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How to UseThis Pamphlet 
7 The secretto successfufly earning a merit 

	

- 	 badge is tor you to use both the pamphlet and 
vw-,ge the suggestions of your counselor. 

Vour counselor can be as importantto you as a 
coach isto an athlete. Use all ofthe resources 

your counselor can make available to you. This 
 

	

- 	 may be the best chance you will have to team 

	

about tiis particular subject Make it count 	 - 	 - 

PF lfyou oryourcounselorfeelsthatanyrnformation 

g in this pamphlet is incorrect please let us know. 
Ple ase state your source of information 

Merk badge pamphlets are reprinted annually 
and requirements updated regulady. Your 

suggestions tot improvement are welcome. 

f 	Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a senes 
f more than 100 covering all kinds of hobby and 

career subjects. lt is made available tor you to buy 

:--- 
 

	

1~, 	

0saserviceofthe national andlocalcouncilsBoy 
Scouts of America The costs of the development. 

- 	
writing, and editing ofthe merit badge pamphtets are 	 - 	 f 

	

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

Send comments along with a brief statement about youelf to 
Pdots and Program Development. S272 

Boy ScousofAmenca.l325WestWalnutHillLane• Irving, TX15038 
lt you prefer, you may send your comments to meritbadge©Scouting.org . 
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Note to the Counselor 
The Metaiwork merit badge offers Scouts a fun way to exptore four 

metalworking disciptines.The four options in this pamphlet were 

selected because they can be offered at any Scout summer camp 

that schedules five two-hour sessions for this merit badge. 

There is no need to make all four metalworking options availabte 

during a Scout's summer camp experience. If finding a counselor for 

each of the options proves to be too difficult, or if providing all of the 

tools and materials is too costly, select one Option and do lt weit. 

The projects in this pamphlet are offered as guidelines only. if 

you have favorite prOjects that can be readily completed by Scouts, 

feel free to use them.You are encouraged to help enrich each 

Scout's experience by drawing upon your professional knowiedge 

and experience, but remember that a merit badge counselor may 

neither add nor delete requirements, nor simplify or make 

requirements more difficult than stated. 

Scouts working on this merit badge require direct adult 

super-vision. A sheet metal burr can cause a cut, motten pewter 

and orange-hot steel can cause severe burns, and the sulfuric acid 

silversmiths use to pickle their silver can be dangerous to anyone 

if used improperly. Work in groups no [arger than two to three 

Scouts per merit badge counseior. 

Some of the toois described in this pamphlet are those collected 

by professional metalworkers throughout their years of experience. 

Many metatworking professionais continue to practice their trade 

with a minimal use of power tools.To earn this merit badge, Scouts 

need to learn to use only a few basic tools that they should be able 

to borrow from a more experienced metatworker. lf a Scout 

develops greater interest in the craft and desires to further the 

hobby outside the requirements of the Metalwork merit badge, the 

Scout can begin to cotlect a personal set of tools. 
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Requirements 
Read the safety mies for metaiwork. Discuss how 10 be safe 
whiie working vth metal. Discuss with your counseior the 
additional safetv ruies that apply 10 the metaiwork Option 
you choose for requirement 5. 

2. Dehne the terms native metal, maiiehle, metd1urgy, aiioy, 
0001 erlOUS, lind ferruns. Theo dii the fi>I inwing: 

a. Name two nonferrous aiioys used by pre-iron Age metal-
workers. Name the metais that are combined to form 
these ailoys. 

b. Name three ferrous alioys used by modern metaiworkers. 

c. Descrihe how to work-harden a metal. 

d. Describe how to anneal a nonferrous and a ferrous metal. 

3. Do the foliowing: 

a. \Vorhhuden a piece of 26- or 28-gauge sheet brass or 
sheel i:imper. Put a 45-degree hend in the metal. theo 
heaviiv peen the area aiong the hend line 10 work-harden 
lt. Note the amount of effort that is required 10 overcome 
the yieid point in this unworked piece of metal. 

b. Sotten the work-hardencd piecc' from requirernent 3a by 
aniiealing it, and Ihett Iry to ternove the 45-degree 1:'end. 
Note the amount of effort that is required to overcome 
the yield point. 

c. I\lake a ten per color index front 	fLtt piecc of steel. 
Usirtg hand tools, make dItd tetnFi a center punch of 
rnedium-carhon or high-carbon sI ed. 
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4. Find out abont three career opportunities in metalworking. 
l'ick one and find out the education, training, and 
experience rc(luired for this profession. Discuss this 
with your counselor, and explain why this profession 
might interest you. 

5. After completing the first four rcquirements, complete at 
least ONF of the options listed helow. 

a. Option 1 —Sheet Metal Mechanic/Tinsmith 

1) Name and descilhe the use of the basic sheet 
inetaiworking tools. 

2) Create a sketch of two ohjects to make from sheet 
rnctal. lnclude each cumponent's dimensions on your 
sketch, which need not he to scale. 

3) Make two objects out of 24- or 26-gauge sheet metal. 
Use patterns either provided hy your counselor 
or made by you and approved by your counselor. 
Construct these objects using a metal that is 
appropriite to the objcct 's ulti mate purpose, 
and using cuttilig, bending, edging, and cither 
soldering or hr.izing. 

a) One ohject also must include at least one 
riveted component. 

b) If you do not ni,ike your ohic ts frorn zinc-plated 
sheet steel er tin-plated sheet steel, preserVe your 
work from oxiLilion. 

‚ 	 1.....  
---' 

..... 	
‚. 

-‚ 	 ' 

t- 	.. 

jk 
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b. Option 2—Silversmith 	 1 
1) Ni- i - 1 des::e the use of a 

basic tools. 

2) Create a sketch of two obiects to 
make from sheet silver. lnclude each 	 - 
components dimensions 011 vour sketch, 
which need not be to scale. 

3 	ake 	:cs out of 1:- Dr 20-gauge 
patterns 	her  

provided h: vour counselor or made -: 
hv 	Daproved 	counselor. - 

Bc 	:- must 	nc -- 	oldered - 	
- 

jOint. 	:ave 	:e:smithing 
experience, you rr.D- -substitute sterling 
silver, nickel silver, or lead-free pewter. 

a) At least onc- 	iect :r:st include 
a sawed co: :3nen v--u have .. 	 - 	 .. 
made yourself. 

b) At least one obect must include a sunken part vou 
have made vou:sf. 

c; Clean and polish your ohiects. 

c. Option 3—Founder 

1) Name and describe the use of the basic parts of a 
two-pe..:c mold. Name at least three different types 
of moüs. 

2) Create a sketc' - twa o-ias to cD 	 1e 
each componc:s dins: s on 
need not he to scale 

3 . ake two molds, one using a pattern provided hy 
ycr coun-c-r ar 	tothc-: 	have :ade 
c::self th 	ias h-.s:i ap::c 	vaur (::nselor. 

Position the pouri:g Llate and ven:s .ourself. 
Da not usa co - . hted ma:a1s as pattL'ms. 

a) Usi:c ead-free pewter. :::D.ke a casting using a mold 
prc.i.d hv vour counsc.cr. 

h) Using lead-::e- pewter, make a casting using the 
mold that vou 	made. 

METALWORK 	5 



d. Option 4—Eacksmith 
Name and des:::he the use of a l.:ksmiths 
basic tools. 

.lake sketch oftwc *ects 10 not-t 	::clude 
cach :::)oonent's dir;e::sions on vo.; 
vhich nec• ::c: ae 10 

	

.3) Llsing low-carbon steel at leas: 	inch th::k. 
perform the follo.'; :: exercises: 

a) Draw out 	:)rging a taper. 

h.. 	s:• ::e hc :af the anvil 1': :)rgillg a 
-)Cd 

c) Form a clec.ative t\vist in a piece of square steel. 

(1) lJse the edoe of the an: :o bend metal hv forz - :: -. z i  

an L-s .... 

	

4) Using low-carbon steel at least 	inch thick, make 
tI;c :wo c.:.:ts  

.rc vG. Aave 	c;: s ap;:cvaI 
:)egifl. 

a :: clucle a deco:: 'e twist on one ohject. 

bj lnclude a hamrner-riveted . ::t in one ohiect. 

cl  Preserve vour work from cx:•...1tion. 

6 	METALWORK 



Contents 

1ictn .‚..‚....‚....‚‚‚‚‚.........‚.......‚ 

The 1ic 	 . 	 15 

1L Sheet \lLi 	 ................... 

he 5vein15 ..................................... 

1 	1-on1c 	.................................... 

5ht ..................................... 

CcFs h 	e':orkin 	............................ 

............................................. 

\1etikok 	............................. 

METALWORK 	7 



MM  

>t 

7 

‚7  



Introduction 
asterie 	metaiworkers oraft cannor hat ii ii ov - 

nighL. Le:::.. 	ie skills and tec.:i.4ues : : 1 

Kfl0\VC0C 01 me ascs—ano 0iS 0 

'Vhu vJi heein veir werk or this merk t 
atom IFIC pr:..... les of etii, hew 10 J50 skr 
teels. and the basic metaiworking technique 
practce ising these tods r1 technhues heL 

tt::lclre intricate skil. :i orte o the four 
er . .. ...15 offen 	r.r --he M:i.. vork  

-- c1tce_ 
irre bv learning 

rnetaw.r r -: 
- nir ou tvi!I 

- 

•:taiworki:nr 

- 	 - 	 - 

Ce 

- 	r 
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The History of Metal 
rkrg re:a 	c'n: 	iuma;:d 	les: 	h: 	'r- 

pee dicc;:ed metai r :t 	3ur3i sule 3r± 
Arato a is a regor fotmd tht thev :@ud chage - -s shai?e 	tLr.g 	wtii 

n rode"-da hainer. tue: .•arr.: 	::e 	v:d 

Lrkev, The Copper Age 
.. 	 . ....h 	veCkiand 

szuem:s:s heheve human- 	zeamed 
:er 	f:r 	:z;per the 	hau--if:nJ 

:c: i 	:‚rali 	n a 	ea:iv 	e :?rrn. Cpe: 

zcs:maih . 	he iour.c :r. a najve S5 	±er r3te:rCuS 
.W mets 	ojr 	 :. .:ii t.r. 

3 tua.d 	eas aer s 	enuts sv. 	..: 

:eris, 	cng 	he 	u:: 	neta 	.r 
::nt3r 	th: 	hi:.ev ;v.Id 	ez 

e meja 	:. 	th::.. 	c:: a. 	wof 	lie 	ea 	c:uie 

Native copper Ä -pe.e 	aV 

ORE-BEARING ROCKS 
Trat . 	::eaed :he dema;d c-- 	.:tect 	a:11 

er;er 	t.. 	1::.•.. 	adlits::.::e 	:: 	.al. Thev 
ce 	ti 

lt 	nkn'vr 	ur ancestr 	SCY ere: that cea: 
.........................mont oi meta 	hehnt 	ae 

u 	:.:Jav. 	p 	.:.-.---•• aUeci 
a ;3r 	ar 	. 	.. 

fr 	re 2rzh: 	egan 	 lndi3 3jp3 4000 
iread : 	 - he Back 

\tz aeier irrp.?nant 	isz':er; c th 	era was the creaucn 
 wih MIh?r 	eLa5 	sisa:es : C 	t rock 

_ 

-. aid 	s:ai au:i 
t 	l e 	ii 	Idn th 

wad 	sma 	acr;'se: 
anti c, r'er 	gd. whch 

t 	.' 

- 

tb' 
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The Bronze Age 
Th Brcnze 	. hean in t..n.:na 
530-) 	s.c., ..h..... rrihs b 	r,  cr. . 	 .2, 

:.:iing 
rosuh ±:::.::—a 

........ reduc 	............. at 
ned i::tc  

.........: 	.1:cs of 	1............. 
gran::e. liv .SLO s.... :he:ed 
spread hroughut 1n.1i 	and . .... In 

Me1terranea:. : 

CASTJNG EMERGES 
tho arlv agt's f netalworkh .. Z. ihs c'uld :rate 

irnerin  
oi ir. :: :.. 	: .. :hev found that mohen 

!fle[w C0L1d he  
ntial1\, rnolds were ::- s.de of ciav. As metaIv..:: 1ers in 

.tes in eastc ......... ... 1—IHM ::.::.:..: rhe \lediterranean 
e1oped :heir c:.s:: 	kills. te::1: 	.  

cnie tvpes .........Is. inu......rd-pld sind 

inolds and ceramic niold ::e still being . 

The from Age 

5 - : :: 1: 	:::1 dlszovered that :hev could smeh ores. the 
prciuc1::..........n L's.:::. Becaus: ::::.:re is rnore a:.:.... 
ihan cpner 1:::. it0fl :s:i he 	 5: :luarltitieS 
and at c'wer 	....... ::ppe:. 	 .: z:eate Iran. 

pieces such as ccokh:: .:ettles, which quickiv hecam: : ....:.: ir 
hecause of their ..::: 	. : md .. :uness. 

The Discovery of Steel 
workers in .. ...a and Japan ind:::.ider::: .1.s:vered 

how ie imke zwem m ahorn 	. 5f\i. 	create 	aliov, 
ir:n 	J carhonacecus n1ateri. 	1i.. ::1, sawdust. er other 
manc::at c::::.:hns :1.: :1: :2.::.: :voon were mr'.ed in a 

and hea:ed in a ':r furnace kutg enough for 
the irc: p:: :: met an' :bsorh the c:' 	preuc:. bv 
the arhc :.s.:s: ..s matter 	:e result was .....: ‚iisk. :ai 
c:,: ;vhich i1s.:s .....: s 	: i::ged irao ba 	.:am couid be 
usei as trade goe.is. 

Becaese of ts 

bw production 

cost and hg 

dernand, iron 

becarne knowr 

as the demo-

cratic metaL 
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.st-ei :s1es 	.::ie an  
,>ein: - 	with :—iar rrt. 3 iacksmith 

:. make soniethmg out of stee! tan cu: 	1r - 
steel are ;nt.: 	ess 1ke:v 	::.iJ .  

made iN iron. aid hv ntri1bg zhe amum : carhn :nr 
Jing the productn stage. steck ei :ar:ing 
:r.iaztured. 

CRBON STEELS 

Fe dra;backs to Z. 1. 	;ains less :han 2pem carh-.n Lovrhcn 
ie: :cm: .::s u 	to 0-5 perent 	3Tbon. 	un- ;::t.on seeI 

:rem 	arbon. 11 	h-a:bon 
r 	caoo 5t 	I3fl5 T.qr 	13 	0. 	eTe 	c 	ton. hut :av's 	sa 

twer iimt is aheu; 120 vercent :arvn. Carhon stees cantan 
se a 	asr - 	 - :ae on: 	. v r.:-:a 	.. :.r ::nt:r. 

arG The stee tha is most a:ten used hv radars iachsml:hs 
and 	mera 	eclaiCs cz- nrans iveea 0 	r 

thecethat - 

erent 	rocn. \kern :nausrrv uses one er tre rnedmm- 
tue tei ray ..: :. 	rr 	s:ee.. 	:.: 	:. 	s. 	:ran: 	is. 	1: 	.: 	:ter: 	.:.. -. 

fw edgt-  c. 	 n aS .3 	e:re ai .n ax. snap 	stec. 
:rren ce e: the hgn-zarhen steels s .sea. 

ALLOV STEELS, STAINLESS STEELS, AND BEVOND 
tt: the 	reath'rr af the s:eam engine. wrgh 	n and 
.:abar steel served aute web. As ;he use a 
m!ine: - .:::: 	th industr; durng ihe ;erh 	enruv. 

naiei ped 	rea:er pawer. 
Thes: 	 n 	verfu, ent1:res ra:ed tixe 
Jernands u'on their rne:a 	eneuts, sa :he engr 
whe 	sigrred sream •: 	 ..:nd strm. ...and 
r..gher new 	- s. es'.±-:A......:... 	 Thev tu ne.J 

who studv the praperues ot metais- 
re hep meer their dernands. 



Mode n 	 afi 	 of 200 Co 300 different steH 	desto 
meet the industrys demands. 

The 1net..aiiuIgists experinentcd hv adding srnatl amounts 
of other ine'als tu carhon steel, crun ng alloy steels that were 
incre glv iorc ductile, struger. hardur, tougher, and more 
resisianu,'  ear and wrnitu/t. 

lhstt Jernands by itlustrial sie] consumers, such as the 
producers of autornobiles and rnanufacturing equipment, have 
led fr the developrnent of mariv new varieties of steel. 

METALWORK 	13 





The Basics of 
Metaiworking 
Metaiworking requires the craftsrnan to pay dose attention 
to he wo-. ,., at hand and to adhere cosdy to special safety 
reci,i irernents. Before diving into the techniques of metalwork-
ing, learn how to keep yourself and others safe while working 
with metal. 

Safety Rules 
When working with metal, acid, and high temperatures, metal-
workers should be aware of possible hazards, and youths inust 
hav adult supervision. Following the ruies will keep rnetal-
wotidng safe and enjoyable. 

Sheet Metal Safety 
Paying attention to what vou are doing and wearing the proper 
gear is critical in metai\\'orking. When sheet metal is cut, a 
small chip of metal can fly anywhere—possibly into your eye. 
Sharp edges on metal can cause cuts. Hot nietal can cause 
painul bunis. The wies Iisted below appiv tu all four 
netalworking options. 

1. Always work with direct 
aduit supervision. 

2. P wavz' \•ed safetv goggies or 
safety glasses, leather gioves, 

aud a shop apron. 

3. Handle sheet metal with care. 
lt can cause serious cuts. 

4. T:eat every cut inimediately, no matter 
how minor, to heip prevent irifection. 

0 

Safety glasses 

METAIWORK 	15 



_ 
imove all hurrs fiom the sici netal before 
att enpting nwilier work on lt. 

6. Do not run your hands over the surface of 
sheet metal that has just been cut or drilied 
The hurrs Can Cut. 

7. Use a brush—not your hands—to clean the 
work area. 

8. Place scrap pieces of sheet metal in a scrap 
box right away. 

9. Do not use tools that ire not in top condition. 
Avoicl using hammers with loose handles or 
chisels wih vorn or misshapen heads. 

10. Use a broom and a dustpan to sweep the shop 
floor. Do not leave sllvers of metal on the 
vorktable or the shop floor. 

Always wear the proper safety gear when working 
with metal. 

‚1 
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Safe, V, i tthePicklingTank 

the silvermith eptien to cc'mplete vour Meta'vork 
von hae additotai safetvpule to leam. Follow 

these :ie viien : -t az: irttet-'ral step 
In the k:versnhh process 

1 	wavs use the pickhngtank-  .virh adcr super;sion. 

J. 	wear eve :oeclion, a shop aptn. and rubher gioves 
; nen vorkrg 	the pickling tank and soIutn Use 
uigs to raove kerns ia:o and cut cf the pickhag solurion. 

Use !he pickling tank in a we-ventiated space. and do not 
':oathe iumes rrn the pickling soiutbn. 

4 Never pour ater intc the pickhng tank solutinn: potir the 
p:ckiing sluzion :m. the water 

. Keep srnall ehlidren and pets awav horn -,.he p:ckhng tank 

A.was stvre the nicklrng rank kh ks lid tightiv secured. 

n.t1: ±e coments o the picki:. 

EM 
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SafetyWith Motten Pewter 

rv   : 
e;v 	': 	saev 

:k v: 	c:ei:: 	i:'e 

:e ex: .guie: 

f  

er: ae:: 

g:1se. e3:er 	ves. 
vei 	ig :ne'a. R p:: 

:n:e: 	v:u 

:: 	 i.v:  

:e 	uch 

t n::: :r ve 

Siel- rei 

71 De mi ea 

S. 	A;vv 	:ir h,3ncfz ate: h: 	rrei 

Safetywith Hot Steel 

:k!Tr iaJg v'j v 	iL' vc:k 	wih rge- 

	

ecw-,xzzeel, He:e a:e :mee:a. 	ta  

31e; gia5 	Ute: g 
ai 	:c 

z ule ic. ruH vour  
ea: 	 as 

4_ „ ~ace- 

	

P i ck e ip a dreJ bec. 	 rngfl: 

g 	 igr 
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Tools and Materials 
The following tools and materials can be used to learn the techniques and 

cornplete the projects described in this pamphlet.The basic techniques 

are explained in this chapter, and stepby-step instructions for the 

projects are given in later chapters. 

Tools 

• Sheet metal snks 	 Folding wie or measurinq taoe 

..i Patterns 	 U Carpenter's square 

• Machinist's vise 	 (or equivalent) 

• Center puncii 	 Metal straightedge 

• Flat-faced wooden mati: 

• Pipe arivil 	 JDrill press 

• Iron pipe of about 2-inch 	1 	J Drill bits (sized to matc 

outside diameter 	 1 	the Pop rivets) 
1 

J Hand seamer 	 J Shop apron 

1 Hemmer 	 Leather gioves 

,J Lineman's, needle-nosed, 	 J Safety glasses 

arid focking-jaw pliers  

• Wood blocks, in pairs 	 - 

• Two C-clamps 
MOND 

• Fiat file with handle 

..i 12-ounce ball peen hammer 

i ½-inch cold chisel 

.J Hacksaw and spare blaces 

..i Pop rivet gun 

Rvetset 	 / 

J Propane torch 

• 125-watt or 150-watt eectric 

soldering iron 

• Steel dividers 

F TZ

--.-' 
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Materials 

• Lead-free solder 

• Variety offamily-s:e 

metal food cans (avoid 
institutional-size food cans; 

they are too large to make tfe 
projects in this pamphlet 

• Two or three 

tenpenny nails 

• Two or three 

Pop rivets 

• Two 3-by-3-inch 

pieces of 26- or 

28-gauge copper 
or brass (not steel 

or aluminum) 

One 5-inch piece of %-inch 

(round or square) medium-

carbon or high-carbon steel 

(C1065, W1, or equivalent) 

J Ciothes hanger wire 

• Five or six smaU blocks of 
scrap 2-by-4-inch lumber of 

different lengths 

• One 6-inch fiat steel scrap 

Soapstone pencil 

	

- 	 rs that itorpm - 
:1rI=:z 	 the shop. 



A 

Springback 
CoId metal does not aI.:::s stav in 
place after ' 	 ;ercome the 
sprioback :. 	often must 
be 

c.\perii :11 demo r 	te 
- n piece 	seet 

hat has 
been o 	b een two pieces of 
wood, 
the top  
your hand. Clamp 	vcad and metal 

into a vs. 	using any 
toc•.. io vour c 	1 451cree 
be:i 	n the unv 	. - :al. 
when vou have pushed the metal to 
45 deg:c s. Du not .: .::rbend /±- eraL 
When 	let go, th angle of 	metal 
will ad : : ;-clf to son:c:.hing less 
45 degrees. That effect is springhack. 

To demonstrate sprinyback, use your 
hands to push the unworked metal irito 
a 45-degree angle. 

Work Hardening 
The pocess of rning  a metal by 
hamw :2: it is called 	k liardening. 
All mea except r.:: and lead 
hecorn: :: 	are hammered. 
As a ir.c:: 	- .iened. it becomes 
more resistant 	- :e its shape. The 
metal must be - .ened—o 
from time to tii;c Juring th: 
ening process or it will rupture or c:::. 

Another experiment p:1 -- . - . des an 
exampe -; ".'ork hardening. i-i 
piece 	: 	sheet brass or she:t 
per repeatc, with the domed end of 
a 

 
11: peen hammer. P.:: your blovs 

together. coveri 	:he work 
with small ders. Fhis : - :ning process causes the crvstals :ha: 
for: he metal to condens 	ach 	;. ha cioser the 
crvsas are to each other, 	the iiia becomes. 
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Annealing 
bv heating lt to the temperature 	re lt is 

soi 	 :-•taIworke: - 	 he piece. 
::ietal is ex;c 	 perature 

dej:s: 	its thickness aJ 

Anneahng Ferrous Metals 

Most irons and rr011s a1.:.. 	IflUSI be cooiecl sloviv after heing e.c:ated 
to 	:. :e:iperawre. When :::-:: 	stec-: :s cooled 

steels are ferroijs. too 	:.-:‚ 	t neco 	?5 	-::c 	nd tends tu crack eas:. This is 

Some nonferrous refe. 	as being 
tIigh-carbon st-,  ± 	= 	= 	eing heated .::ght 

metals are cherrv red heat .out 1351  

alurm, tin, s!o\vly 	uC)X  

1 
copper, brass. hours before it is worked again. 
silver, gold, 

and plat Measuring the Thickness of Metal 
In the United States, the thickness of sheet metal and 
wire is measured with a thickness gauge—one for 
ferrous metal and another for nonferrous metal. 
The system runs from 0—about the diameter of a 
pencil—to 36—finer than a human hair.The numbers 
run consecutively, although even-numbered gauges 
are used most often.Twenty-gauge sheet steel is 0.035 
inch thick, while 20-gauge nonferrous metalls 0.032 
inch thick. 
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Annealing Nonferrous Metals 
Nonferrous metals are anneaied by bringing them to a cherry 
red heat, aliowing thern to cool until the color disappears, and 
theo quenchirig them in a pickling solution. For coppei; brass, 
and silver, cherry red heat ranges from 668 degrees to 1100 
degrees, depending on the alioy. Unlike ferrous metais, 
nonferrous metals do not become brittle if cooied 
immediateIy after reaching critical temperature. 
This permits a metaiworker Co quickly 	 . 
continue working. 

A rivet is a mechanical fastener that is ham-
rnered into piace. Factory-macle rivets are 
avaiiabIe in a variety of sizes. Common 
nails can be used as rivets if they are cut Co 
the correct iength and ehe shank is peened 
down. Whiie the nail head is fiat instead of 
round hke a rivet, it will hold adequateiy. 

znm 
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Soldering and brazing are methods of ioining metals with 
melting nonferrous metal fluor without having to heat ehe 
base metal to its melting point. The method used depends 
on ehe metals involved in projects. 

Use on/y Iead-free so/der. Although 

lead-tin solder is still available, lt 

releases toxic fumes. Over time, inhaling 

these fumes can cause brain damage. 

Eating or drinking from utensils made of 

lead-tin solder also can cause brain damage. 

Before two metals can be joined by soldering or brazing: 

1. The surfaces to be soldered or brazed must be clean. 

2. An adequate source of heat muse be available. 

3. The correce solder or brazing alloy must he used. 

4. The proper flux muse be applied. 

Solder 

Solder is a metal ifiler that is melted to join two pieces of metal. 
By definition, soldering occurs at temperatures less than an 
arbitrary 800 degrees. Use leadfree solder when joining ein-
plated steel and thin sheet steel. 

Silver Solder 

Silver solders are brazing materials that melt at temperatures 
higher than 800 degrees. When working with silver, always use 
silver solder rather than regular solder. Silver solder can be 
made to flo' using a propane torch. 

There cr0 five categodes of sver sodcr. 

Type of Solder 
Extra-easyftov sit\ er 

Easy-flow silver 

Medium-flow silver 

Hard-flow silver 

lT silver (high-temperature solder) 

FlowTemperature 

1200 degrees 

1300 degrees 

1380 degrees 

1460 degrees 

1490 degrees 
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When using an acid Hux, wear gloves 
and goggles, anti work in an area 
with good venttation. 

Tocuta hole insheetmetal,1b .ise 
a holow punch Co make a small hole 
inside the diameter of what will 
become the large hole. Then insenthe 
tip of tee snips into the punched hole. 
Cut in a circular paltem until tee lay-
out line is reached. FoIIow the layout 
li n e to completethe cut. 

Having all tive tvpes cl silver solder handy is smar: .:hen 
assembhng pieces 01 a complex proiect. The first solder rolnE 
should use the highest-temperature silver solder availabte. 
Subsequent ioints should use the remainmg solders in deciInrng 
teirperature order as the subsequent components are :tached 
This wav the first loint will not come apart as ehe n 	irOnts 
are soldered. 

FIux 
All metals oxidize when exposed Co air,  
espciallv humid air. The Ihm layer of 
tarrisli or rust that resuits must be remo.ci 
betore solder will stick Co a metal. A ch r: . :  
cal mixture cailed [lux is applied Co the 

m ioint to reove these oxides and prever 
further oxidizrng while ehe metalls heaed 
Co {ie soldering temperature. Flux also 
lowers the surface tension of the molten 
soltier, rking it fiow more easilv. 

CutUn 
Use handheld sheet metal shears to mal 
prolecis These shears are manufact 
witl 	g' cutting, left-cutting, anti 
tion 	- Hold the shear anti look .‚. 
hia 	etermine which kind 01 shear 
hav . lt the blade curves Co the right, it a 
righ-[ting shear. lt the blade curves tu 
left, lt is a left-cutting shear, 11 the blade 
does not curve at all, lt is a combrnalion 
shear that can he used Co make straight as 
weil as circular cuts. 
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Edging 
ft.at runs around the tLo edge:. 

modern metal can - a machine-made 	 a 
.e kU ina nbed t'i 

nehanic wiii put a hem :in the edge 

Al 
f /1 

Use 	 er to male bends To bend a s. e ede, place 
inch of metal in the seamer s jaws 

Bending 
A bar former is used 10 make bends in small sheet metal 
sections, and a hending break is used in make hends in 

iarge sheet metal sections. Both toois can be sei up to make 
90-degree and 45-degree angles as weil as curvecl hends. if 
there is no access 10 a bar former or a hending break, clamp 
sheet rnetal between iwo wooden blocks or hetween two steel 
bars and use a wooden maL1e to make the hend, Or, if your 
projects are small, use a hand seanier 10 make hends. 

Seaming 
Seairürtg is the process 
of ioining two pieces of 
metal as if hv seving. 	(7 
The flatiock seani is 
most commonlv used 	Fiatiock seam 

\vhen rnaking an kern 
from sheet metal. \Vhen designing a piece, allow für extra metal 
on the edges to make ihe seams. 
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RcTTirg 
Roh: : 	technique that aliows the metahvorker to create 
WO IUCLI siapes easilv. A slip-form rolle. c 	used to shape 
shet metal irno a cvlinder. Ltsing a 
mallet, vou can also gentiv hammer 	 OL 
the metal over the edges of an anvil  
or over a piece of iron pipe. 

Tj 

1 

- 

gO 

A lip-form roUer ran be used to make 
cuved ehapes such es cones and 
cylinders. Notice in the diagram that the 
edges of the seams heve already been 
bent and are facing opposite directions. 

When using ehe horn of the aswil to 
rotf sheet metai, de not bit straight 
down onthe metat where lt touches 
ehe aiwii Position the biows Co 
avoid denting and cimping the 
sbeet metal. 
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Tempering 
Unlike iran, steel can he hardened Es the psint that lt becornes 
britele and fraceures easilv. To make lt useful, its brittleness 
must he relaxed onsugh is rnake Ehe steel capahle of hslding 
an edge without snapping when flexed. This relaxing technique 
is called rt'mpedng. 

Tempering is done in twa steps. First, the steel is made 
brittle hy belag heated es its critical temperature (between 
1350 and 2400 degrees, depending on the alioy and the carhon 
content) and ehen belag cooied rapidiv by plunging Ints a 
pickling hath or vater, depending an ehe metal. 

The second step is the real tempering step. The brittleness 
is relaxed hv applving just the right amoune of heat es achieve 
Ehe correct degree of hardness needed Es make the tod 

funceion properlv.A temper color Index will bela determine 
:he degree sf hardness desired. 

The temper color index will heip you see the sub1e dftferences 

between colors such as bronze and dark brown. Notiee the banda 
of color that have appeared in thfr' 

The colors an 

ehe steel will be 

matched with a 

corresponding 

tempert:e 

during the 

tempering step. 



Temper Color Index Chart 
Many different kinds of toos can be made Trom the same bar of metaL 

The variable is the heat at which the metal is tempered, Each mol needs 

a different final degree of hardness, and that is accomphshed hy heabng 

it to one of these temperatures, thus relaxMg the brittleness just enough 

to make the tool hard eoough to do the job, but not so hard that lt will 

St atter when used. 

Degrees 

Temper Color 	 Fahrenheit 	Tool Being Made 

Greenish blue 630 Light springs 

620 

Light blue 610 Screwdrivers 

600 Wood saws and punches 

Dark blue 590 Spnngs 

580 Picks 

Blue 570 light-work cold chisels 

560 Knives 

Dark purple 550 Steel cold chisels 

Purple 540 Axes and center punches 

Light_purple 530 Hammers and siedges 

Brown with purple spots 520 Surgical instruments 

Dark brown 510 Twist drills 

Bronze 500 Rock drUls and bot chisels 

Da rk straw 490 Wood chisels 

Golden straw 480 Drifts and leather dies 

Straw 470 Penknives 

Straw yeUow 460 Threadcutting tools 

Yeilow 450 Planer tools 

Light yeHow 440 Drills to,- stone 

430 Paper cutters and lathe tools 

Paleyeflow 420 Razors 

410 Burrdshers 

400 Scrapers 
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Making aTemper Color Index 
1viking a temper color Index will heip you decide when «1 metal 
has ieached the dcsired temperature. 

Step 1 —Saw a piece of fiat steei about 5 to 6 iriches long. 

Step 2—Sand or file one stde of the bar until lt is bright 
and shiny. 

Step 3—Firmiy ciamp one end of the steei in a pair of 
iocking-jaw pliers, leaving 4 inches free. 

Step 4—Have an aduit hght the propane torch. 

Step 5—Place the steel over the flame, letting liii' iight biue cone 
dt in' 	the stcd aLout 2 incItes front Ute tip 01 the pliers. 

Step 6—Continue to hold the 
steei over tue flame in the same 

cc. Do not wave the steei bar 
er the fiame. Wait for the in-

dcscent colors 10 appear. 

Step 7—As the coiors appear, 
continue 10 heat that spot and 
watch the colors move down the 

t bar. Ihr tust color thit will 
lppr ii is 1 fint straw coioi Soon 

- 

other cokirs will appear, such as 
der e indrs of strlw, hronie 
purpe, royal blue, and sky blue. 

Iten Ihr' straw color reaches about 
iih 	0 the !.ir end of the steel, quickly 

itiu sice] in t o a buckel of water 10 cool 

r 	lt. Tu' 	cwkd - 'cchig. Pracice good 
technique by dunkiiig the steei up and down 
rather than stirring lt. 

Step 9—WIten air bubh1t's and steam stop 
nisi ng front thr' metal, watt about 30 seconds, 
theo remove the piece from the tvater, dry lt 
off, and rub a sntaII amount of lubricating ott 
on lt 10 protect ii irom rost. 
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Do not scrub 

the tue back and 

forth; this dulls 

the teeth. 

Step 4—Set the bar stock aside 
and ciamp the cut-off section in 
the vise with one end extending 
about 2 inches. 

Step 5—Using a fiat file, file a 
short tapered point in one end 
by bearing down on the forward 
stroke to scrape the metal. Lift the 
file away from the metal on the 
backward stroke. 

Making a Center Punch 

Your first exercise in tempering will be 
to make a center punch, which is a basic 
metaiworking tool used to put small dents in 
metal. Unless your counselor suggests another type, use 
a inediumcarbou C1065 steel. The basic technique is the same, 
regardiess of which steel or quenching medium is chosen. 

Step 1 —Measure about 6 inches of C1065 bar steel (either 
round or square), and mark it with a soapstone pencil. 

Step 2—Position the cutting line near the edge of the vise. 
Ciamp the jaws tightly to prevent the metal bar from vibrating 
as ii is sawed. 

Step 3—Using a hacksaw, cut the piece from the bar. 

Center punch 
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Tempering the Center Punch 

Now you are ready to temper the center punch. For safety, 
be sure to work under direct adult supervision. 

Step 1 —Using tongs, hold the center punch under a large torch 
flame or place it in a blacksmith's fire. Bring the metal up to a 
bright cherry red heat (about 1350 degrees). 

Step 2—Using tongs, remove the center punch from the heat 
and plunge lt immediately into a nearby bucket of water. Do 
not throw lt into the water. Hold lt with the tongs and dunk it 
up and down in the water. Do not use a swirling motion. Doing 
so will part the water and prevent it from completely reaching 
all surfaces of the steel, causing uneven cooling and warping. 
By moving the hot steel up and down in the water, the gas 
jacket that forms around lt as the water turns to steam is 
broken up. 

Step 3—Once the steel is cool, test it for hardness. Do not drop 
lt or tap on lt with a hammer, or lt will shatter. Run an old file 
over the steel. (This test will dull a new Ole's teeth.) The steel 
will be so hard that it is unscratchable, or glass hard. 

Step 4—Next, look at the temper color index chart and decide 
which temper color to use. Crossmatch the colors on the chart 
with the color on the temper color index. You will look tor that 
color when you heat the center punch. 

Step 5—Using sandpaper, roh the last 3 to 4 inches 
'"'r punch to a bright shine. 

5—Clamp the striking end of the 
ter punch in a pair of lockingjaw 
:iers, leaving the pointed end free. 

Step 7—Have an adult light a 
propane torch and hold it or set 
it in a secure cradle. 
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Step 8—Place the shaft of the center punch over the flame, let-
ting the light blue cone of heat touch the steel about 2 inches 
from the tip of the pliers. LJo not wave lt over the flame. 

Step 9—Wait for the iridescent colors to appear. The first color 
that will appear is a faint straw color. As the colors move down 
the bar, shades of straw, bronze, purple, royal blue, ancl sky 
blue will appear. 

Step 10—When the temper color that you have chosen is 
about /i, inch from the point of the center punch, quickly 
plunge the center punch into a bucket of water. Remember 
to dunk the center punch up and down to break up the 
stearn jacket. 

Step 11— When the steel has cooled in the bucket of water for 
a couple of minutes, remove lt from the water, dry lt off, and 
then rub a small amount of lubricating oil on lt to protect lt 
from rust. 

If the steel is quenched at the wrong time, the entire 
tempering process must be repeated. Being able 
to judge the precise time to quench the steel 
takes practice. 

: 
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IcHWOMM-S KAM 

The difference between a sheet metal mechanic and a tinsmith 
is the metal that they use. For the most part, all metalworkers 
use the same techniques. 

Today, people who work with sheet metal are called sheet 
metal mechanics because they are trained to work with any 
type of sheet metal. Working with thin sheets of stainless steel, 
aluminurn, mild steel, galvanized steel, copper, and brass, a 
sheet metal mechanic can make a remarkable range of items. 

Using many of the traditional tinsmith's skills along with 
more modern techniques such as spot welding, sheet metal 
mechanics make a wide range of components used in things 
like automobiles, aircraft, satellites, heating and airconditioning 
systems, building construction, and consumer products. 
Because maintaining high rates of productivity is so important 
to manufacturing, sheet metal mechanics use machine tools to 
assist them when they roh, cm, and bend each item's 
basic components. 

Not all sheet metal mecharucs work in 
mariufacturing plants Many work in Ioca 

shops that fabncate components for heatinj 

and aircondttionirig systems Some make 

custom designed componentsfor local 

building construction firms 	 - 

Many of today's tinsmiths are t ving to preserve thc 	‚. 
Working with tools of ancient design, they use sheets of n-
plated steel to fashion museum reproductions for cohhectors and 
historic reenactors. Sheets of pure tin were used tu make 
househohd objects until the 1 8th century, hut today the sheets 
are expensive and rare. 

ESH 
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Basic Sheet Metaiworking Tools 
The tools needed by the sheet metal mechanic/tinsmith are not 
much different from the basic metaiworking tools you learned 
about in the previous chapter. However, a few of these tools 
have special duties in the sheet metal mechanic's shop. 

‚ 	 Anvils 

\' 	Some of the most basic metalworking tools, anvils are the large 
blocks of iron on which pieces of metal are shaped. There 

are several types of anvils, and stake anvils are some of 
the most conimon. 

V 	 Stake anvils are designed to be moved easily. 
They are usually mounted in a metal stake holder 
that has been attached to a stump or a large block 

of wood. A stake anvil does not need to be as heavy as a black- 
Stake anvil 	smith's anvil because sheet metalls bent rather than forged. 

The tinner's anvil has a fIat surface with one curved edge. 
lt is used to make straight and curved bends in thin sheets of 
tin-plated steel. lt can be held in the square (hardie) hole of a 
blacksmith's anvil. The curved sides of the canister stake are 
useful when turning up the flatlock seam that is used when 
a capped bottom is attached to a canister er a drinking cup. 
The widely flared horn of a funnel stake is used to toll tapered 
cylinders such as a tunnel. 

The hatchet stake is used tor making bends that go past 
90 degrees. This is the stake used to put the bends in a 
flatlock searn. A hatchet stake can be made from a piece 
of /4-inch-thick hardwood, such as maple or ash, that is cut 
to a 45-degree edge on one side, lt can be clamped in a vise 
and used horizontally or it can be placed on its side on the 
edge of a worktable with the hong side down. Either way it is 
held, the sheet metal is tapped back against the angled face to 
form the flatlock seam. 

Hammers 
The face of a tinner's hammer is used to set rivets. The tapered 
end—the peen—is used to coax sheet metal around bits of stift 
wire when making a wire edge. The bordering hammer also 
can be used in more advanced techniques to coax the sheet 
metal around a wire when making a wired edge and to bend 

Tinner's 	 the flatlock seam around the bottom of a canister when making 
hammer 	 a capped bottom. 



Hand Shears 

Simple hand shears will work for all of 
the projects described in this pamphlet. 
Professional sheet metal mechanics and 	- 
tinsmiths often use large, footoperated 
shears or power-operated shears to cut 
their pieces from large sheets, bot using 
hand shears is best for learning basic 
metalworking techniques. Only adults 
should use these power tools. 

Make sure to keep hand shears sharp 
and well-maintained. Meyer try to cut thick 	w 
sheets of metal with hand shears—this will 
doll the cutting edges and can cause the pivot 
holt in the jaw to break. When you are done 
using the shears, wipe them with a clean cloth to 
remove the hand oils that cause rust. Be sure to place a light 
coat of oil on the shears and then wrap them in an oii-soaked 
cloth to prevent them from rusting. This is a good practice with 
all steel tools. 

Hand shoars 

Preserving Your Work 

Most finished metal pieces will need to be treated against rust 
and other forms of oxidation, which will ruin the piece over 
time. Objects made from zinc-plated (galvanized) metal need 
no further treatment to prevent rust because the zinc coating 
is the preservative. Aluminum does oxidize, turning white and 
chalky. Zinc chromate primer must be applied before painting 
aluminum or the paint will flake off. 

Those who prefer a shiny metal surface must apply a 
degreaser to the metal and then apply a good quality clear-coat 
sealer. Clear polymer-based varnishes are often used. Tin-plated 
steel need not be painted because the tin coating acts as the 
preservative. Because the tin coating is so thin, it must be 
washed and dried alter handling to rernove natural salts and 
acids left by human hands. 

Copper, brass, 

and bronze also 

oxidize, turning 

green. Some 

people like this 

green effect 

and encourage 

the oxidation 

process by 

applying satt 

water to 

the piece. 
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Sheet Metal Projects 
The sheet metal projects described in this pamphlet create 
simple objects that can be useful in camp. If you have an idea 
for a project that is not described here, you may design your 
own. Be sure your design uses some of the basic metalworking 
techniques described earlier. 

Regardiess of whether you have decided to make practical 
objects or art objects, be sure to show your design sketches to 
your counselor and to obtain your counselor's permission 
before you begin working on your projects. 

Making a 16-Ounce Metal Cup 

Metal cup pattems 

HANDLE 

fSODY 
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BasicTools Needed 

.J Bick iron stake 1 2-by--4-nch wood pieces 

1 Hatchet stake (can also be in various lengths 

rnade of hardwood with one j Center punch 

Edge cut to a 45-degree bevel) 
1 Steel ruler 

1 Funnel or canister stake (optional( 
1 Hemmer 

1 Stake holder 
1 Hand seamer 

1 Short length of 3-inch-diameter 1 Scriber 
ion pipe 

1 Steel dividers 
1 Mallets 

1 Try square 
1 Sturdy machinist's vise 

j Needle-nose lineman's, 
1 E;heet metal shears 

and locking-grip pliers 

1 i-inch hole punch patterns 

1 Stump tor mouflting the 
1 Flux brushes 

stake holden 
1 Shop apron 

1 125-watt or 150-watt 

soldering iron 1 Leather gloves 

1 C-clamps 1 Safety glasses 

Ma:eriais 

1 26-qauge or 28-gauge 

sheet metal 

1 Lead-free solder 

1 Solder ng 'lu 

1 V/ire coat hanger 

1 Finishing nail (to prck perced 

patterns in shent metall 

j -inch copper tuhing 

1 Three 4-by-6-(nch pieces of window 

glass A nch thick) per iantern 



Step 1 —Using the drawings as an example, sketch patterns on 
stiff paper for each of the three cup pieces: the body, the han-
dle, and the base. When you have your sketches how you 
want them, cut out the shapes. These are your template pieces. 

' 	 1 
Step 2—Arrange the template pieces on the sheet metal 
and use a sharp nail or metal scriber to trace the outlines 
onto the tinpiate. 

Step 3—Using sheet metal shears, 
follow the scribed lines to cut 
out the three pieces Use con 
struction scissors to snip the 
V(,-inch nicks in the pieces 
to be used as the cup's body 
and handle. 

0 
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Step 4—Once the pieces are created, you can start putting 
together the body of the cup. Start by creating a safe edge along 
the top of the cup by bencling over about ½ inch of the tin. 

Aj 

0 

d4 

Step 5—Bend the flatlock seam edges on both ends of the 
body, but don't attach the seam yet. 

Step 6—Roll the cup body into a cylinder, then attach the 
flatlock seams. 
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Step 7—Solder the flatlock seam, then solder the bottom piece 
to the body. 

Jf 
Step 8—Now you are ready to create the handle. Begin by 
folding safe edges along both sides just as you did the hp of the 
cup in Step 4, then roll the handle piece info a curve. Lastly, 
bend over about ¼ inch of each end to make "cars" to attach 
the handle to the body. 

r 1 

Step 9—Finish the cup by 
soldering the handle to the body. 

Step 10—Fihl the cup with water 
to check for leaks. 



HANDLE 

1 
15/" 

11 

OLPEE 

Making a Lantern 

3027 

/ 	2/ 	4 /" 	 4 /" 	 4 / 

18/ 

OASE 
	

UI 

1 " 

()H0LES 

- 	------------ 

HEATSHUIW 

2"H 

GLASSSZE 
x4xO 

(3 RE0UIREP 

Lantem pattern 
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Step 1 —Arrange the patterns on a piece of sheet metal and 
scribe the outlines onto ehe sheet metal wiCh a sharp nail or a 
metal scriber. Cut out each component using sheet metal shears 
and file all edges sniooth. 

Step 2—Punch a large hole in ehe center of the parts marked 
"cut out" in the pattern diagram; these parts will becorne ehe 
windows. Stick the tip of ehe snips into ehe hole and carefully 
cut a curved line until you reach one of the scribed lines that 
outline the shape of the window. Now you can cut straight 
along the scribed line. 

Step 3—FoId the lantern bodys 1/4-inch bends first, 
making sure to fold them in opposite directions. 
Next make the four body folds. 

Step 4—Fold a hem on the candleholder and 
flatten it slightly with a maltet. Roll the candleholder 
into a cylinder around a 3¼-inch dowel. Don't try Co 
dose the gap in the cylinder—it comes in handy when 
removing melted candle stubs. You can use the blade of 
a screwdriver to pry out ehe melted wax. 

Step 5—Create the bottom piece by punching two 
large air holes in ehe base as shown and then folding 
down all four sides. Don't worry about leaving a small 
gap between each fold because this piece fits inside the 
body of the lantern. Solder the candleholder in place. 
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Step 6—Fold both 1/4inch hems on the heat shield 
component. Fold the tabs as shown. Roll the heat 
shield into a f1attopped arc. 	 0 

Step 7—Create the top piece by punching a large air 
hole in the center of the piece. Punch two small holes 
in an opposite pair of tabs for the wire handle. Fold 
down the sides—don't worry about leaving a smahl 
gap because this piece fits over the lantern body. 
Solcher the heat shield into place. 

Step 8—Set the body of the lantern over the bottom 
piece and solder the bottom in place. 

Step 9—Make the glass holders by cutting pieces of 
V4-inch copper tubing to fit inside the lantern. Cut two 
lengths of tubing for each corner. Use florist's wire to 
wire them together in pairs, then solder them together. 
Rernove the wires. 

Step 10—Use a wire coat hanger to make the handle. 
Cut off the hook and straighten the hength of wire, then 
bend it into the shape of a handle. 

Step 11—Set the top on the body (it fits on the outside). 
Poke the scriber through the holes in the top and mark 
the corresponding spot on the body. 

Step 12—Remove the top piece and use a nail to punch 
hohes where you just marked. 

Step 13—Have an adult cut three 4-by-64nch pieces of 
½-inch window glass. Put them in the lantern body and 
hold them in place using the copper glass holders. 

Step 14—Place a candhe in the lantern and attach the top 
using the wire handle. 

To replace the candle, unhook the wire handle and 

remove the top piece. 
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The Silversmith 
Silversmiths do much more than 	 - - 
hammer silver into beautiful shapes. 
They are artists who design one-of-a-
kind pieces that start as a sheet of 
silver, often incorporating elegant hand 
engraving and beautiful patterns. They 
are also highly skilled in a number of 
metaiworking techniques. 

Well-trained silversmiths know how 
to function as sheet metal mechanics. 
They cut, bend, edge, roll, file, saw, rivet, 
solder, and braze, using sheets of silver, copper, nickel silver, 
and pewter. Silversmiths are pattern makers and founders. They 
carve their own intricate patterns, create the molds, melt the 
silver, and then pour it into the molds. Silversmiths know the 
craft of the blacksmith. They know how to forge and temper 
high-carbon steel to make their own engraving tools, chasing 
tools, hammers, and stake anvils. 

el 

ii 

L 	 - 

: 	 -- 

Silversmiths are practic& metaiiurgists who uncierstand the properties of 
the metals they use.They know when to anneal a work-hardened piece 
and how to usa work hardening to their advantage. 
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Basic Silversmithing Tools 

Planishing is the Silversmiths use many of the same tools as other craftsmen, 
but because the objects silversmiths create are smaller, their 

process of tools are scaled accordingly. 
smoothingthefin-  

Hammers 
ished plece, 50 The hammers used by silversmiths have specific shapes that 
hammers used in have been refined over thousands of years to perform specific 

this process must 
purposes. Each hammer's face has a slightly different curve. 

Raising hammers and forming hammers are used for mak- 
be fairly special- Ing curved shapes. A planisking hammer is used to remove dents 

ized to do the job made by other hammers during the raising and forming stages. 
Forging hammers are used to fashion an object 

Sonne planishing from thick material. Because forks, spoons, and 

hammers have ladles, for example, are often made from heavy- 
gauge metal, forging them requires a much heavier 

both a round face hammer. Forg ing hammers usually weigh 18 to 

and a square face. 24 ounces. 

The square face is 

Raising hammer 

lar pieces. One of 

the final steps in 

silversmithing, 
Planishing hammer 

planishing work- 

hardens the metal Hammers and stakes have smooth, highty polished sur- 
while giving its faces. Great care must be taken not to mar the surfaces 

surface a much of these tools because any defect will transfer to the sil- 
ver as you hammer it. 

more uniform Rub the tools on a piece of cloth to burnish them 
appearance. before use. After using these tools, wipe the steel sur- 

faces with a clean, lubricated cloth. Wrap the head of 
the hammer in an oil-soaked cloth for storage. These 
steps are especially important to help prevent rust and 
for long-term storage. 
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Mallets 
Like the other metaiworkers, silversrniths use mallets to bend  
sheet silver. Made of rawhide, hardwood, plastic, or nylon, 
these soft4aced mallets are less likely to mar the surface of the 
metal than a metal hammer. Some silversmiths giue 
leather to the faces of their wooden raising mallets to 
cushion blows even more. Mallets are used to  
true up, or straighten, pieces that have FJat-ced 
become warped or bent during sinking‚ wooden mailet 
or raising steps. 

Stakes and Anvils 
Siiversmiths use some of the same stakes and anvils as sheet 
metal mechanics and tinsmiths, such as the bottom stake 
and the ball stake. Some stakes silversmiths use look the 
same as other craftsmen's tools hut are much smaller in 
scale. In other cases, some of the silversmith's stake anvils 
are uniquely different. 

The raising stake is an example of a stake that is uniquely 
the silversmith's. Used with a raising hammer (a hammer with 
a head that has a similar curve to the desired curve), the rais-
ing stake is used to curve fiat sheets of metal. Water pitchers, 
bowis, and flower vases, for exampie, start off as fiat disks of 
silver, and the raising stake or hammer lifts—or raises—the 
metal to form the shape. 

A siiversmith's anvil is kept highly polished and unmarred. 
To keep an anvil "perfect," take care to avoid striking it with a 
hammer when working a bend or curve in a project. 
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Sawing Equipment 

Silversmiths consider both saw blades and files to be sawing 
equipment. One of the most basic skills of a silversmith or jew-
eier, sawing is used to cut openings in decorative shapes along 

the edges of objects. The equipment needed for sawing is 
minimal: a saw frame, a saw blade, a bencli pin to hold 
the metal still during sawing, and a Cclamp to hold 
the bench pin to the workbench. 

While saws are used for dutting larger pieces, 
small files are used to refine the shape of silver -
smiths' designs. Small, straight files calied needle 
files are commonly used, and curved files called 
riffler files come in handy for specialty pieces. 

Senchpin 

 

Be sure to purchase the proper saw blades for the 
project. Saw blades can be inexpensive, but cheap, 
flimsy blades are no bargain. At the least, buy blades 
of good enough quality to avoid frustration. Match the 
thickness of the blade to the thickness of the piece 
being cut. Make sure that at least three teeth touch the 
metal at all tirnes. 

50 	METALWORK 



PickUng Solution 

use an acid hath called pickling solution to rernove 
residie left after soldering and oxidation caused by heating 
durirg the annealing process. A solurion of 10 percent sulfuric 
acid and 90 percent waler is often used. Commercial pickling 
products are available in a granular form to be mixed with 
vate as needed. 

Never use o steel item to reach into the pickling solution. ff you do, every 
thing in the solution will become copper-plated.This is because the pick-
ling solution removes some of the copper found in sterling silver. Once 
the steel item is removed, the solution will be fine again, but the plated 
objects must be polishecf heavily to remove the copper layer. 

To remove items from the solution, always use sticks or tongs made 
of wood or copper. Rinse the pickled object in fresh water and dry lt com-
pletely. Also, never leave soldered work in the solution for more than a 
couple of hours—it will weaken solder joints. 
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Basic Silversmithing Skills 
While thev know the basic techniqu 
metaiworking, siiversmiths must kn 
some techniques that are specializec 	e 
tvpes of materials and tools they use 

Laying Out Lines 
One old saving, Measure Iwice, cut once, is 
good advice when it comes to laving out limes. \Vhen usit 
dividers, loosen the setscrew and place the tips against a--ei 
rule. Holding one tip firrniy at the zero point, spread the dividers 
until the second tip has reached the desired measurement. Lock 
the setscrew in piace to hold the legs securely and use the tips to 
mark off the hne, 

Use a square to establlsh a 
90de9ree comei cheking 
from bot  sides to be certain 
ehe angle is correct. To lay out a strip with parallel 

sides, drag one leg of a divider 
along a prepared edge. Scrub 
ehe metal with a scnib sponge in 
a drcular motion so ehe scratch 
line shows cleady. 
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Sawing 
WW12 sawing rnight seem 10 be a fairly basic and easv skill Co 
master, care must be taken when lt is used as a metaiworking 
techriique. The ievelers saw is a common sawing tool used b 
silversmiths, and it muse be handled with care Co prevent 
and etisure proper use. 

Jew&er's saw 
To uEe the leweler's saw: 

Step 1 —Make sure the blade is firmiv 
attacied Co ehe saw frame, wiCh Ehe teeth 
pointing toward ehe handle. 

Step 2—Hold the saw so ehe blade is perpen-
dicul3r to the work. Reach under the hench pin Co 
do this properiv. Take care not Co lab at Ehe metaL 

Step 3—When preparing to saw, relax vour grip. 
Lee the saw hiade do the work. 

Step 4—Use long, relaxed strokes Co saw. Periodically touch 
a piece of beeswax or candle wax Co the blade as a lubricant. 

Step 5—Turn ehe work while sawing. Be careful not to tuni 
ehe snv. 



Sinking 
To a silversmith, sinking means hammering a depression mb a 
piece of fiat metal. This technique. vhich stretches the metal, is 
used to make howls, plates. and servmg travs. Most oblects that 
use the smnkirig technique consist of three parts: 

The rirn—the fiat part used in pick up the obiect 

• The boug - he curved sides of the depression 

The plau 	—the horizontal bottom of the piece into which 
the houg 	Ensitions 

Sinking verv shaliow forms can he accomplished hv using 
a sandbag and a hammer, hut it takes considerahle time to 
achieve the desired depth. Because the sand shifts under each 
bmw, the metal does not move a great deal. 

Using a sinking block vields faster resuits. Hammering the 
metal over a depression carved into a block of hardwood such 
as beech or maple aliows for greater stretching vith each hlow, 
with the sides of the wooden block supporting the metal as lt is 
stretched to the desired depth and shape. 

Howeven the final form should not conform to the depres-
sion. That is, dont hammer the metal until lt is driven to the 
hottom of the depression (called bottoming out')—this ruins 
hoth the surface of the sinking block and the vork. Bottoming 
ou , :nts in both kerns hecause the rno1 can no longer 

ield in two directions as lt could 	- en lt was sus- 
r aver the curved ' 	on. \Vhen the 

-::r squeezes hie metal between itself 
the block, the metal will push mit 

e side around the hammer-
head, torming a dem. 

Sinking block 



One way to create a sinking block is to cut a hole in a thick piece of hard-

board or plywood (1). Drive roofing nails along the edges and attach the 

metal to the board by holding the work in place with the nail heads (2). 
Using a silversmith's hammer with a head that has a radius that matches 

the desired curve of the bouge, tap the metal along the inside perimeter 

of the hole, driving the material into the gap between the surface of the 

workbench and the top of the board (3). Work the metal until lt almost 

touches the bottom surface—remember that you are stretching the metal 

when you are using the sinking technique. 

0 

CD 
UAI 

ihe bowi of the tray er plato cannot be 
creMei with onty one sinking step.Trying 
to do so will stretch the metal so much 
that it will tear, so several sirkings willbe 
necessary. Be sure to anneal t he object 
between each sinking and remove the 
nails after the firat sinking. 
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Silversmithing Projects 
Listed below are ehe basic tools and materials needed Co make 
ehe aroleces shown in this pamphlet. You don't have Co buy 
speciaitv tools from catalogs; many,  of these tools can be made 
front things found in 5cr: 

BasicTools Needed 

• Raising hammer 

• Planishing hammer 

• 16-ounce forging hammer 

• Flat-faced wooden maflet 

i Peen-ended wooden mallet 

Raising stake 

f3 Bottom stake (optional) 

L Ball stake 

• Stake holder (optional) 

• Stump (used to mount 
thß2 etnieci hIdr  

• Center punch 

• Silver solder (at least 

three types, of different 

melting temperatures) 

• Flux (borax paste) 

Brazirig station (several hearth 
bricks or pea gravel in a heavy 

pan; avoid using aquarium 
gravel coated with epoxy) 

• Pin-flame propane torch 

• Sinking block (your choice of 

hole diameter) 

FIat files 
	 • J 10-gallon or larger pickling 

i Riffler files 
	 tank with close-fitting lid 

• Jeweler's saw 

• Jeweler's saw blades 

• Bench pin 

Li Sturdy wooden bench 

Li Sheet metal snips 

Li Try square 

• Metal straightedge 

• Ruler 

LI Scriber 

LI Steel dividers 

Rar 
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Materials 

J 10 percent sulfuric acid solution 

.J Sheet copper of varying gauges 

1 %-inch hardboard 

J Cotton shop cloth 

• Crocus cloth 

• Machine oh 

J Wooderi tongs 

1 Jeweler's pumice of various grits 

• Cotton cloth 

.‚i Silver polish (or type of polish appropriate to the 
metal being used) 

Copper has ehe 

same properties 

as silver and is 

1ess expensive. 

Forging a Spoon 
The spoon proiect is Eai1mered cold using a piece of 18- er 

20-gauge sheet copper. As vou torge ehe bowl of ehe spoon, 

vou mav find that vou need tu soften the metal. Remember that 

nonterrous rnetals are annealed hv heating them to a red heat 

and then quenching them in vater. ib meet Ute requirement tor 

a soidered lobt, von mav vish to fashion a small fleur-dc-.: 

and appiv it to the handle of ehe spoon hv using the swe: 

dering technique. 

Step 1 —Use a marking pen cc draw the pattern onto the metal. 

Be sure ic mark out the dotted line—this gives von sufficient 

material to make a fairlv deep bowi. 

Step2—tising a eweler's saw and a bench 

basic shape of the spoor 



1 FH 

Step 3—iiiig a forging hammer to 
thin ehe metal in the bowl of ehe 
spoon. strike a series of biows 
beginning in the center of ehe bowl 
and working out to ehe edge. 

Step 4—Using a bouge and a 
curve-faced hammer, sink ehe 
spoons howi. Place the bowl of ehe 
spoon over the cavitv and stretch the 
bowl using a silversmiths hammer 
that has a radius that corresponds 10 

ehe radius of ehe bouge. Remember 
Co stop hammering before the metal touches ehe hottom of ehe 
houge to heip prevent denting the bouge. II ehe edge of ehe 
bowl warps, place lt upside down on ehe anvil and tap lt back 
into line with a wooden mallet. Anneal after each sinking. 

Step 5—Once the bowi has heen drawn out to ehe proper 
vidth and thickness, forge the spoon handle. Vorking along 

the spine of the handle, strike from ehe center outward. Flare 
ehe end of the handle and keep lt narrow near the bowi. Use a 
kitcLen spoon as a guide. Anneal as often as necessary. 

Step 6—File ehe edges of ehe spoon smooth. Be careful not Co 
scrub ehe file back and foreh. Push ehe tue away from you to 
remove meeal, and lift lt up on ehe reeurn seroke. This keeps the 
file's teeth sharper !onger. 

Step 1—Soak the finished spoon in ehe pickle baCh for about 
20 ninutes Co remove oxides and fire scale. Use wooden tongs 
to reerleve lt from the pickling tank to avoid accidentall stab-
Ing te piece. Flush the piece with pientv of water to neutralize 
ehe remaining acid, then drv lt with a clean cioth. 

Step 8—Polish vour work. Remove ehe swirls and manufactur-
Ing marks hv rubhing the piece with pumice. Start with a coarse 
grit and gracluallv rnove to finer and finergrlts as 
degree of shine appears. 



Ltl 
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A person who pours molten metal into 
molds is called a founder. Ancient 
humans began melting metal and 
pouring lt into molds almost as soon 
as they discovered how to hammer it 
into shape. 

Numerous industrial companies 
cast metal, and most City telephone 
books will contain a listing for at least 
one foundry. Not all foundries are huge 
factories employing scores of people. 
Some smaller foundries specialize in 
producing hard-to-cast shapes using 
hard-to-cast metals and cater to artists 
whose scuiptures will become patterns 
for lirnitededition castings. In some 
cases, the artists operate their own 
foundries and make their own castings. 
Increasingly, hobbyists are casting 
metal on a small scale in their garages 
and workshops. 

Basic Toois and Skitts 
Founders use skills and techniques that are different from other 
metal workers. Their craft includes making and working wjth 
molds to create pieces from molten metal. While some founders 
use premade molds to cast the metal shapes, many founders 
are irivolved in every step of the creation process, including 
carving or sculpting their own patterns to shape the molds. 

Keep in mmd that working with molten metal is 
dangerous. Always have adult supervision when working 
with any of these techniques. 
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Making a Pattem 

The pattern must be created before the mold can be made. 
The first step is to draw a full-size sketch of the object. 
This two-dimensional drawing will have to transiate into a 
three-dimensional object, so limit the depth of the object to 
about 112  inch. 

Sketch the pattern with the finished piece in mind. Pieces 
designed with projecting elements such as extended arms or 
legs modeled in running poses cannot he cast in one piece 
because the arm or leg will stick in the mold and prevent the 
piece from being released. Keep the design simple and within 
your capabilities to create a model. 

Designs with slightly beveled sides (called "draft") 
rather than perfectly straight sides are more easily 
removed from the mold. Only three or four degrees of 
draft are necessary, so you can still give the illusion of 
perfectly straight sides. Avoid undercuts (sometimes 

lfyouwishto called "ledges") that will jam in the mold, making it 

impossible to remove the finished piece. 
whittle your 

pattern rather The next step in pattern making is to sculpt the model 

than sculpt it, 
using sulfur-free polymer clay. Use a variety of tools to 
creatively carve the details of the piece. Follow the clay 

usa a softer manufacturer's instructions to bake the model until it is hard. 

hardwood such Making a Mold 
as basswood When the pattern is complete, it can be used to make a mold, 

or tupelo, or which will hold the molten metal until it is hard. Mold makers 
can choose from at least four different types of molds for 

use reusable casting metal: 

sculptor's wax. • Lost-wax mold, in which the wax pattern is eventually 
burned out of the mold, forming a highiy detailed cavity 

Rammed-sand mold, which is made by compressing a box 
of fine-grained sand around a pattern 

• Metal molds, which became 
popular during the industrial 
revolution and are the most 
expensive type of mold 

- 
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Atways place the mold as dose to the metting pot as 

possibte. Some mefting pots allow the motd to be fifled 

directty from the bottom of the pot to prevent the 

dross—impurities that float to the surface of motten 
metal—from being poured. If a transfer lacHe is used to 
filt the mold, the dross must be skimmed off before the 

mold is fllled. Once the transfer ladle is fuJi of motten 

metal, move quickly to minimize heat Joss. Pour the 

motten metal at a rapid and steady rate. 
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1 FOUNDER  

Casting Projects 
lJse ehe following checklist to gather the tools and materials 
necessa to complete the founder option requirements for this 
merit badge. 

8asbToos Needed 

Für creahnq ehe RTV sWcone mOd: 

J Fcur spring ciamps 

j Tvo disposable paint brushes 
(one tor applying the RTV 
silicone and one tor applying 
the graphite to the mold) 

J Disposable ruhber gloves 

For ereating the pattern: 

J Suipting tools 

.J Hobby knife 

j Toaster oven  

For casting the molten metal: 

J Electrlc melung pot 
with thermostat 

.J Pyrometer 

J Heavy atuminum baking tray 
tor use as a pouring station 

J At least one premade metal 
or silicone rubber mold 

j Scout-made sihcone 
rubber mold 

j Riffier, needle, or jeweler's files 

J Standard screwdriver 

J Spring clamps 

J Hobby knife 

._i Shop apron 

J Insulated leather gloves 

J Safety glasses 
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Materials 

For creating the pattern and mold: 

j 12 panets of thin plywood or 

hardboard cut into 4-by-6-inch 

rectangles 

Li Two 4-by-6 pieces of fiberboard 

[J Four smalt wooden pegs, each 
about an inch tong 

• One pound of sulfur-free 

polymer modeling clay 

• Plastic wrap or aluminum foll 

• Approximately 16 ounces of 
two-part RTV silicone rubber for 

one figure that is 21/2  inches tau 

by 1 inch wide by ½ inch deep 

• Four disposable mixing cups. 
Two of the cups must be large 
enough to hold the contents of 

each rubber pour. 

• Two disposable mixing sticks 

LJ Approximately 1 ounce of mold 
release cream (petroleum jelty 

is effective) 

For casting the motten metal: 

U A Scout-made pattern 

U An instructor-provided mold 

Li Fine graphite powder 

Li Lead-free pewter (approxi-

mately 2 ounces per each 

54-millimeter figure) 

LJ Tempered hardboard, 1/4  inch 

thick, cut in pairs to the size of 

each rubber mold 

• Soap and water to clean 
graphite from hands 

• Paper towels 

Preparations 

Li Collect all materials before 

starting. 

• Choose a well-ventilated spot. 

• Determine where to place the 
sprue and vents on the pattern. 

• Make the sprue and vents 

from wax, wood, or sulfur-free 

clay before mixing the RTV 
silicone rubber. 

• Make locator pins before mixing 

the RTV silicone rubber. 

• Measure the pattern against the 
stock of box-making panels and 

setect those large enough for 

the necessary clearance. 
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Step 1 —Study the pattern and decide where ehe parting ilne 
should be and where Co place the sprue and vents. When 
deciding where Co place the sprue, choose a location such as 
the bottom of the piece where no one will see where the sprue 
is attached. In this example, the sprue will be attached to ehe 
bottom of the truckshaped pattern. lJse some of ehe polymer 
clay to make a cone-shaped sprue and one or more vents. 

Step 2—Make a molding flask out of pieces of plywood or 
hardboard. Use some of the sulfur-free clay to hold ehe pieces 
together. Make sure there is a minimum clearance of ½ inch 
all around ehe model. lf the pattern will be embedded in a 
layer of clay, estimate how thick ehe clay will be. Holding the 
pattern in ehe box Co simulate for the clay layer, check for 
at least ½inch clearance from the top of ehe embedded 
pattern Co the top of the box. 

As the box is built, place the pattem in lt and check lt for fit. 
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Step 3—If the flask is made of loose panels, make sure that 
there is a good seal with ehe polymer clay to prevent the RTV 
silicone rubber from leaking. Wrap a rubber band around ehe 
panels to hold ehem together. 

Step 4—Spread a layer of polymer clay in the bottom of ehe 
flask. Make lt deep enough to prevent any part of ehe pattern 
from touching ehe bottom of ehe box as it is pushed into ehe 
clay down Co ehe pareing line in step 6. 

Step 5—Wrap the portion of the pattern that is to be embedded 
in clay with aluminum foil or plastic wrap. This will prevent lt 
from picking up any clay residue that will obscure ehe details 
when making the second half of the two-piece mold. 

1 

Step 6—Embed ehe wrapped half of ehe paetern up Co the 
eseablished parting line. Make sure that no part of ehe pattern 
touches ehe bottom board. 

Step 7—Insere ehe two alignment pegs into ehe clay. Pueting 
ehe pegs in opposiee corners (about 3/  inch from ehe corner) 
will locate ehe two halves correcely. Aetach ehe pouring gate 
and vents to ehe model. 

Step 8—Using disposable mixing sticks, prepare the RTV 
silicone rubber according to ehe manufacturer's inseructions. 
Be sure Co wear rubber gloves when working with ehe liquid 
silicone rubber mixture. 

Step 9—Brush a thin layer of niixed RTV silicone rubber over 
the pateern. This will discourage ehe formation of air bubbles in 
ehe small crevices, 
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Step 10—Holding the container as dose as possible Co ehe 
flask, slowly pour the mixture over the pattern, allowing it to 
fill all the crevices and to level elf. Continue pouring until the 
top of the RTV silicone rubber is a minimum of ½ loch above 
the highest point of the mode!. Lift an edge of the tue about a 
half loch and lee lt fall quickly, Iightly rapping the piece on the 
table a few times Co drive the bubbies to ehe surface. 

Step il—Place the top board on the flask. 

Step 12—Cure. Allow the chemical reaction Co progress 
by letting ehe piece rest until ehe RTV silicone rubber has 
hardened to its maximum amount. This will take eight 
hours at room temperature. 

Step 13—Invert the flask and disassemb!e it. Remove the clay, 
the foil or plastic wrap, and the alignmene pegs. 

Step 14—Reassemb!e the flask and attach ehe pouring sprue 
and vents. Use clay Co hold ehe flask together. 

Step 15—Apply mo!d release cream Co all of ehe exposed 
areas of the cured silicone rubber. The silicone rubber only 
sticks to itself. 

Step 16—Repeat steps 8 through 12 Co create the second half 
of the mold. 

Step 17—Disassemble the box and separate both parts of Che 
mold from ehe original. Remove ehe pattern. 

Step 18—Check the sprue and ehe vents Co make sure Chey are 
not constricted. If they are, use a hobby knife Co cut the RTV 
silicone rubber. The molten metal will be poured into the 
mold cavity through the sprue, and ehe air will escape through 
the vents. 

Step 19—Reunite the two halves of ehe mold, making sure that 
the silicone a!ignmene pins drop into the holes. Place a piece of 
thin p!ywood or a tempered hardboard panel on ehe front and 
back of the mold to reinforce ehe rubber. Use two spring c!amps 
and press two panels Cogether opposiee ehe sprue. This will heip 
prevent the moleen metal from !eaking out. 
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Tips for Casting Lead-Free Pewter 
Lead-free pewter is composed of 91 percent tin.The remaining percentage 
is made up of copper, antimony, and bismuth. Metals with a high tin con-
tent have exceilent flow characteristics and work weil with highly detailed 
figures. Pure tin is the best material for pouring figures, and figures made 
from pure tin can easily bend without breaking. Following these tips will 
yield the best results. 

• Tin fumes are toxic, so be sure to do your meiting and pouring in a 
well-ventilated area, and keep your head away from the melting pot. 

• Heat the metal to between 550 and 650 degrees. Use a thermometer 
to obtain the correct temperature. Use the lowest temperature you 
can that produces good castings. 

• Wait at least 15 minutes after the metal has meited before pouring 
the mold. 

Using a Silicone Rubber Moid 

Step 1—Use graphite powder to lubricate the rubber mold. 
This will heip prevent ehe cast metal from sticking Co the rubber 

Use a and will help ehe molten metal Co flow freely through the 

thermometer to smaller parts of the mold. WiCh an applicator brush, dust a 
sinail arnount of finely powdered graphite over the mold and 

d
-
scover the theo srnear the graphite into a greasy coating wiCh your finger- 

best temperature tips. CIap the molds eogether to remove any excess powder, 

tor use with Step 2—Position ehe tempered hardboard mold supports 00 ehe 
outside of each mold half. The rnold should be clamped in at 

your parflcular least two positions wiCh spring clarnps for best results, 

mods, and write Step 3—Heat the lead-free pewter Co between 550 and 650 degrees. 

that temperature Use ehe coolest temperature that you can Co obtain good quality 
castings. Experiment with ehe meleing pot's heat settings Co 

on the mold discover where the coolest temperature is. 

with a permanent Step 4—Pour ehe metal quickly into ehe mold, filling it Co the 

markerfor top. If ehe mold fills too slowly, widen ehe throat of ehe sprue a 
lietle bit. A slow-filling rnold will let the metal solidify prema- 

future reterence. turely, preventing the figure's extremities such as hands and 
hand-held objects from filling with metal. Use a sharp hobby 
knife, a small Ehe, or a rotary burr Co remove a small amount of 
the rubber from both halves of the mold. 
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Step 5—Using gloved hands, squeeze ehe sides of ehe mold 
together after pouring 1p ehe mold gently an the work surfare 
ae ehe came time to help improve the detail and reduce ehe 
flashireg (ehe small amsunt of metal that leaks arsund the 
parting line) arsund ehe figure. Always wear insulated leather 
gloves when pourmg and holding the mold. Allow the msld 
Co set tor ae least one minute before opening it. When the fegure 
is beeng reieased from ehe mol . 	be heut 	- 
if necessarv. 

Properly handled, the rubber molds will give you Fang 
and continuous use. Allow rubber molds to cool after 
each use. Because rubber is not as good a conduceor of, 
heat as is metal, the rubber molds retain the hegt of he 
hot rnetal longer than a metal mold. Continuous rspo 

pouring can overheat and burn a rubber mold. 

Using Multipart Molds 

Uomplex figures muse be rast m a slightiv different wav.  For 
example, you migbe have created a figure of a man holdmg a 
flag in front of his bodv vith his right hand. This figure rannot 
be rase as et was srulpeed because ehe out-thrust arms rannot 
be released from ehe moid without destroying ehe mold. To 
avoid this, the righe arm is rarefullv sawn off the sculpture and 
rast as a separate piere, tiere is how. 

Step 1 —Center the figure's bodv in the mold, wieh ehe right arm 
plared nearby and off es one side and a connector called a "gaee" 
dug bei ween ehe twa peeces. This permits ehe malten metal 10 
flow from ehe bodv, along the gaee, and into ehe component. 
Step 2—Since you know that ehe figure's arm most be assem-
bled er to ehe bodr; put a dab of clay on ehe inside of ehe arm at 
ehe shouider joine and fasheon lt into a small pin. Place a small 
depression, ehe size of the pen, in ehe figure where ehe arm will 
attach. Once the mold is rase, hie ehe arm into its finished shape 
and ateach ie es ehe torso using twa-part epoxv glue. 

The flagpole is rast as a separate item and attached 10 ehe 
figure heer. Use paper es make ehe flag, and paine it using 
acrvlic or enamel hobby pause. 
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The Blacksrnith 
\Vhen rhe Worshinful Comp: 	:iacksmiths. 	:uild, 
was rmed in London during die ':h ceri:urv. irs motto was 

Bv 	 all arms - Je-, stand This was not an idie 
ias:. Beiore mhe avaflabi!ity ci iess-exrensive machinemade 

dims drove them cut ci business during the indusmriai revo 
iutic'n. biackstnimhs were tru!v inmormanm craitsmnen because 

cis uhat  
craftsmen Thev 	mde all tb,e ircm hardware sud kitdhen 

men that was used hv people irom all waiks ci hie. 
Tbdav :here is a 	nendous irizerest in preserving this 

omaim. In aodimic'n mc Z 	 whc are wcrr:.ing mc rediscc'ver 
mhe mechniques c' 	: :srers. :odavs b-ad ksmiths are aiso 
anisms, :nakirig ah sorms cm imaginamive things ircm bem siech 

Because of the high temperatures generated by the 
forje. Scouts who select this Option must work under 
direct adult supervision. 

Some blacksmiths in large cities concentrated upon 
making artistic items for use by architects and 
builders, specializing in making ornamental ironwork 
such as fences, gates, railings, balconies, and 
elegant sign frames. 
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Ba sic Backsmthng Skills 
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Using the Edge of the Anvil 
Use the edge of the anvil to make 
Lshaped bends in objects. Heat the 
spot to be bent to an orange heat. 
Position the bot spot on the outside 
edge of the anvil, letting the cooler tip 
project over the anvil. Tap the end of 
the bar straight on with a hammer, 
forcing the bot spot to bend over the 
edge. To square up the bend, tap the 
bend at the front of the anvil, where 
you can be sure to get a 90-degree 
bend. Be careful not to strike the 
bend at the corner of the anvil or 
you will squash the material there, 
weakening the piece. 

4iU . 
Bendinq 'tI ovr the Mge ofthe 
anvil eret e L hdF)ed bends 

Twisting Steel 
Twisting is used to put a decorative 
element in square and fiat stock. 
Heat a bar to an even orange color 
where the twist should appear. 
Ciamp one end of the bot steel bar 
in the vise, grab the other end near 
the bot section with tongs or a bar 
twister, and rotate the bar 360 degrees. 
An even heat means an even spiral. 

L2 

Preserving Vour Work 

Paraffin wax makes a fine preservative. 
Be sure that von are wearing gloves 
because the metal will still be quite 
warm. Rub a candle stub over your 
work while lt is still warm, letting the 
liquid wax flow into all the crevices. 
Be careful not to overheat your work 
because the wax will evaporate 
or burn oft, which is ineffective. 
Just before the wax hardens, rub oft 
the excess wax with a shop rag. 
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Basic Tools Needed 

_i 125-pound anvil (minimum) 

J Stumps (one for the anvil; one 

much taller one for the vise) 

j Two turnbuckles for securing 

anvil to stump 

J Two 12-inch iengths of 

welded-link chain to pass 

over the anvii's feet and 

connect to the turnbuckles 

a Two eye screws to secure the 

turnbuckies to the stump 

i Leg vise or large machinist's vise 

Lt Firepot 

Lt Metal forge top with legs 

Lt Mechanical beliows 

Lt Bellows pipe 

Lt Measuring tape or folding rule 

Lt Soapstone pencils 

(for marking steel) 

• 24-ounce cross peen hammer 

• 12-ounce ball peen hammer 

J Hot hardie 

Lt Coid hardie 

Lt Flat-jawed tongs 

Lt ¼-inch and /ü-inch bolt tongs 

Lt Pea-sized soft coai, 

approximately 50 pounds 

per eight-hour day 

• C-clamp or locking-grip pliers 

• Center punch 

Lt Drill press eF 
• Drill, sized to 

match the 

diameter of the nails used 

as rivets 

• Shop apron 

Lt Leather gioves 

Lt Safety giasses 

Materials 

• 1/4-inch by ½-inch fiat, mild steel (C1020, A36, or equivaient) 

• ¼-inch diameter mild steel (C1020, A36, or equivaient) 

• 1/4-inch or 3/a-inch square mild steel (C1020, A36, or equivalent) 

• %-inch round or square medium-carbon steel (C1065, W1, 

or equivalent) 

Lt ¼-inch square, or 1/4-inch by ½-inch fiat, medium carbon steel 

Lt Tenpenny or larger nails 

Lt Candle stubs 

Lt Cooking oh 
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Blacksmithing Projects 
The following projects are practical objects that a Sc 
use while camping. Because the creation of art is pe 
to each artist, no art objects are illustrated. If you 
prefer to be artistic rather than practical, use your 
imagination and remember to apply the basic 
metalworking techniques. 

Forging a Duteh Oven Lid Lifter 

Step 1—Sketch the Dutch oven lid lifter to use 
as a pattern. The length of the lifter from the 
hook all the way around the handle should be 
about 16 inches. 

Step 2—Using a hacksaw, cut a 16inch length 
from a piece of 1/4-inch square mild steel. 

Step 3—Place the metal in the forge, and bring the 
end of the shaft to an orange heat. In 
Step 4—Using tongs, remove the piece from the fire and forge 
a tape in the end of the shaft (A). Flatten the taper (B). 
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Step 7—Place the har 
end of the bar in the 
forge, and heat the cer 
of the bar to an orang 
heat. Using tongs, trari 
the piece from the fire 
the workbench and c1 
lt in the vise. Place a 
degree bend in the cer 

Step 5—Carefully reheat the flared taper and bend it about 
30 degrees by tapping lt over the edge of the anvil (A). 
Bend the tip back (B). 

Step 6—Reheat the hook end, then create the J-hook by 
bending lt over the anvil horn. Bring the hook to the face of the 
anvil to "true lt up," or straighten the bar, leave the J slightly 
open to make grabbing the oven handle easier. Plunge the piece 
in water to cool lt. 
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Step 8—Grasp the piece with tongs and reheat it. Without 
touching the bot metal, forge a T-handle in one end by bending 
the bar over the horn of the anvil. Make sure the handle is big 
enough for all of your fingers to fit comfortably inside without 
touching or grazing the hot Dutch oven. 

Step 9.—Reheat the shaft and apply a decorative twist, then 
true up the shaft again, if needed. 

Step 10—Wearing gloves to protect 
your hands from the still-warm 
metal, mb a candle stub over the 
finished piece to preserve your work. 
Just before the wax cools, remove the 
excess with a rag. 
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Forging a Dutch Oven Trivet 

Step 1 —Cut three 7-inch 
pieces of Y2-!nch by 
V-inch mild steel. 

Step 2—Heat the tip 	( 
of one piece to an orange heat and ciamp the bottom 
half inch in the vise. Bend the tip over the edge of the 
vise in a 90-degree angle. Cool the piece. 

Step 3—Reheat the piece, then hook the bends under the vise 
jaw and bend them upward like an elephant with a raised trunk 
to form the foot of the trivet. 

Step 4—Repeat steps 2 and 3 with the other two pieces. 
Be careful to make all three pieces the same shape and size 
so the legs of the finish piece will nest correctly. Allow the 
pieces air-cool for at least an hour. (Cooling in water will 
make the metal too hard to drill.) 

Step 5— Stack the pieces and clamp them firinly together. 
Use the center punch to place a mark in the center of the bar, 
about a half inch from the unbent ends. Use vise grips to hold 
the punch steady, then make a dimple in the top piece by 
giving the punch a solid blow with a maflet. 

uI 

Step 6—Lubricate the dimple with a drop of oil and, using the 
mark as a guide to keep the drill bit from wandertag, drill a 
hole through the first piece. To ensure that the holes in all three 
pieces will line up, stack the second piece under the first and 
use a nail to make a tiny mark to guide drilling the second 
piece. Stack those two pieces on the third piece and mark it. 
Thea drill a hole in piece three. This method ensures that all 
three holes line up and that the legs will nest correctly. 
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Step 7—Stach ehe rhree pieces anc 
slide a nail through the hole. Use a 
or another nail to mark ehe shaft abo 

inch above ehe top of the hole. 

Step 8—Ciamp the shank of the n 
in a vise and use a hacksaw ca cue ie 
the mark. 

Step 9—Take ehe trwee pieces Co 
ehe anv1 ancl slicle the nail kilo place. 
Using the peen end of a ball peen 
harnme. strike in a circle around ehe 
protruding shaft of ehe nah, creaeinc 
a mushroom shape. This is called 
"upsetting the metal because the 
metal is thickened and shortened o 
the end Gradually increase ehe size 
of the mushroom unnl the rivet has 
thickened enough Co keep ehe legs 
firrnly attached wethout anv wobbhng. 

Step 10—Heae ehe trivet a hieele in ehe 
forge, and then lubricate the erivee with 
vax to prevent lt from rusting. 

.9 

; 

Don't overdo it hero—you don'twant to thicken the rves shanK so muc 

that the legs are Iocked in piace, making it impossible to pvot th egs 

around the rivet.You want the legs free to rotate so tbot the thee iegs of, 

the trivet can be nested together and stored inside a Dutcn oven. 

Spread t is trivet% lege to usa the Hd of the tutch oven as a fryirig pan. 
Fo[d ehe legs anh place the trivet in the Duteh oven tor storage. 
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le 
aIIoy. A substance having metallic properties and being 
composed of two or more chemical elements of which at least 
one is an elemental tnetal. 

annealing. A treatment consisting of heating Co and holding 
at a snieable eemperaeure foliowed hv cooling at a suitable rate, 
used primarilv to soften metals hut also es simultaneously 
produce desired changes in other properties. 

anvil. A heavv iron block with a steel face upon which metal is 
shapel wieh a hammer, 

bench pin. A receangular wooden hoard clamped Co a work-
beuch used bv jewelers to control a piece when using a 
je 	rs saw or needle file. 

black?ning. The act of applving carbon such as candle soot Co 
a 	mold or appiving graphite duse es a rubber mold. 'nie 

:0 acts as a releasing agent, making it easier to exerace ehe 
cooled caseing from ehe smaller recesses of ehe mold. 

bouge. The curved portion of a plate or a Cray from the edge of 
ehe rim Co the hottom of the plate or trav. 

brazing. Joining metals hv flowing a thin laver (capillarv thick-
ness) of nonferrous filter metal into ehe space hetween them. 
Bonding resules frorn ehe coneace produced hv the dissolution of 
a small amount of hase metal in ehe moleen fluler metal without 
fusion of ehe base metal. Sometimes the filler metal is pue in 
place as a thin solid sheet or as a clad layer. and ehe composite 
is heaeed, as in furnace brazing. The eerm brazing is used 
wherE the 	aeure exceeds some arbierary value, such as 
8() c' : 	: erm soldering is used when ehe temperature 
is ov 	arhitrarv value. 

cstirrg. 1 en object at or near finished shape obtained by 
SÜnuiicdu0fl of a subseance in a mold. (2) Pouring rnoleen 
metal into a mold to produce an object of a desired shape. 



corrosion. l ne neterioration of d ILICLU U\ a LI-1U -Iiiit-al er as 
electrochemical reaction es oxvgen present in its environmene. 

cross peen hammer. A hammer vhere ehe peen tthe end 
that cornes Co a bluse taper) runs from lefe cc right wieh refer 
ence to ehe face. Also called a hlacksmith's hammer er an 
peineer's hammer. 

crucible. A vessel made of a material such as 
porcelain ehat can withstand high temperatures 

ithout cracking, used for meleing a substance 
e requires a high degree of heat. 

ystai A solid composed of atoms, ions, er 
lecuies arranged in a pattern that is repetitive 

and  
cure. To ailov ehe hardening process es ren 
its ceurse hv leteing ehe piece rest for a period 
of time. 

dross. The impurities that form es ehe surface of 

Crucibte 	 molten meeai. 

ductility. The ahilitv of a metal to deform plastically wieheut 
fraceuring, heing measured bv elongation er reduction of area 
in a tensile test er bv seher nieans. 

ferrous. Of, relating to, or containing iren, 

flux. substance used es clean awav impurities caused by,  
o:.iation during soldering er brazing. Solder will only adhere 
es ehe metal where flux has heen applied, 

forceddraft fire. A fire where air is deliheratelv introduced 
ehrough some mechanical means (such as a heilowsj es signifi-
caneiv increase ehe rate of comhustion. 

forge. A furnace where bar-, of metal are heated prior Co being 
hamrnered en an anvil. The shop that houses this furnace is 
also called a forge. 

foundry. A furnace where metals are heated Co the liquid state 
prior es being poured inte a mold (casting). The shop that 
houses ehis furnace is also called a foundrv. 

hardie. A blacksmieh's chisel-like esel ehat fies in an anvil's 
square hole (ehe hardie hole) and used to part bars of metal. To 
part a bar of metal vith a hardie, a smith lavs ehe meeal over the 
hardies chisel-shaped end and strikes ehe metal xvith a hammer. 
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hardness. Resistance of metal to plastic deformation, 
usually by indentation. However, the term may also 
refer to stiffness or temper, or to resistance to 
scratching, abrasion, or cutting. 

hem. To fold a small portion (between /16 inch and 
joch) of the edge of a piece of sheet metal back 

upon i.tself. Hemming acts to both stiffen the sheet 
metal and to create a safe edge, preventing cuts. 

maileability. The characteristic of metals that permits 
plastic deformation in compression without rupture. 

mallet. A hammer with a barrel-shaed head 

gmit 

made of wood. 

melting point. The temperature at which a solid begins 	T•' 

the transformation into a liquid. 

melting pot. A sturdy vessel (usually metal) used 
to melt metal. 

metal. An opaque lustrous elemental chemical 
substance that is a good conductor of heat and 
electricity and, when polished, a good reflector of light. 
Most elemental metals are malleable and ductile, and 
generally heavier than the other elemental substances. 

metallurgy. The science and technology of metals. 
Process metallurgy is concerned with the extraction of metals 
from their ores and with the refining of metals. Physical 
metallurgy deals with the physical and mechanical 
properties of metals as affected hy composition, 
mechanical working, and heat treatment. 

motd. A cavity in which a substance is 
shaped. lt is used in the casting of 
molten metal. 

Melting pot 

native metaL A metal that occurs naturally 
in a nearly pure form. Gold nuggets are an 
example of a native metal. 

nonferrous. Of, or relating to, metals other 
than iron. 

 

ore. A natural mineral that may be mined and 
treated for the extraction of any of its compo-
nents, metallic or otherwise. 

 

Moki 
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oxidation. A thin layer of rost or corrosion that forms on the 
surface of unprotected metal because of the metal's interaction 
with oxygen in the atmosphere. 

parting line. The horizontal line formed where the two halves 
of a two-piece mold meet. A parting line is often placed at an 
object's halfway point when viewing the object from the side. 

pattem. (1) A three-dimensional model used for making the 
cavity in a mold into which molten metal is to be poured to 
form a casting. (2) A piece of stiff paper or light-gauge sheet 
metal that has been cut to conform to the outlines of a compo-
nent part of a sheet metal project. The craftsperson then traces 
the paper or metal pattern's outline onto the sheet metal from 
which the component part is to be constructed. 

pickling solution. Any of various baths used to clean metal. 
One of the pickles used by siiversmiths is a 10 percent sulfuric 
acid, 90 percent water solution. A pickling solution is most 
often used to remove the metal oxide that has forrned on the 
surface of silver. Pickling solutions also will remove the flux 
used to solder seams. 

planishing. The process of hammering or refining a metal surface. 

platewelL The fiat bottom of a tray or plate into which the 
bouge runs. 

quench. To cool (as in heated metal) by immersion (as in oil 
or water). 

raising. The process of creating a hollow form from a fiat sheet 
of metal by forming it over a cast-iron stake. 

rivet. A mechanical fastener that is hamrnered in place. 

rolling. The technique of creating rounded shapes, performed 
either using an anvil or a slip-form roller. 
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seamL. 	 [WO 	 rneLl W.i:c 

Wekm Seams are z;eiidered. o 	enure [hat the 
ohu r€main :o,--ei 

sinking. The oroces creathig a encavehape front a flait 
piece cf metal 5v hammering ihe meta over the [er ei a 
frianed hxrn nkinghIcck. 

smelting. .A metawo:kers term ior exposing ore-hearmg:ocka 
[0 high temperature te eparaLe the metal front -,.he ruck,  

sotdering. Simila: :o hrazing. hut the filier metal has a melting 
tcm pe:auire range below an arbitrar; SX degrees. Seit solders 
knv retir.g peini. are usualiv lead-tin alovs. ahhugh pure 

solders are avahahle am ,  are reccmrnended. 

sprue. The hole ihrough which rne1a :s poured in:o the rnold 
during :he casihtg oroess. 

st - - anvil. Ä polished ct-rn or stee tod placed in a vtse 
an. ---d iurmg the fcrrnin'z attd nitnishing of ntetai 

steel. Cmmercal iren i' a-, comains carbon in anv arnount up, 
te ahou: :' percem as an esseruial alloviag constituent, e s  
maleae under sui:abie conditions. and is dis:ir.guished 
front cast fron 5v i:s rnaiieabilhv and owe: carbor con:ent. 

tempenng. The process o reaxing Ihe brinieness ei a water-
er o[ ardeued steel 5v rehea:ing n at a nve: :em:erature. 

tumbTng. The process ei adentatdv rofling and hantmering 
:he end a ha: ei hot metal te orge a :aper 

twisting. The process cif raaking a deccratve spfra in square 
er OciagOfla me:a. 

vents. Snta tunnefr aced n molds :o coaduct alt 
ntoid udng the casting process. Unless ven:ed. 

:raopeo ai: has acwhere :o go and s preser.ze wiE 
preven: :he motea ne:a r:on:foi:tg M-0 porions 
:0 ,he ntod 

work hardening. The nr:cess o: h.'ni' 
hamme:inc 

yieW polnt :e norn: a; wn:cn a 
unce: pressure has Seen transfrntre-d to 

sia:e that, when tEe t:a::duung 
reeased, :he cr:slai ca::oco 

re:urn - -I:s crg1naI ccnd:ioa. 

MF 	:•< 	£Ei 
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Wah your parent's permission, visit 

the Boy Scouts of Americas official 

retail website, www.scoutshoporg, 

for a compJete listing of all merit 

badge pamphlets and other helpful 

Scouting materials and supplies. 

M etat Ca r Craft 
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Metal Casting 

	

T 	. 

tcC:ei2I. Tirr..7 

S: ce. 2ded. 

P: 

Backsmithing 
Ardres, Jack. 

194 

BeaerAex\Y: 

Biandford, Per 

2d e. Tab Be 

C:eime Boek. 

Vvcr kexande G 

	

B:cs 	i 

Oanizat Ion s and Websites 

Artist-Bladcsriths Assoiation 
of NerTi America 
Websz. :. 

The ArtMetal Resource to 
Metavorking 

	

...........: :anme.n' 	!e 

Metal Museum 

.mezamse1.erg 

National Institute für 
Metaiworking SkiHs 

w; 	!-kiks.c'g 

Society of American Sifversmiths 
.Vehs:e: 

iaIsandSupplies 

castings: Mate,ials for » d Makng 
& Foundry Ca" ng 
1::-freeteephcb..: 	:-:: 

Centaur Forge 
Teiehore: 262-t - 	- - 

'te: vvw.cerk;ge.corn 

T"e £Junken Company 
Tok-ree eIepnone: SX-544-6653 

\hs:e: ww.dunen.com  

Rio Grande 
TA-free 	SOO-45-665 
Vebsite: 	v.riogrande.com  

Shor International Corporation 
Ti:-!:ee :eephne: 	-95-652( 

Stebgo Metals 
Teikree :eephorie: S)O-2S9-1SS 

V' :::etSupply 
Teeph.ime: 34I-92lOQ 

WeL'siie: vww.wdge.sIDpv.com  

METM3n 	95 



Acknowledgrn ents 

ew G. H v 
The B:r; 

- 	 e ane 

• 	:e-:. • 

exe- 

n-,  21 Ee S g .  

Photo and Illustration Credits 

Co 	- 

- 

L Ph:c 

Le 

c:p:e:v:eS. 

MD:—a s 

B.. 



MERIT BADGE LIBRARY 
Though intended as an aid to youth in Scouts BSA, and qualified Vonturors and Sea 
Scouts in meeting nrerit badge reqtiirements, these pamphlets are of general interest 
and are made avaiiabe by many schools and public libraries. The latest revision 
date cach pamphlet might not correspond with the copyright date shown below, 
because this hst is csrrected only once a year, in January. Any number of merit badge 
pamphlets m -tv he revised fhroughout the year; others are simply reprinted until a 
revision tesmes necesSar, 

Ii a Scout nas already started working on a merit badge when a new edition for that 
pamphlet is introduced. .ey nay cont/nue to use the same merit badge pamphlet to 
earn the badge and fulfill the requiremerlts thercin. In other words. the Scout need not 
Start over again with Ihe new pamphlet and possibly revised requirements. 

Ment Badge Pamphlet Year 
Arnertcsn Business 
	2019 

Arnercan Cultures 	2013 
Arnercart Her!tage 
	2013 

Amer.can Laoor 
	2018 

Anirnti Science 
	

2014 
Apimation 
	

2015 
Ar crr eology 
	

2017 
Arclr€ry 	 2019 
Aruhr ecture and 

Landscape Architecture 2014 
Art 
	

2013 
Astroiorny 
	 2019 

AthIer ins 	 2019 
Autorrotive Maintenance 2917 
Aviatirn 
	 2014 

Backpacking 
	 2016 

Baskrrrry 
	

2017 
Bird E;ludv 
	

2019 
Buglirrg (see Music) 
Camping 
	

2019 
Canor.rn 
	

2019 
Chen i siry 	 2018 
Chesr; 
	 20 1 6 

Citizenship r 
theCors 	ty 
	

2015 
Citizerthip in the Nation 2019 
Citzership in the World 

	
2015 

Climh!nrt 
	 2019 

Cnn Coiecting 
	

2017 
Coiientions 
	

2013 
Corrrrrun!cation 
	

2013 
Composte Materials 
	

2012 
Cooking 
	

2014 
Ctirne Prevention 
	

2012 
Cyclirtg 	 20 1. 7 
Oerrtistry 
	 2016 

Dgita Technology 
	2014 

Disabiiies Awareness 
	2016 

Dog Caro 
	 2016 

D'attinq 
	

2013 
Electr dr2 
	 2013 

Elrrctrnnics 
	 2014 

t:merqttncy Preparedness 2019 
Enerr 
	

2014 
Engi 
	

2016 
Enlrep'erreurshrp 
	2013 

Envrrcnmerrtal Science 
	2015 

Exploration 
	 2016 

Ment Badge Pamphlet Vear 
Farny Lt s 
	

2016 
Farm Moclranics 
	2017 

Frrrgerprrntrrrg 
	

2014 
Fre Sa 
	

2019 
Fi'st Ar 
	

2019 
Fisit and Wrldlife 

Management 
	

2014 
Fishirig 
	

2013 
Fly Fishing 
	

2014 
Fcrestry 
	

2019 
Garne Design 
	

20 1 9 
Gsrdenrrrg 
	

2013 
Genearogy 	 2013 
Geocaching 
	 2019 

Geology 
	

2016 
Golf 
	

2019 
Graphic Arts 
	

2013 
Hiking 
	 2016 

Horns Ropars 
	 2012 

Horssmsnship 
	

2013 
lndiari Lore 	 2008 
lnsect StLIdy 
	

2019 
Inventina 
	

2016 
Journe 
	

2019 
Kaysk 
	

2019 
Landscape Arcrrilecture 

(sec Arnhdecture) 
Law 
	

2019 
Leatherwork 
	

2017 
Li'esaving 
	

2019 
Mammal Saidy 
	

2014 
MOoC in. e 
	

2012 
Metaiwork 
	

2012 
Mining in Society 	2014 
Mode! Dosqn and Buriding 2010 
Molorboa:ng 
	

2019 
Moviemaking 
	

2013 
Music and Bugling 
	203 

Nature 
	 2014 

Nucear Science 
	

2019 
Oceanography 
	

2017 
Orenteering 
	 2016 

Pant:rg 
	

2016 
Personal P11555 
	

2019 
Persorrai Management 

	
2019 

Pets 
	

20 1 3 
Photography 
	

2016 
Pioneenng 
	

2019 

Merit Badge Pamphlet 
Plant Science 
Plumbing 
Pottery 
Programming 
Public Hesith 

Spesking 
Pu , ip and Pacer 
Radio 
Rariroading 
R.sding 

tr!e and 
/.mpnibian Study 

Rifie Shooting 
Robc•tics 
Pwing 

tety 
Saiesrnarrship 
Schoorsnp 
Scouting Her tage 
Scuba Diving 
'-Onjlpture 

arne artrt Rescue 
ht.)tuui Shooting 
Signs. Si r 	and Codes 
Skating 
Srrari-Boal Sailing 
Snow Sports 

1 rind Water 
Ccrrsrtrvtron 

Seace Exploration 
Sports 
Stanrp Collectrng 
Survrtyng 
Sustainability 
Sw 
Test 

taler 
Hic Safety 

tick transportstion 
Veterirrars Medicine 
Water Sports 

arhrsr 
5 -!dng 

Whitewater 
Wilderness Survival 

od Carving 
:oawork 

Year 
2018 
2012 
2008 
2019 
2017 
2013 
2019 
2017 
2019 
2013 

2018 
2012 
2016 
2019 
2016 
2013 
2014 
2019 
2009 
2019 
2018 
2013 
2015 
2015 
2019 
2019 

2019 
2016 
2012 
2013 
2004 
2013 
2019 
2014 
2019 
2016 
2013 
2015 
2019 
2019 
2016 
2019 
2019 
2016 
2019 

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

2109 Westinghouse Boulevard 	 cali customer service 
P0. Box 7143 	 tott-free 800-323-0736 

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