

sheet. Measure 3/4"  vertically and horizontally on 
both sides of each of the four corners, and draw 
lines to create four scluares. Measure and mark 
1 /2"  on both sides of each corner, and draw 
a straight line between the two. Cut oft the 
corners. Measure and mark the steam holes. in 
the diagram, 1" blocks are used, but you may use 
any hole pattern you want. Piace the lid on a piece 
of plywood and use a punch and hammer to mark 
the holes. 
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Stepl5— 	mp 	.: 	 limes 
uI wie edge, iap mc euge witn a nammer in get ehe fold 

started. Da this an all four sides. Cornpletely bend ehe twa 
sicorter sides until thev are fiat. 
Step 16—Bend the twa langer sides Co 90 degres. . 

Place the lid upside down on ehe table and place 
ehe box upside down on the lid. Use ehe hamrne 
to tap ehe 90degree lid folds araund ehe rund 4 
s:.ck an the box. Turn lt aver, drill the punch 

!z -s, first wtth ehe smaHer drill bit, ehen with ehe 
drill bit. To prevent iniurv from ehe rough ski 	‚

MIO use an angle grinder with a flap, or a sanding disk, 
ca smooth baCh sides of the drilled holes. Use a 
screwdriver to adjust the falds an the lid so it slides easilv. 
Attach a wooden knob Ca ehe lid, and you are finished! 



\Veu1flI C 1tt[S UUt ilexible diU 

• appealing lifestvles. Skilled welders P can advance to rohotic welding 
technicians, insoectors. supervisors. 

• salespersons 	fessors, and business 
- 	

- owners. The best piace to start is right 
here. The American \Veiding Society 

I provides Information ahorn exciting 
careers in the welding industr. 

The American \Velding Societv 
Foundation awards scholarships 
10 students seeking Iwo-vear technCcal 

- drnrees, four-vear degrees, and 
postgraduate education. Welding 
education prograrns are modernizing 

-. and expanding. The Southeastern 
Institute of Nlanufacturing and 
Tecllnologv in Florence. South 

MM 

Manuiaciuririg businesses are experiencing a shortage of skilled 
welders. As baby boomers (those horn between 1946 and 1964) 
continue to retire, skilled welders are needed to repiace them. 
Despite the lure of $40.000 to $70,000 salaries after college 
graduation and on-the-Job Training, ie has been difficult to recrult 
newcomers. This mav he because ehe dreary image of the past 
centurvs industrial age lingers. But that era has 	Thanks 
Co advances in science and technology. welding Ls :cv spark. 

Skilied and ta1er:: 	ders 
have a brand new place in our 
contemporarv world. Numerous 

-- 	 Jr_. 

19C8 :-.Z 	 jliad n:thearts. 	 - - 
ptor J - - ------ 	harn created this 2&-foot 	

Carohna, \vlth the support of the 

high sGulpture, which required a crane, cherry Lincoln Electnc Company and 

	

picker, and flatbed truck for Installation. 	ESAB \Velding and Cutting. has 
invested heavilv in new weiding 
and cueting equipment. 



A large part of the U .S. econorny 
is dependent on welding; continued 
advances will heip drive our nation's 
productivity. Whether you enjoy 
working with your hands, traveling 
the world, inspecting and analyzing, 
crunching numbers, communicating, 
or inspiring others, a career in 
welding may await you. 
• If von enjoy building things, 

try welding skyscrapers in the 
construction industry. 

• Swimmers and divers should 
consider underwater welding. 

• Car and aeronautics enthusiasts 
should try the automotive or 
aerospace industry. 

• If von are a math and science 
whiz, think about welding 
engineering and technology. 

• lf traveling is in your blood, 
welding inspection can take 
you to faraway places. 

Ji .  

• For those who enjoy working 
with others, welding equipment manufacturers need sales 
and service representatives. 

• Artists can try their hand at metal sculpting and ironworks. 

• Aspiring entrepreneurs and business owners can open a welding 
repair shop. 

For more information, contact the American Welding Society 
(see the resources section) for a copy of Your Career in Welding: 
A Guide for Students, Parents, Teachers, and Gareer-C'hangers. 
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alloy. The mixing together or dissolving 
of one or more elements in a metallic 
matrix. These solutions can create 
complex microstructures (see micro-
structure) that can be modifiecl with the 
application of heat (see heat treatment) 
or plastic deformation (cold working). 
Alloys usually have different properties 
from those of the component elements. 

American Welding Society. A nonprofit 
organization dedicated to the advance-
ment of welding and allied processes. 

amperage. A unit of measurement that 
indicates the amount of current flowing 
in a circuit. 

arc. The area in which electricity jumps 
from the electrode to the workpiece. 
The heat generated by the arc meits 
the base metals. 

arc welding. A fusion welding process 
that uses electricity to generate heat to 
melt the base metals. 

auto-darkening welding shield. 
A welding shield [hat automatically 
darkens to the predetermined welding 
shade when the arc is established. 

base metal. The workpiece and the 
materials to be joined. 

combustible material. An object that 
can quickly catch fire if lt comes in 
contact with sparks or fire. Combustibles 
must never be present in a weld area. 

82 	WELD1NG 

discontinuities. Interruptions of the 
typical structure of a material, such as 
a lack of homogenelty in its mechanical, 
metallurgical, or physical characteristics. 

electric current. The flow of electrons 
resulting from an electric charge. This 
flow, when meeting resistance either 
through metal or across an arc, generates 
large quantities of heat. 

electrical shock. The flow of electricity 
through the human body that can 
be fatal. 

electrode. A device [hat conducts elec-
tricity. In welding, lt is used to conduct 
electrical current through a workpiece 
to fuse two pieces together. Depending 
upon the process, the electrode is either 
consumable, in the case of gas metal arc 
welding or shielded metal arc welding, 
or nonconsumable, as in gas tungsten 
arc welding. Electrodes can emit 
harmful fumes. 

electrode holder. The insulated handle 
[hat clamps onto the electrode. The 
electrode holder must be dry and in 
good condition. 



element. A pure substance that cannot 
be refined er purifiecl further witheut 
the lass of its unique properties. 

exhaust. Any ei various derices used 
Ca suck harmful fumes, 

face shield. A hand-held welding shield 
used tor the protection of bvstanders, 

fiBer metal. A metal that is added in 
the making of a lernt through welding, 
brazing, or soldering. 

filter plate. The shaded protective lens 
enside ehe welders helmet that filters out 
harrnful -- and intensely bright light, 

fire shieftl. \. 	ge. flarne-resistant screen 
placed a 	d .e welding area 10 protect 
bvstanders um spatter er from the arcs 
harmfui ras and bright hghe, 

fire wateher. A person who keeps 
watch over the welding area for the 
welder. The (Ire watcher must be ahle 
10 respond quickly in the evers of a fire 
er other emergency. 

flammable material. An ebtert that 
cnn quicklv catch (Ire if it cemes in 
contact with sparks er fire. Fiammables 
must never be present in a weld area. 

flux. A chernical cleaning agent ehat 
facilitates soldering. brazing, and 
welding bv removing oxidaten (rom 
the metals Co be Ioined 

flu»cored arc welding (FCAW). A 
semiautomatic er autematic arc weiding 
precess using a continuousiv (cd cansum 
able tubular electrode containing a Ilux. 
An externallv supplied shielding gas is 
semetimes used, but often the flux itseif 
is relied upon to generale the necessary 
protection (rom the atrnosphere 

--/ 

forgewelding.A:eldingprocE.- n 
which tv - 7 - iere pieces ci metal are 
heated, uien hammered together. Used 
since ancient limes, lt is ene ei the 
simplest metheds of joinrng metals. 

fume. Metallic vapor ernitted during 
welding, sohdified e:; :e tiny particles 
in a weld area, 

fume plume. A c.3:: ke area where 
welding turne collec:s. 

fusion. A precess ei heanng metal 
that resulis in ehe phase change of 
a substance frem solid to liquid. 
The liquid metals (bw together 
and, when ceeled, form a single, 
uninterruptei  

gas metal are welding Gr4AW). Also 
known as inet 	.- z> 4ding, or 
MIG. A semiautema 	o:::atic arc 
welding process in 	ceniinuous 
and consumable wire elecirede and 
shielding gas are fed through a welding 
gun. There are tour primarv methods 
of metal transfer in GMAW: glebular, 
short-circuiting, spray, and pulsed -spray 
(see pulsed-spray). Each has distinct 
properties and corresponding advan-
tages and limitatiens. 



g s tun gsten arc welding {GTAW). 
A]-,o kiuvv ii as tungsten ineu Oi 

TIG. An arc weldng process that uses 
a nonconsurnahle tungsten electrode to 
produce an arc to mcii the base metaL 

globular.  transfer. A method of trans-
ferring Ehe filter metal, tvpicallv from 
a wire weldirig process, across the arc 
in malten droplets larger than the 
diameter of the wire, 

heat treatment. A process of changing 
the mechanical and physical properties 
of inetal hv appiving cvcies of heating 
and cooling controlled by specific 
intervais of time. 

inert. Gas that is inactive; not chemically 
reactive. Many,  shielding ga 	are inert, 

infrared rays. invisiblz r: 
during velding; these 
damage vision. 

insulation. Material that does not ällow 
tor the easv fiow of electri: - 

iran. An elemental nie - 	 elted 
during the Middle Ages j Stn to 17th 
centurv) as the eariv Bronze Age 
civilizations transitioned into the 
Iran Age. When aiioved with carbon, 
ii forms steeL \Vhen mixed with 
siag, it becomes wrought iron 
(sec wrought iran). 

joint. The iunction of edges to be 
joined during welding. 

Iead (welding Ied o  work Iead). 
A :Jutor tiat piuvuies au Cdv 

paG für electricitv to tlow, 

metal 	solid material, tvpicallv hard, 
sh:::. :::a:Ieable, fusible. and easitv 
shaped; a good conductor of electricitv 
and heat. Metals normal!y have high 
laster and densitv, and can be deformed 
ander stress vithout breaking. 

metailurgy. The studv of the phvsical 
and chemical hehavior of metals and 
their mixtures (see alloy). lt is also the 
technology of rnetais, including exiraction 
from the ground and the manipulation 
of the mechanical properties hv Ehe 
application of heat (see smetting). 

microstructure. The inleraction of very 
smatl structures of metals and ailovs 
generallv not visih!e to the human eve 
except ander 25 times magnification. 
The microstructure of a material can 
strongiv influence phvsicai properties 
such as strengih, toughness, ease of 
shaping, and hardness, 

oxy4uel welding and ctftüng. Some-
limes called ox1acetylene  or gas welding 
and cutting, this proce- 	ines 
pressurized fuel gases 
hvdrogen, acetvlene, or natural gas) 
vith oxvgen to form a high-intensi:- 

f!ame of up to 6,000 degrees Fahre::: nt. 
The addition of a concentrated •.'. -:cn:T 
stream aHows tor efficient cutting ot 
most iron that contains ailovs. 

primary voItaa shock. An electrical 
shock from 120 to 480 volts that occurs 
in arc welding from touching a lead 
inside a switched-on welder and 
touching the welder case or other 
grounded metal at the same time, 

puIsedspray. lncreasing and decreasing 
(pulsing) the weiding current 10 control 
the properties of the electric arc and the 
transfer of 011er. 



regu!ator. 	centre1in t. 
amot 	- s tew from a c:iinoer 
du:r 	d. 

secondary voltage shock. An elecrcal 
sheci m fO ro luk) voits thai occirs n 
arc ;':ed gfrel:1 eouching the elecrrode 
-.vhile anether pa: ci the bodv teuciies 

"arrkpiece.  

shektin. 5 	the we.. 
from centamination bv meaas ei the 
deccmpesiricn ei the flux coating the 
eiectrede The electrede core wire and 
is covering suppiv the filier metah 

shottdrcuiting transfer. A methcd 
ei trarsferring rhe fiCer metal irem a 
wire wekiing process 1w a sequence ei 
events in which the ikler metal touches 
the hase metal and then bums back ic 
reestahCsh die welding arc 

slag. Coeled dux that iorms en top of 
the weld head. Siag rotects the cooling 
metal and is then chipped eff. 

. smetting. A form ei extractive tneaftrgv 
IL- pRduceameniiretrwheore 
cted front the ground. 

Ipatter. Liquid metal drepiets expelled 
rem die weiding orocess that can sprav 
ip te 33 feet dom die werk area. 

pray transfer. A methed ei transierririg 
die fiCer metal, tvpicallv dorn a wire 
weiding process. acress die arc in 
:iieiten dreplets. smalkr than the 
.liameter ei the wire. 

shieb:J metal 	we)ding (SMAW). 
Also knc 	:weldng. A manual 
ar: we.dmg 	:hat uses a cen- 
sumahle e .' e c 	atei in :Lix te 
lav the ;veid. An eleciric carrerit ;orms 
an eectric arc Ee:ween the eec:rcde 
and the metals :e be 'oined. As the 
tved is iaid. ihe ilux coatingef the 
eectrede disintegraes. gvLig fi 
vapors har serve as a shiedmg gas. 
providing a laver ei s!ag. which deuhiv 
prtecz die weid area front atmesphertc 
ceruaminatien. Becase ei die versatil-
dv and suupliciw ei its equipment and 
eperancnt. shielded meral arc wed.rtg 
is ene ei die w'rds ntOSi pecuiar 
welddig ':ocesst 

steel. An allev ei Iren artd sma]I amonuts 
ei other elements such as cartxm. 
manganese, chromiurn. vanaCiunr. 
nickel. and rungsten. 

submerged arc weding (SAW) Au 
aurernaric welding precess in which 
,he eleetric weiding arc is cevered bv 
a pewde:ed ilux. lt is usefd for filling 
eints in heav': plate ar.d pipe. lt is ene 

ei die most preductive and popular 
weiding precesses. 

tensile strength. The resistance to 
breakage exhibited 1w material when 
subiected 10 a puiling stress. The wut 
ei tes:e strengih is the psi. 

WEUiING 85 



:hat e 
e:ed.and :€-er 

which can be 

uftraviokt rays. Ha; sVe 	s 

Vøflt[StO drc 

weIdahilt 

b',  - 

welding. Te ::e. 	ef: ± 

Vt ZC3. 

w&ding hni e t 

welding screen 	ge-: 

1 •  

- 

weldment. A:. 

weklpool. T 	- ze 
: 	S!Ca:: 

w&d root. T . 

exzes cn: ad 
-rerects :ie 

w!drs flasJ 
:c 	ex'-se 

workcableT . 

0. 

workpece. 	. 

zv 

wrught iron. 

1 



Welding Resources 
The resources listed beiow represent cmiv a ftactic 	avaiiabie welding information 
Check vour local librar, bookstores. and the inrer:. 1er additionai tirles, including 
o1er er c-o'-rint book \tost weidirg i&ZnnicgLLz lie rimeless. 

Scotxtng Resources 

mv 
ara Szterv merit hadce camph!ets 

With your parent's permission, visit 
the Boy Scouts of America% official 
retail website, www.scoutshop.org , 
for a complete listing of all merit 
badge pamphlets and other helpful 
Scoutino matenas and suoolies. 

American National Standards instimre 
iA\Si Accrediced Standards 
Committee Z49. Safc; 

and A1hed 	cc'sses. ANSI 
:2012 American \\ldin  

201. 

American Welding Societv. 	cndg 
UoLL *h cd. Annen 

\Velding Societv, 2001. 

- 	cndz Ha d2>jok, lid. 2. 9th cd. 
American Weldin Societv, 2003. 

- WeidingHandbcc.k, lhi 3,9ched. 
Ameiican lveldirtg Societv. 2iXr. 

Gearv. Don, and Rex Miller iVek 
nd ed. McGraw-HilL 2011. 

hnnick. Viiiiam H Gas 71u 
nHcdhook. 5111 ed. 

Goocihearr-\Villcox Companv, 2001.. 

(YBrien. Robert L .cfh'rson's 	cihrc 
E';ccmefiiL lSth ed. American 
Weidirtg Socierv, 199'1 

Orgarnzations and Webstes 

American We1dng Sodetv 
Vebsire: vvwa 

ESAS Education Resources. 
vph.jre- wwtvesabnacc. 

education: index.crin 

Hobart Institute ofWelding 
Technoloqy 

JamesE Lincoln Ar'ekIlng 
Foundation 
\Vebsite: ww 

Lincoln Electric Company 

Miller EIect,ic ManufacluTing 
ompany 

\\'ebsite: www n - 	- 	cm. 
reseurces 
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The American Welding Society 
has published guidelines, defini-
tions, and facts to heip you gain 
knowledge about being safe while 
welding.This Information can 
be downoaded for free at 
wwW.aws.org/technical/facts . 
Further information about wel - 
ing safety can be found at the 
American Welding Society's 
website at www.aws.org . 
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MERIT BADGE UBRARY 
Though intended as an aid to youth in Scouts BSA, and qualified Venturers and Sea 
Scouts in meeting merit badge requirements, these pamphlets are of general interest 
and are made available by many schools and public libraries. The latest revision 
date of each pamphlet might not correspond with the copyright date shown below, 
because this list is corrected only once a year, in January. Any number of merit badge 
pamphlets may be revised throughout the year; others are simply reprinted until a 
revision becomes necessary, 

lt a Scout has already started working on a merit badge when a new edition for that 
pamphlet is introduced, they may continue to usa the same merit badge pamphlet to 
earn the badge and fulfill the requirements therein. In other words, the Scout need not 
start over again with the new pamphlet and possibly revised requirements. 

Ment Radge Pamphlet Year 
American Business 
	

2013 
American Cultures 
	

2013 
American Heritage 
	

2013 
American Labor 
	

2018 
Anirnal Science 
	

2014 
Animation 
	

2015 
Archaeology 
	

2017 
Archer' 
	

2015 
Architecture and 

Landscape Architecture 2014 
Art 
	

2013 
Aatronomy 
	

2016 
Athletics 
	

2016 
Automotive Maintenance 2017 
Aviation 
	

2014 
Backpacking 
	

2016 
Basketry 
	

2017 
Bird Study 
	

2017 
Bugling (see Music) 
Camping 
	

2018 
Canoeing 
	

2014 
Chernistry 
	

2018 
Cheas 
	

2016 
Citizenahip in the 

Community 
	

2015 
Citizenship in the Nation 2014 
Citizenship in the World 2015 
Climbing 
	

2011 
Coin Collecting 
	

2017 
Collections 
	

2013 
Communication 
	

2013 
Composite Materiale 

	
2012 

Cooking 
	

2014 
Crime Prevention 
	

2012 
Cycling 
	

2017 
Dentistry 
	

2016 
Digital Technology 
	

2014 
Disabitties Awareness 

	
2016 

Dog Care 
	

2016 
Drafting 
	

2013 
Electricity 
	

2013 
Electronica 
	

2014 
Ernergency Preparedness 2015 
Energy 
	

2014 
Engineering 
	

2016 
Entrepreneurship 
	

2013 
Environmental Science 

	
2015 

Exploration 
	

2016 

Merit Badge Pamphlet 
Family Life 
Farm Mechanics 
Fingerprinting 
Eire Satety 
First Aid 
Fish and Wildlife 

Management 
Fishing 
Fly-Fishing 
Forestry 
Garne Design 
Gardening 
Genealogy 
Geocaching 
Geology 
Golf 
Graphic Arts 
Hiking 
Home Repairs 
Horsernanship 
Indian Lore 
lnsect Study 
{nventing 
Journalisrn 
Ksyaking 
Landscape Architecture 

(see Architecture( 
Law 
Leatherwork 
Lifesaving 
Marnrnal Study 
Medicine 
Metalwork 
Mining in Society 
Model Design and Building 
Motorboating 
Moviemaking 
Music and Bugling 
Nature 
Nuclear Science 
Oceanography 
Orienteering 
Painting 
Personal Fitness 
Personal Management 
Pets 
Photography 
Pioneering 

Vear Merit Badge Pamphlet Vear 
2016 Plant Science 2018 
2017 Plurnbing 2012 
2014 Pottery 2008 
2016 Prograrnrning 2013 
2015 Public Health 2017 

Public Speaking 2013 
2014 PulpandPaper 2013 
2013 Radio 2017 
2014 Railroading 2015 
2015 Reading 2013 
2013 Reptile and 
2013 Amphibian Study 2018 
2013 Rifle Shooting 2012 
2016 Robotics 2016 
2016 Rowing 2014 
2012 Safety 2016 
2013 Salesrnanship 2013 
2016 Scholarship 2014 
2012 Scouting Heritage 2017 
2013 Scuba Diving 200 
2008 Sculpture 2014 
2018 Search and Rescue 2018 
2016 ShotgunShooting 2013 
2017 Signs, Signals, and Codes 2015 
2016 Skating 2015 

Small-Boat Sailing 2016 
Snow Sports 2017 

2011 Soll and Watet 
2017 Conservation 2016 
2017 Space Exploration 2016 
2014 Sports 2012 
2012 Stamp Collecting 2013 
2012 Surveying 2004 
2014 Sustainability 2013 
2010 Swirnrning 2014 
2015 Textile 2014 
2013 Theater 2014 
2013 Traffic Safety 2016 
2014 Truck Transportation 2013 
2017 Veterinary Medicine 2015 
2012 Watet Sports 2015 
2016 Weather 2013 
2016 Welding 2016 
2016 Whitewater 2005 
2015 Wildernesa Survival 2012 
2013 Wood Carving 2016 
2016 Woodwork 2011 
2017 

BOY SCOUTS OF AMERICA • SUPPLY GROUP 
NATIONAL DISTRIBUTION CENTER To place an order, 

2109 Westinghouse Boulevard call customer service 
P,O. Box 7143 toll-free 800-323-0736 

Charlotte, NC 28241-7143 or go to 
www.scoutshop.org  
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