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How TO USE THIS PAMPHLET 

The secret to successfuiiy carning a mcrit hadge is tor you to use hnth 

This m' he the best chance you will have to learn about this particular 

If you or your counselor feels that any Information in this pamphlet is 

the pamphlet and the suggestions of your counselor. 

Tour counselor can be as important to you as a coach is to an athlete. 
Use all of the resources your counselor can make availahle to you. 

subject. Make lt count. 

	 11 
incorrect, please let us know. Please state your source of Information. 

Merit badge pamphlets are reprinted antiiially and requiremelits 
updated regularly. Tour suggestions for iinprovement are weicome. 

Send comments along with a brief statement about yourself to Youth 
[)evelopment, S209 • Boy Scouts of America • 1325 West Walnut Hill 

[Lane • P.O. Box 152079 • Irving, TX 75015-2079. 

WHO PAYs FOR THIS PAMPHLET? 
This merit badge pamphlet is one in a series of more than 100 covein 
all kinds of hobby and career subjects. lt is made available for you 
to buv as a service of the national ancl local councils, Boy Scouts of 
America. The costs of the development, writing, and editing of the 
merit hadge pamphlets are paid for by the Boy Scouts of America in 
order to bring you the best book at a reasonable price. 
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Requirements 
L Format TWO sheets of drawing paper with proper 

borders and title blocks—one for your na mal lroiect 
(see re urcjnent 2) and orte for vour leitering proiect 
(see reqncmant 5). 

a. Make a rough sketch for each of vour proiect drawings 
to determine the correct size of paper to format. 

b. Using either single-stroke vertical or slant Gothic lettering, 
fill in all imnr;ant information in the title block sections 
of the fonaiaitcd paper. 

2. 	the fonnatted sheet ei paper von preoarcd for vour 
--u il procn noduce a OLnC Jav ing 	1 onui he 

	

used for m. 	iact uring. Fill in all title block information. 
Thenan nua cirawing may be any one of the following 
drang npcs: 

a. Architectural: Make a scale drawing of an architectural 
proiect. The arclin.ctural 	 he a floor plan; 

	

(01 0. 	wohlog. or iCC., cal service p!.1: 	oauun 
.11nng plan. L. 00 architect's caw uni 

5i'0'fls11J115 0 connnunlcaft ;he aa;a szc of 
features. lncludeuy iniportant notes and considerations 
nc'cessarv for construction. 

h. Mechariical: Make seile dravino of some merhanical 
i.e'.a:c or inteirsteg ei led. ;w n .chanical dra'vng 
niay he of the orthographic or isometric style. Use an 

shu\v 110510S (1 .nlll000jcate 
tic actu. siza o fcw ores. inJwic an'. mpui1aii; notes 
and mai .nicturing dl - siuLrations. 
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c. Electncal: Draw a simple schematic of a radio or 
electronic circuit. Properly print a bill of materials 
including all of the major elecnical cornponents 
uscd in the circuit. Use standard drawing symbols 
tu represeut the elecronic compcnents. 

3. Produce a computer-aided design (CAD) drawing as lt 
would be used in manufacturing. Fill in all dde block 
information. The CAD drawing may be any one of the 
following drawing types: 

a. Architectura!: Make a seale drawing of an arch.itectural 
proect. Th.e atcht 	ual daing ma\ be a tlour lan; 
electrical, plumbing, or mechanical service plan; eleva-
tuui plan; or landscaping plan. Ilse an architect's scale 
and sliow dirnensions to communicate the actual size of 
features. Include any important uo;es and considerations 
necessary for construction. 

b. WlechancaI: Maii' a Seele lawng of some cechanical 
(iCviCe or intereseing ohke. 1 'neechanical drawing 
n'a be ot ehe orthographic n oinetric style. Use an 
ellgineer's scale auch 	Jienensions to communicate 
the actual seze of Ieeeures. Hnclude any important notes 
ind menutacturing cnns'zleranuns. 

c. Electrical: Draw a simple scheenatic of a radio or dcc-
tronic circuit. Properly print a hill of materials including 
all of ihn,  meine 	c iiii)u!lelits used in the 
eh-eine. i*n•' Slarce drawing symbols to represent the 
electeou 	DIiil)OnefltS. 

4. Discuss with vour counselor how fulfilhing requiremenis 
2 and 3 differed from each other. TeIl about the benefits 
dcrivc'd fiom using CAD to! -  eqeie:neIet 3. lnclude in 'nur 
uisc;essenn the software you used es well es ocher sott\vere 
options that are available. 

DRAFTING 



Using single-stroke slant or vertical Gothic lettering (without 
tue aol of a tniate or lettc;ing 	odcj, wrie 3 brief expla- 
nation of what yOU consider to he the most important 
hcnefit in iising CAD in a particlllar industrv (aerospace, 
c!cctooilcs. ml utacttuiiii; ‚arc littc oral, or otlier). Use 
the experience gained in fulfilling requirements 2, 3, and 
4 to supjoirt vour opinion. Use the !onnatted slieet of paper 
you prepared in requirement 1 for your lettering proiect. 

6. Do ONJE of the following (a or b): 

a. Visit a faci}ity or indi.istry workplace where drafting is 
p00 of he business. i\slz to so.' in exlmpft' of thv work 
that is cione there, the different drafting facilities, and 
the tools used. 

(1) Find out hov 	faI the l aftiog don e thore is 
manual amt hov uch is done usiiig CAD. If CAD 
is used, find out hat software is used ancl how and 
whv it was chosen. 

(2) Ask almut the draftingservices provided Askw ilo 
uses rhe designs prodeel jl ,  Wo drafiig r'a id 
hov a o desigus an.' s(m. Discuss lovno'ofes-  
sion,ls \V0 pelorni draftig cooperate with other 
ii(li\iiiuOis in die drafting area and other areas of 
tue insess. 

(3) Ask how iniportant the rcle of drafting is to producing 
the end product or service that this business supplies. 
Find out lo\v draftig contributes to the colnpany's 
erid product or servce. 

b. Using resources you find on your own such as at the 
lihrary and on the Internet (with your parent's permission), 
k'arn rnoie Aout the i'ttig trade and discuss the 
toiIoving ',viii your couiisclor. 

(1) The drafting tools iised in the past—why and how 
they 'vore used. Exnlaio vhich tools are still used 
today and how i use has change ii willi the ad cit 
of ncw tonis. 	uhich tools ire being made 
ois,iete l\• 	evc' 	ook.in tue inLttstry. 
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(2) TeIl whit media tvoes were used in the past and how 
dr: 	were usJ. stored, and reproduced. 	how 
the au. :,t of C) has ch..::ced the media used, and 
discuss liow tuese changes affect the storage or repro-
duction of drawings. 

(3) Discuss whether the tvpes of rnedia have changed 
such ü there are new uses tor the draw.:s, or 
other 	ul s. 	 Brietiv disc'.:s 
how 	rnecJ :os 	... 	industrv toa;. 

. Find out about dree creer  pn'nities in drafting. Pick 
one and find ou:  :.:ning, and experience 
required tor this profession. Discuss .s with your coun-
selor, and explain why this profession might interest you. 

ORAFTNG 	5 
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Drafting a Better World 
What does the Sears Tower in Chicago have in conimon with 
your handheld video garne? }-ic'Hs a space station like the 
storage shed in your back\anC 	what way do the dazziing 
neon lights of New York City resernble the desk lamp you 
use wlien doing your hornework? In each cse, frorn the 
rrinst fl1)SiVC superprojecis to the noleSt eectronic gizrno, 

Jesizn id to be made before the object could be built. 

Our modern world thrives on new ideas—inventirig 
new products and processes, laying the infrastructure 
to house and transport an ever-growing populaton, 
expanding the reach of digital technology. But before 
the first board can be nailed für a new house, the first 
circuit fabricated for a new mobile phone, or the first 
bucket of coacrete poured für a new roadway, a draw-
Ing must be made to show exactly how to get the 
project done. 

Creating the drawings that guide the hands of builders, 
engiieers. c]cricians, scientists, and craftspeople is the task 
of the ti, b professionil. Fle or she 
draw, 	'draUs,' the design on 
paper or the computer screen 
The drftcr's work is used 
for p!nning am' buildiwz 
machines, computers, 
cars, herne., .k\ scrape 
roads, xdeo gaulies-
virtually everything 
that must he mide to 
precise specificadons. 

1) 

Using universally 

accepted symbols, 

a drafter's plans 

can be read by 

any engineer or 

trades worker, 

no matter the 

country or 

language of origin. 

J 
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These days, much drafting work is done on computer, hut 
the basic concepts and principles of the skill have remained 
the same foi cunturies. You can learn basic drafting in your 
own home, with or without :he heh of a Computer, using 
inexsve tools, supplies, and soft\vcre. As von begin draft-
ing, von will learn the symbols, lines, and dr.ving forms and 
Techniciues that will enahle von to turn a ronga sketch into 

d a\.ving. \ou !l see how te p eem ah of the 
information a craftsperson will need to build the project. You 
w!ii learn tue hnportance of showing precise, accurate details 
in a clean, simple format. 

By the time von earn the Drafting merit badge, you will 
be ahle to draw 	s or projects liRe .i birdhouse, a hokcase, 
or a backva: tora:c med. You mi 	ccen draw rough plans 
for vaur 	s .!uan house. comp ‚ev th garne room and 
svnoip rn. \ierc mpol tanily, VOLl w be c.ninded in 
an age-old profession that renains a vital part of many modern 

ci 	'P)U may also \vant to explore othcr orofes- rcers. 
suus [mit usc uiating, such as arebitecture, engineering, 
graphic design. .me! art. 
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Tools of the Trade 
in manual 

A straight edo (ruier), a penc - i1, a fiat aiid 	ooti 	surface, and drafting, the 
sonie paper are all 'ou neeci w get started o drdong. As you 
advirce, though, vou will \vmt to iry out somo o i thc rnany traditional drafting 
other basic toois that drafting professionals use. paper is known 

A drafting table 	top that cui he an ,--lied upward for 

	

d 	 he bc 	ecige for 

	

easier 	mwing. lt mav also have a iip a 	oom as vellum. Almost  
holilog pencils and other drafting toois. transparent, 

To easilv draw horizoio] hnes, the drfsposon can 
place a T-square cm the draUng table. The short end of the vellum is used to 

"T" rests against tho side of the table, v, hilethe long part create blueprints 
extends across the table. The T-square can be moved up and 
dowu along the table for drawing straight horizontal hnes from the original 

anywnere on the paper. drawings. lt is 
iö draw vertical 	right-angle) hnes, or other straiht 

lines that are not ii:. omtal, rest a tnangle on the T-square. available in a wide 

Triangles, 	nc!uding 	e 	ahle triangies, are available for variety of sizes. 
making lineS M dilitere- Jngles. A protractor hcips you 
draw lines of still more angles. 

For many years, the system of T-squares and triangles was drafting's 
main tool kitThen came the drafting machine, which attaches to the 
drafting table and makes drafting easier and quicker.This tool has a 
built-in protractor for drawing lines of many angles, replacing the 
T-square and triangle system. 

	

For drawing circies. c 7.1 rve 	aros. drafters use a 

	

compass, ‚in duoah]c drao.c 	100 '. III i\v) hnged 
arms, and a French curve, a piece of plastic with traceahle, 
con1piu'. urvcs cm mm it. Other basic drahing tools inciude 
drafting pencils yii  leads of different wcights, technical 
pens, and speciaiized papers and erasers, as weil as plastic 
templates cm with different shapes for easily drawing the 
symbols used in drafting. 

DRAF11NG 	13 



Since Computers entered the draftin 
use has grawn drarnaticalty. 

Using Computers in Drafting 
The most oo'xeriui dttIt ti; zu ol of all is the computer, running 
stucial sAnmv tot 	;urer-ani.ed drag7u,' (C:'[). Drntitg 1w 
computer has mauv avantages. 

Efficiency. Con:wters inake lt 	as'.' to du tasks that once vere 
([uticult ancl i;nle-consunling. i.ettering, for example, takes lots 
zu :ime ‚uni 	Kz1i tu do ncttl\ Lw 	tand. On a computen lt is as 
easy as typing on a keyboard. 

Accuracy. \V 	h computers, accuracy is easier tu 	chieve- 
Computers can for cxamnic. comnuters allow the drafter to ClniCRtv draw 

depict Nnes and rnuldpW Hous 0) ihe t'X3Ct S)tttC 	L'flOIli. Mcl)tlLtt d;,t',z 	og 
may he accurate enough for m 	iesigns, laut niany others, 

features using iI\ ek'ctonic cicus, denn-ui  inudi neate 	CUaC\ 
units of millionths thail can be ac'ved on toter Cure. ne aui br' made qucidy 

and easily, 	ni 	havg 	ase pent 	.rks. Also, changg 
of an nch or . 	 ' 	‚. 	 0 one dnu.n 	za 	an 	uca. alter eated dmensions 
even smaller. accordingiy, zviitg houlD ui tedous 	vork. 

Easy repetition. Computer 	make lt easv te draw the same 
shape ove 	‚nd over. lma, 	rzvu 4  ‚ 	Lift 	z k  (nain. lh:n of 
the many chain links isicical, laut without CA[), each link 
\vculd haxe  tu be down Lv hand. \Vith CA[), thc dezier co 
.hdw jun ute lnk am! ne du compdwr tu repe.ai 	he pci 
bar de entire cham. 

14 	DRAFTING 



Practicality. Computers take up less space than the drafting 
boards needed for manual drafting. This allows engineering 
offices, for exunpie, 10 be fiIed with normal-size desks and 
work spaces, instead of needing a largc raum fiiied wiih big 
drafting tables. 

Standard appearance. With CAD, all designers in the same 
conipariv can produce dLivings with the same style of lettering 
an(] drwi ug. This altows Ciii obs 10 have a comnlon feel tu 
theni inmead of refiecti.ng . nix of styles depen(Img on which 
designer worked on the project. Thus, the company's work 
looi 	ofesscr.]. 

rsj 

Easy copying. Specializ.c.l printers and 
papers ore n-.r necded \VItn CAD. You con 
SiliU)l\ fliIi0 	0 	SiO,!1]S. VOl.! W )uidolly 

other document created on a computer. 	 . 

Easy sharing. CAD designs are sa•ed as digital 
files that con casfiv be -b.red cver 	Internet. 
Dasigtiers can vc varinos deDgn- m hharv that can be 
used as a resource für later proiects. They simply call up the 
file of an oid dcsigi ond use ii as the 	J nav esipn 
vithout ha - ing 0 s t ar fr.nn sutaich. Ditcr snnletines need 

to siore ini'(.„ini,itioll 	a vork is in 	grass. t)fercn 
designers may be ' ssking on vorious pirH 	a larger design- 
sav, o car—at thc sue linie. With CAD, ia can share their 
work as t Iiey pmoceeii, via e-mail or a compuier neio. - ork. 

DRAFTING 	15 



Keep in mmd that 

CAD systems-

Fke the older 

T-squares and 

triangles—are 

merely tools to 

heip you be a 

better drafter. 

CAD programs can make use of various Computer 

accessories, such as a graphics tablet, a st/Iris or 

Iightpen for drawirig on the tablet 

or monitor, and a special kind of 

souped-up Computer mouse 

that has a magnifying glass 

with crosshairs for precise 

tracing. A design made 

using CAD can be saved 

to a file or printed on a 

hard copy, although 

some projects still use 

specialized plotters. 

Lni) does 

the need to lear 1 

the principles of drafhng 
nor the skills of ii rafting hy 

hand. Not all professional drafters 
have the use of a CAD progrIm, and 

comp'.IR'rs are not alwavs portil)iif l'nough 
to take everywhere a design drawing is needed. 

Also, Süllir' t\nes of dcsin!i art' still done better by hand, so 
icarning niaiiLiai diaitig IS J IlluSt. 

16 	DRAFTING 



Beyond Computer-Aided Drafting 
Computers can go far bevond what is possible with paper 
drawings. Objects can be "modeled" in three dimensions on 
the Computer screen, rotated and turned as though you were 
holtling the object in your hand. This is something no manual 
draftsperson could ever do with pencil and paper. 

Using a powerful modeling program takes us beyond 
cornputer-•aided drafting into computcr-aided design, which, 
coniusinglv, is conunoniy knov 	CA[), the sauic letters 
as for computer-aided drafting. The two discipIines are 
sometimes comhined as coupuur•-aided drafting and design 

In CADD, the designer (an autoniolive engineer, 
for cxpie) can asseruble se'.'eral objcct inodeis on (he Com-
puter screen, seeing how weil the object fits and interacts as 
part of a Iargc'r a ssemblv. 

Some poverful design programs can assign physical 
properties to the computer modei. Then the computer program 
can u;ai\'ze the strergth of that object and how much lt will 
weigli when built. This kind of analysis is part of computer-
aided engineering (CAE). 

After an object has been clravn, 
designed, and engineered. it nih 
also inove 00 10 (112 102<1 step-- 
computer-aided man ufacturing 

computer-created 
model ut ii object—say, a car 
part—is transferred directly to 
computer-controfled macil ines 
that can produce the oi.:uect. In 
other words. a rhv'scal copy of 
the part can be made without 
ever having been shown on paper. 

CADD is an enormous benefit for desigi 
objects, too, such as a tape measure. 

Engineers use CAE to find out if a part will break, 
vibrate too much, or perform poorly when exposed to 
heat. All of this vital information can be learnecl before 
the object is ever actualty made. 

DRAFTNG 	17 



Using CAD to Build Better Cars 
David Oakley is a CAD designer for Ford Motor 

Company in Detroit, Michigan. He uses an advanced 

CAD software program calted CATIA, which aliows 

hirn to design objects on the computer screen in 

three dimensions. 

David designs some of the thousands of parts that 

go into making vehicies. He might work on the brakes, 

the suspension, or the fuel system. Sometimes he must 
change a design because some other part on the vehi-

cle is altered. "The car or truck is in constant flux until 

the prototype is produced," he says. 

18 	DRAFTING 



Once, he had des,n 

hat fit perfectly, oniv t 	 sr• 

2inches off the wid :h 	:b 	 «r 

by.'Wemadeitwc 

part 	lesigner 

s'- --. 	iore - 

uncier ine tront bumper ot trie Ford i-t 

car. His new design shvec$ 6 pounds 

the part and more than S 7  : thecos:: 

cars 	J 

save 	pdty 

save' cflersmon 

- 

David ,s opportunities a 

entering the JC with the Iate 	- 	- 

work is great fo 	opIe who are crea 

-iect 	_s 
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Sketching, Scale 
Drawings, and Lettering 
Drafters must be skillecl at sketching, making scale drawings, 
and neatiV lettering their finished 

Sketching helps 

the drafter plan 

- the cirawing's 

format, where to 

place the views, 

andhowmuch 

room is needed 

fornotesand 

other Important 

information. lt 

is important to 

develop sketching 

skills whether the 

finished drawing 

Sketching 
is created with 

Most drawings begin with sketches. A sketch is sirnply a rough 
draft, huft more than an ouHne of an object showing its main 

Instruments or 

features hut not much dc'te 	Sketches hcb 	he drafte 	\isulhze with a CAD 
tue more finisheiJ dr. 	eg \vti 	look ito. Si 	tehint; also Computer program 

helps the drafter decide which drawing technique would be 
best to show an ohject's features. 
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The two iuustrations show the contrast between sketch and 
finished drawing. Both drawings are of an architectural floor 
plan. Floor 	edrawn as though se 	a. a Nid—that is, 
non 	 Alie roof and, cefling O L: WHi]ng removed. 

The firs ilutration was iravn freclan1 and SIIOWS walls, 
doors, windows, electrical outlets, fixtures, etc. The rooni 
\vi 1:aas.R and the sketch climcsioned (thal is, the room's 

emenis w shown on the sieich). For the ;dshed 
clraw ing, the sketch was redrawn to scale using drafting 
instruments, and neativ lettered. 

A freehand sketch 

275W' 

LLL 
7'ELEFHONE 

DZ 

LU 
LU 

. 	 .', 

5113 07 

The sketch redrawn to scale using drafting instruments, and 
neatly Iettered 
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Wen 1:::.ng freehand 	eases: 	:7en 
tich has innes te heip ludge proporüoi a: 	nr. 

1 f:ers use pendh whh varving degrees c 
• ::. 	rtd diferent tvnes ofpeints. 

nending on whar ar o the sketch 
''orking on. such as wher 
nt ohec er stading the 

obiect. Buv a few different tves 
of pendils and experhnent tvith 
them ne vour otvn drawints. 
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Makng Scale Drawings 
ve unake o an ehe-ct are :arev :he acn:a 

of the ch;et.. ...uav. drawngs are maLe:. anti for 
:e:n. How avkward voiki be he iravig 2: 

car were as h:g as :he a: I2seL V:h her ebec:s. hc- .vever. 
as eIec1ronc ci7c- J:1s, ehe draw:rig Will he na;r: hres 

:arger ra :he a:ua checr. 

Eve7 in igh a 17avag .s .: ;:r:.: 
Eern : repree:. 	mu: 	oe ex:: 	arre Th2: 

drairg that vere zhe :ocem ef 	cae 	ape, 	msz -j-C z5 

accrate y r01cs .................. 	ervee 	:wc  
Fr exurple, :n . 	drax.rg of a 	-he scae 

the drneisops m;gh he 	- 	= fx:Thai rnen; eve  

Df a priect at i.ci ei disunce ei :he traw:g 	::esei:s 12 ::ces c- :he 
Te ;ra 	. :con 	:.Ied :c he 12eet 	::e 

a redced cr s irches , en,-- :n zhe 
er:ared sze Drawrg to scae means 	vo: drawug :' ±e 	ze o 

zhe 	ater w:c't chngng :e 	cp 	:he 	bec:. are, - 
s ca ee a er buHdog imu are 	ravig. Ycc carl cEioe 'v a:ever caie 

- 	wenn fuH ie sume abe he ira;vg 	:nzv c'e 
a 	cae t1ar vE makt 	.ie drawi: 	as za:ge as  
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TRIANGULAR ARCHITECT'S SCALE 

E IN,  Li 

A special ruler used to measure or draw a scale drawing is called an 
architect's scale. This ruler divdes dirnensions for you, simpiifyrng the 
process of measunng or drawirg objects that are larger than the paper 
or smaller than you want thorn shown. By comparison, an engineer's 
scale is more detailed and shows fractions up to sixtieths of an inch. 

Dimensioning 
When a drawing is made to scale, the craftsperson or engineer 
who is working with the plans can determine the real-life 

	

dieisinn of anv obiect in 	drawing 1w rcfcrring to (he 
SCaic simpiy measuring nic inc in the clrawing and theo 
appivili he proportion of the scal. Keep in mmd that parts 
of lIla dl awini mighl he smali and iiard 10 measure, or perhaps 
thc paer nlghi iinnI ur expalul IVIlN Iteat 0v cold and 
moisture, whL h .\•ouiJ anv, 	the ineasureucnt. For 
th.'sc reasos. dralters add nuinhers to 1101 iigs ta indicate 
the object's actual dimensions. Dimensioii1ig typicaily includes: 

• The overall dimensions of the proiect—the length, width, 
lud (if requircd hy your drawing depih of the entire proiect 

• The location dimensions—positioning a window or door, 
for instance, witliin the drawing 

• [110 SjO dimensions----indicating, for example, how big the 
windo'2v or duor should be 
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Dimensions should be Iettered neatly for easy reading 
and positioned so they can be read from the bottom of the 
sheet. lncluding niore diniensions than are nci'ded for 

purpose of the drawing coukl make the diawing look 

Use the dimension cluttered or confusing, dimensioning should he so u'n1plete 

and extension 
h,.0 the Person reading the drawing does not need to use 

mathernatics to understand sizes. 

ines discussed in 
Like the tools of the drafting trade discussed earlier, the 

the 'Symbols of methods of reproducing flnished drawings have been 

Drafting" chapter. revolutionized by Computer technology. Copy machines 

The dimensions of 
and Computer printers have taken over, largely replac- 

rng some older ways of duphcating designs. 
angles are mdi- A blueprint is a copy of a drawing made on vellum. 

cated by an arc By laying the vellum on light-sensitized blueprint paper 

inside the angle. 
and passing a high-intensity fight through the drawing 

onto the blueprint, a special coating on the blueprint 

paper turns blue.The lines on the drawing prevent light 

from passing through to the paper; in this way, they 

remain white.The coating on the paper is then washed 

off and the paper is dried; the result is white lines on 

a blue background.This process is no longer used in 

the industry.The term °blueprint," as it is used today, 

refers more accurately to the blueline diazo method 

of reproducing drawings. 
The diazo process produces prints exactly the 

opposite of blueprints—that is, white copies with 

blue, brown, or black lines that more closely resemble 

the original drawing. Diazo uses a bright light that 

passes through the vellum drawing, exposing the 
light-sensitive diazo paper underneath.The copy is 

then immediately fed through a developer that reveals 

the lines of the drawing. 

Until recent years, the size limitations and cost of 

standard photocopiers made this duplication process 

impractical. Now, however, continuous, roll-fed copy 

paper can be used to reproduce any size of drawing. 

Drawings can be duplicated even on new vellum. 

This allows the user to enlarge or reduce the drawing 

on the copy. 
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CAD plotters are a special kind of Computer pr; 
using pens, often colored pens. A pen plotter draw 
original or duplicate drawings outputted from a CAD  
Computer prograrn. Usually, only the original drawing  
is made with the plotter; other copy methoc 
to reproduce the original. 

The use of 

Computers anti 

ptlnters has 

greatty reduced 

the neecJ for 

blueprinting 

or diazo 

reproductions 

and for special 

papers such 

as vellum. 

- - 

Laser or ink-jet printers are common forms of 
Computer printers often used to print CAD designs. 
Laser printers are more precise than ink-jet but more 
expensive. Both types of printers can print in color. 



In all types of drafting, lt is important to write clearly and 
neatly. After all, the purpose of a drawing is to communicate 
an idea. 'l'he ability to write clearly is a critical factor in 
achieving that goal. 

Because of this, drafters devote a lot of practice and 
effort to lettering. In drafting, Gothic and Roman letters are 
used because they are easy to read and draw. Engineering 
professionals use only single-stroke Gothic letters, either 
vertical or inclined. Architectural draftspeople use a more 
stylized variation of single-stroke Roman letters, usually 
inclined, Either style of lettering can be extended or 
compressed to fit a certain length of line. 

Mechanical and electrical tettering 

Architectural lettering 
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Lettering is lust as important Co master as other 
drawing teLhniques. Often, more intormation is co 	tned 
in the 01 	1'ln 	 of. Illegible 
can ca e 	:sto 	r 	/ook critical 	tei ;nation. 

Before lettering, 

draw llght 

guidelines on 

the paper; erase 

the gudelines 

after lettering 

complete 

Using guidelines 

helps ensure 

that lettering will 

be straight and 

evenly spaced 

between the lines 

Requirement 5 for this merit badgc is to leiter 
a fnrnatted nage. Start bv A a\ving g 	ide!.incs nhout 
/4 	inul 	itigi 	IikC' l[i0 IlOC 	011 	00 	-!Od 	t101ebOi)K 

paper). Keep the text evenly spaced as von letter; 
if von step backfrom 	age, von should not 
see iy gaps er croiv/.: 	cirers. 

ternplates can help witli rapid 
leueri;, hut lt is important Co 	raster freehand 
lettei 	tirst. even if von evenival v 110 most of 
your lerrenug by computer. In CA[), Iciiering is as 
easy as typing on a keyboard. The 	forent styles 
of letterirn availahle ii CAD are cicd fcirs. Roman 
and Gorluc iellO s are 	usr two of Ute irni1lells of 
different fonts available for the draftsperson to use. 

DRAFTING 	29 



How an Architect Uses Drafting 
Charles Linn is a iicensed architect, a member of the American Institute 
of Architects' College of Fellows, and deputy editor of Architectural 

Record magazine. Here he answers questions about architectural drafting. 

Q: How important are basic drafting skills in architecture? 

A: Good drafting skills are crucial to the success of architects, because if 

you don't know how to draft, you won't be able to communicate your 

ideas. We use drawings to teil our clients what their building will look 
like, and we use them to teil the builders what they will buiid. Drafting 

is also important because we use drawings to heip us predict whether 
our ideas will work before wo actually start making a building. A really 

compiicated building might have a thousand sheets of drawings. 

Q: How have you used drafting and drawing techniques in your 

own career? 

A: Like most architects, 1 use drafting for several purposes. One of thom 

is to make what are calied construction drawings. These are technical 

diagrams that teil the peopie who are going to build a building how 

big it is, what materials it will be made out of, and such things as 
where the wiring, heating, and plumbing will go. 

Getty Center, Los Angeles, California; Richard Meier, architect 
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z.  Jsoofte; 	:he basi 

tenderings are like pieces of art They can be : 

:omplicated, almost Ilke paintingsThe intent 

:le viewer understand how the building will 

Fenderings generally de not h --  encL 

person to buitd from them. 

Q:Are manual drafting skills still usefui in the age of computer-aided 

draftäng and design? How about lettenng' 
A: Sure, manual drafting skills are still quite 	 - 

needs only a T-square, triangle, a scale, pencil, and s 	= 

to start making drawings.That setup is much less s 

computer, software, and a printer, and lt can be used alr c 

lnthehandsofaskilleddraftsman,theremi: 

where these tools will be faster than the corr 

Arctiitectural lettering is quite useful because 	- 

people have come up to me over the years and 	-c- - 

ing is so straight and easy to read. You must be an a 

course, that makes me very proud. 

0: How [eng did lt take you to master lettering without the use 

of templates? 

A:Afewweeks.The 	 .‚ 	• ••cü 

light guidelines to keepthingsstraightWher - 

a small triangle to make the vertical strok 

and so on. 

Q:What are the most satisfying aspects of leaming draiting sks 

A: The first is the satisfaction of making a beautiful = -.- 	- 

The second is the thrill you get the first time vnu S -- 

was built from your drawings. 

Q:What advicewould you haveforsomeone earning the Drafting 

merit badge? 
A:Bepatient,anddontgetc1iscoura=: 

to be perfect at first 



1 -__ 



in Drafting 
and plans created in drafting help arrhitects, 

enginee, and others to bring a prniect to completion. 

D iffe rent Views 
ate drawings vith different types of views 

purpose of the drawing. Each type of viev 
is bas..:c s ::aightforward rnethod that YOU can foliow to 
make .:a:: ......... easier. Lets look at each of the maior 

arne more specialized ones. 

O . ographicProjection 

One c : r :::as. 	.::.ai:a :::d easilv understood stvles of 
draw.::g 	. .....c.:::: :'ct. TI  e '.'.'o' a'aaaphzc 	As it is sec 
meins ii 	

projecuor ,  

means a way 
- 	 ctshowinga 

iree-dimensional 

object c a fiat 
eg 	 plane—'.:'atTson 

1 
	

fi  

1 

Tes mages depct a typical orthograpHc orojetion of 
an object, with straightor front, side, n cl top 	.. s. 
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on' vie:. 
an obiect—for example, the front view, side view, and top view. 
In each case. vou see onlv the height sud width of the object, 
bot not the depth. If vou set a hook on a table and crouch to 
look at the bock straight-on vitli vour eve dt tabletop height, 
you will see a rectangie \virh a certain height and widih. 
Consider this the front 

Walk around the table and again put vour eve dt tabletop 
height. Nov vou are seeing the stde rien' of the bock. Stand up 
sud look straight down on the bock. This is the zop ofen'. Y ou 
have just created an orthographic proiection of the hook. That 
is, vou have viewed various planes of the hook from different 
sides, with each side having a relationship 10 the other sides. 

Orthographic projaceton: i ;I yei taft 

The Illustration here shows a properiv formatted drawing 
of a river raft. This orthographic proiection shows the craftsper-
san all the information necessarv to build the rait. The top, front, 
and side vievs are all dra\vn in natural relationship to each other. 

The side vi..'; shows where ehe flotation harrels are to he 
attached to the ::ss-tie poles and how theo are to he lashed 
with the rope. N:o that the raft's deck poles, vhich run Ich 
and right in this view, are attached 	ross-tie poles at 
specific locations This view slin% ,- zz 	and how the deck 
poles are first lashed to the cro- 	: :les. 



The front view shows only the front of the first two barrels. 

The i 	re 	barrels are behind the front barrels but are so seen 

from 	ricw. 

Rernember that each view gives the crattsperson oniy 

twmctimensional tntorrnationYou can se,-that dimen- 

sional Information in the front view could not possihly 

have been given to the craftsperson in the side vmw. 

Ncr: ioox at the top vier. You will see the width and 

Iengrh of the taft, each of xhich 'ou sei in the front and side 
unacceptabte 

views, respectively. This time, however, you see them both at 

the same time. The length and width dimensions are not shown to dimension the 

in the top view because they are already shown in the other same object of 
two views. 

II you look "through" the deck in the top view, you will length more than 

see hidden (dotted) lines. These represent the four flotation one time in any 
barrels located underneath the deck. (Unlike pictorial styles, 

whjch are djscussed later in this section, orthographic drawings singe drawmg. 

thoi hldden features.) 

Make an Orthographic Drawing 
To make an orthographic drawing, start with the front 

vew. Draw re true to the shape of the object, scaled cc 

fit the paper. Then dravv ehe ton wew by oro(ecting 

iines from ehe front view. This ensures that the top 

vew exactly mcc up with the front view.Ths aliows 

the reader to easiiy see the features in both views. 

Lastiv. draw >Lee side view. Again, project ines frorn 

the front view to make tee cide iine up with the front. 

To cornolete the drawing, adcl impomtant notes and 

a bhf of mater/als (a ist e/ materials, and the quantity 

of each, used to build tee objeoti,The entire drawing 

should cc ceniraliy located on the paper, willi na Ihnes 

extending beyoncl its horder. Fili m the title block sec-

tions, nc(udina the drawing scale. The drawng is now 

ready, ano ehe building of the obiect (in this rase, a rate 

ran hegin. 



sometric Drawing 
While an orthographic drawing shows different views arranged 
on ehe same page, an isometric dmwirzg combines several views 
into one picture. The resulting image appears Co have three 
dimensions (height, width, and depth), not just two. The iso-
metric style Iooks similar Co how ehe object would look in real 
life—but wiCh an important difference. 

If you were to draw an ohject in three 
dimensions as it looks to you, it would 
have perspectiue. The parts farther from 

T your eye would look smaller and cioser 
together than those closer to your eye. To 
better understand this, imagine standing in 
ehe middle of a railroad track. The two raus 
seem far apart at your feet hut rnuch closer 
together in ehe distance—when, in fact, ehe 
raus are parallel, ehe same distance apart, 
all the way. 

A drawing made wiCh this perspective 
would look realistic, but making scale 
enlargements or reductions from it would 
be difficult. A three-dimensional isometric 
drawing, on ehe other hand, would show 
an equal distance between ehe raus near 
and far. This type of drawing can be reduced 

er enlarged, through simple scale measurements, to ehe size 
required, without distorting ehe proportions. 

In a perspective drawing, the far-off 
parts look smaller and cioser together 
than the nearby parts. 



An isometric drawing 
is buflt an a "skeieton' 
sfthree lines:the 
isometric axes. 

An isometric draving is built 011 a 
skeleton of three lines calied isometric 
GXt'S. The lines form three equal angles 
of 120 degrees eich. 

Lets start bv drawing an isometric 
line hv line as shown in the illustration, 
Do vou see the isometric skeleton? Noth 
that all edges of the cuhe that are supposed 
to he the same length are actuallv drawn that wav. You can 
see that all lines that wouid he vertical in an orthographic 
drawing are also vertical in isometric drawings. However, 
lines that would he horizontal in an orthographic drawing 
are tilted upward 30 degrees frorn horizontal. 

0 
Drawing an isomeeri cube 

If you want to enlarge or reduce this drawing, you can 

apply your draftsperson's scale to lines A, B, and C 

and convert them to the scale you want in your larger 

or smaller drawing.You will then have a new skeleton 

to build on.Try this, and you will understand the 

isometric principle. 

;ometnc, 

ins 

asures 

comes from the 

three equal, 

12Oca:ee a•".: es. 
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etric drawings illust:. 
Notice the isoinen-ic skeleton in each of them. See ho-,v it defines 
the three diniensions? Studv these drawings and practice draw-
ing theni a few times before you trv to draw an actual ohiect. 
lt takes practice to tigure out which edges should be based on 
the axes. Notice that a franiework is drawn herore the 
shapes are defined. 

Isometrie drawings 

- 



How to Makle an Isometric Drawing 
of a Carnera 
Begn wth ortho raph(c views of a camera: top vew, front v(ew, 

and sde view. (See the orthograph(c projection of a camera at the 

heg(nning of this chapter)Then create an isometric series, adding 

an increasinci numher of detaHs to each of tour isometric drawinqs. 

ORTHOGRAPHIC VEWS 

The concept of the orthographic view 
is simple, as these illustrations show. 

'pEPTH' PF FEATURES 

Use lightweight lines in steps 1, 2, and 3. 
Step 1—Set up angles and draw in majorfeatures. 
Step 2—Locate and sketch in the detailed features. 
Step 3—Draw in the "depth" of the detail features. 
Step 4—Darken object lines; add detail. 
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SOMETRIC CIRCLES 

To draw isometric circies, the founcenter approximation method 
is most often used (see the illustration). Endlose the circle in 
a true square, then make an isometric drawing of the square. 
Mark off the points of tangency (where the circle and the true 
square intersect) on the isometric square. 

TRUEd .... 



zhese points. dra 

terpedicuiar nes te die 

ne cmeric square. 

a 6-degree uiarigie. The four 

in!ers:: 	?f he terrendicu- 

iar 	 c. a::d d vfl he 

zheCE 	m 	churc 

car he draw!1 wirh a compas 

ro comtie:e die cunerk circ. 

The 242, nt where radius 

1 m€S TddIUS 4 aroent 

xviiI be:argem 	die iseineiric 

scuare. The rad- wi[ biend 
nazuradv. crearin 	smoozh arc. 

12: 
« 



Laying out and blocking in a one-point perspective.Although perspec ve de.vings 
are the easiest type of drawings for people to understand. they are otte t-e most 
difficult to draw. 



More commonly used than a one-point perspective is the 
twopoint perspective. lnstead of starting with a straight-on view 
of the face of the block, this drawing starts with a corner view. 
Frorn a straight vertical line representing the corner, the lines 
for the front and orte side of the block are drawn out to tuo 
v.irfshg points on the horizon (see the iIlutratian). This 
lncks cn more realistic than the one-point 	s:tive. 

4 

Exrnpe of a two-point persective 

Less commonly used are 
drawings with a thre&point 
perspectiue, in which none of 
the lines are parallel. This 
perspective is often used when 
drawing skyscrapers, adding 
a third vanishing point on the 
horizon below the building. 
The effect of this is to make 
the building seem narrower ne 
the ground, as though you were 
looking down toward street level 
from a point halfway up the side 
of a nearby building. 

: 

A threepoint perspective adds 
realism when drawing objects 
such as toll structures. 
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The term pictorial drawings refers to various styles of 

drawing that show how an object might look in real life, 

that is, with three dimerisions. Isometric drawings are 

pictorial. So are perspective drawings. 

Pictorial Drawings 
Architects create a type of pictorial drawings called renderings, 
which look like fine paintings of houses or huildings, complete 
with trees and other landscaping features. Renderings are often 
shown along with floor plans to give an idea of how a house 
looks frorn the outside as well as ho': hig each room is. 

ff you draw lines from the "hoizontal" lnes of the house 
pictured, they meet at the vanishing points. 
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lore Views 

3c: 	 r oh 

A sectional drawing or GJtaWay view 
shows objects inside a Iarger object. 

tz 

yDrawings. 

:e hz:. 

Jt 

• 	 ei o 	hasenb 
.' 

T7 	 T 

Good examples ot assemby drawings are iouna ‚r tne inslluct,ons for putting 
ogether a model car 
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3xpkaed vie; griows 	 Parts separated ftm ne 
another but StilUrl the ccsot re ive positions. 

Drawings sometis 	 combination of 

styles ratherthan ons s:;:e 	.‚iew.An orthographic 

drawing, showing dimerscs. might be combined 

with an isometric view 0 ne object, which is easier 

to visualize. Likewise, a floor plan of a home design 

might be accompanied by a pictorial drawing, 

complete with landscaping, showing the finished 

project in the best possible light. 



• 	 NG 

Different Plans 
Here are some of the common types of plans that drafters create. 

Fioor Plans 
The most basic and essential type of architectural plan is the 
floor plan. Imagine that you could look down at your home 	Fv 

from above, with the roof and ceilings removed. This is the 
view that is reproduced in the floor plan. The floor plan shows 	You can draw 
each room, wall, door, and window in the house, as weil as a fiber plan of 
staircases, patlos, decks, and other structures. In multistory 
housc-s, each floor has a separate plan. 	 your own herne 

Eleetrical Plans 	 using only a tape 

An elecu-ical plan starts with a copy of the floor plan, adding 	measure, a pencil, 
the appropriate symbols (discussed in the next chapter) to 	anci grid paper. 
show where electrical services should be placed. All light 
fixtures, wall outlets, switches, cable TV outlets, ethernet 
connections, fiber-optic connections, and telephone connections 
are added to the floor plan using symbols, 

.------- . --- --------Li.- 

aE:L KEY 

IJZZ::1 	F- 

i 21  

91 	 .• 

	

---V----••-V 	
.• 

................... 0 1 	Nt:: 	•!1 ------- --------J Lt 	
1 

-• 	::- 

:i:-"  ----------- - 

Electrical plan 



- 

Landscape Plans 

Trees and shrubs 
The landscape plan shows the design of an entire property, not 
just the structure that sits on the property. This plan shows the 

add beauty and landscaper where to place flower beds, shrubs, and trees. lt is 

can have other 
also useful in showing walkways, driveways, and the structure's 
relationship to other nearby buildings. 

benefits. Shade 

trees, tor example, 

canhelp cool a 

house in a warm 

climate, while a 

row of trees or 

thick bushes can 1 
help insulate a 

house in a cold 

or windy chmate. A landscape plan shows the location of trees, shrubs, flowor 
beds, lawns, and walkways. 

- Elevation Views 
Another type of architectural drawing is the elevation view, a 
type of orthographic drawing that shows details about a structure 
that da not appear an the floor plan. Generally, an elevation view 
is drawn für each side of the hause. lt shows the perspective of 
sorneone standing at ground level (rather than a bird's-eye view). 

Items like the depth of the foundation, type of roof, and height 
from the ground are all shown in elevation drawings. 

Elevation views are also sometimes drawn for interior (inside) walls, 

to show the layout of such features as built-in fireplaces, bookcases, 

and entertainment centers in a living room, or cabinetry and windows 

in a bathroom. 
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Eectronics Dra'ings 
Draw:ng naas o eiectroncevce and 	s n:reasingIv 
imortan: a con u:er and campirer :cut ird heir wav 
mio mre and rnore ;as o 	r 	These davs, evervthng 

an aune engine W a greeng caTi car have a 
cnnvne: chn in Spea! rn5ois are used eecn -onics 
d:a;vings.sng s:andards se 5v induszr: roups s:d as ffie 
In and Ee -- 	Engneer 

Electronics drawings indude schematic diagrams (such s 
thisone). block diecrsIogjc dara.nsandwäina cagrems 
Each has its own purnose and i evel of detail. For nioreaboue 
diagrams, sec t'e EiectronTcsand RacneHtbadgepaJs 

Differe 	rnats 

T 	 . ...: ..s'ie;vs an 	:ans. draters 
- - 

and zt€ 	ai s:::v 	-- :h: 	'rnv: 	cer 	- aja 	ana 
-r 	T abe rgandar nanen cen nenv :ncjes ine drang 	na;r:e er nnner 

- 	 ent;fcanen. :ne da:e:: was d:awn. e ements in a 
- 	 he draw:ng scae. Odler :mporranr infr- 

- d-awig Ever nanc 	a: 	- n 	WAS :sLne nu3e::a U5ec zen:panv 
ei 	anci - 	 ez num5er 	er 	awngs company. er 

:eqn:e nare :ha:: eesner uses iks On :hese 	- 	 sa - :e annas use 	a: dierenr 
Pesrcvec:s. \:':e :he 	fman cc' 	aedn :he zi:e own tavore wpe 
Oßs in eacic exc:np'e 	ne:a: eacn 	c:mai has a of formt 

- rce:anJ :tle bicc: Xc' drawne :s fin ishof unt ±e üüe 
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For the Drafting merit badge, you will format two sheets of drawing paper 

with proper borders and title blocks.You will use one formatted sheet 

tor your manual drawing projeet, and one sheet for vour lettering project. 

No special type of paper is required, however, you may want to tape 

two 8½-by11-inch sheets of paper together to make a more generous 

11-by-17-inch drawing surface. If you have a little money to spend, you 

can find drafting tools and papers at most stores selling office, school, 

or art supplies. Standard sizes tor professional quality papers are usually 

17 by 24 inches or 24 by 36 inches. 

This format is used tor 
making electrical drawings, 

as etectronic circuits. 

1 	 hite2tura c -awingsof 

hL1
bu - 	c plans etc 



NAME OR TITLE OF PART 
SCALE DRAWN 5V 

MATERIAL DATE DRAWN 

PAGE NO. APPROVALS 

This format is used for lettering, tor notes, or tor drawing 
small parts. Use this format when you need to provide 
written information, such as how CAD has been used in the 
drawing. Use lettering wies when writing in this format. 

Computer-Aided 	 . ... 	 .... 	

. 

Drafting Software 
For rocnnrements 3 and 4, vou will draw 
wiW Wo huip of computer software. Ask 
your counselor's advice about software 
protzl alns, 	viiere tu fiud a 	nugram that 
fits your nuuds, anu how tu usc in Look at 
several optuns. For requirernent 4 you are 
to 	uss not oniv the sof 	re you use 
but also other programs thac are available. 

CAD (or CADD) Software Online 
Man' softv.ue .ogarns arc avaliabic on the 
1ntornc 	as 	lroc\vaio 	that 	rll lOt 	ou try 
coinouter-aided draiing or design. Search for 
the term "free CAI) 	ware." 

A program avanabic at this writing is Skelchup. a free You may getto 
download at htt;u.u'u in.sketc/urccurt that is vvidcv used try advanced or 
by students of architecture and . .....sltn. The program will not 
all-„w vou to doa nrofc'.stonaI drawnn hut dur's hop vou professional 
unhistand pers.r'cti\L'and othoi dralniig and design concepts. design software 
One fun exercise to do with the program is to create a 3-D 
mtnlc of 	your own house ur apartment huilding. Be sure to when you visit 

use ihr' tutorials that acconipany the progr.:un. a place of 

Before downoading or instailing any freeware or business to meet  
other software from the Internet, first get your requirement 6a. 
parent's (and the Computer owner's) permission. 
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The Symbols of E ,-zitini 
iii(lusirx ,  has IN own svinbolshit hc'I 

Electrical engnecrs have s\liiit)ols ior resistors and 	astr 

these are sedn1 ud h 	trcI?cN. Architects  

s\ -mi)ols of :heir 	 vi tkvv. ard walls—for which 

Iinftai englneers !Ia\ e itte use. \ieu1uh.I1 engineers, in  
tave 	rb-. t-r \elinng. drI1ing , aiid I!Il: - :: 	 - - 

atare not otteii id iii Other pruIescn. 
Regardie 	of the exact symbols uNed, the pi: 

01 thern izz thc -  siine: to aknv vo;. zhe dt-.ron 

10 Lftperv c( 110 unkate ide 	iht- roe!oni- 
\V11(' \ViIi be 	akng obje(  

- N 

el 
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Lines and Symbols 
\Vhether vou are preparing archieeceural, mechanic 
electrical dra\vings, Vou muse observe certain line 0 	311% 

tehe customarv er agreed-upon wav of dein- things 
all induseries. A few of commonlv used lines in dratung 

Thio line. For less iniporeane edges or edges hevonc 
secenlane für example, elecerecal outlees. windo 
appl etc.), 

2. Medium line. 7 or primarv edges edges that are not 
dire ii 

3. Thick line. Für obeect. or perimeter, edges (outside, 
visihle edges). 

Dash-dot line. iedium-weighe line for ehe center lene. 
,. ,., ~ ndary lene, or other importane line not aceuallv in 

ehe ohiece. 

. Extension line. Thin line not conneceed eo the ohject; 
used to show ehe limits of a dimension. 

6 Dimension line. Thin line xvith 
arrow points eouching ehe extension 
line and vith a breah in ehe 
middle for the dimension numeral 

a mechanical drawing). or 

1 Dimension line. Thin line with 
dimension numerals on top ot 
the line. This type of dimension 

ce hne is more commonlv used. 

8. Section line. Similar 10 dash-dot 
o line, hut vieh ewo shore dashes 

enseead of a doe. Used when a 
seceion of an ohlece is heing drawn. 
.Arrows indicate the veev through 

1 \vhich ehe seceion of an ohjece 
".s drawn. 

o 9. BrakIine. Used where ehe section 
:r plan, is discontinued. 

/ 
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Architectural Symbols 

1. Light. Ceiling- or wall-inounted. 

2. Duplex outlet. Wall plug, 110 volts. 

3. Switch. Wall-mounted, 110 volts. 

4. Special-purpose outlet. Specify on the drawing which 
type the outlet represents (phone, alarm system, junction 
box, etc.). 

5. Floordrain. 

6. Ceiling-mounted fluorescent tight. Specify the 
number of light tubes and their length (for example, 
four 48-inch tubes). 

7. Double-hung window. Usually, the size is marked 
on the window's exterior, 

8. Door, exterior. Specify size. 

9. Door, intedor. Specify size. 	0 	8 0 
10. Dimension. Standard  

EJ h) archtecturaI dimension 
line. Note that diagonal 
hiicI1 marks are used 
in die same way arrow- 
heads are used in 
mechanical drafting. 

8 

0 
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0 Mechanic& Symbols 

1. Radius arrow. The letter R is used 
to designate radius. The radfus of a 
circle is half the diameter; it is the 
distance from the center of a circle 
to the outside. The top number, 
above the line, expresses the radius 
in decimal inches; the bottom 
number, shown in square brackets, 
is the dimension in millimeters. 

2. Diameter. The ø symbol indicates 
diameter. The letters DIA may also 
be used. 

3. Seotion, pastic. Indicates plastic 
section lines for plastic parts cut to 
show section views. 

4. Section, steeL Indicates steel 
section lines for steel parts cut 
to show section views. 

5. WeId. Indicates where standard 
filet aields (welds with a triangular 
cross section) are to be made on 
metal parts. 

6. Leader arrow. The type of arrow-
head used in mechanical drawings. 

7 Phantom line. Used to indicate 
the exterior of a part when less 
than the entire part is shown. 
(If only the front half of a car 
is drawn in detail, for example, 
phantom lines would be used to 
show the outline of the back of 
the car.) 

[13] 

øLoo 	
- 

[25.4] 0_ 
0 
0 
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Electronics Symbols 	 o 	 0 

1. Earth ground. Indicates where 
a circuit is to be connected to 
the ground. 

2. Chassis ground. Indicates where 
a circuit is to be connected to 
the chassis, or frarne, of the 
electronic equipment. 

3. Capacitor. 

4. Capacitor (polarized). 	 0 
5. Fuse. 

6. Resistor (fixed value). 

7 Resistor (variable resistance). 

8. Transistor. 

9. Switch (opened, or "off"). 	 0 
10. Diode (semiconductor type). 

11. Loudspeaker. 

12. Transformer. 

0 

These eectronics syrnhos are only a few of those commonly used in &ectronics 
drafling and are sufficent tor drafting a compiete crcuit, Vour couns&or can hep 
you with speciahzed eectroncs symbo's. 
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Careers in Drafting 
As the technology of drafting has evolved, so have career 
opportunities in drafting. Drafters of the past spent several 
years in training, mostly on the job. They learned the trade 
from more experienced coworkers, and, in time, were experk 
enced enough to teach newer employees themselves. 

This system of on.thejob learning has mostly given 
way to college training in drafting and drawing. Today, 
many emi )yes require a four-ye,ir degee before they 
will crnd person as a desigi 

Depending on the position, designers of today may 

need to be knowledgeabie about engineering and 

architecture, since they couid be working closely 
with people in those fieids and using many of the 

same toois. 

Here are some of the titles and career opportunitie5 bund 
in drafting today: 

IlJ 
Drafters create technical drawings for industry, science, and 
engineering. Drafting skills are needed to support the many 
industries that require plans and drawings of steel, plastic, 
glass, wood, and electronics processes. Because drafting is 
closely tied to the fields in which lt is used, there are many 
specialized drafting positions in which knowledge and training 
in the broader fleld are essential. 

Aeronauticai drafters draw plans used to build aircraft. 
Architeetural drafters draw plans for constructing houses, 

buildings, and other structures. These drafters may further spe 
cialize in a type of structure, such as homes or shopping maus. 

Clvii drafters draw plans used in big engineering projects, 
such as highways, dams, bridges, and sewage systems. 



Electric& drafters draw wiring diagrams used to build 
electrical equipment and wiring in homes, buildings, and 
other structures. 

Eectronics drafters also draw wiring diagrams, hut in 
addition they draw circuit boards and other schematics used 
in making electronic devices and cornponents, such as personal 
music players and cell phones. 

Mechanical drafters draw plans showing how to 
assemble machines. 

With modern drafters relying heavily on computer-aided draft-
ing and design software, nowadays they are sometimes called 

ADD operutors. Other positions also use drafting skills. 
Engineering technicians help design, develop, test, and 

create various projects, products, or processes. They may assist 
engineers and scientists in a multitude of ways. 

Graphic designers lay out books, magazines, and other 
print publications, as well as digital media. Graphic designers 
may he called digital techniciarzs, since so much of their work 
deals with the technology of digital communications, involving 
not just drawings hut also video, audio, and animation. 

Illustrators create drawings, pictures, graphs, tables, 
and other kinds of images for publications and electronic 
media, sometimes in specialized fields of science, medicine, 
or engineering. 

Cartographers create maps for business, industrv, and 
government, both digitally and on paper. 



If you want to pursue a career in drafting, starr by taking any 
specialized drafting course that may be offered in your high 
school. Take as many shop courses as you can to get experience 
in reading blueprints and plans and to learn about the craftsper-
son's use of tools in creating the objects shown in the plans. 
Take drawing courses that may be offered by your school's 

tdep 	not. 

Drafters need 

math skills. 

Take as many 

science ancl math 

courses as 

possible, including 

geomotry, algebra, 

trigonometry, 

and physics. 

p -. - 1 

After high school, von will continue your s ecAized 
training in draning. Many drafting, engineering technician, 
graphic arts, and computer courses are offered by trade schools 
and community colleges. You will need to get trained in using 
particular CAD software programs. This training can come 
during coursework at coliege, on the job, or through private 
firms. Some forms of technical training taught in the armed 
forces can also be usecl in civilian drafting positions. 

The more education you have, the more competitive 
you will be in the job market. Many employers require 
four-year degrees in design or related fields. Growth in 
the number of drafting positions available is expected 
to slow as more and more drafting work becomes com 
puterized. However, the outlook is still good overall for 
drafters with a good education and a solid background 
in CADD, in addition to the traditional drafting skills. 
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Though intended as an aid to Boy Scouts, Varsity Scouts, and qualified Venturers in 
meeting merit badge requirements, these pamphlets are of generai interest and are made 
available by many schools and public libraries. The latest revision date of each pamphlet 
might not correspond with the copyright date shown below, because this list is corrected 
only once a year, in January. Any number of merit badge pamphlets may be revised 
throughout tho year; others are simply reprinted untU a revision becomes necessary. 

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

Merit Badge Pamphlet Vear Merit Badge Pamphlet Vear Merit Badge Pamphlet Year 
American Business 2002 Engineering 2008 Photography 2005 
American Cultures 2005 Entrepreneurship 2008 Pioneering 2006 
American Heritage 2005 Environmental Science 2006 Plant Science 2005 
American Labor 2006 Family Life 2005 Plumbing 2004 
Animal Science 2006 Farm Mechanics 2008 Pottery 2008 
Archaeology 2006 Fingerprinting 2003 Public Health 2005 
Archery 2004 Eire Safety 2004 Public Speaking 2002 
Architecture 2008 First Aid 2007 PuIp and Paper 2006 
Art 2006 Fish and Wildlife Radio 2008 
Astronomy 2004 Management 2004 Railroading 2003 
Athletics 2006 Fishing 2009 Reading 2003 
Automotive Maintenance 2008 Fly-Fishing 2009 Reptile and 
Aviation 2006 Forestry 2005 Amphibian Study 2005 
Backpacking 2007 Gardening 2002 Rifle Shooting 2001 
Basketry 2003 Genealogy 2005 Rowing 2006 
Bird Study 2005 Geology 2005 Ssfety 2006 
Bugling (see Music) Golf 2002 Salesmanship 2003 
Camping 2005 Graphic Arts 2006 Scholarship 2004 
Canoeing 2004 Hiking 2007 Scuba Diving 2009 
Chemistry 2004 Home Repairs 2009 Sculpture 2007 
Cinematography 2008 Horsemanship 2003 Shotgun Shooting 2005 
Citizenship in the Indian Lore 2008 Skating 2005 

Community 2005 lnsect Study 2008 Small-Boat Sailirtg 2004 
Citizenship in the Nation 2005 Journalism 2006 Snow Sports 2007 
Citizenship in the World 2005 Landscape Architecture 2008 Soll snd Water 
Climbing 2006 Law 2003 Conservation 2004 
Coin Collecting 2008 Leatherwork 2002 Space Exploration 2004 
Collections 2008 Lifesaving 2008 Sports 2006 
Communication 2009 Mammal Study 2003 Stamp Collecting 2007 
Composite Materials 2006 Medicine 2009 Surveying 2004 
Computers 2009 Metalwork 2007 Swimming 2008 
Cooking 2007 Model Design and Building 2003 Textile 2003 
Crime Prevention 2005 Motorboating 2008 Theater 2005 
Cycling 2003 Music and Bugling 2003 Traffic Satety 2006 
Dentistry 2006 Nature 2003 Truck Transportation 2005 
Disabilities Awareness 2005 Nuclear Science 2004 Veterinary Medicine 2005 
Bog Care 2003 Oceanography 2009 Water Sports 2007 
Drafting 2008 Orienteeiing 2003 Weather 2006 
Electricity 2004 Painting 2008 Whitewater 2005 
Electronics 2004 Personal Fitness 2006 Wilderness Survival 2007 
Emergency Prepsredness 2008 Personal Management 2003 Wood Carving 2006 
Energy 2005 Pets 2003 Woodwork 2003 
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