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The secretto successfully earning a merit 

badge is tor youto use both the pamphlet and 
the suggestions of your counselor. 

• 	 :• 	 Yourcounsecanoeasimoonan.ttoyouasa 
coach isanlete Usea::cf:Ieresources 

k yourcour:sacr czn nkeava;bletoyouThis 	4z 
je 

mcy 	E ;t chance you will have to learn 
about ers particular subject. Make it count 

lt you or yo c 3unselor feels that any information 
in this pamp : is incorrect please let us knov 

F ease state yc source of information 

Me badge pamphlets are repdnted aaUy 
- 

 
an--  requirements updated regulai Vour 

s ggestions tor rmprovemei 	v ilcor e. 

	

M / 	Who Pays forThis Pamphlet? 
his merit badge pamphlet is one in a series 

4 	 ofmorethan1OOcovering all kindsofhobbya'd 
career subjects. lt is made ava lable for you to buy 

;• 	‚ 	 as a service of ehe national and local councils. Boy 	 " 

couts of America. The costs ofthe devefr''ment 

	

• 	writing, and editing otthe merit badge p 	hlets are 
f paid tor bythe Boy Scouts ot America inc 1 rto bring 

f
you te best book at a reasonable pnce. 

9 	Send commenes along 
>

vith a brief statement aboutyoursefto  

Pilots ana Pragram Development 5212 
Boy Scouts otAmerica i325 West Walnut Hill Las • Irving, TX 75038 

lt you prefecyou may send your commen:sto meht.badge@ScoulinQ.ora.  
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1. Studv and understand the requirements for personal satetv 
when using such modelmaker hand tods as knives. hand-
saws, vises, files, 	:: - :s. s::ewdrivers, hand drills and 
drin bits. pliers, and portable power tools, and when to use 
proper proteceive equipment such as goggies when grinding 
er drilling. Know what precautions to take when using 
flammabie er hazardous products such as glue, epoxv, 
paint, and thinners. Discuss these with vour counselor 
before vou begin your modelmaking project and teil why 
thev are important. 

2. Explain the uses for each ei ehe ioilowing tvpes of models: 
architectural, structural, process, rnechanical, and industrial. 
Do research into the different tvpes ei materials that coulcl 
he used in making these models. 

3. With vour counselor's advice, select a subject from 
requirement 4 for vour model proiect (no kits). Prepare the 
necessarv plans 10 the proper scale. Make a list of materials 
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4. Do ONE of the following: 

a. Make an architectural modei. Build a model of a house 
to a scale of /" = 10" (50:1 metric). Discuss with your 
counselor the materials you intend to use, the amount of 
detail required, outside treatment (finish, shrubbery, 
walks, etc.), and color selections. After completing the 
model, present it to your counselor for approval. 

b. Build a structural mode!. Construct a model showing 
corner construction of a wood-frame building to a sca!e 
of 1'/2" = 10' (8:1 metric). All structures shown must 
be to scale. Cardboard or fiat sheet wood stock may be 
used for sheeting or flooring on the mode!. Review with 
your counselor the problems you encountered in gather-
ing the materials and supporting the structure. Be able 
to name the parts of the floor and wall frames, such as 
intermediate girder, joist, bridging, subfioor, sill, sole 
plate, stud, and rafter. 

c. Make a process model. Build a model showing the 
plumbing system in your house. Show hot and cold 
water supply, all waste returns, and venting to a scale of 

= 10" (15:1 metric). Talk to your counselor about 
how to begin this mode!, and present the scale and the 
materials you will use. After completion, present the 
model to your counselor, and be prepared to discuss 
any problems you had building this model. 

d. Complete a mechanical model. Build a model of a 
mechanical device that uses at least two of the six simple 
machines. After completing the model, present it to your 
counselor. Be prepared to discuss materials used, the 
machine's function, and any particular clifficulty you 
might have encountered. 

e. Make an industriai model. Buiid a model of an actual 
passenger-carrying vehicle to a scale of 1" = 10" or 
12 " 	10" (10:1 er 25:1 metric). Take the dimensions 
of the vehicle and record the important dimensions. 
Draw the top, front, rear, and sides of the vehicle to 
scale. From your plans, build a model of the vehic!e 
and finish it in a craftsmaniike manner. Discuss with 
your counselor the most difficult part of completing 
the model. 

MODEL DESIGN AND BUILDING 



5. Build a special-effects model of a fantasy spacecraft that 
might appear in a Hollywood science1iction movie. 
Determine an appropriate scale for your design—one that 
makes practical sense. Include a cockpit or control area, 
living space, storage unit, engineering spaces, and 
propulsion systems. As you plan and build your mode!, 
do the following: 

a. Study aircraft, submarines, and naval ships for 
design ideas. 

b. Arrange and assemble the parts. 

c. Sketch your completed mode!. 

d. Write a short essay in which you discuss your design, 
scale, and materials choices. Describe how you engi-
neered your model and discuss any difficulties you 
encountered and what you !earned. 

6. List at least six occupations in which modelmaking is used 
and discuss with your counse!or some career opportunities 
in this fie!d. 

0 
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The Art of 

A movie theater rumbies as a star destroyer glides across the 
screen. An architect unveils his or her vision for a new down Mecha ts a term  
town skyscraper. A sports car slices effortlessly through the 
wind as lt zips along a mountain road. A child wades through from Japanese 
a replica of tEe Mississippi River, traveling a "mile" every few animation that 
steps. A train enthusiast puts the finishing touches on an 
elaborate basement layout. A Scout creates a futuristic samurai refers to g!ant 
warrior using parts from several Japanese mecha kits. robots anc! 

What unites these scenes is modelmaking, the art of 
creating copies of objects that are either smaller or larger than other fantastic 

the objects they represent. Sometimes the mode! comes Erst, mechonical 
as with architectural models. Sornetimes tEe model copies 
something that already exists, such as that replica of the objects. Mecha 

Mississippi River. Sometimes the mode! comes Erst and last. model kits are 
For example, car designers build small models Erst, then 

poputar in Japan. factories turn out full-scale versions, and then toy companies 
build small-scale rep! :as for kids to play with. 

ii 

This modet of a submarine was used 
movie "The Hunt for Red October." 



THE ART OF \4 ) -) [ 	 - 	 . 	. 

A lot of people think that modelmaking is just a fun 
hobby—and it certainly is fun to build a samurai warrior or a 
model-train layout. But models can have serious purposes, too. 
As you work on this merk badge, you will get to experience 
both the fun and the serious sides of modelmaking and learn 
how modelmaking can be both a hobby and a career. 

:« 	 .. 

i 

Types of Models 
People make and use models for all sorts of reasons. Architects 
build models to help others understand what new structures 
will look like. Car designers put models in wind tunnels to test 
their aerodynamics, or wind resistance. Teachers use models to 
help students understand very big things (like the Mississippi 
River) or very small things (like molecules). Filmmakers use 
models—either "real" ones or 
those that exist only in a 
computer—to create scenes 
that would otherwise be 
impossible to film, like 
star destroyers gliding 
through space. Those 	 ». 
are just some ways 
people use models. 
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For 	-:vii engmeer 	mode1 	deigning dams 
and fIoc:-: 	:ructures, wh 	:iechani: 	ngineers use 

m to determine the piacemer. 	.::.. 	rtd ventilation Filmmakers today 

equipmeni in bi 	 esig 	use rno 	to heip reyon computer 
ma 	mo 	...............:. 	 'e atEr&ve, whi!e 
poli 	: 	::tives 	.s 	:plic: 	:;.:: Z, mes. Other generated imag- 

for:::.Jnal-u3Iitv niodels are i:::J in the section ofthis ery—CG--to 
paw .. .et that d 	modelmaking as a career. 

createmany 

Requirement 4 asks you to build one of the following special effects 

types of modes that are used in business and indust 	. but they stifl use 

• Architectural—a model of a house physic& models 

• Structural—a model showing comer constr.. 	-. to,- miniatures). 

of a wood-frame building 

• Process—a modet of the plumbing systt 

in a house 

• Medianical—a model of a mechanism that 

some kind of work 

• lndustrial—a model of a passenger-

carrying vehide 

Before choosing which type of model 

to build, be sure to get your counselor 

advice. Although only one model is 
required for this merit badge, you 

want to buikl more than one. 

J 
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ti Hand Tools 
Depending on the models you make for this merit badge, you 
will need to use a variety of hand tools. By using your tools 
safely, you will avoid accidents, reduce injuries, prevent dam- 	Use power 

age to the tools, and build better models. By caring for your 	tods only 
tools correctly, you will ensure their usefulness for many years 
to come. 	 underthe dose 

If you have earned aTotin' Chip for knife and ax safety, 	
supervision of a 

you already know how important safety is.TheTotin' 	resporisible adult. 

Chip is like a driver's license for carving and shows that 

you understand how to use woods tools safely. If you 
don't have aTotin' Chip pocket certificate yet, ask your 

Scoutmaster how you can earn one.You will need lt to 
participate in many Scout activities, so carry lt with vou 
at all times, 

My Reponhillty 
v 1 	' car 	ao wo 	somoone designated by  ny 

leac 
3. na''ea' 	-:'' " statt 	 sa(ety ei 

from r. 
2.lcande 	. 	. 

pocketknt 	a 
3. will use le knifs 

onty when 1am 	

jd

4. will mspect all safet 
5. 1 will not cut standing

from the lanwneran CO,
6. 	ribsubsce 10 the Outd 	

front/ St,nut s ii 
h­aucfb mk 

d 	 . 

	

 "a 	Righ he 
	ii., 	. accePt lt. 

	

16," 	 051 is herebv 
te.Id.r 

j 
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General Tips 
There are many dos and don'ts to keep in mmd when using tools. 

• Never work alone when using power tools. 

• Use each tool for what lt was made to do—never for any-
thing else. For example, use a screwdriver only for driving 
screws, not as a chisel or a pry bar. 

• lnspect your tools and use only tools that are in good 
working condition. Broken tools could hurt you or 
damage your mode!. 

• Get out only the too!s you need and return thern to your 
toolbox as soon as you are finished. This will keep your 
work area neat and prevent damage to the tools. 

• Take good care of your tools. Keep them clean, oiled, 
and sharp. 

IlitDI: n. i 	rnii 
Using the proper equiprnent will prevent most accidents, bot be 
prepared for the unexpected. Whenever appropriate, wear gloves 
dU d 	Id(( 	'IUt1(I 	Ui 	t1ii4ft'. iviake 	'1iit 	tue i..1l_t. 	'jUUIt_I 	IItL'dtlU 

- its pi Uper!v ( fo!!mv 1 he nianu facturci s instructions on pieper 
- ..a III) 	and be sure tu dran ei wipe the goggles alter mc. 

I 4 1 

- 
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0 Maltet CTaw hammer 

Z 	 a:-peenhan- 

Ei Harnmersand rJaflets. Always use ehe face of ehe 1:e: 
when striking an oblerr, and use onlv ehe amount of farce 
needed. Use cl:'; hammers for wand and ball-peen hamr:ers 
for metaL Only use a hammer's claw for rernoving nails, 

Handsaws. Use a vise to secure the 
material heing sawed. To prevent 
buckling or breaking, adlust the blade 
tension and make sure blades are 
instailed firmlv in ehe correce posit 
While working, provide enough cL ar-
ance so that. as vou saw. the point 
ehe saw will not strike any, obiect. Use 
steadv, even strokes without bend-
ing the blade. Saws cut an a forward 
stroke, so appiv niore pressure on 
that stroke. When vou are iinished 
sawing, carefully wipe the blade clean 
and stare, ehe saw safely in a tool rack. 
Make sure other tools are not on top 
of the blade 
Screwdrivers. Choose the correct blade 
size when using a screwdriver. Keep 

Flathead (stotted) ehe handle directiv over the srrew 	screwchiver 
head and turn with smooth, even 
strokes while appiving steady  
pressure an the screw. 

I 
Phuhp 	r. ‚. 
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Use v 	d c 	see heip keep you ce white 
veu wot 

Clamps (C-Clamps, Bar Clamps). (Jse Iii r size ciamp, 
and do not overtighten the ciamp. Otherw could dam- 
age 	our materials or work surface. Alwai :lamps clear 
of saws and drilling equipment. 

BenchVises. Alwavs attach the vise to a fIrin work stand and use 
:ie :se—never vour hands—to secure materials. Use just 

mough Pressure to secureiv hold materials. Star 
f the vise hodv during drilling or cutting 
ins. \Vhen vou are done, dose the risc and 

a e the handle straight up and down. 

Ben .i vise 

Hand Files. Alwavs use a file with 
a handle. Cut in the direction für which the 

dIe was intended, and keep hard obiects from 
striking the hIe teeth or 
handle. After use, clean a file with a hie 
card fa special tool wtth metal hri 
or a vire hrush, and store files in 
single layer (never o 
each other) 
in a dry,  place. 

In 
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Chise! Chisels and Gouges. 'wavs wear :iv goggies wher 

car1ng. an sie t:.:. bi enoui. 	the Job. Use a c - . 

or gouge ort rtletal oniv 	:::d chsei meant tor 
use oniv wo::.:..... ..........; 10 

ßf 

the 1 sec:.v in 	::..i vise 
1 the sta1ion: - : ia;v of 

the vse. 	5lade, no 
thepoiri: .::.::.: When 
vou are 	 the hiades 

car-jing tn1 

Open-ended wrench 

Wrenches (Open.end, Adjustable, Socket). Use the correcz 
wrench. Puh the wrench tc.:2.Td vou. not awav frorn vou. 

T.nen hoits so ihev are secure .:.t not tOC 

: -.-jessarv to use extension bars  

£:iteni:1: :r looser.... 

Have a profes-

sionai sharpen 

or regrnd your 

toos as needeo. 

mproper rnarte-

nance coud 

perrnanently 

darnage vour 

too s 

Pliers. Be sure vour fngers 

or hands do no: 	um::: 1 
bertveerithe::. sofi:rs. 
\Vhen  

the piece vc -. -Anna or 
point it awz:: :: 	vou 3n 	other 

Th.. :...rernav 

Socket wrencb set 
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Knives. ']e sharp blades that 	iot have anv  
from vc .: bod \Vhea vou are 	ie. cover the .:...i 
the knfe awiv 

Craft knives 

'J 
Utility knife 

Scriber 
AduUtoo isa 

Scribers. Use a scriber w mark centerl 
dangerousto&. 	or 	.r on 	riaI. Use ihe 

.............. 	for :s 	purpose. no as 

	

[nch 	pick. When carring 
i scribe:. o1d . 	.handk witi: 

Hand Drills and Routers 

nro the wori-.. .:: 
.i:withaham 	: ..... 11 

ior 	

- ............. 

he bit awav:::n 

awav Chips; 

ff 
All k 

Haid drill 

Coess driH 
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Drill Bits, Countersinks, and Router Bits. 
Always use sharp bits. Tighten the shank of the 
drill bit securely in the chuck; never use pliers to 
tighten a bit. Cut only materials for which the 
router bits were designed. 

Router bits 

1 
‚ 

Drill bits 

Portable Power Tools 
Before using any portable power tools, talk to your usa tonis only 
counselor and the owner of the tools about the safe 

and proper operation of the tools you plan to use. Fiere underthe dose 

are some simple guidelines to remember: supervision ofa 

• Use portable tools onty for the work they are meent responsible adult, 
to do. Ask your counselor if you think you might 

need to use a more heavy-duty tool. 

• When using a corded power tool, arrange the cord so 

that lt will not be in the way of the operation. 

• Carry a portable power tool by 

its handle, not its cord. 

• When unplugging a power tool, 

grasp the plug head, not the cord, 

and pull straight out from the wall 

socket or extension cord. 
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What does the word scale mean? The word has many defini- 
tions. You can weigh things on a scale. A fish has scales. You 

The word gauge is can do something on a grand scale, meaning larger or bigger 

sometimes used in than normal. 
In engmeering and rnodelmg, scale has two main meanmgs. 

mode! railroading, First, a modelmaker or machinist uses a ru!er that is called a 

where lt refers to scale. Second, scale is used to describe proportion, or how the 
size of the model compares with the size of the actual object. 

the distance The relationship between the model and the original is 

between the raus expressed as a ratio, which uses two numbers to show how the 
size of one thing relates to the size of another. The first number 

m a tran layout, represents the model's scale in multiples of the original's size, 
Today, however, which is the second number. 

If someone said to you, "l'm going to bui!d a model of this 
most mode! raiI telephone to double sca!e," that would mean the finished 
roaders talk about model wou!d be twice as big as an average telephone. The 

scale, not gauge. 
model telephone would have a sca!e of 2:1, meaning two 
. inches on the model would equal one inch on the original. 
If someone said, "I'm going to build a one-third-scale model of 

this automobile," you would know the 
finished model would be on!y one- 

third as big as a real car. The model 
car would have a scale of 1:3. Of 
course, that wou!d still be one 

big mode!! 

ScA 



Some areas of modeling have standard scales. Model 
trains, for example, am typically HO scale (1:87) or N scale 
(1:160). Model airplanes usually have a scale of 1:72 er 1:144 
(for airliners and otlier large aircraft), although other standard 
scales am sometimes used. 

If you were building a hangar for a model stealth fighter, 
for example, you would want to be sure Co use the same scale 
as the plane mode!. In other cases, you get Co choose the scale. 
TI)rpically, you choose ehe scale based on how big you want the 
model to be. 

MeasurTng Systems 
Tll- tv.a 	Ic systems used for measurements am ehe footanch 
inch tor iinperial) system, and the metric system, in which the 
meter is ehe basis of all Iength measurements. In this pamphlet, 
we will um die foot-and-inch system. When we talk about scale 
trnm no: on, we will he talkir : -. ::: :::o:s c mod 
or 'ins as thev relate to a Ofl€ 

As a basis for model scales, the one-foot ruler has 
12 equal parts, each ofwhich is called an rchThe ruer 
can easily be divided: 

• With two parts, each part equats 6 inch es 

• With three parts, each equats 4 inches. 

• With four parts, each equals 3 inches. 

• With six parts, each equals 2 inches 

• With 12 parts, each equals 1 inch. 



The (ianch-Iong part is said 10 be oneha1f (1:2) scale or 
proportion. The 4-inch-long part is saed to be one-third (1:3) 
scale or proportion. 

If a model is to be built to a scale of 6 = VT, that 
means the finished model will be one-half (1:2) scale, or one-
half the size of the real thing k replica modeled to a scale 01 

3 	VT would be built 10 one-fourth 1:4) scale, or one- 
fourth the size of ehe original. 

01 course, because of the size of the original, most models 
of things like huildings, automobiles, airpianes, and stage sees 
are buih to an eren smaller scale. For example, a model built to 
a scale 01 = VT would be oniy bog or high for each 
foot of the -real -  11cm. The proportion vouid he 1:48, or 	the 
item's actual size. That is because a one-foot ruier has 48 
pieces that are - lug. 

Earleer, re said that one definition of scale is a ruler used 
bv modelmakers and machinists. This isn't a ruler Ihre you use 
in school, however, hut a wonderful lool called an architects 
scale. This triangular ruler displays 11 common scales and a 
regular one-foot ruler and helps modelmakers huild models 10 

almost any scale. 
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How is it possible to get so many scales on one ruler? Each 
side includes four different rules, twa at the top and twa at the 
bottom. In the illustration, you can see the ¼", ½", and (at the 
opposite end of the ruler) the //' and 1 scales. Unlike ordinary 
ruiers, architect's scales have numbers running from left to 
right and from right to left. in the illustration, for example, the 
¼" = 10' scale runs from left to right and is labeled 0, 4, 8, 
12, etc.; the ½" = 1'O" scale runs from right to left and is 
labeled 0, 2, 4, 6, etc. 

Let's see how the //' scale Iooks on the architect's scale. 
Notice in the illustration how the first V" is divided into 12 
small spaces. Think of that ½" section as a miniature footlong 
ruler. Each small space can then be used as a guide tor 1" at 
the ¼" scale. 

Each scale on an architect's scale is read in a similar way. 
For example, look at the ¼" scale provided in this book. At that 
scale, each "real" foot vertically or horizontally woulcl be mod-
eled as 3/4'  lang. Because there are 16 pieces measuring ½" in a 
one-foot ruler (count them and you will see), the ratio will be 
1:16, er ½6 size. Every foot of the real object would be 16 times 
larger than the model. 

1 	1 	1 	1 	1 	1 	1 	1 	1 	1 	1 lII 
64 	68 

14 	12 	
72 

10 	
78 

8 	
80 

6 	
88 

2 	
92 

The V4" = 1'0" scate, shown actual size 



Reading an Architect's Scale 
The following exarnpes show hovv to read the 	scale an an architects scale. 

How long is dimension A? 

Ho-,v long is dimension 8? 

HOW lang is dimension C? 

Check your answers with your merit badge counselor. 

j7  
i 

1 	
711 i 60 	64 272 	

1 

'r'ou can buy an architect's scale tor a few dollars at an office or school-

supply store. Learning to use this basic modelmaker's toOl can be easier 

when you are holding the actual scale in your hands.You don't have to 

buy an architect's scale, however, to build your models tor this merit 

badgeThis pamphlet provides duplicates of the 11 scales on the archi-

tect's scale, When you choose a scale to buld your mode, simply cut the 

scale from the Page and glue it to a piece of cardboard or wood. Be sure 

the marks line up with the edge of the cardboard. 

i__ ------ ..-------.--,-,--,---- 
Gue the scae from the edge of the page to a cardboard er wood backing. 
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Modelmakers are experis on male as and finishes. They use 
all sorts o 	hings for mri::g ::odels. A trip Co a 
boal model -,üpp 	ore will give you kieas, but you can 	o 
find manv useful materials around vour house. This section 	‚. 
offers ideas about where to find modeling materials. 

Most types of models require supplies like glue er pair 
Be sure Co use materials that will not damage our model. 
Some -Ines and paints contain solrerns that can eat awav 
ehe finish or materials of vour mode!. Test the glue or paint 
bv dahbing a little on a scrap piece to see what happens. 
Your counse!or can also help vou choose t 

Jü 

'- 
‚ 	 .y 

When using glue, epoxy, paint, or 
thinners, be sure to read and foflow 
the manufacturer's instructions. Work in 
a weil-ventilated area so that you won't Ip' breathe in the fumes, which can be harmful. 
Avoid skin exposure when handling these  
produets. Use protective nonlatex gloves as needed. 

Be sure the 

Wood and Potystyrene Foam 	 products you 
Wood is prohah!v the most common material used for models. 
Wood can be nailed or glued vith model-airplane cement, and 	ChOOSC are 

lt sands weil for a nice finish. Soft woods such as balsa, pine, 	compatible wifli 
or basswood are ideal. You can buv thin sheets of such wood at 
hobby stores, or salvage ehem from orange crates and other 	e types o 

packing boxes. Some models are made from larger blocks of 	materials used 
wood and are carved or sawed to the shape desired. Large 	

in your m cl 1 blocks of dense polystyrene foam work well, 100. 	
0 C. 
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Material Use on Model 
rue depressors, Wood or metal beams, house 

craft sticks siding, links in a breadboard 

L or 3-D mechanical model 
(which we will discuss later) 

Straws, uncooked Pipes and columns, axles, 
spaghetti, dowels, push rods, dowels, fence 
coat-hanger wire, posts, telephone poles 

pencils, matchsticks 

Plastic foam meat House wall sections, inside 
tray (fiat bottom) walls, floors and other fiat 

surfaces, staircases 

Straight pins, lndicators of valve locations 
thumbtacks on straw pipes; temporary 

fasteners to hold plastic foam 
in place while gluing; pivot 
points for breadboard models 

1 
Sandpaper Rooftops, blacktop dnveways, 

(different colors) textured surfaces 

Twigs from shrubs Trees 

Cotton, lichens, Shrubs, tree foliage 
sponges 

Plaster of Paris Irregular shapes 

Soup or vegetable Tanks on process models; 

t 	 cans, oatmeal canisters rollers, large pipes 

Rubber bands Belt or chain drives 

Cloth or canvas Coverings tor irregularly 
shaped surfaces 

Clear bread Window gloss 
wrappers, 

plastic wrap 

• Sewing thread Cables, telephone wires 

Sawdust sprinkled over Grass 
wet rubber cement 
and painted green 
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Cardboard 
Another common material in model building is cardboard. 
Thick corrugated cardboard is the material used to make most Vou can use 

moving boxes and packing boxes. Thinner cardboard such as adhesive tape 
that used to make shoeboxes and gift boxes can also be used. 

OR card boar d Manila file folders, an everyday office supply, are a source for 
very thin cardboard. but white glue 

Many architects use foam core to build models. This inex- and rubber 
pensive material, found at art supply stores, consists of a piece 
of plastic foam sandwiched between two sheets of poster Cement hold 
board. lt costs more than cardboard, hut it is more effective for beer and are 
creating curves. Modelmakers cut foam core with a utility knife, 
which allows more precision on the cuts. more permanent. 

Materials and Uses 
The chart to the left will heip you get started collecting materials 

Remember, for your modelmaking project. 
choose your 

Setection projeet and get 

As you gather items for your mode!, select strong materials. For your counselor's 
instance, you would not use thin cardboard or plastic foam as a 
pushrod in an engine mode!. The cardboard would buckle, and iliput and approval 

the foam might crunch. Something stronger, like wood or metal, before you begin. 
would work. Similarly, a coat-hanger wire might bend if used 

Use your for a long pushrod, though lt might work well as a short one. 
resources wisoly. 

Craftsmanship 
Consider craftsmanship when you 
assernble your model; make lt look its 
best. In business and industry, models 
are often used to test how the real 
product will work, to help sell an idea, 
or to explain a mechanism or process 
to a client. Be sure to apply all your ‚. 
materials well so that your model 
looks polished and professional. 





• . 	-. 

Architecture is the art of designing buildings. Architects and 
engineers often use models Co show, in miniature, how build-
ings they design will look before construction begins on the 
full-scale structure. Models are important design aids because 
even ehe most careful drawings and blueprints will not include 
all the details that can be shown in a model. 

For requirement 4, you can create a model of your family 
home, a famous building like the White House, or an elaborate 
tree house. Or maybe you would rather build a frontier fort, a 
futuristic home, or the living quarters of an orbiting space station. 

F_OOR PLAN 
1/a1 O 

You can use the sample floor plan shown here, or hase your design 
on a floor plan found in a book or magazine. 

Drawings are 

fiat, ortwo- 

dimensional, while 

a mod& shows 

a structure in 

three dimensions. 
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The sample plan is drawn to a scale of ¼" = 1'0". Thus, 
the outside dimensions of the house-32' x  56'—are drawn on 

Use your the plan as 4" x  7" The height of the house is not shown, but 

imagination, and for a typical one-story house you can assurne a standard height 
of 8' from the top of the foundation to the eaves (the overhang- 

expenment with ing edges of the roof). Usually, there is another 4 feet from the 
creative types of eaves to the peak of the roof. Requirement 4 specifies that the 

model be built to a scale of A" = 10". This means that a 
construction and model based on the sample floor plan would measure 8 x  14 
unique styles, and be 3" high from foundation to roof peak. 

Some hobb ists 
Use the floor plan's dimensions in measuring and marking 

the building materials for your model. You may use wood or 
build elaborate cardboard. Cardboard is inexpensive, easy to get and use, and 

model houses durable if treated with reasonable care. Wood is strong and 
attractive, but heavier and more difficult to manipulate. 

using building 

materials such as lt you choose wand, consider using lattice wand from 

plastic, foil, er 
a lumberyard. Lattice wand is a '-thick wood that 

 
es n lang strips in widths from about - 	to 3. com 	i 

polystyrenetoam. An 8 strip of lattice wood 1 	wide costs very hüle and 
can provide a large amount of the material required tor 
a fair-sized hause model. 

Steps in Assemby 
The following drawings illustrate some 
basic steps in modeling a simple building. 

4, 

	

- 	H ,  
Step3 

Step1 L 	Step2 

Basic steps in assembling a house model 

Step 1 —Construct the base of the house first. This will allow 
you to see the width of the walls. Measure the base by placing 
a copy of the floor plan over your base material. Make sure it is 
to scale, then cut out the dimensions for the base. 

30 	MODEL DESIGN AND 8UILDNG 



Step 2—Measure and cut out the exterior walls. Draw and cut 
out the window and door openings. (lt is easier to cut out door 
and window openings at this stage, while the walls can be laid 
fiat on a work surface. lt is much harder to make neat openings 
after the walls are fastened together.) 

Step 3—Appiy glue to the edges and assemble the walls. Glue 
the walls to the base. If you plan to later acld a porch, waikway, 
shrubbery, trees, or other outside features (be creative!), extend 
the base far enough beyond the walls of the house to allow 
room for the additions. 

Step 4—Make a peaked roof from one iarge piece of cardboard, 
scored and folded at the peak. To score cardboard, make a shal 
bw groove by running a dull knife blade along the line where 
the fold is to be. A butter knife works weil. Use a ruler as a 
guide so that the score and the fold will be straight. Make the 
score on the inside of the fold—in this case, on the underside of 
the roof. If you want a detachable roof (so you can look inside 
the model or add interior walls later), do not glue it down. Cut 
the roof so that it hangs slightly over on the ends and sides. 

To make a basic house model more realistic and attrac-
tive, add some architectural details. 

• Cut and fold cardboard to form a front porch and 
steps, or make them from blocks of wood. 

• Usa thin strips of wood or cardboard to add shutters, 
window frames, and door frames. 

• Use clear plastic or transparent adhesive tape tor 
windowpanes. G!ue colored tissue paper or fabric 
behind windows for curtains. 

• Attach an extra room or shed simply by adding a 
box to the main structure. 

• To add a chimney, first fashion a smal! ha>. Then, 
cut an ang!ed notch from the bottom of opposite 
sides of the box to fit the siope of the roof. 

• Add interest to a large, unbroken expanse of roof 
by attaching dormer windows as shown in 
the drawings. 

Think outside the 

box as you design 

your building. 

The cardboard 

tubes on which 

aluminum foil, 

plastic wrap, and 

toilet paper are 

wrapped can be 

used to create 

castle towers or 

round rooms in 

a modern office 

building ortrans 

fertunnels in a 

space station. 
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Measure and cut out the dormer. 	 Make the window 
The proportions can be changed to fit 	 separately anti fit it into the 
your model's size and style. Score and 	

L 	dormer opening. 
fold aong the dotted limes, 

Outside Treatments 
Finish your architectural mode] with an interesting surface 
texture or treatment. The following are ideas for wall and 
roof finishes. 

Walls 

• Paint or stain shutters and door and window trims a con- 
trasting color from the walls. 

• Draw light pencil lines to look like wood siding. 

• With a pointed tool, scribe shallow, parallel grooves to look 

When choosing 
like tongue-and-groove siding. 

• Glue on strips of thin cardboard or balsa wood to resemble 
materials, try to ciapboard siding. Clapboard (pronounced "KLA-bird") siding 
find finishes such consists of boards that are overlapped horizontally. Vinyl sid- 

ing usually mimics the look of clapboard siding. 
as paint or varnish • To create a concrete effect, apply a sand texture. Paint a heavy 
that can be used layer of glue onto the walls. Sprinkle on a handful of fine 

on several sand, such as that used in aquariums. Let the glue barden, 
then tap off the extra sand. Try substituting sawdust or ashes 

different (or all) for sand to create unusual surface textures and finishes. 
parts of 	• For a stucco effect, brush a little water over each unattached 

your model. 	cardboard wall section and apply an even layer of white glue. 
Sprinkle generously with plaster-repairing powder, then tap 
off the extra powder. Lay the wall facedown 00 a clean piece 
of cardboard and rub the back to make the treated surface 
smooth. Turn the wall faceup and let the glue set. 

To color the walls, use spirit-based wood stain, shellac, or 
paint. When the paint has dried, back each wall with a piece 
of thick cardboard for extra support. 
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• Apply individual cardboani "bricks" Cut small rectangles 
frorn colored cardboard and glue them onto the walls. To 
keep the rows of brick even, draw guidelines or glue graph Für ehe most 
paper onto the walls. Spread enough white glue over a sec- rlistic effect, 
tion of wall to lav about three square loches of bricks at a 
time. Position each brick wiCh ehe point of a knife. To gee a overi a a "C 

red-brick look, paint ehe walls with a wash of rnahogany stagger es ch 
wood sid. Use shellac to iniltate yellow bricks. 

rowoftdes. 
Roof Surfaces 

• Lay cardboard dies. Cut individual roof dIes frorn very Ihm 
cardboard. Mark guideliries on the roof to help you 
keep the rows even as vou glue on each tue, using ehe 
point 01 a knite to aaurateh po'ition each one Cap 
ehe peak of the roof with ridge dies. To make ridge 
dIes, cut a narrow strip of thin cardboard. Score li 
down the rniddle and theo cut the strip into indivi 
Liles Fold each tue in halt along the score hne and 
glue it anto the roof ridge, loIor ehe roof wiCh a 
wash of rnahoganv wood stain. Or. Co mimic roofing 	Running bond 

siates, color wiCh grav, blue, and white washes. 
• lJse masking tape Co imitate wooden shingies. Cut 

rectangles from strips of masking tape and apply the 
tape shingles in Che same wav as cardboard tiles. 
(lJse wood stain Co color the roof and Co dull the 
shine of ehe masking tape.) 

• Glue on straw,  er reeds Co create tue effect of a 
traditional English thatched roof. 

• Apply aluminum foil Co suggest a metal roof. Overlap 
strips of foll and fold ehe strips together with raised 
searns in show the different panels ob metal and ho-,v ,  
thev interlock. 

Rememher. Che more detail vou add Co ehe model. 
-: tot 

Appk' sand srucco, and bdck efects bsfore Ide 
waHs are qued roether so that you can vor 
wfth tnewads ad od fiat. 

 

Heningbone 
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Strurtural Models 
An architeciurai mode' shows what a building will look 
like. hut it doesnt necessarilv Show how the huilding 
will be constructed. flic walls and roof in an architec-
tural modei mighr be lirtle more rhan fiat sheets of 
cardboard or wocil. leaving otit studs, ioists, an,' 
other parts that real huuidings require. A strjctural 
modd 	e- 	deail o contrucuo 

- 

The individual pieces that stake up fiben 
wall. and rooi strucures are reproduced 	 -: 

in  
One op o 	r reou repienz 4 i 

bd a a rocel showirig 1omr urtruc 
en o a 	ced eame hiudinz h vou - 

1 C never 1elpet 	u cl 1 house o-  - 

k.he 	one bt n 	will need 
o unier anld some 	co.pt tero e 
Cu can 	udd an ati 	un-Lrwen 

model. The next section outlines basic steps in - 	 > 
:- frarning a homes ioors. walls, and roof suppons. 

Fami, g 
V,00c-Trame ConsrucTTori 
Most --- - -- --- are huult ort conc::: .bs er rnasonrv block 
fountta:::: ;aiIs. The first wc .:ui:: :uetnber thas goes ort the 

undation is the sf11. Sills are placed fiat uhorizontal iv ort rep 
- f the siab or concrete foundation walls all around the sirucrure 
nd are secured so the foundation vith anchor bolss. The mate-

- di svoicallv used for slils is 2-bv-6 lumber. known so 

trs cjrrc 
sa.-v .Hcis 

e-oess. 
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Floor frame 	
RPGNG 	GRPE 	

APER JST 

The top plate is a 

doubled2x4 

(or 2 x 6 if the 

wall frame is of 

2 x 6 studs). 

"Doubled" means 

thattwo pieces 

of lumber are 

used to croate a 

double thickness. 

LII 	Elli 	FLOOF< JOISTS 

Floor joists are boxed in by headers that run across the ends of 
the joists.The headers are attached to the sills. 

On top of the floor frarne formed by the joists and headers, 
common 1' boards or /' plywood sheets are placed to form 
the subfloor. The subfloor adds rigidity to the structure and acts 
as a base for the final, finished floor. 

E Ä 	 TO F EL E 	ED) E S -EADER 

All 

Wall frame 

Wall frames are installed next. They support upper struc-
tures like ceilings and roofs and act as bases on which the 
builder can fasten exterior and interior wall coverings. Inside 
the wall frames between the coverings, there is room for other 
house essentials such as electrical wiring, telephone and net-
working cables, water and gas pipes, and insulation. Ducts for 
heating and air conditioning are usually laid above the ceiling 
or, in a two-story building, in duct alleys constructed separately 
from wall frames. 
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SF'ACERS 
(AOUT 12" LONG) - 

LL 
STUPS 

Uniike fioor joists, 

ceihag joists 

have ne headers 

around ehe edges. 

The lowermost member of the wall frame is the sole plate, 
a long piece of 2 x  4 lumber piaced fiat and nailed aiong the 
edge of the subflooring. Studs are the upright or vertical mem-
bers of the wall frame. Studs usually are 2 x  4s, but 2 x  6s may 
be used lt a thicker wall is desired (usually to allow more space 
tor insulation). Studs are nailed to the plate. They are typicaliy 
spaced either 16" or 24" apart. 

lt 2 < 6 studs are used, the sole plato will also be of 
2 x 6 lumber. Trimmer studs placed beneath door and 
window headers and cripple studs heneath window 
openings are essential. 

Assemblies of 2 x  4s or 2 x  6s called 
SF CEFIS 	2 15 posts are used at the corners of wall frames. 

/ 	A basic post design uses two studs and 
5 	 three spacers nailed together to form a solid 

/ 	unit. When the post is tor a corner, a third 
stud is added as in the illustration. 

Ceilirig joists top wall frames. They act 
as ties between opposite walls and support 
the ceiling. Like fioor joists, they are hori-
zontal members of the structure placed on 
edge. They run parallel to each other and 
are evenIy spaced, usually 16" apart. 

Rafters are sloping timbers that support 
the roof. Rafters typicaily are spaced 16" to 

Outstde-comer 	
24" apart.  

Post assembly 

REISE  

JOEIT 

-- 

LtSTANCE 
SETWEEN 

WALLS 

Ceiling joist 
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Raftes <c 

NI
\  

Rafters are slopmg timbers that suppot ehe roof. 
Rafters typically are spaced 16" Co 24" apart. 

The struceural model in: requiremene 4 is to be bude Co a scale 
of 1 / = I'0', At this scale, 2 x  6 lumber would be represented 
by strips of wood i/ thick by W wide. To mode! a 2 x4,  use a 
strip thick bv ri' wide. For a 2 x  8, use a strip ½" thick bv 
1" wide. 

Before beginning to build your mode!, prepare a supply 
ci miniature 2 x  4s, 2 x  6s. and 2 x  8s. Also prepare the other 
.- .ecessaiy building materials Co the same scale. You might need 
nnall pieces to use for bridging, and cardboard or fiat sheets 
of wood stock for flooring. Although nails or screws would 
'.e used to hold the various parts together in full-scale 
construction, you may use glue in making your mode!. 

Sudy the iNustrations carefuiiy Co see how t 	subfloor, 
waW and pool structures in a 'xooa-frarne buiidng work 
together Co support the buiidng, ½ construcdng your 
mode werk sioo»y and et the frarnev,'ork dr hetween 
steos. 11 you rush the projecr, you coutd end uo wiCh a 
messy nie 01 wooden stuks nsteac cl the strcngi' 
Duit. sccurateiy scaied, and professionaiiy constructed 
modei you wart. 
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Process Models 
Equipment can be 

Architectural models show how buildings look. Structural mod- modeled to any 
eIs show how buildings are constructed. Process models show 
how buildings work. degree of detail 

Engineers build process models to show on a small scale desired. lt can be 
what a building such as a manufacturing plant will look like 
and how it will operate once lt is constructed. Such models made of wood, 

demonstrate in three dimensions the placement of equipment, cardboard or 
pipes, and other components. Viewers can easily understand 

plastic boxes, process models because they look just like the real thing, 
only smaller. cardboard tubes, 

All sorts of companies use process models. They include or any other 
pharmaceutical companies that make vitamins and other medi 
cines, food companies that make and package everything from material that is 
popcorn to soda pop, and chemical companies that create inks, easily adapted to 
dyes, and paints. 

the shape needed. 

Types of Process Models The chaptar 

There are two types of process models: planning rnodels and "Materials and 
final construction models. Finishes" lists 

some materials 

useful in building 

- Jl , _ models.  

11 
Planning model 
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A planning model is simple. lt is usually made of inexpen- 
sive materials and is assembled quickly. lt conveys an idea of the 
general location of pipes and equipment. You could use wood, 
cardboard, string, blocks, foam, or any material that is handy. 
The idea is 10 show the concept, not the details; a preliminary 
planning model does not include a lot of detail. Equipment is 
shown as plain blocks, and usually only large groups of pipes are 
shown. The main purpose of a planning model is to see if pipes 
and equipment will fit into the spaces avai]able. 

:$ 

k 
Final construction model 

A final construction mode!, from which construction work- 
ers actua!ly build the tu!! size plant, is much more complex, 
acdurate, and expensive. lt shows far more detail than the plan- 
ning mode!. Equipment is mode!ed in exact detail and with 
great accuracy. Instead of showing pipes as blocks of materials, 
each pipe is shown individual!y. 

A tanks a tub Advantages of Models 
used to store a Building a model before beginning actual construction has 

many advantages. During the design stage, a model a!lows you 
liquid, a gas, 

10 see problems easily. For example, you might spot p!aces 
or a product. where two different things will try to take up the same space 

er notice a piece of equipment that sticks out into an ais!e or 
hits a tank. 
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Because a three-dimensional model shows the length, width, 
and height of equipment, layouts can be inore accurately 
assessed. Engineers can decide the best locations for welding, for 
pipe and equipment supports, for waterhose stations, for lights, 
and for items such as valves. Items such as safety showers 
(where operators accidentally splashed with acid can be 
drenched with water) are easi!y placed on a mode!. 

One primary advantage of a process model is that architects, 
piping engineers, and machine designers can get together and 
use the model to work out problems. All the engineers can 
coordinate their work through the use of the mode!. When 
the process model is complete, it can be used not on!y for 
construction purposes, bot also, in many cases, to train the 
workers who will operate the final plant after lt is constructed. 

What Process Models Show 
Now consider the details found in a process mode!. 

Building Structure 
After deciding the size (sca!e or proportion) and shape of 
the model, the modeler makes the structure to enciose the 
plant. The building structure can be made of wood, plastic, 
cardboard, or any other suitab!e material. Beams aral 
co!umns are usual!y shown to the !argest outside dimensions 
or, to be more realistic, the actual shape may be shown. 

The modelmaker might want to show only partial walls in 
some material. This is cal!ed "dodging in" a wall, used when 
the modelmaker wishes to leave access to work on the mode!. 
With comp!ete walls, no one cou!d get hands or tools in to 
work on the mode!. 

Equipment Layout 

Place equipment in the model in its exact !ocation. Ensure that 
it is accurately positioned and that there is enough space to 
get around the equipment. A good rule is to al!ow a 36" (3') 
minimum access around each piece of equipment. 

Fire protection 

can include fire 

hydrants, hoses, 

and sprinklers 

used to put 

out fires. 

Structure refers 

to the bui!ding 

Remember, at a scale of 37." = 1', which is the scale speui- 	orframework 

fied in the requirement, %" x 3 = I/V" = 2Y. In other 	used to enciose 
worcis, you would need to teave a space of 24' around 	ffie process, 
each pece of equipment in the model to represent the 
36" minimum access rnquired in the actual plant.  
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Instrumentation is a term tor automatic devices used to 
operate valves, take readings, show temperatures, etc. 
A valve is a device, such as a faucet in a bathroom, ttiat 
controls the flow of a liquid or gas through a pipe. 

Piping 
Piping takes careful thought and planning before installation. 

Pumps can be When many pipelines are to be shown, the modelmaker must 

used to force a consider their order of placement, the size of the pipes, how 
they will be supported, and how a worker would reach any 

productthrough a valves that might control the pipes. In positioning pipes, design- 

pipehne regard- ers and engineers must try Co use the minimum number of 
fittings required to get from one point Co another. Unnecessary 

less 01 slope, fittings increase ehe cost of materials and ehe cost of labor 
to install them. 

Other things Co consider are head clearances (room Co walk 
or pass underneath) and sloped lines. Sloped pipelines are those 
that rely on gravity tor drainage. In basements you will see 
sloped sink and toilet drainpipes. 

Piping is hollow tubirig used to move a liquid, a gas, or a 
product from one place to another. A tee is a fitting used 
to branch off of a pipe to go in another direction. An 
elbow is a fitting used to change the direction of a pipe. 

Heating and Ventilating 
Another important feature of a process plant that can be shown 

HVACstands on a model is heating and ventilating equlpment and ductwork. 
tor heating, This equipment heats and cools the building and provides good 

ventilation, and 
ventilation. Ductwork is the system of tubes through which 
warm or cold air travels. Equipment and ductwork must be 

air-conditioning. installed so that pipes, electrical wires, and other equipment 
do not interfere wiCh the ducts. 

Instrumentation and Bectrical Conduits 
Most equipment needs electricity Co operate. In process plants, 
electrical signals from different types of instruments control 
the equipment. Electrical equipment can include automatic 
valves, switches, transmitters, and recording devices. Therefore, 
it is important that electrical conduits and instruments be 
properly installed. 
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BuHdng a Process Mode 
Now tha: vati kno 	I:r.:::: 	:.1ngs can be shown an a 
big ndusu1al process 	 readv to huLd a similar, 
thougi simpler. mode! 	:.:: equirement 4c asks vau 
ta buuid a mode! sho;vng - . - r: :: :::::::s plumbing system. 

Almost evervone is ::: a home's water system. 
Vater is piped ine a hause; sc;n oI t is left cold and same is 

heated. The water s then is disrrit'med rhroughott the hause. 
Vaur model will Show how this process werks hehind the walls 
and wider foors. 

The illustration Lose depicts a ilow diagram ci a simple 
wa;er system veu can use as a guide in building a model of the 
plumhhig system in veur home. Vour hom.t !umbing might 
have niere artachnients on the pipelines rha: shown in the dia-
gram. Look tor a! ei' the-m. lt von Lave a question about what  

se--. ask veur cmmselen ii you have radiators in vour 
name. ask an aduh n exalain how the" werk. 

- W-i 

- 	 agram of 	 stern 

Find out wherethe main snutoff valve is in y.:' 	s ‚:e 
oase of an emergency such as a burst pipe, 
can prevent thousands of doliars' worth of dame 
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PeoIe ir a wide vahe v of cupaiois use mechanicai medeis. 
er modes 

 
of 	ardsms. These models are 	easv-to 

understand wav of presming and comrnurhahng ideas. 
dachire designers usc hem e find answers w compJe. 
maihine uesions. Tod and die designers 	ihem te deter- 
mine -.he proper reoling arid dies ro use en machine iees. 
Engineering firms u-ze man ,.-  vpes ei medels. hr k:diag rei 
and develoDmem, auremc'hve. and edianicai modeLs. 

A machine tool is a machine for shaping metai A die 
is a tool or form used for cutting or shaping metal or 
other materi&s. 

In sciece dass, you ha wobably Ieamed ab 
simple madiies whe 	cl ade, W-ve& wedge, 
screw, and puey. Med cd modes combine t „,  or -i o re of 
these machines to de some type e1 wo& 
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asic Mechanisms 

- 

MhaniCaI 	due ai iea t 

te srp mach:e meed axr:e 

icghe: One oi the parts. caed 

s statonar:, r heU n orte place. The 
part zalled :he -e'-  moves. Sor.tethres 
the !oiloweT '-oves 

 

back artd forth aortg 0 

s:raight irts 	t:mes moves along a 

cur:ed line :: a hr.Ia: na:h. So: 	:nes 
rtoves orth 	par, of a ce zaed an ar. 

The i;kr 	 examtes of 
mechan:cai mcde 

heel and Aide 

in mc whee an axte niertianhn, the nsmn 

changes an tp--;vr rnovernees :rrto 
drcrtlar miort S:eam en:ers the cnier 

anti ptshes ort the phton ani piston rri. 

;vliich can on': niove rtt anti dwn. The 

pston roti iz,3iia,2h-:L2  to a 	 md. 
which nushes the vheeI arouni ort hs axie 

:he pisort moves up anti down. iost 

am ertgirtes anti gascne gtnes wor 

thts prtcipie. 

I1 IIffhI ' 



Four-Bar Linkage 
The tour-bar linkage 	he smpie 	ra 	novat?le hrkage. 
k cusists c'f tour rgd bars ar Lns. wh:ch ans :cnuec:ed liv 

p -;s. One link s usjal!v txe 	.i 	ies 	ct uisve. 
andi 3; alled rhe fMme or 'rru 	C::ete 	zn 
are the wo ze 	Ore of these s :he 

whch receves toc e:nsruai force; zhe :he: 
whjse nicton is ietermined bv he sic 

- 	:he 
 

in 	link 
JI 

four-bar menism has 
ank(da Wind nk)that 
mesrna compciIe 
andmovestriefooverlink 
(the rocke 	backa-'e fortt' 

Four-barlinkage—e 
linkage ofthefeur b a rs 
onverts upandd 

motion inte Teft-ar ght 
motten 

A fcur-bar linage dres the j:::: .. .... 
Lockng nliers ans an example ot tour-t . 	: vah the ixed 
link mae adstabe hv turuin the en.d 
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(a) Scatt-Russell 

p = point travehng in straight line 	 = fixed pivot 

Straight-Iine niechanisms 

Straight-Line Mechanisms 
A straight-line rnechanisrn causes a point to travel in a straight 
or nearly straight line. In the late 18th and early 19th centuries, 
a big problem facing engineers was how in make the piston rod 
in a steampowered machine go straight. In 1784, James Watt, 
the inventor of the steam engine, came up with a workable 
solution. He used three rods connected as shown in the illustra 
tion; the midpoint P of the middle link travels in a straight line 
up and down when the other links swing on their pivots. Sorne 
say that Watt was prouder of this invention than of the stearn 
engine that made hirn famous. 

In 1850, a mathematician named Tchebycheff devised 
another solution to the problem of straight-line motion that may 
have been more accurate than Watt's but wasn't as practical. 
An Englishman named Roberts proposed yet another solution 
for a mechanism that traces a nearly straight line. These are 
shown in the illustrations. 

To see these mechansms in motion (which makes the whole idea 
much clearer), check out (with your parent's permission) the website 
www.brockeng.com/rnechanism . Cick on each of the mechanisms shown 
ahove and study their movements. Do you see the straight lines they trace? 
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The rods move up and down as 
the cams revolve. 

LEVER 

Examples of canis 

Cams 
Cam mechanisms provide a simple means of getting unusual or 
irregular motions that would be difficult, if not impossible, to 
obtain with other types of mechanizing. Cams with irregular or 
unusual shapes can be used to achieve a desired motion. In 
other cases a simple round or oval wheel mounted so that lt 
revolves off-center will guide the follower in the desired motion. 

Cams are the heart of such automatic devices as auto-
matic machine tools. They are also found in all internal-
combustion engine 3. 

The cam i s any guding surface, and hie follower 
usuafly is a small wheei that is either lifted or guided 
by the cam surface. 
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x00i  
One geai tums in one 	 The targe gear on the 1et 
direction, the other gear 	 wifl turn more slowly than 
in ehe opposite direction, 	 the smaU gear on the right. 

Gears 
Gears are toothed wheels used to accuratelv transmit circular 
motion from one part to another. The teeth keep the two gears 

When refemng to 
 lock 	 w ed together so that thev operate smoothlv 	ithout shpping. 

To maketvo gears rotate vith 	1ipping but without tc:c. a chain drive,the 
ins. the modelmaker or designer or eng 
engineer uses a cham to 	‚g 	 - 

nnect the iwogears. tor uses the 
birscie chain is a 	 0 	 L  

sarocket 
jerfect example of 	 - 	 - - 

this arrangement. 	 . 	
- stea 	01 gear. 

BuildTrg a Mechanica! Mode! 
Mechanice 	:.Jc -. 	 e :.st stages of design to 
ensure thar a 	..: 	•.v 	: 	 supposed to do. A fiat, or 

*s a verv simple, easy-eo 
make type of mec:::. 	ran cut its pieces out of 
cardboard, poster boar 	::;: 	fasten them to a backing  
board with thumhtack. Thc 	r•:cs cn move or be fixed in 
place. Because the materk:.s :n 	rather flimsv, this type of 
model has limited usefulness. Before you start 

A prototype model is the :irs; working model of a design; lt making your 
is usualiv three-dimensional and full scale, lt can be mode of 
wood, plastic, metal, or another material. Design information model, be sure 

gained from such modeis can be of real value. to discuss your 
When choosing a mechanical model to bueld, you might 

consider making a model of a tvo-wheel bicycle chain drive, a deas with 

medieval catapult. or a big modei of the scluirting  mechanism your counse or. 
on a bottle nE window cleaner. (Mavbe you could eren make lt 
squirt water.) tjse your imagination. 
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Almost all products—cars, airplanes, toys, furniture—begin as 
models. As you have learned, models are used to demonstrate 
how something works or looks before it is manufactured or 
built. You may complete requirement 4 by building a model of 
a passenger-carrying vehicle. Be sure to get your counselor's 
approval before you begin. 

Plans, Materials, and Tools 
Several materials, including wood, clay, plastic, and cardboard, 
are suitable for building industrial models. Polystyrene foam or 
foam core are good choices for a cac They are inexpensive, easy 
to work with, and can be found at most hobby and art-supply 
shops. If you use foam, you will also need a water-soluble white 
glue (not plastic model cement), spackling paste (commonly 
used tor patching cracks in plaster walls), a sharp knife, 
sandpaper, and paint. 

Before you start, you must select a design—a two-door car 
or an SUV, for example. Then draw your design. Start your 
drawing with a side view to a scale of 1" = 10". Your drawing 
should include overall dimensions and important reference 
points. Working from front to back, these might include the 
distance from the ground to the bumper, the length of the 
hood, the distance from the ground to the roof, and so on. 
The drawing also should include front and rear views. 

When you have 

completed your 

cirawing, show lt 

to your couns&or. 

Discuss any 

questions and 

review the next 

steps. Wlth your 

counselor's 

approval, you 

are ready to 

start building 

the model. 
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Transfer the outline of the side view to 1 "-thick 
Styrofoam. Cut out five or six layers, 
depending on the overall width of the ca 
Each layer will be identical except 
for wheel openings in the outsidef 

ur model, 

layers. Glue the layers together. 

Making the Model 
Transfer the outhr c, ehe side 'iew 

For yo from vour drawing to ehe foam. This is 
use 1"-thick best done by making a paper pattern and tracing 	 plasfic foam. 

around it. If ehe foam is 1 thick, you will need five or six 
lavers, dependmg on ehe overall width of ehe car. Each laver 
will be uleneical except for vheel openings in the outside 
iayers. Cut out all of the lavers and glue ehem together wiCh 
vhite glue. Lee ehem dry for several hours. 	 Do not use pasDc 

	

When the giue has dried, you can carve ehe block. This 	
cement step is intended to gue ehe model its basic form, not les deeail. 

An ordinarv kiechen knefe and a hacksaw blade make perfect 	an toam The 
carving tools. 	 fC 

After you have finished carving ehe shape, spread a layer 
of spackling paste over ehe foam. This will take several hours Co ar 	O layers 
dry, so sec ehe model aside until ehe next dav. 	 na: bond. 

When ehe paste rs ehoroughly dry, lightiv sand ehe model 
with fine sandpaper. Then, use a pointed tool and a fine ehe or 
piece of sandpaper Co shape ehe details of the model. Scribe ehe 
outiines of window frames and windows, doors, hood, trunk 
lid, headlights, taillights, and so forth. 

Make wheels and tires from disks of 
wood. Giue the disks into ehe wheei open- 
ings. For a more reahstic effece, mount the 
wheels on axies of coat-hanger wire or a 
similar material so that ehe car will roll, 

PaintYour Model \\„ 	1 	.. ieels made 
When ehe base coats are completely div. you 	— 	of WOOCf disks 

ted an iun can add details such as racing stripes and 	
m cut from 

chrome rims. Use a pointed fine-hristled brush for pein 	 a caat hange
aides  

seripes, body side molding, numbers, and other delicate feaeures. 
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SI'ACFCRAFT 

Mission: Fantasy 
Spacecraft 
Thousands of hobbyists create models using kits that provide the 
design, parts, and accessories. All the hobbyist has to do is fol 
bw the instructions. For those who want to go a step beyond 
kits, there is kitbashing—a more creative approach that uses 
parts from two or more kits to create an original design aral 
model. Most kit-bashing projects use leftover parts from several 
kits, allowing you to use your imagination while taking advan-
tage of the convenience of premade parts. 

To complete requirement 5, you may choose to design your 
fantasy spacecraft using ordinary household items. The scope 
and detail of this project is up to you, using some general 
guidelines. The project should reflert what you have ler"ed 
about designs and models so far—and your imagination. 

/ 

The most difficult part of your project may be coming 
up with a design idea. Give yourself plenty of time to 
think of what your spacecraft will look like and what 
materials you could use.You will make your own 
instructions as you go along, so organization will be key. 

If you kit-bash 

your spaceship, 

you will be 

following a 

grand tradition. 

For example, the 

Millennium Faicon 

model used in 

Star Wars Episode 

IVA New Hope 

relied heavily on 

parts from off-the-

shef modets. 
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Look around 

your home 

for interesting 

materials to use. 

Also gather 

leftover pieces 

from other models 

you have made 

in the past. 

To get started, study different designs of aircraft, ships, and 
submarines. Your local library and the internet will have plenty of 
resources. (Only use the internet with your parent's permission.) 

You might also visit an interior-design studio or store and 
research different surfaces and materials. Or you might get 
some free samples to use in your model, and visit a hardware 
store to research various storage compartments. You could 
watch television programs about space exploration to find out 
about components on existing spacecraft. You might also 
request information from NASA through its website or through 
the mai!. 

When you are ready to begin, first determine the model's 
scale based on the materials you have. You will want the space-
craft to look as real as possible—it is to be used in a movie pro-
duction, or at least that is the idea. List the tools you will need. 
Cut pictures or shapes out of catalogs, newspapers, or maga-
zines to use as details on the spacecraft. 
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1 

Make your 

model look 

more authentic. 

Addnurniesarid 

greebles. Nurnies 

are features like 

extra vents or 

scopes that add 

complexity hut 

have no real 

purpose. l3reebles 

are details like 

boxes and ridges 

that break up the 

surface of a fic- 

ig 	spacecraft. 

Part of belog a Scout is adapting what you have 
Iearned and using it in everyday life. 

Now, using what you have learned in this pamphlet, begni 
creating your design. Make detailed drawings of the craft, 
remembering your scale at all times. Think of how the model 
will look from different angles. Make sure all the parts fit 
together. There should not be any gaps between pieces. 

Once you complete your model, write a short, straightfor -
ward essay explaining why you chose your particular design 
and how you engineered lt. Describe the scale and materials 
used, and your reasons for choosing them. Also mention what 
you learned from the project, what challenges you encountered, 
and how you overcame them. 
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Modelmaking As 
Computer models a Career 
mav replace scale A wide variety of businesses have industrial modelmaking needs. 
models for some 	In ehe movie industry, for example, designers use modelmaking 

destgn purposes, 	
skills to create sets and special effects. Architectural and graphic 
design firms also use models. Models have long been important 

hut there will 	in the automobile manufacturing industry. 

always be 	 Computer modeling and animation is a fast-growing career 
field. Computers are making lt possible to "build" and display 

a demand 	intricate models on-screen. Although such models have no 

for detailed 	physical form, they can be studied and manipulated on com- 
puter monitors in three dimensions much like scale models. 

three-dimensional 	This profitable industry's need for trained technicians grows 

models. 

	

	yearly. The resources section of this pamphlet lists several colleges 
and vocational schools that offer programs in modelmaking, mod- 

______________ eling technology, or industrial design technology. Your merit 
badge counselolT, teacher, or school counselor can also help you 
find information about additional training opportunities. 

! 

* 	.. ..'. 	1 

Professional modelmaker Steve Howarth adds surface detailing to 
this sateUite for the movie "AVP: Allen vs. Predator." 
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Business Areas and How Models Are Used 

Automobile industry Saes 

To  industry e.s 

Chemical and petroleum industries: E-cs 	•:es 

Office equipment manutacturing: Design, sB s. 

Film and theater industry: S -age s 

Machine tool industry: 	 c 

Building and construrtion (architecturalstructural industries; 

Environmental ard civil engineering: 	 sto s. cc 

• 	0 	 50 

Sales: B:ccs :os  

Law 	soso 

Museum and park industries: 

Aeronautics 	o-s 	 es 	 - 	s: 	ccc 

Energy industries: Ccc. 	 so aeec s sercs 

Amusement parks: ces 

Undersea and naval industries: a:es se-oe sc es. 

Medicine and science: 	 sec 	 s:cce 
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Scouting Literature 
Architecture, Art, Auto Mechanics, Aviation, 
Engineering, Railroadirtg, Robotics, arid 
Woodwork merit badge pamphiets 

With your parent's permission, visit 

the Boy Scouts ofAmerica's official 

retail website, www.scoutshop.org , 

for a compiete listing of all merit 

badge pamphlets and other helpful 

Scouting materials and supplies. 

Books 

Bridgewater, Alan, and Ciii Bridgewater. 
Making More Wooden Mechanical 
Models, Popular Woodworking 
Books, 1999. 

Making Wooden Mechanical 
Models. Popular Woodworking 
Books, 1995. 

Congdon, Roark T. Architectural Model 
Building: Tools, Techniques, und 
Materials. Fairchild Books, 2010. 

Covert, Pat. Building and Detailing Scale 
Model Cars, Specialty Press, 2006. 

FineScale Modeler. ScaJe Model Detailing: 
Projects You Cmi Do, Kaimbach 
Pubhshing, 1995. 

Hansen, Lawrence. The Basics of Scale 
Modeling. Kaimbach Pubhshing, 2005. 

Leaf, Edwin B. Ship Modeling From 
Scratch. McGraw-Hill, 1994. 

Levy, Raymond. Making Mechanical 
Marvels in Wood. Sterling, 1991. 

Marmo, Richard. How 10 Build 
Sci-Fi Model Spacecraft. 
Speciaity Press, 2004. 

Navai Education and Training 
Prograin Deveiopment Center. 
Basic Machines and How 
They Work. BN Publishing, 2008. 

Saivadori, Mario G. The Art of 
Construction: Projects and Principles 
for Beginning Engineers aral Architects. 
Chicago Review Press, 2000. 

Werner, Megan. Model Making. 
Princeton Architectural Press, 2011. 

Wilson, Jeff. Modeler's Guide to Realistic 
Painting and Finishing. Kalmbach 
Publishing, 2006. 

Magazines 
FineScale Modeler 
Toll-free teiephone: 877-246-4847 
Website: www.finescale.com  

ModelAirpiane News 
Website: 
www.modeiairplanenews.com  

Scale Auto Magazine 
Toll-free telephone: 877-246-4844 
Website: www.scaleautomag.com  
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Organizations and Websites 
Academy of Model Aeronautics 
Toll-free telephone: 800-435-9262 
Website: www.modelaircraft.org  

Association of Professional 
Model Makers 
Telephone: 315-750-0803 
Website: www.modelmakers.org  

The Association of Professional 
Model Makers maintains a 
complete list of colleges and 
universities that otter mode!-
making-related programs. With 
your parent's permission, visit 
www.modelmakors.org  and search 
tor "colleges & universities ist." 

International Plastic Modelers' 
Society USA 
Website: www.ipmsusa.org  

WZEMMr' ‚ 

The Boy Scouts of America is grateful 
to Jim Dore, AMS Phoenix Company, El 
Cajon, Calif., for his technical expertise 
and his role in revising the 2003 edition 
of Model Design and Building, upon 
which this edition is based. 

The Boy Scouts of America is 
grateful to the men and women serving 
on the National Merit Badge 
Subcommittee for the improvements 
made in updating this pamphlet. 

Photo and Illustration Credits 

I-IKS Inc., courtesy—pages 41 and 42 

Steve Howarth/www.modelminiatures. 
co.uk, courtesy—page 60 

Shutterstock.com—cover (vise, 
©prapann); pages 2 (©bubutu), 
8 (©Shawn Hempel), 9 (car, 
©khuruzero; house, ©Mr3d), 12 
(gloves, ©Yellow Cat), 14 (bench 
vise, ©Nerthuz), 16 (cordless drill, 
©SANOOK NUK), 19 (©TaLalloVa), 
27 (°Sirichai Puangsuwan, 52 
(©Levent Konuk), 53 (nAlfa 
Photostudio), and 58 (03000ad) 

Wikipedia.org/Tobias  Grosch, courtesy 
page 24 (model city) 

Wikipedia.org/Glenn  McKechnie, 
courtesy page 16 (scriber) 

Wikipedia.org/Arthur  Spicer 
(layout creator)/Eric Guinther 
(photographer), courtesy—page 24 
(model town with railroad) 

Wikipedia.org/Marcus  Wong, courtesy 
page 47 (stearn engine) 

All other photos and illustrations not 
rnentioned above are the property of 
or are protected by the Boy Scouts 
of America. 

Daniel Giles—page 12 (Scout) 

John McDearmon—pages 20 (both), 
21 (114" = 10" scale), 22 (all), 
29-30 (all), 32-33 (all), 35-39 
(all), 45-51 (all illustrations), 
and 54-55 (all) 
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Tt-ouoh rtended as an ai to vouth ir. Scauts BSA, and qua rtied Venturers and Sea 
Scouts in meehng nient baage reqrements. these pamphets are of generai interes, 
and are made ava ab -e by many schoo s and pubhc branes Tne atest renso 
date of each pamphdet rn ght notorrespord wrt' the copvnght date shcwn beIo'... 
because ths fist s corrected an y once a year. gn January. Any number of mert badge 
paon ets -nay be re-sed throuqhout the year; others are smph reDnnted untd a 
rev s on becomes necessarq. 

tf a Scout has a readv started working on a rient badge when a new edttton tor that 
pampnet is fr-troaucea. they 'nay co'6re to use the same rnert badge aampIet to 
earr te oacge and z~iMtP the reau entents tner&n. n other words. the Scout ne--d not 
start over agan wttP he new oarptet ard possbtv re sed regrements. 
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