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This graphic photograph shows how models are set up in wind tunnels for airflow 
tests. Such wind-tunnel models, like this P-51 Mustang, are built with the greatest 
care and to the closest tolerances. In some cases, through the use of exact replicas, 
engineers have been able to estimate a warplane's Performance within 4 Per cent. 

(Nor ih  Amrt ican Aviai ion photo) 
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I N T R O D U C T I O N  

State, and inany other iiiiportant model meets cancelecl for the dura- 
tion, oiie niiglit liave tlie inipressioii that aircraft modeliiig is oii 
the dowiigrade and that iiiterest in this hobby is waiiiiig. Such, 
however, is clefiiiitely not the case, aiid, like otlier peacetinie pursuits 
and commodities, the model plane has goiie to war. 

The wartiine use of model aircraft was first displayed by die-Army- 
Navy program for buildiiig scale inodels to be used iii identificatioii 
classes. And tlic results of tliose classes arc beiiig showii every day 
in our war comniuiiiques. While previously virtually aiiythiiig aiid 
everythiiig oii wiiigs was a target, arid often it was cliscovered too 
late tliat the niacliiiies were friendly, both air aiid grouiid Crews 
are now able to spot iiiakes aiid iiationalities in a split secoiid. Tliis 
preveiits surprise attacks by tlie eiieiiiy aiid does iiiucli to bolster 
the niorale of our fightiiig nieii to aii eveii liiglier peak. 

\Vliile the niodeler in the schoolrooni caii oiily liope tliat liis 
handiwork is being used to a good advantage by the arnied forces, 
those meii firing tlie guiis kiiow without a shadow of doubt tliat 
tlieir efficiency has been improved many times tlirougli tlieir thorough 
indoctrinatioii Courses in aircraft recognitioii-courses whicli would 
be mucli less efficient without the use of accuratc scale models. 
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111 other fields of model aviatioil, too, Progress is continually being 
made. In the years immediately before the present war tliere was a 
great chailge in the model designing trericl, makiiig not orily for more 
efficient and stronger models but also for better flight times aild 
control. And in this time of war our model engiileers have worked 
out still other design priilciples for the postwar modeler, which are 
already showiilg oll sorne moclel planes. 

The Nationals, Wakefield, hloffett, and other h~ige contests are 
no loi-iger being held, as we have said. But after the peace has been 
signed they will be back agaiii-aild we have been promised by 
those who should kilow that where there were previously huildreds 
of contestants there will be thousailds, and where there were thou- 
sailds of fans there will be millions. 

Balsa wood and rubber are almost impossible to obtain, and you 
are niore than fortui-iate if you cail find an eilgiile. The  modeler is 
goiilg through a difficult periocl in trying to keep his hobby iiltact, 
and more power to him-to all of you-for these efforts. 
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C H A P T E R  I 

CONQUEST OF THE AIR 

Alodel Plaiie A i ~ i ~ ~ i a l  the history of modcl aeroiiautics was cliscussed 
iil consiclerable detail, endiilg n.itli the fliglits of tlic Wright brothers 
and forniation of the Ne\v York Alodel Airplaiic Cliib. Ancl because 
of tlie interest exprcssed in the clata coiitaiiied in that chapter, it lias 
becri deciclecl to carry on with tlic early liistory, prescnting material 
concerning man's actual conqucst of tlic air. 

Altlio~igli this is iiot fundainentally moclel niaterial, the photo- 
graphs presentcd are of inoclels from tlic nationally known collection 
of Eugeile \V. Ketteriiig, ~ d i o  is iio\\~ an eniployee of tlie General 
hlotors Electro-AIoti\rc Divisioii in L,aGrange, Illinois. Tlie inoclels 
are all built to tlie sanic scale of four niillinicters (about 5/32") to 
tlie foot. 

r 7 

l oward tlie end of 1908 tlie value of tlic airplane as a weapoii 
became obvious. IIow valuable, it was lcft for the first Worlcl War  
to show. Little was known of tlie forces affecting aircraft in motion, 
tlie laws regulatiiig flow of air in tlieir vicinity, tlie conclitioiis required 

' for balance and safety, the relation bet~veeri tlie form arid diniensions 



In 1917 the DeHavilland DH-4, which Iiad a top specd of only i 26 ni.p.h., was one 
of the most powcrful warplanes turned out by American aircraft factorics. Now it's 
Bell P-39 Airacobra instead, and improved versions of the latter are saicl to do much 

better than 400 m.p.h. at bcst operating altitude. 

of tlie supporting planes and weiglit carried, or tlie iilechanism ileccs- 
sary for tlie coritrol of the macliiilc iii fliglit. 

Tlie intcrnal conibiistion ciigine hacl madc fliglit possible, but the 
way to coinbine efficiei-icy and lightiiess was not clearly uilderstoocl. 

, 

7'he propeller brouglit problcnis of its onln. Naval architects had 
made a stiidy of the action of tlie screw i11 a ship, but it Lilas not 
unclcrstood whcther thc saine conditions ailcl laws appliecl to aircraft. 
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Thc Curtiss Navy F-5-L flying boat of 1918 had two 330-h.p. ciigines aiid was able 
to cruise only comparatively short distances. The modern Martin PBM Mariner 
is far removed from that class, with two 2,000-h.p. engines and a cruising raiigc of 

3,200 miles at io,ooo feet with a 20-ton load. 

warpiiig tlic wiiigs, aiid tlic double elc\~ators aiid rudders were sup- 
portcd i ~ i  froiit of tlie wiiigs b! aii outriggcr. 'l'lie uiidercarriagc coii- 
sistcd of tmo ruiiiiers, or skicls, aiid tlic plaiie was launched froni a 
iiioriorail. 

The rcquireniciit that the aircraft attaiii a speed of 36 iiiiles per 
liour was exceedcd by about fi\c niiles per liour. Otlier specificatioiis, 











Three niore grand old ships. Of the compariies rcpresented by thesc early fightiilg 
planes, only Thomas-hlorse is now out of business. T h c  Thomas-Morsc MB-3, 
which was tricky but  liked by Army flyers, 1s a t  thc upper lcft. Curtiss' P-1, of 
1923, was the first of the Eainous Hawk series, whieh is still going strong. T h e  plane 
a t  the apex is the  Bocing FB-5, OE 1926, which was thc forcrunncr of thc latcr 

P-i zE and F4B-4 

of only 142 airplanes liad bcen dcli\,cred to the Army. As soon as we 
entcrcd thc \\.ar, thc Frcncli prcsciitcd 11s \\.itli a production prograni 
\\.hicli \\.as tlieir idca of a\iation quantity-16,500 niodern airplanes 
to bc dcli\rcrcd during thc first half of 1918. 

On  July 24, 1917, Congrcss appropriatcd $64o,ooo,ooo-tlic largest 
suiii Co~igress Iiad cver appropriatcd for a single purpose up to that 
tiiiic-to build up as largc an  air force as \\,C could possibly get. In a 

1 
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Sikorsky's 17-ton S-40 Clipper was used by Pan Arnerican Ainvays, and had a top 
Speed of 130 rn.p.h. and a cruising range of 935 miles. Built in 1931, the S-40 was 
many years ahead of its time. It. was christened in Washington, D. C., by the 

wife of the President of the United States, Mrs. Herbert Hoover. 

nel strength of the Air Service was i8,ooo officers and 135,000 men. 
Tliis strength sliortly dtvindled to i,ooo officers and io,ooo men. 

In September, 1908, the U. S. Navy first took official cognizance of 
aviation di~ring a clen~oi-istratio~~ by Orville Wright and his plane a t  
Fort hIycr, Virginia. It \iJas oll tllis occasion that hlr. Wright es- 
tablislied a world's record for duratioil-remaining in the air one 
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Consolidated dcvcloped its patrol planes still furthcr in thc P2Y--j of 1934. I t  was 
similar to thc PY-i in general layout, and power was sapplied hy two 700-h.p. 
Wright Cyclonc engines set in wing naccllcs. This airplanc had a range of 2,650 

miles. 

harbor, and a few minutes later took off from the platform and re- 
turned to Iiis base. 

Espcri~-iiciits on a hydroplane attachment, ~vhich had bcen going 
011 for some time, Fvere successfully denionstrated wlieii Glenn Curtiss 
made a lai-iding in the Fvater alongside tlie U.S.S. Pennsylvai-iia on 
February 17, 1 9 1  1 .  The plane was hoisted aboard, then back into the 



In 1935 Consolidated brought out its first flying boat with a patrol-bomber designa- 
tion, the PBY-I. This plane had a range of 4,000 miles and a top speed of 206 
m.p.h. at 10,300 feet. In this model there were no fixcd wing floats; instead, they 

retracted in flight to form the tips of thc wiiig. 

water again; the take-off was made froni the water and the plane was 
flown back to its base. 

1 t is a matter of record tlia t this fligli t in addition to the convinciiig 
deinonstratioiis niade previously, greatly stiniulated interest iii naval 
aviatioii, both in this country and abroad, and, actually, our active 
participation in naval aviation may be said to date from this time. 
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- The first airliner to fly commercially from America to the Oricnt was the Martin 
China Clipper. Powered by four Pratt & Whitney \Yasp engines of 800 h.p. each, 
the ship has a cruising range of 3,200 miles at 180 m.p.h. and can carry up to 52 

passengers. Note the beautiful finish on this model. 

As a result of the Navy's investigation into aviation, recommenda- 
tioiis n7ere made to Congress and an appropriation of $25,000 was 
iilciuded in the 191 1-1912 Naval Appropriations Act. 

In the spring of 191 1, Lieutenants John Rodgers and John H. 
Towers and Ensign V. D. Herbster were detailed to aviation duty 
and sent to the Curtiss and lVright Camps for instruction. 
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Passenger plane developmcnt is graphically portrayed by these two models. The tri- 
motored Boeing 80 biplane of 1929 was the last word in its day, but it is far 
eclipsed by the modern, speedy Douglas D C - 3  The growth of coinmercial airjines 

has done more to advance aviation than is generally realized. 









After 1937 the biplane was all but dead as a military fighter. I n  quick succession 
the Curtiss P-40 (upper right), Bell P-39 (lower right), and Brewster FzA-2 were 
developed. Speeds, too, jumped from less than 300 n1.p.h. to much in excess of 
that figure. Moreover, every plane had a cantilever wing and retractable landing gear. 

plaiies being used in connection with the occupation of Vera Cruz. 
Tlie scouting flight over tlie trenclies iii aiicl around tlie city of Vera 
Cruz rnarkecl the first instance of a niilitary plane of the Uiiited States 
being operated in tlie face of, aiicl actually struck by, hostile fire. 

Tlirougli these years, tlie aeronautical engineeriiig clepartnieiit set 
up by tlie Navy hacl been coiiducting experiments 011 types of floats 
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American, British, and German patrol-bombcrs. The Consolidated PBY-5 Catalina 
has proved itself to be one of the greatest workhorses of the war, and reports from 
the war zones state that it has even doubled as a dive-bomber. Britain's Saro 
Lerwick at  its inception was called otie of the greatest flying boats, but for soiiie 
reason the ship was never put into production. Dornicr's Do. i 8K, like the Catalina, 
has also proved dependable. Beforc the war it was used mostly for carrying mail. 

and 2,835 officers and 30,683 enlisted men were attaclied to the 
aviation branch. I11 addition to this nun~ber, 3,881 student officers 
were undergoing aviation training. The Navy seilt overseas during 
the war 1,237 officers and 16,287 enlisted men. 

A total of 22 aviation bases were established abroad and several 
others were under construction during the war. Twelve of these were 
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Martin's PBM Mariner is one of the largest, fastest, and most cfficient flying boats 
in the world. Carrying a normal Crew of seven, it weighs about 20 tons and has a 
range of some 3,000 miles. This replica was made so painstakingly that even landins 

lights and air intakes are discernible. 

in operation in France and seven stations were established in the 
British Isles. Naval patrol planes flew a total of more than 40,000 
miles from bases in England. In addition, three air stations in Italy 
were taken over by the U. S. Navy, one of them being a traiiiing base. 

The U. S. Marines took the first step toward the iilception of 

1481 



Navy planes in review. The Douglas TBD Devastator (upper Icft), Curtiss SO$-i 
Seagull (upper right), and Vought-Sikorsky SBZU-i Vindicator have all done their 
share in fighting the enemy. Though obsolesccnt, the Devastator and Vindicator 

chalked up good records in the Pacific against the Japs. 

aviation in their Corps on May 21, 1912, when olle lieutenant was 
ordered on duty which involved flying. At the outbreak of tlie first 
World IYar, the aviation brancli of tliis service was coniposed of 5 
officers and 30 enlisted nien. At the cessatioii of hostilities, it con- 
sisted of 272 officers and 2,180 eillisted men. 



T h e  trend of American design is wcll portrayed by these six niodels. Upper left: 
the first fighter powered by the Allison engine, Curtiss' YP-37. Upper right: the 
Curtiss P-40, which was evolved directly from the YP-37. Center: Bell's strikingly 
different YFM-i Airactida, which was the first twin-engine multi-seat fighter tested 
by the AAF. Lower lcft: the Bell P-39 Airacobrn, which has now been improved 
2nd redesignated. Center: the Lockheed P-38 Lightning. Lower right: North 
American's P-51 Mustang, which is ont! of the best fighters in the world. This 
model was recently revamped and called A-36 Invader, fitted for dive-bombing and 

attack duties. 



C H A P T E R  I 1  

THEORY AND 
CONSTRUCTION 

I I A T E  GASOLINE EN- 
gines are divided into two distinct types, termed the "two-stroke 
cycle" type and the "four-stroke cycleV type. These are commonly 
referred to as the two-cycle and four-cycle engines. The two types are 
somewhat similar i11 appearance and performance, but there are the 
following differences: 

Two Cycle- (1) Fires every time the piston reaches the top of its 
stroke; (2) ports are uncovered by the piston and thus act as valves; 
(3) has an airtight crankcase and compresses the gases in the crank- 
case before transferring them; (4) gasoline and oil are mixed and 
used as fuel; oil is not stored i11 the crankcase; (5)  the piston has a 
specially shaped head, incorporating a baffle to guide the gases. 

Four Cycle- (1) Fires every other time the piston reaches the top 
of its stroke; (2) has valves which act independently of the piston; 
(3) llas a "breather" in the crankcase7 permitting the compressed air 
to escape; (4) gasoline alone is used as fuel; oil is stored in the 
crailkcase; (5) the piston head is usually flat, but in any case there 
is no baffle built in. 



Altliough the two-cycle type lias twice as many power strokes 
as tlie four-cycle engine, it does not have twice the power, because 
its power stroke is shorter, it must operate agaiiist craiikcase com- 
pression, aiid there is usually a sniall remainder of burned gases iii the 
cylii-ider due to incomplete exhaust. 

Tlie two-stroke engiiie develops about i Y3 to i Y2 times tlie power 
developed by a four-cycle engine of the Same dimensions. Of Course, 
since the oil is mixed with the gasoline and also because the two-cycle 
engine runs hotter, oil consumption is greater and cost of operation 
is higher. Ilowever, i i i  initial cost a two-cycle engine is cheaper to 
build, because of the fewer number of parts required. hlaiiiteiiaiice 
is cheaper, too, as tliere are less parts to replace. 

Let us now consider the operation of the two-cycle engine, which 
is the type almost exclusively used in miniature gasoline engine work. 

The  first step in the operating cycle of a two-cycle gas engine is 
to take into the eiigine a proper mixture of fuel and air. Too little fuel 
in relation to air taken in will result in a "lean mixture" and too much 
'fuel in relation to the air taken iii will result in a "rich mixture," 
with varying performances. Inasmuch as most miniature gasolii-ie 
engines have no way of varyiiig the aniount of air intake, it is very 
important that the needle valve in the carburetor be set accurately. 
hlost engines Iiave, eithcr attached to tlie engine itself or in the iii- 

struction sheet accompanying the engine, directions stating the proper 
amouiit of turns to give the needle valve. Experiiiientation with your 
engine will soon familiarize you with the correct proportions. 

Assuming that the correct settings have beeil made, how does the 
engine accomplish the actual intake of air and fuel? 

Some miniature engines are fed by gravity, the fuel being con- 
trolled by a needle valve. Iii sucli cases another valve, usually part 
of the cranksliaft or attached to the crankshaft, is so designed that 
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it permits the gases to enter a t  the proper moment iii relation to the 
stroke of the engine. The majority of miniatiire gasoliiie engiiies, 
however, are designed so that the air aiid fuel are drawil iilto tlie 
cyliiider by meaiis of a vaciium. This vacuum is caused by the upstroke 
of the piston in the cylinder. This is only a partial vacuum, of Course, 
but tlie pressure in the crankcase falls below that of the air outside, 
and the air rushes tlirough the air iiltake to equalize the pressure. The 
gases are then drawn up tlirough the gas liile, just as perfume is 
atomized, ancl a fine Spray of mixture, both fuel and air, rushes into 
the cylinder, below the piston. 

Tlie gases (by which is nieant the proper combiiiation of air and 
fuel) now being in tlie crankcase, below the piston, the next step 
is to transfer them to the cylinder, above the piston. This is accom- 
plished by the dowiistroke of the piston, which coinpresses the gases 
and at the Same time Opens suitably placed ports. The gases, released 
by the ports, rush through a small chainber, called the by-pass, into 
the cylinder. Oii some eiigiiles this by-pass chamber is brazed onto 
the cylinder, aiid in otlier cases it coilsists of a small plate, usually 
die-cast, held down by screws. It can be easily identified as it is always 
opposite the exhaust. 

The gases are non7 in tlie top of the cyliiider, and the piston is at  
the bottoin of its strokc. l'lic iiext step is to preparc tlie gases for the 
firiiig operatioii. If the gases were to be ignitecl in tlieir preseiit state, 
they would nierely burii aiid exert no force, or at least iiisufficieilt 
force for tlieir purposc. It is tliercfore iiiiportaiit tliat tlie gases be 
sufficiently coinpressed before being igiiited, iii order to exert a 
sufficieilt forcc to pcrforiii tlic work of tlie eiigiiic. Thc piston, on its 
upstroke, coiiiprcsses tlie gases for ignitioii. 

There are a number of poiiits iii regarcl to tlie operation of a 
niiiiiature eiigiiic tliat slioulcl be kcpt in hilld.  Renieiiiber tliat the 
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piston not only compresses the gases oll its upstroke but causes a 
partial vacuum in the craiikcase, prepariiig the way for a iiew charge 
of fiiel aiid air. It therefore performs a double function on its upstroke. 

The  question of compression is very iniportant. An engiiie is usually 
figured in terms of "low," "mediuni," or "liigh" compression. A 
conipression ratio of four to one is considered low; five to one or 
six to one is mediuni; and seveii or more to one is considered high. 
The compression ratio is iniportant because it deterniines: (a) the 
power of tlie engine, (b) its speed, (C) the strengt11 of the com- 
poilent parts, (d) ease of startiiig, aild (e) fuel consumption. 

After tlie gases liave been compressed in tlie cylinder they must be 
ignited. Tliis is accomplislied by means of tlie various ignition parts 
furnished with tlie engine, iianiely, the coil, condenser, wiring, tinier, 
and spark plug. Tlie timer, operating off a suitable cam attaclied to, 
or part of, tlie crankshaft, is so devised that it correctly "times" the 
spark from the high-tension coil to the spark plug in order that it 
sliall fire the cliarge of gases at the right monient. 

The timer is usually adiustable, even while runiiiiig tlie engine, so 
that the timing of the spark may be retarded and advanced at will. 
Tliis timing of tlie engiiie is very important, as it affects tlie ease of 
starting, the speed of the engiiie, tlie gas consumption, aiid tlie 
coolness or heat of tlie engine7s operation. 

The gases having been properly ignited, they expand aiid exert 
a dowiiward pressure on tlie piston. As tlie pistoii moves downward, 
the exliaust ports are opened and tlie buriied gases rusli out of the 
exliaust. Tlie piston, however, has not reached tlie bottom of its 
stroke, and continues downward. 

Soon after the exliaust ports have been opened, tlie by-pass ports 
are exposed and the next charge of gases eiiters the cylinder. The  
baffle plate at tlie head of the piston how performs its task. It guides 
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the new gases upward and away from tlie exhaust ports, wliich are 
still Open. A small amount of the exhaust may remain and mix with 
tlie new cliarge ancl therefore cause the engine to lose a little power, 
or some of the new gases may escape with lthe exhaust gases, also 
resulting in a loss of po\ver. Tlie placing of tlie exhaust, by-~ass,  and 
intake ports is tlie go\.eriiing factor for cases of this character, and 
the slightest variation in position will result in an entirely different 
performance. 

Tlie size of all ports is also of greatest importance, and any varia- 
tion liere \vill affect perforniance. T h e  usual practice in the manu- 
facture of nioclern niiriiature engines is to avoid having single large 
holes or ports, ancl to use ports consisting.of many small holes. Inci- 
clentally, niost inodel engines can be coiisiderably improved in per- 
formance by enlarging tlie ports slightly. Before proceeding with 
such clianges in design, however, it is preferable to obtain the engine 
manufacturer's comments. 

\Ve liave Seen how tlie gases are drawn into the cylinder and made 
to exert tlieir pressure on the piston. I-Ioi\l is this reciprocatiiig actioii 
of the piston (its up and clown strokes) converted into the rotary 
action of tlie crankshaft? Aiid how is this rotary action carried on 
~vitli the least resistance? These are the points we study next. 

A small bar or piece of tubing, usually steel but sometimes brass, 
fits snugly on the inside of tlie piston, supported by small extensions 
called piston piii bosses. This small bar is called a piston piii or 
irrist pin. A connecting rocl, usually bronze or aluniinum with bronze 
bearings, extends from the wrist pin to the craiikshaft throw. Tlie 
connecting rod must be sufficiently strong to withstand the forces 
working on it, wliich are considerable. 

Tlie coniiecting rod, beiiig joined to the action of tlie piston by 
means of tlie u.rist pin, exerts its force on the crankshaft tlirow. 
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Since the cranksliaft thronl nioves only iii the form of a circle, tlie 
coniiectiiig rod niust oscillate in order to pernlit the rotary niotion 
of tlie craiikshaft. FIowever, if tlie cranktlirow is at tlie top dead 
center, tlicre is no reason tvhy it sliould niove or start to n-iove iii a 
rotary i-i-iotion, uiiless anotlier force is brought into play. Tliis addi- 
tioiial force is acconiplisl-ied by means of tlie flyivlieel or propeller. 

IVhen a flynheel or propeller is spun rapidly, as in starting a 
motor, it tencls to keep in niotiori ui-itil stopped by otl-ier forces, sucli 
as friction or gravity. Tliis tendency to keep rotatiiig is called iiiertia. 
Tlie iiiertia of tlie flyu.lieel or propcller turiis the craiikshaft 
tlironr past its dead-ceiiter point, and tlius acconiplislies the rotary 
n-iotion. 

I11 order to coiivert this availablc rotary motion of the craiikshaft 
iiito power, sucli as the turniiig of a it is iiecessary to 
Support it iii such a n.ay that no ui-iiiecessary frictioii takes place, aiid, 
at the same tinie, the escape of gases from the crankcase is prevented. 
These purposes are acconiplished by fitting tl-ie crankshaft very care- 
fully to a bronze bearing, sufficiently lubricated. The length of the 
bearing arid the bearing material are iniportailt factors, as well as 
the accuracy uith which tlie bearing is fitted to the cranksl-iaft. 

In discussing ignition, we are not going to dwell on those points 
which are already covered by the instruction sheet which accom- 
panies your engine. Instead, \ve will try to make clear the principles 
oii n~liic1-i ignitioi-i systems \vork, uith the use of as little technical 
language as possible. 

hlagnetic Iiiies-of-forcc are ini.isible nfavcs that pass froni one pole 
of the niagiiet to the otlier. Tlie lii-ies-of-force pass froin tlie iiorth 
pole of tlie magnet to thc south pole outside a permanent magnet, 
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and inside the magnet froin south to ilortl-i, thus fornling a closed 
magnetic field. 

If a bar of iron or steel is placed within the magnetic field of a 
magnet-that is, within the path of the lines~of-force-that piece of 
irori or steel will become a magnet. This method is called "magnetic 
inductioil." 

Electro-magnetism differs from magnetism as described above in 
that the magnetism exists only while an electric current flows through 
the wire or conductor. If an electric current is sent through a wire, 
a magnetic field, similar to that set up in an ordinary rnagnet, is set 
up around the wire. Its intensity or strength is in proportion to the 
amount of electric current flowing through the wire or conductor. 

Just as a bar of iron or steel placed within the lines-of-force of an 
ordinary magnet becomes a rnagnet, so does a bar of steel or iron, 
placed within the lines-of-force of a wire through which current is 
flowing, become magnetized. A bar of iron or steel thus magnetized 
is called an electro-magnet. 

The strength of an electro-magnet depends upon the number of 
ampere-turns of wire on the coil. The number of amperes flowing 
through the wire, multiplied by the ilumber of turns in the coil of 
wires, determines the magnetic strength of the core. 

The principles of the electro-magnet are used in the manufacture 
of the spark coil in conjunction with miniature gasoline engines. 

It has been discovered that when the electric current ceases to 
flocv-that is, the circuit is opened-the magnetic lines-of-force col- 
lapse, generating a self-induced electro-magnetic force in the wires. 
T11e strength of the self-iriduced electro-magnetic force is much 
greater than the original current forced through the wires, and de- 
pends upon the following factors: 

(a) The strength of the magnetic field. 
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(b) The speed or rate at  which the lines-of-force cut tlirough the 
windings or coil. 

(C) The number of turns that are on the coil i i~ to  which the 
electro-magnetic force is induced. 

The self-induced electro-magnetic force or voltage i11 the low- 
tension windings of an ordinary spark coil run from i 50 volts to 
250 volts, depending upon the factors listed above. 

In other words, a single coil of wire, properly designed and wound 
around a core of soft iron, can be made to develop from i 50 to 250 

volts. At one time coils of this nature were used to furnish the 
ignition spark for auton~obiles but they have been superseded by 
the high-teilsion type of coil, which we are primarily interested in here. 

Tliere are two types of high-tensioil coils-the vibrator type, and 
the non-vibrator type. The vibrator type is no longer commonly 
used, as it is mechanically inferior to the non-vibrator type aild does 
not produce as hot a spark. LYe shall therefore confine our discus- 
sion to the non-vibrator type. 

The coil (high-tension spark coil, non-vibrating type) coilsists of 
a core of soft iron wires, around which is wound about 200 to 250 

turns of No. 18 to No. 20 B&S gauge irisulated copper wire. Around 
this is wound from about i 3,000 to i8,ooo turils of No. 38 B&S gauge 
enameled silk-covered thin insulated copper wire. The ratio of the 
primary winding to the secondary windiilg is about one to sixty. 

Just as the primary winding becomes self-induced to a voltage of 
about i 50 to 250 volts, SO there is iilduced into the very fine secondary 
windiilg a voltage of approximately 1,500 volts, depending upoil the 
factors (number of turris, etc.) as stated before. 

We shall now trace the circuit of a high-tension ignition system 
and then discover exactly wliat is taking place. The primary circuit 
is from the "plus" of the battery through the primary wiilding of 

581 



the coil, through the timer, t o  the ground, and thence to the "minus7' 
of the ba t te r~ .  A condenser is placed across the contact points of 
the timer, one end being connected with the insulated breaker, and 
the other end being grounded. , 

On the secondar~ winding, one end is grounded, the other end 
going to the spark plug, where it jumps the gap to the ground. 

An ignition switch is usually placed somewhere iil the low-tension 
circuit, to provide an easy and convenient means of shutting off 
the battery current. 

W e  have learned that one of the factors controlling the amount 
of self-induced electro-magnetic force is the speed with which the 
lines-of-force cut through the windings of the coil-in other words, 
the speed with which the iron core is de-magnetized. A condenser 
is used for these purposes: 

(a) T o  absorb the self-induced current of the primary, thus 
allowing the magnetic field to collapse as quickly as possible, aild 
also eliminating, within certain limits, the spark at the contact points. 

(b) To discharge back and forth into the primary circuit, thus 
neutralizing or de-magnetizing the iron core and preparing it for 
repeated action. 

The condenser consists of a series of sheets of tinfoil separated 
from each other by ai1 insulated material, such as mica or wax Paper. 
The even-numbered sheets of tinfoil (2-4-6-8) are connected and 
form one terminal, and the Same is done with the odd-numbered 
sheets. The two ends of the condenser are then used in a circuit as 
described before. 

In usual practice the condensers are made in the form of a roll, 
with a heavy wire protruding at each end to facilitate hookii-ig into 
a circuit. Never attempt to Open a condenser, as this will spoil the 
insulation. 
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Again, in practice, tlie core of a spark coil usually consists of a 
number of tliin iroii (usually soft iron) strips or wires, whicli effec- 
tively prevent their becoming permanent magiiets. 

W e  now proceed to other units in tl-ie ignition systeni, of which 
the spark plug is an iinportant element. 

A spark plug consists of an electrode, or metal rod, which conducts 
the high-tension curreiit from the coil. This electrode is separated 
from the metal base by an insulatiiig material. Tlie metal base screws 
into the cylinder head of tlie gas engiiie, and the plug is so designed 
that the liigh-tension curreiit must juinp a small gap between two 
sharp points in order to get from the electrode to the metal base. 

Spark plugs are made in two types-the "separable" type, and the 
"iiitegral." The  "separable7' type, as the name implies, can be taken 
apart, whereas tlie "integral7' is a one-piece uiiit. The  insulating ma- 
terial is usually mica or porcelain, but recent practice has developed 
new efficient insulators. Tlie electrode, or high-tension metal rod, 
is made of steel or manganese nicke1 or a similar alloy, and is of 
approximately .05oU diameter and tapers down to a very fiiie poiilt. 

The  clioice of a spark plug is very important, inasmuch as faulty 
coiistruction will result in loss of compression, hard starting, and 
< 1 missing." 

The  timer assembly unit usually consists of a body on which the 
component parts are mounted; a fiber or iiisulated piece which 
nioves on a cam; and a set of points (usually tungsten) , one of which 
is adjustable. A study of the timiiig unit on your eiigine will quickly 
reveal its action. The  important points to remember are that the 
contact points are made of a particularly hard material, such as 
tungsten or platiiium, to avoid excessive wear; and that the entire 
meclianisin is adjustable on most engines so that you can advance 
and retard tlie spark at will. 
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Tl-ie cam which actuates the timing device usually consists of a 
round meta1 piece attached to the craiikshaft. One sectioi~ of this 
cam is flatted, permitting the timer to be moved back and forth by 
its spring. The  amount of flatted area is worked out by the manufac- 
turer with care as it greatly iiifluences the ignition system. 

Some cains are so desigi~ed that tliey have a raised sectioil instead 
of a flatted section, but the principle is the Same, the raised section 
nioving the timer breaker back and forth. No matter which type of 
cam is used, it is important that the cam operate the timer in such 
a nlanner as to cause the spark to jump at the proper momeilt, wl-iich 
is sliortly before the piston reaches top dead center. 

The  wiriilg used in ignition systems of miniature gasoline engines 
is of two types: the primary wire or cable, called the low-tension 
wire; and the secondary cable, called the high-tension wire. 

The  lo~r-tension wire is used on miniature engines in all cases 
except for the carrying of high-tension current. I t  is flexible, consist- 
ing of several strands of No. 14 or No. 16 wire, covered with water- 

proof insula ting material. 

Tlie high-tension wire is used to carry the high-tension currei-it 

froni tlie spark-coil secondary lead to the spark-plug electrode and is 
very heavily insulated. It is usually made in 71nn1. and 9mm. sizes. 
Tlie choice of wire used, particularly in the high-tension line, is most 

iiiiportant, as too much resistance would result in loss of voltage. 

Dry cells, usually of the flashlight type, are used exclusively in 
miniature engine practice for supplying the necessary engine current. 
Tlie point to remember here is that the manufacturer's specifications 
regarding the amount of voltage should be followed very carefully 

aiid under no condition should an excess of voltage be used, as this 

may result in damage to the ignition system. 



LUBRlCATlON 
As applied to modern niiniature gasoline engines, lubrication is 

a relatively simple matter, consisting merely of oiliiig the moving 
parts before assembly and providing a means of keepiiig them well 
lubricated during operation. As is the practice witli outboard motors, 
oil is added to the gasoliile before filling the tank, the oil subse- 
quently fulfilling its lubricating functions. The  proportioii of oil to 
gasoline in miiliature engines runs from one part of oil to two parts 
of gasoline all the way to olle part of oil to fifteen parts of gasoliile. 

Our present-day liobbyist, however, is not satisfied with merely 
being told what to do. He wants to know why he is doing it, aild he 
wailts to learn as much as he can about the subject. For tliat reason, 
we will proceed to a study of lubrication in its more important 
aspects. 

The  purpose of lubrication is to prevent metal-to-meta1 coritact. 
When two parts of a mechanism rub together, it is necessary to use 
some means of preveiiting excessive friction, ai-id tliis is iisually done 
by applyiilg a film of lubricating oil. \Vithout a lubricant, tlie friction 
would cause heatiilg, and the result ~rould be cuts or scratches on 
the surfaces of tlie tn.0 parts, resulting in excessive wear and loss of 
power, or in a case of excessive heatirig, a seizure, or bincling, of 
moving parts. 

Two parts intended to rub together, like a shaft and its bearing, 
should be made as smooth as possible, for roughness would cause 
friction that lubrication could not prevent. The more rapid the 
movement of tlie parts against each other and tlie greater the pres- 
Sure, the more they must be lubricated. The  kind of lubrication 
furnished niust vary to suit tliese conditions. 

Although niiniatiire engine lubrication, called the "all-loss non- 
circulatiiig non-pressure" type, is tlie oilly system used 011 miniature 
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engines, we shall nevertheless make a brief Summary of the various 
other methods, in order to acquaint ourselves with lubrication as 
applied to other devices. 

Method one is the gravity-feed, all-106s system. This system feeds 
freslr oil to the frictioil surfaces iil drops, which by gravity reaches 
the various bearings. No provision is made to splash the oil. This 
method is used mostly on statioilary engines. 

Method two is the non-circulating splash system. Fresh oil is 
supplied from a separate oil reservoir or tank to the crankcase, and 
in some instances to the main bearings, by means of a mechailical 
oiler, gravity oil cups, or adjustable feed Pumps. The  oil is not re- 
turiled to the reservoir or tank for re-circulation. 

Method three is the circulating splash system. Oil is supplied from 
the reservoir by means of a pump, or by the cei~trifugal force of the 
flywheel, to splash troughs or, in some instances, direct to the crailk- 
shaft bearings. After doing its lubricating ulork, the oil returns 
to the reservoir. Note that the oil is not forced by pressure to any 
of the beariilgs or parts; the pump or flywheel serves oi~ly to circulate 
the oil. The  splashing of the oil is done by the connectiilg rod iil its 
movements up and down. 

Method four is the force-feed system. Oil is forced by pump 
pressure direct to the crankshaft7s maiii bearings, then by means of 
drilled holes to the connecting rod, crank pin, and bearii-~gs, and 
thence through oil pipes attached to the connectiilg rod, or through 
holes in the connecting rod to the piston pin. The  piston aild cyliilder 
are supplied with oil thrown off by the crankshaft aild conilectiilg 
rod bearings. The  connecting rods do not dip into the oil. 

Method five is the full force-feed system. Oil is forced by pump 
pressure direct to the crankshaft main bearings, thence through 
drilled holes in the crank web to the connecting rod, crank pin, and 



beariiigs. The piston pin, piston, and cylinder are supplied by oil 
tlirown froin the crankshaft and coiinecting rod bearings. The only 
difference between methods four and five is that in iiietliod four 
the.piston pin is supplied direct witli oil, while in method five it is 
supplied indirectly by the throwing of oil. 

Method six is the force-feed aiid splash system. Oil is forced 
by pump pressure direct to all cranksliaft niain bearings. The  oil 
then falls to splash trouglis in tlie crankcase into wliicli the connecting 
rod dips and splashes oil to all other parts. 

All commercial engines use one or more, or a conibiiiation, of the 
above methods, and a careful study of tlie engine will enable you 
to identify the method used. 

Tliere are several factors which determine' the lubrication require- 
nients of an engine and it is important to know these: (1) operating 
temperatures; (2) method of oil distribution; (3) piston seal; (4) 
carbon sensitiveness. Each of these will be treated separately. 

( 1 . )  Operating temperatures: All oils tend to tliin out with an in- 
crease of temperature, but tlie extent to whicli the oil will thin out 
depends not only on the temperature but on its origiiial body and 
character. After heating, the oil regains its original body when 
cooled. It  does not remain thinned out unless diluted by liquid 
fuel. 

The heavier and more constant the load, as witli airplane and 
tractor engines, the more fuel is buriied, and consequently the higlier 
the operating temperatures. Heavy-bodied, rich lubricants would 
therefore be required. This heat, wliich is usually greatest at the pis- 
ton, must be conducted through tlie oil and meta1 walls before it 
reaches the cooling fins or water jacket. Automobile service seldom 
requires more than a small fraction of the available power for any 
length of time, and therefore an engine used for this purpose would 
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operate under low temperatures and oils of a ligliter body would be . 
necessary. 

The Iiigher the engine speed, the more frcquent will be tlie heat 
impulses and tlie higher the operatiiig teniperatures. Agaiii, air- 
cooled engines opcrate at ]&her teniperatures tliaii water-cooled 
engines, so tliat liigh-speed air-cooled ciigiiles would require excep- 
tionally heavy-bodied, rich lubricailts. 

(2.) hlethod of oil distributioil: Systcnis in wliicli tlie oil is dis- 
tributed by splash must use an oil light ciiougl~ so tliat it will readily 
atoniize in order to reacli all tlie parts to be lubricated. A lieavy oil 
rnight fail to do this. Systems in whicli oil is forced to tlie craiiksliaft 
and connecting rod bearings by a pump could use a heavier oil, as 
it will be niechanically broken up into a fiiie niist. Other factors 
which affect oil distribution are the type of oil pump, design of oil 
screen, aiid dimeiisioiis and locations of tlie oil piping. 

( 3 . )  Piston seal: It is absolutely necessary for the lubricant to 
effectively seal the piston against loss of compression. The ability 
of a lubricant to spread, stick, film, aild seal naturally varies witli 
different oils. 

(4.) Carbon sensitiveness: All oils and fuels, when burned in the 
conibustioil chamber of an engine, are likely to leave a residue which 
may not be entirely expelled through the exliaust, and becoines car- 
bon. Carbon deposit from lubricating oil in the combustion chamber 
will depend upon four things: (a) the character of the oil; (b) the 
body of the oil; (C) engine operating temperature; and (d) the 
amount of oil reaching the combustion chamber. 

hlost engineers agree that the best oil-at least as far as viscosity 
alone is concerned-is that oil which suffers the least chaiige of 
viscosity for a given change of temperature. Viscosity of an oil is the 
adhesive characteristic. 111 other words, the best oil, all other things 
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bcing equal, is the olle tliat under heat reniaiiis closest to its original 
adliesi\~e condition wlien cool. 

Standard brands of oil are usually sold in grades of S.A.E. 10, 20, 
30, etc. I'hese grades are arrivcd at by tlie adhesive properties of 
tlie oil. Tlie presence of an S.A.E. nuniber is, of Course, no iiidica- 
tion of tlic lubricatiiig propertics of tlic oil, and \ve \vill iiow consider 
se\.eral factors other than \~iscosity ~rliicli affect tliis question. 

Tlie flasli and burning points of an oil meaii the teinperature at 
1\.1iicli tlie oil, wlien lieated, ~vill flasli and burn. Oil wlien heated 
generates gas, just as gasoline does. Tlie best gasoline-engiiie oils 
geiierate little or iio gas at ordinary temperatures, but at high tem- 
peratures-froni 350 degrees to 450 degrecs Falirenlieit-tliey gen- 
erate a sufficient amount of gas so tliat it can be ignited witli a niatch 
and produce a flasli and go out instaiitly. l'liis is termed tlic flasli 
poiiit. If tlie heat is increased to 500 degrees and tlie niatcli applied, 
tlie generation of gas is so rapid tliat it would continue to burn, 
unless extinguished, until tlie oil was nearly all consumed. Tliis tem- 
perature is tcrnied tlie buriiing point. 

Tlie pour point or cold test of an oil is a test wliicli deterniines tlie 
ability of tlic oil to ~\,itlistand cxtremc low tenipcraturcs witIiout 
becoming solid. Sonie oils finisli u~ith a cold test of as high as 60 
degrees above zero, uliilc otlicrs rangc from i 5 degrees to 30 degrees 
below zero. 

The testing of oil is naturally a tecliiiical matter and tlie niethods 
caniiot be covered in detail liere. It is ~vcll, liowever, to bear in niiiid 
tliese factors which determine thc quality of an oil: viscosity, flasli 
point, burning poiiit, pour point, and chemical content, the last 
nanied a subject not discussed hcrc because of its techiiical nature, 
but iicvertheless an iniportant factor in lubrication. 

Our advice to the miniature gasoline engine operator \vould be 
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to buy only the more expensive grade of any standard brand on 
the market-and to follow the engine manufacturer's grade specifica- 
tioils and directions to the letter. The  cheaper the oil the inore ex- 
pensive it will prove in the long run. And,  the operator who stiiits 
on oil will soon be saving oil altogether, hecause his engine will not 
stand up. 

METALLURGY 
The miniature gasoline engine enthusiast should niake it his busi- 

ness to know not only the "why" and " ~ O W ' '  of his liobby, but also 
tlie "wl~at." For that reason the materials that go iiito a miniature 
gasoline engine will now be treated in some detail. The  reader will 
notice that, wherever a choice of several materials is possible, each 
material has certain advantages and that the manufacturer has taken 
these advantages into coilsideratioii. 

The  heart of aii eilgiile-the piston and cylinder-is usually the 
manufacturer's first problem. Since the piston will depend on the 
choice of material for the cylinder, let us first consider what meta1 
may be used for the cylinder. 

111 automotive and industrial practice tliere are several alterna- 
tives: first, a cast-iron cylinder block; second, a cast-iron cyliilder 
block with a steel liner insert; third, steel cylinder; fourth, an alumi- 
num-alloy block nsith steel liilers. These four Cover practically every 
type of gasoliile engine made, although considerable experiment has 
also bcen made with die-cast zinc-alloy and aluminum-alloy cylinders, 
with and kvithout liners. 

Tlie leadiilg miiliaturc gasoline ei~gine manufacturers have selected 
t\vo of tlie above methods in the manufacture of their engines- 
iising either a cast-iron block or a steel cylinder. The  advailtages of 
tl-ie cast-iron cylinder are that it iakes a better internal-wall finish, 



and consequently has a higher compression; it dissipates heat better 
than a steel cyliilder does, and thus it is cooler running; it is more 
easily macllined; and it is readily cast in its approximately fiiiished 
form, saving machining operatioiis. 

?'he steel cyliiider has several advantages of its own: it has a better 
appearance; because of superior strength and use of thinner sections 
it is ligliter tlian a cast-iron cylinder of corresponding size; it adapts 
itself more readily to brazing and weldii~g. In cost, the two materials 
ruii about the sanie. 

Pistons for niiniature gasoline eiigiiies are made from steel, cast 
iroii, or aluniiiium with steel or cast-iroii rings. The individual pistons 
are so sinall and light that tlie cost element of tlie material is sub- 
merged by the machiniiig cost. For this reason, many of the minia- 
ture gasoline engines oii tlie niarket toclay use permanent niold or 
die-cast aluininum-alloy pistons, with piston riiigs. The pistoiis re- 
quire very little machining and, with tlie aid of tlie rings, secure very 
good results. Cast-iron pistons do not rcqiiire rings to hold conipres- 
sion, but they do need considerable drilliilg, milliiig, and ceiiterless 
grinding before they are ready for installation in an engine. The steel 
piston is used mainly in the higher priced engines, since a large in- 
vestment in dies is required to fabricate the piston fron tlie flat meta1 
shccts. Oiice this huge investment is made, the stamping operations 
are automatic and no machining of any kind is required to bring the 
piston to fiilished shape, with tlie exception of ccnterless grinding 
to .ooo2", after appropriatc licat treatnient. Altliougli the nlaiiu- 
facture of steel pistons is far more intricate thaii that of any other 
types, its cost iii mass production compares favorably with other 
types, and steel pistoiis Iiave tlie advantage of greater strength, uni- 
forniity, lighter weiglit, and better finish. I11 tlie selection of a 
niiniature gasolii~e engiiie, study tlie manufacturer's choice of ma- 
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terials froiii his advertisenients and literature and choose .the engiiie 
wliich iiidicates tliat the manufacturer is giviiig full value. 

Aiiotlier iinportaiit iiidicatioii of an eiigine's value is tlie choice of 
iiiatcrial used iii the crankshaft. Tlie most coiiin~oilly used craiiksliaft 
is onc iiiachined froiu solid steel or steel alloy. The  niaiiufacture of 
tlicsc parts is relatively simple, rcquiriiig very littlc set-up aiid tooliiig. 
Stccl craiikshafts 1ial.e gi\fcii very good service iii miiiiature engiiics, 
cliic to thc light load, althougli they are iiiipractical for iiidustrial eii- 
gincs. The  composite craiiksliaft is also a conlinoii practice; it coii- 
sists of the various parts asseiiiblecl in one iinit by weldiiig or brazing, 
or by tlircadiiig the part together, or, lately, by sliriiikiiig the parts 
togctlicr. Tliis type, too, gives good scrvice n~hcil properly niade. 

'I'lic drop-forged, oiie-piece craiiksliaft is iioul beiiig used by tlie 
more progrcssi\~e iiiaiiufacturers, following autoiiioti\le aiid industrial 
practice. Tlie original die cost is considerablc, aiid centerless griildiilg 
to accurate liinits is also an iniportaiit factor iii niakiiig the cost of 
tliis type of crankshaft very high; but the advaiitages of far grcater 
streiigth, accurate parts, and absolute uiiiformity conipensate tlie 
niaiiufacturer for liis expeilse aild labor. 

Lastly, always coiisider the thickiiess of tlie sliaft. Too inaiiy eii- 
giiics liave resorted to shafts of iiiiiiiniuin thickiiess, sacrificiiig 
streiigth for lightness. Remeniber, tlie tliinncr the diariieter of the 
sliaft, tlie less it cost tlie manufacturer. Tliis is an iniportaiit poiiit. 

Tlie coniiectiiig rod iiiay be niadc of aiiy of scveral niaterials, all of 
~ilhich have givcii cxcellcnt results. Pernianciit niold or die-cast alu- 
iiiiiiuin rods with broiizc bushiiigs are used cxtcnsively, as are solid 
bronze rods. In eitlier case, it is iniportant tliat the parts be stroiig 
eiiougli for the purpose, but light, and they should be drilled, reaniecl, 
and honed accuratcly for fit and then checked for line-up at the 
factory. 



Steel piston pins are alinost universally used, althougli bronze ones 
are satisfactory. These consist of tubing or solid stock, centerless 
ground for long-wearing ability. No eiigine should be without pistoi-i- 
pin pads, which are insertecl in the ends of the piston pins to prevent 
possible scorii-ig of the cylinder \valls; pistoi-i-pi11 pacls are usually n-iade 
of brass. 

A good way to deterniii-ie the effort a nianufacturer l-ias put ii-ito 
liis ei-igiiie is to study tlie bearing that supports the crankshaft. If it 
is aii ordinary bronze bearing it sliould have lubrication grooves to 
preiVent "seizii-ig." The latest practice, however, is to use one of the 
iiew self-oiling bearii-igs, a broi-ize bearii-ig that is impregnated with 
oil and requires no outside lubrication. Thus, the failure of the 
owiicr to use the riglit type of oil, or even failure to use a sufficieiit 
qiiaiitity of oil, will i-iot affect tlie bcaring. 

IVhile studying the bearing, check up 011 its length. A nianufac- 
turcr is iiaturally anxious to give as sl-iort a bearing as possible, and the 
Iciigth of the beariilg is an ii-iclication of how nluch value the inanu- 
facturer iiiteiided to put into the eiigine. The average bearing length 
is about olle ii-ich, with soi-iic bearii-igs as long as one and one-quarter 
iiiches. 

Extensive use of aluminum for the craiikcase, cylindcr I-iead, and 
carburetor is now the practice. Aluniinum is light, easily fabricated, 
lias a good appearance, and is hca t-dissipa ting. I t coi-isequeiitly has 
iiiany advai-itages over otlier materials for these particular purposes. 

TIowever, there is a coiisiderable diffcrence in aluininum parts pro- 
cliiced by sand-casting aild tliose produced by die-casting. Sand-cast 
alun-iiilun-i parts are weaker and frequei-itly liave blowholes, whereas 
die-cast parts have a higher teilsile strength aild are devoid of blow- 
Iioles. In addition, sand-cast parts niust be i~~achiiled to fit the cor- 
respoildiilg parts of the engine, \i~l-iereas die-cast parts are cast to exact 
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sliape aiid size. I'hiis, you caii cxpcct far greater uiiiforniity froni 
die-cast parts thaii froiii sancl-cast parts. 

The dic cost for tlie avcrage iiiiniatiirc gasoliiie eiigiiie ruiis to 
iiiore tliaii $1,000, so that tlie prcscncc of 'clie-cast parts in an eiigiiie 
is an iiidicatioii of tlie iiiaiiufacturcr's willingiicss and ability to ini- 
part real value in his product. 

Tlie carburetor shoulcl have a iiccdlc valve aiid valve body, some- 
tiiiies callcd tlic jet, madc of ideiitical inatcrial so tliat any careless 
prcssiirc on tliese parts nill not rcsult iii ~poilage or breakagc. Brass 
is comiiionly used, altlioiigli stccl parts are possible. Steel, lioc\~e\~er, is 
subject to rust. Any niatcrial softer tliaii brass is unsatisfactory, bc- 
caiise of tlie excessive n.ear aiid tlie possibility of beiicling. Tlie valve 
aiid body sliould l i a \ ~  a very fiiie tliread iii order to ensurc niiiiute 
adjustnieiit of tlie fuel flo~v. 'l'hc gas linc slioiild be of iiictal tubiiig, as 
riibber aiicl sevcral otlicr iiiaterials arc subject to corrosion from 
gasoline. 

Tlie scrccf7s, iiuts, aiid bolts preseiit no spccial difficulty, as tlicse 
arc usually standard sizes. lIou,ever, care slioiild be taken not to use 
screns that ~ i l l  strip tlic tlireads in your engine. A s'tripped tliread may 
ruiii the eiigiiie coiiipletely, but a stripped screw caii easily aiid 
quickly be replaced. 

Too inany gasoline eiigiiie operators neglect the choice of proper 
niatcrial for tlie engiiie's gaskets. Tlie use of ordiiiary Paper, card- 
boarcl, clotli, aiid so oii, arc fatal to aii eiigiiic's pcrformancc. Aiito- 
niotive aiid iiidustrial practicc havc dcvcloped suitable gaskct niatcrial, 
aiid tliis is available for use in niiniature gasoliiie engiiies. Heat re- 
sistaiice, coniprcssibility, and streiigtli are tlie forciiiost requireinents 
of a good gaskct. Rlorco\.cr, tlie gasket sliould bc accurately cut on 
autoniatic iiiacliiiies, iising steel cuttiiig dies. A good grade of pure 
oraiige slicllac sliould bc used to seal tlie gaskcts iii place. Tl-ie use of 
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various gasket pastes ai-id cen-ients is not advised, as these will have a 
harsh effect upon the engine ii-i case a little gets ii-ito the n-ioving parts. 

PISTON AND CYLINDER FINISHES 
The performance of any niiniature gasolii-ie engii-ie depeiids largely 

iipon the finish ai-id fit of the piston and cylinder. This section deals 
with the various n-iethods of fii-iishing these parts and i-i-iachinii-ig 
thein together for best results. 

There are nun-ierous ways to fiiiish a cylinder, and the finish giveii 
by a n-ianufacturer is a good ii-idication of the effort he is putting fortl-i 
in order to give good value. 

Rough borii-ig is the process of macliining a cyliiider 011 a lathe 
with a boring bar. The subsequent finish of the cylii~der is not suitable 
for use in an engine, as it will not hold compression ai-id will result 
in quick wear on bot11 the pistoi-i ai-id cylinder. 

Tlie reamii-ig of a cylinder was once considered as the fii-ial opera- 
tion on a cylinder, and while the surface was better than that obtained 
by boring, just described, this surface is not acceptable today. 

Grinding, the process of finish machinii-ig with the aid of a high- 
speed carboruiidum wheel, produces a fine finish which is suitable 
for use in n-iiniature gasolii-ie engines. Extreme care n-iust be taken 
to avoid bellmoutl-i ai-id taper, and to allow for wear of the wheel. 
This n-iethod, wliile satisfactory, does not con-ipare favorably with 
carbide-tool borii-ig or witli hoi-iii-ig. 

Carbide-tool boring, or diamond-tool boring, is accon-iplished by 
" holding the cylinder in an accurate chuck jig or collet, and borii-ig 

ivit1-i the carbide or diamoi-id tool. This method is fast and produccs 
the best possible con-ibination of finish and speed of production, and 
it is much ii-i favor with miniature gasoline engine n-ianufacturers. 

Honing is the final and best method of finishing cylinders, although 



in cost it ruils much nlore than any other method and requires a much 
higlier investmeilt for equipmeilt. In addition, only very skilled work- 
meri can operate a honiilg nlachiile. 

Before proceediilg, we will outliile a metl~od by wliich a iiliiliature 
gasoline eilgine operator can secure a good finish aild fit on his owlil 
engine, witliout the necessity of purchasiilg expensive equipnleilt. 
This niethod is called lapping. Because it is a long, tedious operatioil, 
lappiilg is ilot coniniercially practical. But for the o\lfiler \~ ,ho  ]las 
only a single cyliiider to lap, it is the ideal solutioil. 

l 'he  lapping tool coilsists of an old pistoil (or a lead piece the 
sanie diameter as the pistoil) tliat has beeil nloui~ted oll a liaildle, 
or 011 aii old conilectiilg rod arid wrist pin, if available. This piston 
is kept coated with a superfiiie lappiilg coinpouild which cail be 
obtaiiied in various grades from any autoniotive or jewelry store. The 
tool is nioved up aild down iilside the cylii~der to be lapped, aild at 
the same time it is given a rotary niotioil. Care must be taken to 
assure uniform lapping. 

This work continues until the cylinder has beeil lapped to the 
proper size. The lapping compound must then be carefully and thor- 
oughly reinoved, because any remaiiling compound will continue its 
cuttiilg operatioil and soon ruin any fit. It is not practical to try to 
correct out-of-round or taper exceeding .ooj", and a cylinder with this 
defect should be returned to the factory for refiilishing and refitting 
with a new piston. 

Because honing produces the ultimate in cyliilder fiilishes, it is 
probably advisable to discuss the entire honing process. Its disad- 
vantages are slojir production, high-cost skilled labor, and expensive 
equipment. Its advantages are a finer finish, resulting in a better fit 
and less nrear on the piston and cylincler, arid the production of a 
cross-cut grain that holds the lubricating oil. 



'I'he honing niachine consists of a spindle n.liicli is rotated by a 
powerful electric niotor, mouiited integral nith tlie n-iacl-iiile. This 
spiildle, by n-ieans of an autoniatic i-iiechai-iisni, rotates and rccipro- 
cates, each operation in defiiiite relatioii to the other, tlius assuring 
perfectly uniform abrading action tlirougliout t4ie cyliiider bore. Uni- 
form acceleration is pro\lided at bot11 ends of tlie cylinder bore, witli- 
out any jar or shock. Bot11 the spced of the rotary motioi-i and that of 
the reciprocatiiig niotion are adjustable, antl. tlic strokc of thc re- 
ciprocation is also adjustablc. 

The  necessary s\vitcli controls arc coii\lciiici-itly located, and are 
n~anually operated by tl-ie atteiidant. An integral niotor-driven pump 
is included with tlic honing n-iachiiie ancl siipplies a filtered flouf of 
coolant (usually a n-iixture of kcrosciie and lard oil) to the work, scrv- 
ing the purpose both of carryiiig au.ay the meta1 grains and of kecping 
the ivork cool. 

The  actual work of hoiiing is donc by a ii~imbcr of carboriind~iin 
stones niounted in sniall meta1 Iiolclers, all part of a unit nrhich fits iiito 
tlie spindle. A micrometcr stop dc~rice is iiicludecl, and the n-iicronicter 
is set to the desired size. The  entire lioning inacl-iiiic weighs about 
two tons, the better to ~~~itl-istancl vibratioi-i, and is capablc of finishiiig 
about twenty-five cylii-iders per hoiir. 

Pistons for miniature gasoline eiigiiies are 110\\~ coiiimoiily centerless 
ground, this beiiig the best n-iethod. It produces a finc fin~sh, accurate 
as to roiintlness a11d tapcr to n.it1iii-i .oooit'. L,apping of pistons can 
also bc done, tlic lapping tool fittiiig 011 tlic outsidc of tlic piston. 

Although great care must be takcn in the finishiiig of the piston 
and cylinder, the fitting of thesc parts is a still morc important opera- 
tion. A piston ai-id cylindcr, cIrcn tliough cach bc pcrfect, will give 
poor results if machincd imperfcctly to cach othcr. For that reasoii, 
many niaiiufacturers go to great Icngtlis to cnsure good fits. 
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Tlie best inethod, tliough the slo\vest and thc inost expei-isi\.e, is to 
finish a cylii-ider to correct size and then hand-matcl-i a i-iun-ibcr of 
pistons to detern-iine the best fit. A skilled operator soon develops a 
sense of touch and can produce better fits tliai-i ai-iy machine or cqiiip- 
n-ient. The fitted piston and cylinder nliist be si-iiig, but not binding at 
an? point. 

Another method of securii-ig piston and cylii-ider fits is to assort tl-ic 
pistons by sizes, usually tens of thousandths of an inch, and finisl-i the 
cylindcr to each size, allowing the proper clearance. 

Care n-iust be taken in allowii-ig the proper clearance, as an engine 
with improper clearance nill seize up, the piston binding in the 
cylinder. This usually results in considerable dan-iage to bot11 piston 
and cylinder. hloreover, an engine ii-itended for use in an airplane 
should not be used in any device where an eqiiivale~t airstream is not 
available, ui-iless the manufacturer specifically states tliat such is the 
case. Because of the expansion properties of cast iron, engines with 
cast-iron cylinders may be used for any purpose without danger of 
seizing, except where inatched to an aluminum piston, which has a 
greater expansion under heat than cast iron. 

No matter how pcrfectly a cylinder and pistoi-i may be finished and 
fitted, proper lubrication is necessary before good performance can be 
obtained. Every manufacturer specifies on the instruction sheet that 
accompanies every engine the proper amount and grade of oil to be 
used, and these instructions should be followed carefully. Where 
No. 70 oil is specified, do not Substitute No. 60 or any other grade, 
as this will result in loss of coinpression and excessive wear, as well as 
overheating of the engine. 

In many instances where a piston and cylinder are perfectly made 
and fitted. and the proper amount of correct oil is used, the operator 
of the engine is surprised to find his engine has low compressioi-i, is 
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wearing rapidly, runs hot, and frequently binds. 
In a case of this kind, check the line-up of tlic parts, particularly the 

connecting rod. A connecting rod that is out of line only a few thou- 
sandths of an inch will provide plenty of trouble, in even the best 
engines. Connecting rods must be checked for absolute aligiiment, 
both vertical and horizontal, before installation in your engine. 

Loose fits between the connecting rod and the crankshaft, as well 
as between the connecting rod and the wrist pin, are also a source of 
trouble. The  parts should fit snugly without binding and should be 
well lubricated at the time of assembly. 

Another important point that will baffle even the most experienced 
operator is the misalignment of the bearing and shaft assembly. Fre- 
quently a main beariiig is finished out of round or suffers some damage 
during tlie pressing-in process, as a result of which the crankshaft will 
not run true. This results in vibration, tightness, and friction between 
all the moving parts. 

A factor affecting piston and cylinder performance to a great extent 
is the preseilce of foreign matter between the moving parts. Usually 
not much can be done to protect the eilgine against this, since the 
amount of dust and dirt in the air under ordinary operating conditions 
is fine eilough to escape even the best filter. It is possible, however, to 
guard in some ways against this menace to performance. First, Cover 
your entire engine with a snug-fitting hood, preferably silk or cloth, 
when not in use. Secoiid, on a windy day place the engine so that the 
air intake does not face the wind. Third, carefully filter your gas and 
oil before filling the tank. These precautions will lengthen the life of 
your motor. 



C H A P T E R  I I I  

LOW-WIIYG SWOOSE 

is a splendid model with which the beginner can experiment to his 
heart's content. Alfred Cleave, the designer, is somewhat of a new- 
coiner to the list of model engineers, but the ships lie has produced 
so far have all proved good flyers. Also, they are easy to build and at 
tlie Same time rugged enough to stand up under all but the most 
severe crash landings. 

This model was not designed to break any records or to make 
spectacular flights of long duration. Instead, a snappy appearance 
and stable flying characteristics were the goals held in mind during 
the designing period. The material iised is of commoil size and is 
obtainablc at all inoclcl sliops. Strips are all of a hard grade, 11-ith 
straight grain. Sheet nroocl is of a niecliiim grade. 

If tlie biiilder n.islies hass or piiie iiiay be suhstituted for balsa. 
Because of its simple coilstruction, the Sivoose is very easy to build 
froni hardwood, ancl witli a few niiiior clianges in thc plans it can be 
built by even tliose \vitli little or no experience in this type of con- 
striicl ioii. 





Frarnework of the Swoose. Note the simple box franicwork of the fuselage and 
details of the nose. Thoiigh admittedly not a rccord-breaker, the Swoose givcs good, 
long flights and will provide any builder with hours of enjoymcnt. Unlikc ii-iany 

fuselage models, it is quite easy to build. 

Fuselage 

Before actual buildiilg of thc fusclagc is bcgun, it \\ ill bc iicccssary 
to crllarge the to full s i ~ e  7" 1111 10'' border measiire~iieiit antl 
join thc t\\o drau iligs of thc sidc \sie\\.. It \\ ill not bc ilcccssary to do 
this \\.ith thc top \fit\\,, siilcc incasureillci~ts niay bc takcii directly 
from thc ciilarged plans. 

After a shcet of nased ]>aper lias beeil placcd o\.cr thc ~vorking 
dra\\iilg, begiil constriiction \\.ork by pinning tlic 3/32''-square 
longerons i i i  placc. Rc surc the loi~gerons are of the same hqrdiiess, 
other\\ ise tlie fiisclagc n.ill piill out of lii~c. If this docs liappeii, 11o~\~- 



ever, the structure nlay be straightened by holding it over a jet of 
steanl for a fc\\. minutcs aiid beiicling gciitly. After tlie longeroils havc 
beeil piniied do\vn, add tlie cross-meiiibers, takiiig care to cut t l ~ e  eiids 
to fit the longeroii curvature. If pinc or basswood is uscd, tlic 3/32'' 
stock sliould bc saiided to a smaller size. By buildiilg olle fuselage side 
oll top of tlie otlier, botli sidcs caii bc inadc nlore accurately. 

T\vo picces of 3/32" strip are cut as sho\ilil 011 tlie plans aiid ce- 
meiited in place, olle oil each sidc of tlie fuselagc, to form the outliile 
of the wiilg slot. Wlicn tlic cement lias hardeiled, lift the two sides 
froili tlie plan. Tlicy will probably stick togetlier, but they cail be 
separated by slippii~g a razor blade bctween tlieni at the cross-member 
poiil ts. 

Cut cross-n~enibers to tlie length shou~n oll the top-vieu dranring 
and cement them in tlieir proper positions, starting at tlie widest point 
of the fiiselage aiid workiiig toiirard tlie rear. b'lien tliis has been 
finished, add the cross-niembers to the forward part of tlie fuselage. 

Before going aiiy furtlier, check to see if tlie fuselage is iii line, 
looking froin botli the top and froiit. If it is, proceed by cuttiiig the 
formers froni 1/16" sheet balsa or 1/32" or 1/20" hard\i~ood; cement 
these in an upriglit position, inaking Sure tlicy are perpendicular to 
the thrust line. After the formers have been cemented in place, add 
tlie i/i6"-square stringers, noting tliat on tlie bottoiii tlicy extend 
back evcn with tlie trailing edge of tlie wing. 

Fill in tlie nose witli 1/16" slicet. Tliis niay at first seem difficult, 
but if a very careful job is done in sliapiiig tlie pieces they ~ v i l l  fit iieatly 
and give a trim appearance. Thei-i cut tlie nose block roughly to shape 
and cenlent it liglitly to tlie front of tlie fuselage. After the cement 
lias dried, saiid tlie block so that it blends snioothly 1iitl-i tlie fuselage 
lines. It will later be ren-ioved froni tlie fuselage, so do iiot usc too 
niuch ccnicnt for this initial operation. 
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the leading and trailing edges in position. Form the ribs from 1/16'' 
slieet balsa or 1/30" pine and cenieiit tliem in place; then add the 
tips. The  top spar may be formed froni either 1/16'' by 1/8" balsa or 
i ji6"-sqiiare pine. After cementing the Spar to each rib, allow the 
adhesive to harden thoroughly before removing tlie structure from the 
plans. Then, when the wing panel has been lifted from the drawing, 
add the bottom spar. 

Join the right and left wing panels, with a 2" diliedral at each tip. 
Sand the entire wing thoroughly, tapering the tips and trailing edge 
and rounding off the front spar. 

Since only half of the stabilizer is shown, it will be necessary to 
inake a drawing for the right half. The  easiest way to do this is to 
place a sheet of carbon Paper, face up, under tlie enlarged plan, and 
trace the stabilizer outline with a pencil. Then the entire Segment 
will be reproduced on the back of the plan, in reverse. Build tlie left 
half of the stabilizer, leaviiig the rib extciided, and then reverse your 
plan for tlie right half. Thus the stabilizer niay be niade in olle piece 
with very little difficulty. 

Begin building the stabilizer by pinning and cementiilg the 1/16"- 
Square and 1/16" sheet outlines in place. The  sanie stock sizes of 
pine may be used if the wood is saiided beforehand to remove excess 
weight. Pin the spar in position and add the cross-members. After the 
striicture has dried, remove it from the plaii and cemeiit the 1,/16"- 
sqiiarc cap Strips iil placc. l'lic!. arc of a \,er) soft stock aiid arc sandcd 
to a streamlined shape. Iiistead of balsa, 1/32'' by 1/16" pinc may be 
used. Thc  riidder is constructcd in the sanic manncr as thc stabilizer. 

Assembly and Flying 

Beforc covering is begun, reinotrc excess cement from all joints aiid 
be Sure there are no rough spots that might come in contact with the 
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Top view of the model. Clean in evcry detail and strong enough to withstand all 
but the most severe crack-ups, the Swoose is a good model for beginners, or for 
intermediate or experienced builders. When making the fuselage, remember to 

check the alignment constaiitly. 

tissue, as these small items can ruin the appearance of an otherwise 
nearly perfect model. Add the cellopliane \vindows before the moclel 
is coverecl. 

The flat portions of the fiiselage are co\rerecl nith a single sheet; 
nrlien covering tlie cur\fecl areas usc a separate piece of tissue between 
each fornier, ~ilorking from the rear toniard the front. Tlie nose block 
may be covered uith several small, carefully lapped pieces of tissue, 
aild the tail is cocered with a sii-igle sheet for eacli siirface. The  grain 
of the tissue sliould almvays run Iength\vise. 

Dope tlie tissue to the trailing eclge of tlic nriiig and ~vork toward 
I 

the leading edge. Several sniall pieces will be neecled to Cover the 







Cement washers to the froiit aiid rear of the nose block, building 
iii a few degrees of doujii and right tlirust. Cenient a piece of %" 
sheet to the rear of the nose block to keep it from slippiiig, aild cut a 
iiotcli in the tips to hold tlie rubber band wliich keeps the nose block 
in place. Use any simple free-wlieeling device, and the glide will be 
improved grea tly. 

Cement tlie stabilizer securely to tlie top of tlie fiiselage in tlie posi- 
tion showii on tlie plans. Attach the rudder and sub-rudder, making 
sure that they are exactly vertical aiid that the stabilizer is horizontal. 
Cement the celluloicl windshield in place. Slip the wing into its slot 
and fasten it with a rubber band under tlie fuselage and over tlie wing. 
Add the rubber nlotor of sis or eight straiids of 3/16'' flat rubber. 
Ilold the inotor in place at tlie rear witli a small baniboo peg through 
the fiiselage. The ~ ~ l i e e l s  are built froni three layers of %" laminated 
sheet balsa or from tliree layers of 1/16" sheet pine. Cement wasliers 
to each siclc to pre\~eiit wearing. Slip the wheels on axles and keep 
theiii froiii coming off by placiiig a drop of solcler oii the tips of the 
axles. 

Take your Swoose to tlie flying fielcl and try soine shoulder-high 
glides. Adjiistments may be niade by warping or adding weight until 
you are satisfied with the glide. If it stalls, cemeilt a small piece of 
weight inside the nose. If it dives, first check tlie angle of incidence, 
and if this is correct add \j.eight to the tail. Once a smooth glide lias 
been obtainecl, do not use any extra \veight for pouyered flights. 



CHAPTER I V  

PESCO SPECIAL 

B ElioRE T H E  PREsEn'T war 
one of the outstanding raccrs was the Pcsco Special, in cllhich Roscoe 
Turner I\~OII the 1938 Thoinpson Trophy Race. Averaging more than 
283 miles per hour oller the grueling 399-mile Course, this ship was 
probably the fastest racer built iilcorporatii-ig a cantilever landiilg 
gear. Originally designed ancl constriicted by Rlatty Laird, of Laird 
raciilg-plane fame, it was further worked on by Turner himself, with 
ei~gineering assistailce from Raoul I-Ioffman. This was one case ii-i 

m~hich too many cooks clid not spoil thc broth. Of several moclels 
coilstructed by the modcl designer, Paul Plecan, all showed plenty of 
speed, yet cach nras also a fine duration ship. Since the tail surfaces 
arc amplc and tlic fusclage so Ioilg, this nlodel stailds a good chailce 
iil coiltests \!-hcn pittcd agaiilst tlic c\.cr-popular light plailc flying 
scalc models. 

A folding propellcr ~ . o u l d  impro~~e tlie glicle ancl, at the risk of 
losirig a fcw points on appearance, an unclcr-cambered airfoil could 
bc emplo!led. This is iinnccessar!?, of coursc, if yoii just ~ ~ a n t  a de- 
pciidable 8)-cr for ~ o i i r  0n.n pleasiirc. 

?'hc plans 011 thc follo\\ing pagcs may bc broiight to fiill size by 
cillargii~g tlicni to 7'' b!. io", bordcr nlcasurcnleiit. 

Fuselage 

?'lie first part nccessary is the bottom keel strip, which is cut 
froin i , ' i G f f  slicct, as slio\!,n on tlie plaris. TMXO of each indicated 
fornier, F-i to F-10, are cut next. The fuselage may be constructed 
riliicli more easily if the "half-shcl17' type of building is einployed. This 







nieans assei-i-ibliiig tlie left half of the fuselage directly on the plan 
aiid then adding the other half. Stringers of 1/16" square are 
added to the fuselage according to the spaciiig indicated by fornier 
F-6 plans. L 

Allow tlie ceiiieiit sufficieiit tiine to harden before removiilg the 
half-sliell fuselage from the drawiilg, as hurryiiig at this stage will 
iiivite warpiiig. Oilce the fuselage has beeii assembled, attach the 
landiiig gear before covering the frame with tissue. Tlie tail hook 
should also be secured to F-9 before coveriilg. 

The  cowling is the next iteni to be made. The  froiit portion is 
laminated froni several riiigs of slieet balsa and thcn rouiicled off. 
Spacers keep F-i and F-2 apart while 1/16" sheet is wrapped around 
them for covering. Tlie nose plug should be reinovable to allow wind- 
ing the niotor with a hooked hand drill. It should be stressed that 
when adding the lailding gear, care must be exercised to keep botli 
legs true so that the wheels will "track" evenly on take-offs. 

Wing and Tail 

The  wing is constructed in tlie usual manner, by sliding the ribs 
onto the spars. IYatch for warpage wheil spraying the wing panels 
and, if necessary, weigh them down with a few tools to keep perfect 
aligiinient. Do this when doping tlie tail surfaces also. 

Two or three coats of silver dope are iiecessary, and when the 
appearance is satisfactory ancl alignment has been checked, slip the 
wings into position and cement securely. 

The  tail surfaces are so simple that little explanation is needed. 
Use 1/16" stock, aiid when all trailing edges have been sai-ided, 
covering may be started. 

A small air scoop is carved from soft stock and mounted on top 
of the fuselage directly beliind the cowling. Eiigine cylinders may be 
added for a realistic effect, but they can be dispensed with in a 
flying model. Paint the cowling interior (and cylinders, if used) a 
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du11 black. Tlie nose block, representing the crankcase of the proto- 
type, should be gray. Tlien add numerals to both sides of the fuselage, 
the top of the left wing, and the bottom of tlie right wing tip. The  
nunierals should be "29" in each instance, in the style shown on the 
plans. Iiik or black dope may be used, and for a neat job a draftsmaii's 
ruling pen should be employed. 

Tlie propeller is carved from a blank the size indicated in the 
drawings. A free-wheeling attachment is necessary, unless a folding 
prop is used. And if a "folder" is used, have the blades fold directly 
against tlie sides of the cowling. 

Flying 
Because of the model's stability, flying should be easy. First, test- 

glide the ship from a height of three to four feet. With the incidence 
correct, and balanced at the Y3 chord position, the model should 
glide fairly weil from tlie Start. If it Stalls, a little weight placed inside 
the fuselage will do the trick. Aiid if the model dives, a bit of weight 
can be fasteiied near tlie tail. If the stalliilg or diving is very bad, 
raising the leading edge of the elevator will cure the Stall, and lower- 
ing it will even out the dive. If the model glides well, give the pro- 
peller a few turns and try a take-off. Iiicrease tlie nuniber of turns 
until the model finally gets off. 

Watch the model for eccentric behavior on each successive flight. 
A little down-thrust will cure stalliiig tendencies. If the model circles 
too tightly, check the incidence of each wing panel to make Sure 
both are equal. Off-setting the propeller will control the circling 
under power, but warping the rudder will be iiecessary if a circling 
glide is desired. When you become familiar with the model's tend- 
encies, adjust it for straight flight, just to See how fast it will go. 
More rubber can be used for high-speed flights, provided a narrow- 
bladed prop of higher pitch is used in conjunction with the extra 
rubber. 
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CHAPTER V 

L ILLIPUTIAN LIBERATORS 

kIEN HOWARD AND Harvey W '  
Doering, 2 3-year-old twins operating a unique production departnieilt 
in an Anierican aircraft plant, were twelve years old they were nick- 
riamed "the il'right brothers" by their schoolmates because of their 
skill in building flying and non-flying airplane models. The nickname 
stuck as they progressed through high school, wirining one model- 
plane contest after aiiother. Once they finished in a tie for first place, 
tlie prize being free flight instruction, and the contest heads were 
compelled to give thein both flying training. 

0 1 1  another occasion they made a plane that had a complete 
lighting system, engines, and upholstered seats in which there were 
2 2  separate pieces of fabric. They speilt thirteen months building the 
model and sold it for $ i ,500. 

Their hobby resulted in the twins being engaged by Consolidated 
Viiltee Aircraft Corpora tion's Field Division plant a t Downey, Cali- 
fornia, to build Coi~solidated Vultee models in a department of their 
own in tlie huge factory. 

Thus it is that, three years after leaving their fatlier's machine 
sliop for the aircraft plant, the twins have eight helpers on the world's 
most iinusual assembly line, on which they turn out miniature Con- 

iss1 



Harvey and Howard Docring, the 23-year-old twins who are in chargc of Con- 
solidated Vultee's model airplane departmcnt. Thc replicas they and thcir helpers 
turn out on their ininiature assembly lines are exact in evcry detail. Harvcy and 

Howard are shown here working on scale propcllcrs for their iiiodcls. - 

solidated Vultee Valiant trainers, Liberator bombers, Catalina and 
Coronado flying boats, and Reliant and Sentinel trainer and liaison 
planes. 

These models are sent to Vultee representatives everywhere in the 
world for demoiistration purposes, and to Army and Navy flying 
instructors wlio find them extremely useful in prefllight Courses to 
demonstrate theory of flight. The  models are all-n-ietal, like their 
big counterparts. 
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Bot ton~ half of thc meld into which thc meta1 for thc propeller wab poiircd. Aftcr 
being rernoved frorn thc rnold, thc propcllcr is filcd to reinove excess rnctal and 
othcr irrcgularitics. Like other tools in thc workshop, thc l~ropeller niold was also 

rnadc by the Docrings. 

"Ye llIodel Shoppc-Restrictcd i2rca" rcads thc sign o\.er the door 

of the t\\.ins' departiiieiit, and tlie "restricted area" is iiot just for a 
laugli, becaiise a visitor \vould Iiave no inore chaiicc of eiltering the 
t\\.iiis' \\.orkrooni thaii Iic \i-ould of gctting iilsidc thc giiarded experi- 

iiieiital eilgiiieeriiig depar t~i ie~i t  of \'~iltec Field Di\:ision, \+.Iierc new 

~ i i i l i t a r ~  plaiie designs are beiiig built. 
r 7 1 lie t\\.iiis get tlieir iriaterials froni scrap hcaps. l'in cans, motion- 

pictiire f i l i i i  coiitaiiiers, and scraps of slicct iron p r o ~ k l e  the mctal. 





Onc of thc uniqlie tools built by thc Doerings is this iniiiiaturc rollcr, wliicli is iiscd 
to shape flat nietal into curvcs. By turning the bolts on eithcr sidc of tlic rollcr, 
different diameter curves may be made. More than 500 detailcd modcls havc bccn 

turned out by the departmciit. 

Fron1 clesigniiig board to final assembly, the procluction of the little 
plancs is patterned after that of tlieir big sisters, the models ranging 
in size from 2Y2 inches to 4 feet in Span. hlore than 500 rnodels 
1ia1.e been turnecl out by the Docriiigs since they began werk at 
Vultee Field Division. 

In produciiig nloclel plancs, the twins first translate blueprints 
into a scale mock-up, a moclel whittlecl from wood. Tben plaster 
casts are macle of the parts of tlie ship whicli can be formed, such as 
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\\'licn fiisclagc parts Iiavc l>ccii complctcd, tlicy arc soldcrcd togcthcr on tlie 
fiisclagc block. Aiiiplc soldcr is iiscd in ordcr to scciirc good joiiits, but latcr tlie 
esccss is filed off so tliat a coiiiplctcly sniootli siirface is presciitcd. \Viiig pancls 

are niadc iii likc iiiaiiiicr. 

fuselagc Iial\.cs. From tlicse, kirksite clies are pourecl, just as are the 
l ~ i g  dics uscd to niakc bulkheads or fornied parts for full-size sliips. 

'l'iny teiiiplatcs, exact cvcn to allon.ances for tlie stretching of tlie 
nictal i i i  its bciiding, pro\ricle patteriis for cutting tlie parts froin 
flattei~ccl tiil cans. I t  is just like a big plant's slieet-meta1 departin'ent, 
csccpt tlia t tiii siiips aiicl paper cutters arc.usec1 insteacl of circle sliears 
aiid piiiicli prcsscs. 

Iiito tlie miniature clics go tlie little blanks, to be squeezcd into 





The model shop at Consolidated Vultee has grown from a two-inan proposition to 
a ten-man department. Two of the eight helpers are shown here; one is working on 
B-24 Liberator models, and the other is putting final touches on Vengeance dive- 

bombers with Royal Air Force markings. 

sliape betwecn tlie iaws of a vise. Sonie of tlie n-iodel-plane parts 
caiinot be forniecl tliat nfay, lion~e\.er, so tlie dies are boltccl into 
place oll clrop liaiiinicrs ancl uiiits are made on tlie sanie inacliincs tliat 
turn out parts for the big sliips. Otlier parts are fori-i-iecl by hand on 
n.ooc1 blocks. 

Aftcr tlie forn-iing con-ies the trimmii-ig, aiid tlien tlie assenibly. 
Solclcrcd together piece by piece, tlie planes take sliape. \!ring panels 
are adcled to the fuselage, tail sections are assembled and put in 
place, and engines, propellcrs, wing tips, and ailerons are adcled. 
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All. 

Artists' airbrushes are used to paint the models, which are faithful to the real air- 
plane even to such details as exact layout and shade of camouflage. A helper is 

here doing a final touch-up on a conipletely assembled and finished model. 

Finally tlie joints are smootlied with file and eInery Paper, ancl the 
moclcls are paintccl \\.itli si-iiall spray guns. The models are so cletailed, 
in fact, that c\en ripcorcl rings are clisceriiible 011 paracliutes accom- 
panying eacli sliip. 

Tlie L3ocring t\\,iiis Iiave been classifiecl i A  in the clraft. Bot11 
triecl for tlie Air Forces ancl failccl, since they u9ere too sliort for the 
rcquircnieiits. Eacli lias tcn hoiirs of solo fliglit to his credit. They 
plail to biiild full-size plancs of thcir own clesigil at some future 
da te. 



CHAPTER V I  

MARTIN B-26 MARAUDER 

standing medium boii-ibers of tliis war is the hlartin B-26 hlarauder. 
Super-streainlined, the B-26 slices through the air at better than 
350 miles per liour and is one of the fastest bonlbers in serv- 
ice iaitli any nation. Needless to sah plenty of power is required, 
and under Iicr sleek conrlings roars a total of 3,703 horse ponrer-inore 
than has ever before been packed into a ship of the hlarauder's size. 
But in their quest for speed, h4artin engiileers did not overlook other 
iinportant factors. A substa~itial bomb load and range go along with 
plenty of dcfei1sii.e poM,er in the form of large-caliber machine guns 
placecl ad~~antageousl~.  Reports from active war zones indicate that 
these winged hlarauders can maul and batter their ivay through 
jirtually any nunlber of opposing interceptor fighters. 

No\lcl in dcsign, the B-26 introdiiced many ilecv ideas i11 tlie 
mediuni-bomber class, iiiost outstanding of wliich are tlie twin-gun 
turret, tail-gun position, and four-bladed "cuffed propellers" of 1 3  
feet 6 inch dianleter. The large props are necessary to absorb the 
high power of'the engiiies and provide adequate blade area at high 
altitudes, where tlie air is tliin. 

Siiice tliis is a solid nioclel, jrou can save !Jour ver!. scarce supply 



of balsa for flying jobs. Sugar pine is easjr to obtaiii, and there are 
al~rays enough fruit crates from whicli tlie eiiterprisiilg niodeler cai-i 
gather material. 

Our moclel B-26 Alaracider was designed by Paul Plecaii, that 
extremely popular and versatile niodel eiigineer \vho has preseiited 
so niaiijf fine inodcls of all types to the buildiiig niarket. 

Fuselage 
Start by chuosiiig a block of ample size for the fuselage, depeiiding, 

of coursc, oii tlie size niodel you conteniplate. After tracing tlie side 
view onto tlie block, by using carbon Paper, cut the outliiie to shape 
witli a jig sajv. 1Jsiiig tlie Same systeni, trim tlie top outline shape. 
It is suggested that tlie wing opcning be cut in tlie fuselage before 
actual car\riilg is started. If done oii an eiigine-driven iig saw, the 
openiiig can be cut accurately to eilsure a true line-up later wlien 
tlie model is assenibled. In aiiy case, be Sure to get tlie proper con- 
tours of tliis opening, so that the wiiig will fit siiugly. If you wisli, you 
caii make a sct of templates to assist in carving tlie cross-section of 
tlie fuselage niore accurately. 

Tlie fuselage is nearly round iii cross-section, so take care in sai-id- 
iiig so tl-iat tlie fiiiished product is smooth aiid docs not contain 
huinps or l i o l l o~~s  n,liich will become more noticeable when the 
niodel is painted. And since it is quite clifficult to make a celluloid 
turret uiiless you liave a lathe aiid a block of tlie extreniely scarce 
celluloid, you can get by witli a sniooth urood turret paiiited white 
and finislied off witli gloss Solution until it glistens like tlie original 
Plexiglas. 

Wing and Tail 
Tlie wiiig is simple to make, as it need only be cut to outliiie and 

tlieii saiided to sliape; the cross-sectioiis for saiiding are sliowii on 
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the plans. Again you will have to exercise care, as the joint between 
the wing and fuselage should be very ileat. If you should err a bit 
here and there, a little Plastic Wood will fill in where necessary 
after the wing has beeil attached to tht: fuselage. 

T h e  tail surfaces are easy to make iilasmuch as they are plaiil iil  

shape. After tracing the outlines onto wood of tlie necessary thick- 
ness, Sand to a streamliiied cross-section. Note that when the stabilizer 
is cernented in place each tip should be propped up sliglitly to obtaiil 
the necessary degree of dihedral. As the cement dries, check the 
line-up to See if the slirinking cement has pulled tlie tail surfaces 
out of alignment. 

Assembly and Painting 
The cowlings are the next parts to roll off your productiori line. Coil- 

struction is similar to that of the fuselage, but a little more difficult 
aild tricky as the parts are smaller aild of irregular cross-section. 
Although tlie cross-sections would ordinarily be round, the air scoop 
on the bottoin and tlie two 011 the top change the appearance so that 
the tops of the cowlings are nearly flat and the bottonls roui-ided 
to a slight bulge. Cementing of the nacelles will have to be done 
carefully as there are several tliings to watch out for. 

First, be Sure that both nacelles poiilt directly forward ~ ~ i t h o u t  
< <  

aoy toe-in" or "toe-out." This can be checked by looking at  the 
model from directly above or below. Next, watch for the up-tlirust 
or down-thrust, as 60th nacelles should point forward with possibly a 
little up-thrust to the center lii-ie of the fuselage. 

The  rest of the construction depei~ds largely on ~illiether you in- 
teild hanging the model up to simulate flight or whether you &ant 
to set it on a base. If the inodel is to be suspended with fine wires 
or thread, leave off the landing gear arid use celluloid discs i11 front 
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POS1T10N 0.F 
L E T T E R I N O  ON 
UNDERSIDE OF 

POWER- DRIVEN MULTI - GUN 
REAR T U R R E T  SHOWN IN 
RETRACTED POSITION 

CO L 0  R 

P L A N S  BY PAUL PLEGAN 



of the nacelles to simulate revolving propellers. However, if you are 
olle of those modelers constantly seeking detail, include your four- 
bladed props, landing gear Cover doors, machine guns, radio aerial, 
and so On. 

A few hints on finishing are also in order. All poitions that are 
glass-covered on the original aircraft are painted white. Finished off 
with a gloss solution, they should be made to glisten and gleam before 
you can consider them finished. Then they should be put aside while 
the model itself is being colored. 

If you do not have a spray outfit of some sort among your tools 
try to borrow one, as sprayiilg is the best way to get the colors to 
blend gradually from the olive-drab topsides to the light blue neces- 
sary for the undersurface of the model. Be Sure that the paint has 
been thinned sufficiently before spraying, as a thick mixture will 11ot 
come out ii-i a fine, misty spray. 

If you have used hardwood in constructing the model the appear- 
ance will be smooth without too much effort on your part, but if 
balsa has been used be Sure to use a wood filler to hide the pores. 

The orily items remaining on the production schedule are insignia 
and lettering. Decal insignia, now readily available at the larger hobby 
shops, will simplify this phase of decoration. Merely soak in water and 
slip them on the model at the correct positions. ~ e t t e r i n ~  is done 
bcst with peil aild iilk, biit it may be i-iecessary to rub a little talcum 
pon.dcr 011 thc surface before thc iilk will stay put where you want it. 

All control areas can be simulated by scribing them with a knife 
or other sharp object. They can also be indicated very neatly if you are 
adept at  haridling a ruling pen and triangle. And after you have re- 
moved the masking tape from your model, you should have some- 
thing to display with understandable pride. 



CHAPTER V I I  

AMERICAN JUNIOR FIREBALL 

J 5 1  \\%LKI:R, O F  FORT- 
land, Orcgon, desigiied a reniaikable niodel airplaiic in the American 
Junior Fireball. An eiitirely new type of plane in both dcsign aiid 
c o ~ ~ s t r u c t i o ~ ~ ,  its U-coiltrol systeni of operation is as far removed 
from usual model-airplane flying as an obsolete tnrin piisher is from a 
Wakefield winner. A slight turn of the ulrist makes the Fireball 
clinib, power dive, heclge liop, or loop. \Vith U-control, a model 
builder can fiy anywhere at aily time-daylight or dusk, windy 
u,eather or calm-for he is the actual pilot. Instead of leaviilg the 
model to the u,hims of thermals and wind currents, the builder can 
stand in one spot and make the Fircball obey virtually his every 
wisli. hloreover, the ship can fiy at speecls of from fifty to ninety 
miles per hour-and with a model that's really stepping! 

Because the Fireball is a specialized type of model airplane, it is 
necessary to utilize the detailed kit and follow a spccial co~-istruction 
procedure in building. Therefore it ~zould be at best a difficult task to 
build the plane froin only ~vorking draniilgs as they could be presented 
liere. This chapter, instead of actually giving plans for the model,,is 
for the express purpose of familiarizing the reader nith the ship. The  
dra~iings on the follonring pages u-erc prepared by the American 
Junior Aircraft Company for inclusion in the Fireball kit, and they are 
reproduced here by spccial permission. 
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In the complete Fireball kit all con- 
struction units are ready-made. 
This photograph shows a rib being 
cemented to one of the wing pan- 
els. Made completely of balsa, the 
model is able to attain speeds of 

up to 90 m.p.h. 

After all ribs have been ccmented 
to one side of the wing, the top 
of the wing is added. The last step 
in finishing the panel is fastening 
down the leading edges. This pic- 
ture illustrates the correct proce- 

dure in addiiig cement. 

The two wing panels are joined a t  
the butt ribs, with the tips at  the 
correct dihedral angle. After the 
joint has dried, a strip of crinolinc 
is cemented across the wing to 

make for greater strength. 
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CHAPTER V I I I  

AMBULANCE 

O N E  OF T H E  LATEST addi- 
tions to our Navy's air force is the Piper ambulante plane, officially 
designated as the HE-1. Tliis plane was developed from the com- 
mercial Super Cruiser, aiid it is powered by a ioo-h.p. Lycorning en- 
gine. The only visible difference between the naval and the civil 
versions is the liinged section of tlie fuselage on tlie Navy ship, which 
is removable to admit a stretcher. 011  later models the cowlii-ig ap- 
pears to have been altered slightly. However, this model, wliich was 
prepared by Alfred Cleave from factory plans, is a replica of the 
original. If the builder wishes to use the newer cowling, it is a rela- 
tively simple matter to make the rninor necessary changes by consult- 
ing photographs. 

Tlie model presented here is of simple, orthodox construction, and 
if a good job is done in building it will give its ou.i-ier rnai-iy hours 
of realistic flying pleasure. Before construction' is begun, trace the 
plans on a single sheet of Paper, after scaling-up or having photostats 
made, joining the sections at the proper places. After selecting the 
wood to be used in building, you are ready to start work on your 
replica Piper HE-1. 
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Fuselage 

Pin the 3/32"-square longeroils in place on the sicle-vie~v plan and 
cement tlie cross-niellibers in thcir positions. Tlie basic franicu,ork 
is sliown by tlie shading of tlic meiiibcrs oii the plans. It is better to 
construct both sides at one time, one on topuf the other, to ensure 
the sides being identical. Be Sure to place a slicet of ~sased paper over 
the plans to prevent the cemeiit from aclhering to them. After the 
cement has dried tliorouglily, lift tlic fiiselage siclcs froin tlic plaiis 
aild separate them. 

Cut  the cross-members from the top view to the proper length 
and assemble the two sides, starting at the widest point and ~ ~ o r k i n g  
toward the front ancl rear. Check constantl!. to be siirc that the 
structure is alignecl corrcctl!,. 'l'hcn cut thc foriiicrs to shapc froni 
1/16" sheet and cemeilt them in position. After the joints are firm, 
cenient tlie i/i6"-squarc stringers iii place, takiiig care to inake i-ieat 
joints where tliey touch the foriiiers. 

The  top striiiger, froni the wing back, is cut froni 1/16" sheet but 
is not ceniented in place uiltil the uing center section has been built. 
This is constructed directly atop the fuselage, and since the wing 
alignment depends on it, be Sure it is correct. 

Note that the leading edge of the center section coiisists of a piece 
of 1/16" sheet, the position of which is sho\\zn by dotted lines on the 
side view of the center section. Also note that 011 the bottom the 
center stringer extends back only as far as section C-C, aiid that the 
two other stringers extend the length of the fuselage. Cut  sections of 
very soft 1/16" sheet to shape and cement them in their places to 
form the "fill-in" of tiic nosc, bcing carcfiil tliat the pieces fit iieatly. 

Ncxt, car\c tlic iiosc 11lock roiiglil! to sliapc aiicl ceniciit it liglitly 
in place. \i'iieii tlie ccniciit Iias dricd sufficicntly, cut and sand tlie 
entire nose to a smcoth co~itour, usiiig various grades of saiidpaper. 
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The Piper HE-i is the only plane of its type in the Navy. When adequate care 
cannot be given on the spot to an injured man, he is transported to a base 
hospital in a machine of this sort. Notc how thc Stokes stretcher is carried under 
the turtle deck of the ship. The HE-i model built by Alfred Cleave was a de- 

pendable flyer, and with care any modeler can make one just as good. 











Beiid .o+oU iiiusic \\.ire to tlie sliapc s l l o ~ \ ~ i  for the laiiding-gcar struts 
and cemciit in positioii oii the fuselage. Bind tlie legs to the longerons 
c\;ith light thread for additional strength, and bind arid cement the 
tn.0 struts together at tlie bottoni. 7'hc i/i6"-sheet fairiiig of tlie 
landing gear is not added until after tlic fusclage has beeii covered. 

Wing and Tail 

Before starting tlie actual construction of the wirig, cut the ribs 
to sliape froin 1/16" sheet, inakiiig fourtcen rcgular ribs, tnlo tip 
ribs, aiid three center-sectioii ribs. Pin the ribs together and sand uiitil 
tliey are uniform in shape. Cut thc notclies for the spars and reniove 
tlie three ribs to be used for the center section. Tlien sand the re- 
maiiiing ribs as shown 011 tlie plans. 

Pi11 the %" by %" strip trailing edge in place on the plan. Cement 
tlie rear of tlie ribs to it, using pins to liolcl tlieni in place. Add the 
leading edgc of '/G" by 3/16" to the front of the ribs, aiid then. 
cement the %"-sheet tips in placc. Cement tlie top spars in their 
notclies, lift tlie wing structure n~lieii dry, and add tlie bottoiii spars. 
Sand the entire structure thoroughly and lay it aside until you are 
ready to cover it. 

Since only half tlie stabilizer is shon~ii oii tlie plans, it will be neces- 
sary to inake a traciiig to get the conipletc structure. Cut tlie outliiles 
of bot11 rudder and stabilizer froni 1/16" sheet and pin them in place 
on the plan. Use i/i6"-square woocl for the rest of tlie fraine, taking 
care to keep it as light as possible. Ccineiit thc 1/32" by 1/16" cap 
strips in place and sand them to an airfoil section. 

Assembly and Flying 

Sand all parts tliorouglily before assembly, and then cover with 
colored tissue with the graiii ruiining lengtliwise. At this poirit cenient 
tlie landing gear fairing to the wire parts. Do not cemeiit it to tlie 
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fuselage, as that will not allow it to spring freely and absorb the shocks 
of landing. 

The wheels are made from four laminations of %" sheet with 34" 
washers cemented to each side to prevent the axles from wearing the 
wood. Carve the tail wheel from scrap balsa and bend a piece of .ozo" 

wire to the shape shown and cement it to the fuselage. 
All details such as ailerons, rudder, elevators, and ambulance door 

are put in by using thin strips of black tissue doped to the positioils 
shown on the plans. Details of the front of the cowling are also nlade 
from black tissue, and the outlines of the windows are made from 
scrap tissue doped over the cellophane. hlake two wing struts and 
sand and color them before cementing in place. 

Cut  the nose block from the fuselage and cement to it the 34" 
washers and a piece of 3/16" sheet to keep it from slipping. If the 
nose block fits snugly, it will not be necessary to have any other meails 
of holding it in place during flight. Bend the propeller shaft from 
.o40" wire and assemble the nose unit. 

The rubber motor of six or eight strands of 3/16" flat rubber is 
held at the rear by a bamboo pin inserted through the sheets on the 
fuselage. It is kept from wearing the wood by aluminum panels (as 
shown on the plans in dotted lines) , which are inserted and cemented 
prior to covering. 

For the first flights, select a patch of deep grass and try some 
shoulder-high glides. Make adjustments to obtain a smooth, flat glide. 
The original model needed a little weight in the nose, so don't thiilk 
something is wrong if you find it necessary to add weight to your ship. 

The model should climb and glide in geritle right-hand turns. 
When you are satisfied with its performance under low power, wind 
it up to maximum capacity, launch it into the wind-and you will 
be rewarded for your time and effort by a good flight. 
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C H A P T E R  I X  

CURTISS P-40F W A R H A W K  

T HE CURTISS P-40 is the most 
widely known fighter in Service with the Army Air Forces. It has Seen 
action on every front and is being used by the Chinese, Australians, 
Russians, and British, as weil as the AAF. The ship made its greatest 
name in tlie hancls of the Flying Tigers-the Aniericaii Volunteer 
Group-operating from China ancl Burma under tlie commancl of 
General Claire L. Cheniiault. In tlie liancls of tlie Tigers, tlie P-40 
destroyed 272 enemy niachincs in the air ancl 225  on tlie grouncl- 
a total of 497 Nipponesc aircraft, at a cost to tlic AVG of but tliirtecn 
pilots killed in action. 

The  machine, according to Curtiss-IVright, hui-ig up a similar 
record in North Africa against the Nazis and Italians. For in that 
theater of action, it is said, twrelve enem!. planes were shot doun for 
every P-40 lost in action. 

General H. 11. Ariiolcl, Cliief of tlic Arm) Air Forccs, in a spcccli at 
\\Test Point some time ago said that the P-40 was rated as no better 
than an advanced trainer, and tliat reniark started a long line of dis- 
cussion as to the assets and drawbacks of the plane. Mowever, it should 
be pointed out that General Arnold was referring to the origil-ial rnodel 
of the plane ancl not thc P-4oF or later versions. 
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The Warhawk is fundamentally similar to earlier models in the 
series, with the exception of the Substitution of the Rolls-Royce 
Merlin engine for the former Allison. The ship has a listed top speed 
of 380 m.p.h. (the British place it at  only 355 m.p.h. at 20,000 
feet) and a fireponler increase of 450 per cei-it over the origii-ial P-40; 
arinament consists of six .so-caliber machine guns set in the wii-ig 
leading edge. 

111 addition to fighting, tl-ie P-40 has also recently nron much fame 
as a bomber, affect i~natel~ called "B7'-40. IYarhawk squadrons operat- 
ing from Ii-idia, harassing the Japs in Burma, have had their ships fitted 
to carry i,ooo-pound bombs instad of 500-pounders. IVith these 
bombs, they are able to demolish completely ii-istallations which with 
500-pounders would be only damaged. 

Tlie IITarha\vk has a ~ i n g  Span of 47 feet 3'/4 inches, a length of 
ji feet 8 inches, a height of 10 feet 9 incl-ies, a urii-ig area of 236 Square 
feet, an empty \veightwf 3,500 pounds, and a loaded weight of 7,000 
pounds. 

Fuselage 

The body side outline is shou~n on Plate 1, and tl-ie cross-sections 
are on Plate 2. Tl-ie first step, after ei-ilargii-ig the plans to workii-ig 
size, is to trace tl-ie cross-sections onto a sheet of heavy paper or card- 
board; the most durable substai-ice for tliis is the cardboard wl-iich 
comes witli laundered shirts. 

Select a block of suitable size, of balsa or other wood which can be 
easily worked, arid trace tl-ie side \lie\v of the fuselage. Cut  the block 
to sliape ~1itl-i a band or copii-ig sauJ or ki-iife. Tl-iei-i trace the top view 
and proceed in sin-iilar mai-ii-ier. 

After the fuselage l-ias beeil c\.orked roughly to shape, whittle with 
a n-iodel-making ki-iife or other sharp instrument until the cross-section 
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stations are reasonably accurate. \.Vheil carving, ~vork froni tlie front 
of the body to\vard the rear. l'lien, with coarse paper, sand the 
fusclage to accuratc sliape. If you are a discriminatiiig iiiodel builder, 
3-OL~ iiiay cut tlie fusclagc block to niakc,place for a hollou,ed-out cock- 
pit; tl-iis, however, is not recoiiiniended unless tlic builder has liad 
soiiie esperience \\.itli this constructioii proccdure. If it is attempted 
by aii inexperieilced modeler, tlie cliaiices arc that aii other\l.ise good 
replica of the \Varliawk uill bccoiiie oiily a half-finislicd job. After 
tlie coarse sailding, use niecliuni paper to siiiooth clomm the job, and 
tlieii lay tlie fuselage aside until assenibly. 

Wing and Tail 

The wing iiiay be built in oiic of turo ways. It iiiay eitlier be made 
as one unit (iii which case a slit nill liave to be cut througli the 
fuselage to acconiniodate it) ; or it iiiay be niade in t ~ l o  units with 
tlieir roots flusli with tlie fuselage sicles. 'l'he latter is the easier niethod 
of coiistr~iction, aiid if tlie wiiig is ccineiited and filletecl properly it 
will be stroiig enougli for all but tlie iiiost scvere haildliiig. 

Cut  tlie wiiig to plan outliiie, as sho\rii on Plate 2, and carve and 
sand to the correct airfoil, tlie teniplates of wliich are oii Plate 1. 

Finish witli medium sandpaper ailcl place with the fuselage. 
Tlie rudder and elcvators are niaclc iii tlie sanie iiianner as the wing. 

T h e  control liorns are not esseiitial, aiid they are clifficult to make 
because of tlieir small size. 

Details 

Tlie auxiliary fuel taiik is siiiiple to iiiakc. It is carved froiii a solid 
block of ~ . o o d  ancl is round in cross-sectioii (sec front view, Plate 1) . 
Ruiiiiiiage arouiid iii your niiscellaiicous material for a pair of ~vlieels 
of tlie correct size. If these caniiot be fouiicl, wlieels niay be niade 
froiii laiiiiiiatecl sheet or solid block ancl turiiecl do\vii to size. lliake 
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the oleo struts froin do\vels. hlachinc guns niay be made from clowels 
or wood matchsticks. Use thin slieet for tlie propeller blades. 

Assembly and Painting 

Add tlie wiiig paiiels and tail to the fusclage, and set aside to dry. 
Place blocks uiider the tips to give proper dil-iedral, and be surc that 
tlie fuselage is liiied up perfectly. For greatcr strei~gth, small do~vels 
niay bc iiiserted into the wing aiid glued into Iioles drilled in the 
fuselage. 

After tlie joiiits have dried, makc a fillet niaterial froin cement and 
sawdust and pack this in place; commercial products may also be used, 
if the builder wislies. Sii-iall blocks and pieces of sheet n-iay be used 
instead of the cemeiit arid sa\\~dust, but tliis is a slightly niore difficult, 
though better, job. 

Fii~ish off the eiitire n-iodel with fine sandpaper aiicl aclcl tlie aux- 
iliary fuel tank ancl other details, and then you are ready for painting. 
A bettcr surface may be obtained if the moclel is given several coats 
of filler, sandii~g bettileen coats. 

The model may be painted cither spiiiach greeii ancl light brown, 
all 01i1.c drab, or piirple-hliie abo\,c aild crcaiii-bliic below. Color nlay 
bc addcd by paiiitiiig tlic prop spiiiilcr ycllo~. or red. l'lie prop blades 
themselves are sil\ier in front and black bcliiiid. 

iVhe1-i painting, use tliree coa ts of lacqiier aiid saiid ligh tly between 
coats to remove fiizz. The  last coat shoulcl be applied with extreme 
care, aiid if can-iouflagc is used the last coat sliould be done with a 
spray gun. 

Rudder, ailerons, and elevators should be iiidicated by marking 
with India iiik. Be very careful witli tliis lob, for if not dolle properly it 
can spoil the eiltire paint job. Decalconiaiiia are bcst for insigi~ia, and 
these can be purchased vsry reasoiiably arid adcled to the modcl with 
only a minimuin of trouble. 
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CHAPTER X 

MODEL BUILDING 

1 N LAST YEAR'S editioil of 
The Model Plane Annual a chapter was devoted to workbeilch tips, 
aild this material proved so popular that this year we are adding 
others for your use. Aild as suggested previously, on that ilext model 
it would be a good idea to refer agaiil to this cllapter-it inight save 
you not only time and headaches but also money. 

Washer Cutter 

In these days of priorities and scarcities of various meta1 it is 
often difficult to obtain washers at all, much less the exact type you 
need. But this can be easily rectified, and in just a short time you 
can make enough of these tn last until balsa and rubber and engines 
and manufactured washers are again available oll the Open market. 

Select a sheet of discarded meta1 from your scrap pile and iay 
it on a smooth board surface. Then drive an old phonograph needle 
through a bottle cork, so that the point extends to the end of the 
cork but not quite through; cut off the needle or cork, whichever 
is longer, so that the rear of the needle and cork are even. Then, 
by striking the cork a firm but not too hard blow with a hammer, 



clean lioles will .be driven through the meta1 shcct. Spacc the 
holes so that there is sufficient area bet~i~een them for the washer. 

After this First opcration has been accomplished, puncli out 
washers with a paper punch-and you nill have a stock of w~ashers 
that nill last for the duration. It is a good idca to test the metal 
slicet with the puncli before beginning operatioiis, to be sure that 
the metal you Iiave selected is not too thick. 

Conservation of Cement and Dope 

If stored upside down trrlien not in use, cemcnt and dope will not 
evaporate or liardeii to any dcgree. Aftcr stopping tlie bottle or can 
as tiglitly as possible, invert the coiitaiilcr on the slielf and lcave it 
undisturbed until the next use. 

Use of Soda Straws 

The coinnloii straw tlirough nhich you sip sodas or othcr drinks 
has more practical uscs in moclcl-plane iiiaking tliaii is gcnerally 
realized by even old-time builders. It can, for iiistance, be used. as 
undercarriagc struts 011 scale jobs, x~ing spars, struts, machine guns, 
gun trouglis, and rudder posts. 

And the straw may be strcanilined n.it1i but littlc effort. To clo this, 
insert a sinall doucl into tlie stra\ir and hold tiglitly against one 
side. Tlicn merely squcczc fiat the far scction of thc straw. Tliis tiill 
give you a realistic strcanilincd tube that is quitc durable. To make 
it stronger still, tlic trailing edgc iilay be cut and tlicn glued back to- 
getlier again. This will pre~~cnt  tlie straisr from cscr inaking anotlier 
physical cliange iinclcr ordinary circiimstances. 

Preserving Plans 

hlost model builders luve difficulty keeping plans in place and, 
after a day or so auJay from the bench, often find nrorkiiig clrawings 
missing. Sometinics, too, tliey are so carcfully put away for future 
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use that one forgets esactly n k r c  thcy arc hiddcii, aiid a mad hunt 
is conscquen tly nccessary. 

Tlicre is a very siiiiple ciirc for tliis. Siniply procurc a coiiiii~on 
\iriiido\\, sliade ancl haiig it in front of j.our bciicli i i i  t l i ~  con\~cntioi~al 
nianner. Your plaiis niay bc iiioiiiitcd 011 tliis-\\.itli scotcli tapc, aiid 
~ O U  uill aln.ays be siire ~vliere tlic!. arc. Aiicl, niost iniportaiit, tlicy 
~ . i l l  be available for refcreiicc biit iiot in !.oiir \\.a!. or iiiidcr a pile 
of material n ~ h e i ~  workii-ig 011 a niotlcl. 

W i n g  Ribs 
011 sniall solicl moclcls a rcalistic rib cffcct iiia!. bc obtaiiicd bv 

cemciitiiig threacl o\.er the uing bcforc paiiiting. Estcilcl tlic tlircad 
froni tlie trailiiig cdge olvcr thc iippcr siirfacc of tlic \\.iiig, aiid tlicn 
back over tlie iiiidcr siirfacc to tlic trailiiig edge agaiii. 

Medicine Capsules 
Asidc froili iising niediciiic capsiiles for storiiig \.er! sniall meta1 

parts, you lila!. also iisc tlieiii for propeller hilb tips, na\.igatioii and 
tail liglits, ancl \.arioiis otlicr piirposcs. A littlc esperiiiiental \\.ork aiid 
ingenuity lvill pa! grcat cli\~icleiids ii i  adaptiiig tliesc coiitaiiiers to 
niodel-builcliiig iise. 

Motor  Stick 
hIodcls are orcliiiaril!- dcsigiied \\.itli tlic liiic of tliriist parallcl \\.itli 

tlic iiiotor stick. Tlicrefore al\\.a!-s iii;ikc siirc tliat tlie tail liook aiid 
tliriist beariiig ai-e tlic saiiie distaiice abo1.e tlie motor stick. Otlier- 
\\,ise, the line of tlirust will be accordingly altered and difficulties 
will arise. 

Preserving Rubber 
RIodel rubber sliould be storcd in an airtight container in a dark 

place, as it is affccted by bot11 light aiid air and nill lose its elasticity. 
A fruit jar paiilted black, \\.ith a little talciim powcler inside, is ideal 
for this. 14nd if yoii 1ia1.e eiioiigli riibber oii hand for current use 



hut arc sa\,iiig for fiitiirc possibilitics, it is a goocl idca to cciiicnt 
aroiiiid tlie 6ap of tlic jar. 'I'liis uill prevciit aiiy possiblc air froiii 
eil teriiig. 

Wing Joints 

Afaiiy nioclclcrs, citlier iii liastc to fiiiish thcir lob or tliroiigli jiist 
plaiii tliouglitlcssness, cenient striits to paper or clotli wing covering 
\\,itlioiit fiirtlicr tlioiiglit. Tliis niakes an inscciirc joint, aiicl tlic struts 
~vill eitlier 111.111 au1ay or clamagc tlic ving covering in nosc-overs or 
bad lancliiigs. Tlie best policy is to scrape away tlie co\lcriiig at tlie 
rih, aiid tlicii cciiicnt thc strut clircctly to tlie rih; tliis nrood-to-u~~od 
joint is niiich strongcr tliaii a wooc?-to-co\.cring joiiit coiilcl possibly be. 

Sanding Sticks 

Althoiigli tiiiie is iiecessary to iiiake goocl saiiding sticks, sucli 
sticks in thc Ioiig ruii will save niolc tinie for the biiilder thaii the 
original maiiiifactiiring effort. I11 sparc iiiomeiits it is a good idea 
to niake coiica\~e, convex, triangular, round, square, aiicl tapering 
sanding sticks. Oiice macle, saiiclpapcr slioiilcl bc gluccl to tlic sticks; 
this, of coiirse, can be replacecl in a niatter of iiiinutcs oiice tlie saiid- 
ing surface lias urorii sniooth. 

Rib Camber 

Iiistead of steaiiiing tliin n.ooc1 \vlien iiiaking ribs for sniall, liglit 
indoor models, you can niake ribs iiiore easily by rolliiig a round 
pencil or clo\\~el over the uncut \voocl stock. Tlie more pressure you 
apply, the greatcr tlie caiiiber. Aiid tliese easily niade ribs ~vill fre- 
quently hold tlieir shape for the entire lifc of tlie iiioclel. 

Smoother Fuselage 

After assenibling a fuselagc, cut tlie \vood away froiii bctweeen the 
striiigers in a shallow arc. l'liis will iiot oiily niake tlie model lighter 
but will also niakc tlie papcr coveriiig lic snioother aiid iiiore strcaiii- 
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lined. Attach the covering to the stringers oiily, and not to the 
bulkheads. 

Covering Hint 

Cover your niodel from the rear of the fuselage toward the front 
for a better, smootlier, and neater job. Use paper wide eiioiigh to . 
extend only from one bulkliead to aiiother, never wider than two 
bulkheads. Lap the next strip oiily tlie width of the bulkhead, aiid 
tlie finislied job will be a niodel tliat has the appearance of being 
covered with oiily oiic piece of paper. Also, tliis systein leaves tlie 
edges of tlie paper toward tlie rear aiid eliininates the possibility of 
wind catching under tliem. 

Balanced Wings 

Do not wait uiitil a inodel Iias been fiiiished before testing it for 
correct balaiice. iVlien tlie \!ring fraiiie\!.ork Iias bccii conipleted, stick 
a needle into tlie ceiiter rib aiid daiigle froiii a string looped througli 
the iieedle's cye. You will be ablc to clctcriiiiiie ininiediately which 
side is Iieavier aiid iiiake corrcctioiis by triniiiiiiig iiiside tlic Iieavy 
tip or by renioviiig excess cciiient. 

Propeller Holes 

It is often difficiilt to niake a truly straight hole tliro~igh a pro- 
peller block, but tliis is oiie of tlie easiest of operatioiis if there is a 
sewiiig machiiie in your liouse. Siniply place tlie prop block in tlie 
scwing niacliiiic, uiider tlie macliiiie foot, aiicl slowly lower tlie 
needle until it Iias conipletely pierced tlie block. \Vitlidraw the 
needle, aiid you liave a perfectly straiglit liole for your propeller shaft. 

Sanding Balsa 

jVhen sanding balsa slieets or strips, hold do\\rn one eiid aiid sand 
away froni yourself in sniootli, even strokes. By sanding iii oiily one 
direction tlie possibility of buckling is reino\lecl. 
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Protected Props 

Rfany modelers are upset to find that their carved propellers break 
in lialf after one or two bad crack-ups, but the probleni is really an 
easy olle to reiiiedy. 

Give your propeller a few coats of baiiaiia oil aiid sandpaper weil 
- between eacli coat, in tlie usual nianiier. Tlieii cut grooves froin the 

hub to a poiiit about oiie-tliird of the way up each blade, and on 
eacli side. Iiisert baiiiboo spliiits iiito tlie grooves aiid ceiiieiit tlior- 
oughly. You will find tliat this will iiot niake tlie prop niuch lieavier, 
aiid it will be able to \i.itlistand all biit the iilost severe crashes. 

A Celluloid Source 

W i e n  you need cclluloid for \\.iiidons, wiiidscreeiis, or otlier 
parts of your niodel, old caiiiera negati\rcs are a good source. The 
black eniulsion oii tlie ncgativcs \vill easily u.asli off in Iiot water, 
leaving a thiii, clear slieet of celluloid. 

Vibration Remover 

T o  take tlie vibration out of your gas engine, cut pieces of riibber 
tape to a size that is large eiiougli to fit your niotor niouiit aiid iiosc 
block. Take oiie piece of tliis tape, put it between your niotor block 
and motor mouiit, aiid gluc a piccc on tlie bottom of the motor 
mount. Tlien cut a piece of inetal tlie sanie size as tlie rubber and 
drill t ~ o  lioles iii it-the Same size as tlic bolts used to fasten the 
engine to its mount. After the eiigiiie lias been niounted, you will 
fiiid that this niakes a cusliion affair tliat will lesseii vibratioii. 

A Handy Tool 

Model builclers ofteii liave iieed of sonie sort of tool to cut rouiid 
holes in various parts of their iiiodcls. IVliile this may be done by 
burning, drilling, or tediously cuttiiig witli a balsa knife, tliere is a 
mucli easier aiid clcaiicr way. 
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Heat a single-edge razor blade to a cherry red, then plunge it into 
cold water to remove the temper. Break off the heavy back with a 
pair of pliers and bend the blade into a circle the size of the hole 
desired. hlount this on a hollow reed ahd use a dowel to eject the 
excess wood. Operate the tool with a twistiilg motion. 

Leading Edges Simplified 

When you make a model that calls for leading edges to be covered 
with thin sheet, apply a strip of adhesive tape to the slieet, allowing 
part of the tape to o\rerlap. Then, by sticking the tape to the ribs, 
the leading edges may be held firmly in place while the cement is 
drying, and thus the use of pins is avoided. 

Realistic Engine Finish 

If you have made a scale radial engine and want to color it to re- 
seinble the real thiilg, use the follo~iling System: hiiix one part of 
black dranfing ink with three parts of blue iilk and shake well. Coat the 
engiiie witli this solution and allow it to dry thoroughly; then dip 
the engine into clear, thin dope. This will give the exact blue-black 
finish to make for realistic effect. 

Miscellaneous Hints 

Dope center sections and the first few sections of fuselage with 
thin cenient to prevent slackening of tissue due to rubber tensioii. 

\Ir1len applyiilg bainboo Paper, always use a half-and-half mix- 
ture of cement aild dope, since ordinary adhesives usually do not 
hold u d l  enough. 

RIicrofilni solution may be used as a tissue adhesive and as a very 
glossy dope. However, it requires a bit more tiine to dry. 

Use an old toothbrusli to clean the points oii your gas engiiie. 
Never use sandpaper, as it scratches the siirface and will ruin tlie 
points in time. 
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A paper clip may often be used as a coui-iter-balance on a small, 
one-bladed propeller if forced into the prop stub and glued well. 

Sometimes when spraying tail surfaces, the tissue on each side 
sticks together. In order to separate the sl-ieets, put your lips to the 
stuck section and draw gently. The surfaces will then come apart. 

As a rubber lubricant, a solution of one part tincture of green soap 
and one and a half parts glycerii-ie is excellent. If green soap is not 
available, any good liquid soap may be substituted. 

IVheels made of sponge rubbcr balls may be colored with liquid 
black shoe polish. Apply six to eight coats and Sand gently. Rub in 
the final coat to bring out a shine. 

File Drawers 

A dyed-in-the-ulool modeler needs Scores of small parts in building 
planes, and these are constantly being misplaced or so scattered 
around in drawers that they are difficult to find. With iust a few 
mii-iutes' work, however, this can be rectifiecl, and you can make 
a good, neat file cabinet for these various tiny units. 

To iilake this file cabinet, obtain several penny matcl-iboxes and 
fasten them togetl-ier, side by side and three or four deep. A drop of 
cement on each Corner uill be sufficient to anchor them together. 
Then glue a piece of urhite paper on the front of each box, aild in 
black ink labe1 them for washers, pins, nails, lead weights, thumb 
tacks, neeclles, aild so On. As supplies of neur units are necessary, it 
will be a simple matter to add a new box to the top of this cabinet. 

Handy Bottle Rack 

Bottles of cement, dope, and paint are constai-itly just out of 
reach on the usual workbench. For a neat and efficient System, take 
tl-ie top of a candy box and cut circular holes the Same diameter as 
the bottles. Stand the box top, Open side down, and place the 
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bottles in their respective holes. This makes a good rack and keeps 
all liquids within easy reach at all times. 

"Magic" Drawing 

Wlien only one half of a wing panel is shown on model plans, a 
reversal drawing may be obtained by rubbing a very small amount 
of grease on the plans. This makes the paper translucent, and thus 
the black markings may readily be Seen on the reverse of the paper. 
Aiid not only does this method give you outlines for the opposite 
wiilg, but at the Same time it makes it uilnecessary to lay wax paper 
over the drawings, since cemeilt will not adliere to the greased surface. 

Regarding Propellers 

Many models do not turn in their full degree of efficiency because 
propeller blade areas are not sufficient for the plane's size. A pro- 
peller, to be efficient to its fullest degree, should be betweei-i lo and i 5 
per cent of the wing area. If your model is trimmed correctly but 
does not fly as well as anticipated, make this propeller check and you 
may discover the source of your trouble. 

Treating Tissue 

If your model tissue has become wrinkled or otherwise rendered 
unfit for use, smooth it out with a warm electric iron, with a piece of 
cloth between the tissue and the iron. After such ironing, wait until 
the tissue has cooled down to room temperature before usii-ig. 

Salvaging Scrap 

With balsa wood at such a premium today, all scraps which in 
norinal tiines \vould be discarded should be retained. Evei-i warped 
sheets may be restored to their original shape with but little difficulty. 
T o  do this, steain tlie slieet and then weight it down with heavy 
magazines until dry. 
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C H A P T E R  X I  

BRISTOL BEAUFORT 

NE O F  THE MOST formida- 
ble torpedo bombers iil the RAF, the Bristol Beaufort is a mid- 
wing monoplane with a body typical of two-seat fighten. Arrnament 
consists of one forward-firing gun aild two guns in the amidships 
turret. Three men conlprise the Crew: pilot, i~avigator-bornbardier, 
and radio operator-gunner. 

The Beaufort is powered by two air-cooled radial Bristol Taurus 
engines of 1,065 h.p. each and has a top speed of about 2 7 5  m.p.h. I t  
has a wing Span of 57 feet i o  inches, a length of 44 feet 2 inches, and 
a height of 14 feet 3 inches; all other data are restricted by the Royal 
Air Force. 

Fuselage 

The fuselage of the Beaufort is extrernely easy to make. First, carve 
the block roughly to shape, from the side- and top-view plans, and 
then trirn and sand until the sections at A-A, B-B, aild C-C are as 
indicated. Then lay the finished unit aside. 
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Wing 

The wiiig is made in four parts. The two center sections and outer 
panels niake up the wing. Make two full wing panels, working tlie 
outliiies to tlie size shown by the top view. Tlien cut these panels iil 
two ~ ~ i t l i  a saw, making tlie break just outboard of the engine 
nacelles (see front view) . It is necessary to make tlie wing iil this 
fashion because tlie center sectioii is straight, while the outer panels 
are dihedraled. Sand the butt ends of tlie outer panels until the correct 
dihedral angle is obtaiiied, arid then ceinent the units together se- 
curely, using blocks under the tips. 

Engine Nacelles 

Two engine nacelles are required for this model. Make them as 
cones, round in front and tapering to a point at tlie rear. T o  add the 
nacelles to the wing, either notch tlie nacelles or tlie wing, cuttiiig 
away oiily enougli wood to niakc for a good fit. After tlie iiotcl-ies liave 
been carved, finisli shaping tlie nacelle in tlie rear. Tlien cement the 
units in place, being Sure that they are located correctly and that they 
point straight ahead. 

Rudder and Elevators 

The tail units are very easy to inake. Cut the rudder from a sheet 
of wood to tlie correct outline and then taper it to a streaniline shape. 
The  elevator is made iii one piece. hlake tlie entire uiiit, without the 
trailing edge notch, aiid streaniline in sectioii. After the final sandiiig, 
carefully notch as shonr1-i on tlie top-vie~v plan. 

Details 

The antenna mast is fornied from a piece of scrap sheet, with the 
edges rounded off. hllake the pitot tube in sin-iilar fashion, and cement 
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part of a straight piii to its lo\~.er scction. Prop spiiiners are riot iieces- 
sary, but if the niodcler \vislics to add tlicni to liis rcplica, tliey may 
be iiiadc by roiiiidiiig off tlic tips of a do\vel aiid theii ciitting off the 
reqiiircd leiigtli. 'l'lie propcllcr blades niay be niade froin either scrap 
slicet or ligli t cardboard. 

Even tlie landing gear 011 tlie Beaiifort will offer no problem. Cut  
tu10 small dowels to the indicated length and nioiiiit the wheels be- 
tween tlieni, usiiig straight piiis as asles. 

Assembly and Painting 

Cement tlie wing paiiels to tlie fuselage, making Sure that the 
center section is horizoiital aiid tliat each tip has tlie correct amount 
of dihedral. \1711en dry, add tlie elevator and tlie rudder assemblies. 
Fillet at  all joints aiid saiid witli fiiie paper iintil tlie entire niodel has a 
satin finish. Ceineiit tlie landing gear aiid otlier details in place. 

Paint the entire model witli sand aiid spinach camouflage colors, 
usiiig at least three coats. Unless scale engincs Iiave been used, paint 
tlie front of tlie eiigiiie co\vliiigs black, aiid iise black ink to iiidicate 
tlic ailcroiis, riiddcr, aiicl clc\,ators. For a rcalistic cffcct, tlie cockpits 
iiia! bc paiiitccl sil\.cr aiicl tlic \.arioiis iiidscrccii scctioiis iiidicatcd 
civitli black ink. hlouiit tlic propcllcr asscniblics 011 straiglit pins aiid 
pusli tliein iiito tlic esact ccntcr of tlic iiaccllcs. If tlic iiioclcler \\rislies 
to siniiilate tiiriiiiig propcllcrs, cclliiloid cliscs iiia!. l ~ c  iisccl in place 
of propcllcrs. Iii tliis casc, do iiot iisc aii cstciidcd iiiidcrcarriage oii 
tlie model; instead, lia\.c tlie ~jrliecls retractcd aiid nioiiiit tlic Bcaufort 
on a stand. 



CHAPTER X I 1  

HANDLEY-PAGE HAMPDEN 

ARE\~IOUSLY CALLED ßritain's 
best niediiim boniber, the IIaiidley-Page lIampden was used witli 
outstanding siiccess in tlie early cla)~s of the war. Bccause of its unique 
ability for being thron.11 arouiid in liigli-speed iiianeu\.ers, it attacked 
Nazi installations froiii very low altitudes, braviiig all tlie flak tlie 
defcnders coiild piit iiito the sky. ßut  siiice tlie Royal Air Force is 
now banking its entire bombardinent mreiglit on Iieavy night nia- 
chines, the lIampclen Iias been relcgated to niine-laying duties, and 
as sucli it lias probably accounted for a large nuriiber of Geri-i~aii 
siirface vcssels aiicl siibiiiarincs. The exact nuniber, of Course, will 
never he kiio\\,ii, but n9e inay be Sure tliat tlie niacliiiie is still doing 
niuch to win the \var for tlie Allies. 

A inid-\viiig rnonoylaiie with a "fryiiig-paii" appearaiice (iiote side 
vieur) , thc IIaiiipden is ponfered by two air-cooled radial Bristol 
Pegasiis engines of 980 11.p. each at 2,250 r.p.iii. at 4,750 feet, giving 
a top speed of 265 m.p.11. at i 5,500 feet. It Iias a wing Span of 69 feet 
2 inches, a length of 53 feet 7 inclies, a Iieiglit of 14 feet i i  inches, a 
uiiig area of 668 sqiiare fcet, a cruising raiige of i ,725 niiles, a loaded 
weiglit of i 8,756 pounds, and a service ceiling of 22,700 feet. 

Thc crcw coiisists of a pilot, iiavigator-bombardier, wireless opcra- 
tor-gunncr, ancl a lower rcar giii-iner. Tlicre arc five flexibly niounted 









wing in four units. Join the two wing sections at X-X (Plates I and 
j) and trace the outline of the wing. Work to the D-D airfoil section, 
and then saw the wing sections in two, as shown on Plate 3. Sand 
the butt ends of tlie outer panels to an angle, and cement to the 
Center sections with tlie proper dihedral. 

Since the Hampdeii is a twin-tail job, it will be necessary to make 
two rudders. Sand tliese to a streamline section and then make the 
rudder in similar fasliion. After finishiilg these units tlie work becomes 
a little niore difficult, for it is necessary to slot the rudders carefully in 
order to insert the elevator. Take your time and measure carefully, 
and this will not prove too difficult. Cement the rudders to the eleva- 
tor, being Sure that they form right angles. 

Nacelles 
Follow the Same construction procedure as listed for the Bristol 

Beaufort. 

Details 
Oleo struts for the landiiig gear are made from scrap sheet, as are 

tlie air intakes on tlie nacelles, the pitot tube, and tlie antenna mast. 
Tlie propeller blades may be made from either paper or sheet wood, 
carved to tlie outlinc size shown on Plate 3. The Spinners are tips of 
dowels, rounded off. 

Assembly and Painting 
Cement tlie wing to tlie fuselage, taking care to have the paiiels 

liiie up properly. LVhen dry, notch the extreme tail of the fuselage 
and ceiiient the rear coiitrol surfaccs in place. Add the landiiig gear, 
antenna mast, and other iinits, and paiiit British colors. A length of 
black tliread may be used for the aerial, stretching from tlie antenna 
to the right rudder. 

Paint the front of tlie nacelles, and use decalcomania for British 
markings. 
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CHAPTER X I I I  

THREE-VIEW SALON 

I[ U THE LAST FE\" years solid 
scale exact-replica nlodels liat~e come to hold a larger place than ever 
in model building. Once it was coiisidered juvenile to build solid 
models, because the test of the nlodeler had been proved in the flying. 
Now that conception has changed. While it is admitted that flying 
models are the backbone of aircraft modeling, in the exact-replica 
field there have been many models built that are works of finest 
craftsmanship. Coinposed of hundreds or thousands of individual 
pieces, these models often have built-up engines, retractable landing 
gears, full lighting systems, movable controls, scale seats, controls and 
instruknts ,  and even propellers that can be made to turn by elec- 
tricity. 

While no solid scale model could ever be as complete as some of the 
built-up replicas, it is nevertheless a nleans of expression quite apart 
from the art of flying niodels. In order to turn out a con-ipletely 
finished job, the solid builder nlust be meticulous in his every move, 
must work with an eye constantl~ cocked for detail, aiid nlust apply 
all-important finishes with care and precision. Only then can he be 
called an expert at  the craft, aild only then will he be able to turn out 
models worthy of blue-ribbon consideration. 
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For the novice builder, a few words of construction procedure are 
in order, so that he may be able to follow the accepted n-iethod of 
solid scale building. 

First-after havii-ig the plans scaled up or enlarged to working 
size by photostating-cut templates from tl-ie plans and mount them 
on light cardboard. Scribe the center line on the fuselage block and 
rough-cut one side at a time, using the templates frequently to check 
cross-sectioii statioiis. \Irhen the ten-iplates aln-iost fit, use medium 
sandpaper to work the fuselage down to the exact shape. 

The wing is coi-istructed in like n-ianner. Using the top-view plan, 
cut the wii-ig panels to their outline shape, and then add the airfoil 
section by carving and sanding. 

You will note that plans usually call for some ingenuity in executing 
landing-gear details. Remember, though, that the use of paper and 
light cardboard for many of these parts will save hours of labor. The 
various dian-ieter struts needed can be imitated successfully by wrap- 
ping thin strips of paper around wire or dowels. 

After the various sections have been carved and sanded to shape 
and assembled, tlie use of fillet material and filler will make a solid 
model much better than could otherwise be expected. And the paint 
job and scribing of various details will mean the difference between 
only a half-finished model and a beautiful display piece. 

In general, the .best instructions that can be given are these: Al- 
ways work with extreme care, and constai-itly keep alert for ideas which 
will n-iake your model just a little bit better. In tlie Iong run, the little 
extra work spent on detail will pay great dividei-ids. 

The models presented on tl-ie following pages are representative of 
the niost popular an-iong builders. Rlany of the plans are reproduced 
through the courtesy of hlaircraft: Famous Plaiies in Miniature, and 
were executed by Janies R. \Vyse. 
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REPUBLIC P-47 THUNDERBOLT 
O n e  of the most powerful single-seat fighters in thc world, the Republic P-47 
Thunderbolt has more than proved its prowess in combat with Axis aircraft. Weigh- 
ing i 3,500 pounds-making it  the heaviest single-scat, single-engine fighter in the  
world-the Thunderbolt niounts eight . jo-caliber machine guiis ancl throws no  
lcss than 870 pounds of lead per minutc; this gives an iiiipact forcc cqual to that  
exerted by a five-ton truck Iiitting a stone wall a t  60 m.p.h. Powcr is supplied 

by a Pratt & Whitney engine of more than 2,000 h.p. 





















SUPERMARINE SPITFIRE 
Commonly called the savior of Britain, the Supermarine Spitfire was developed 
from the old Schneider Cup Race winners. The lines are exceptionally graceful 
and it is claimed that the technique utilized in construction, which is of the 
stressed-skin variety, gives extra stiffness to the wiiig and fuselage for a structure 
never before attained in this class of craft. And although the Spitfire is now quite 
old as warplanes go, it is still in mass production and is Britain's stock first-line 
fighter. The ship has been built with various armament arrangements, from eight 

machine guns to four tomm. cannon. 

















SPAD i 3 C i  
One of the best first World War fighting planes was the Spad 13Ci.  Of all-wood 
construction, the ship was covered with fabric. I t  was powered by a Hispano-Suiza 
engine and had a top speed of about 125 m.p.h. The Spad was also tumed out as a 
two-seat fighter, and one version had a cannon firing through the propeller shaft; 
normal armament was two .3o-caliber synchronized machine guns mounted on the 
engine cowl. Captain Eddie Rickenbacker used the Spad, in combat, as did Frank 

Luke and many other American Aces. 
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C H A P T E R  X I V  

OFFICIAL A M A  RULES 

]I N V I E W  OF W A R T I M E  
conditions, the Contest Board of the Academy of Model Aeronautics 
will, in effect, remain "in session" during tlie year and will consider 
suggested revisions each quarter-that is, in hlarch, Junc, September, 
and Deceiiiber-as submitted b; the modelers. It is felt that in tliis 
manner the rules will be more or less constantly kept up to date, at  
least until peace is declared and it is possible to hold the traclitional 
meetings in conjunction with the Nationals each year. 

Uiider au thority of the National Aeronau tic Association, American 
representatives of the Federa tion Aeronau tique Internationale, world- 
wide governing body for all sporting aviation, the follo\ving model 
aircraft classifications and regulations are prescribed for the year 1944 
bj. the Academy of Rlod~l Aeronautics. 

I .  DEFINITIONS 
(A) MODEL AIRCRAFT. All aircraft of reduced size which are not 

capable of supporting a human being. Such aircraft are classified as 
indoor or outdoor iiiodels. No restrictioiis are placed on design of the 
models escept tliat tlie~. shall nieet tlie specificatioiis listcd in these 
regulatioiis. 'l'lic iiiodels iiiust be so designed, ho\ve\,er, that they drop 
no parts in fliglit or during take-off. Projected area of tlie liorizontal 
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stabiliziiig surface(s) in excess of 50 perceiit of the projected area of 
the supporting surface (s)  (wing area) sliall be considered as supporting 
surface for purposes of classification and wing loading requirements. 

( B )  INDOOR R ~ O D E L  AIRCRAFT. A niodel of the indoor type is de- 
signed to fly indoors. Indoor models art classified as powered models or 
non-powcred models. Tlierc are no wciglit spccifications for such aircraft 
other than for flj-iiig scale niodels. 

(C)  OUTDOOR RIODEL AIRCRAFT. A niodel of tlie outdoor type is 
designed primarily to fly outdoors. Outdoor models are classified as 
powered nlodels or non-powered n~odcls. l'licre arc wcight specifications 
for all outdoor aircraft. If ballast is used to bring an outdoor model up 
to tlie required weight, such ballast sliall be permanently affixed to the 
model. 

(D)  STICK MODEL. A model of the stick type has a body composed 
of stick(s), tube(s),  or Open framework, rather than a fuselage. Models 
using tubes or framework to enclose the motor(s) shall have a total 
niaxiil-iuni cross-section area of the tubes or sticks not greater than 
L2/ i  50, kvliere "L" equals the overall length of the model, excluding 
tl-ie propeller(s). A niodel powered by other than an iiiternal conibus- 
tion engine of tlie "flying wing" catcgory sliall bc included for purposes 
of conipetitioil in tlie stick model classification. A "flying wing" has no 
fuselage, nor lias it stabilizing surfaces other than those fastened directly 
to the single supporting surface. 

( E )  CABIN ~ I O D E L ,  POWERED BY OTHER THAN INTERNAL COMBUS- 
TION ENGINE(S). A niodel of the cabin type powered by other than 
internal conibustion engine(s) has built-up enclosed fuselage. Tlie total 
niasimunl cross-sectioil area of the fuselagc(s) niust not be less than 
L2/ioo, where "L" equals the over-all length of the niodel, excluding the 
propeller(s). In the case of multiple fuselages, the sum of their cross- 
sections shall be considered. The fuselage(s) shall have not less than 
90 percent of its (their) surface area covered. Outriggers and booms 
may be used. Tlie rubber used for motive power shall be contained en- 
tirely within the built-up fuselage. 

(F )  MODEL AIRCRAFT POWERED BY INTERNAL COMBUSTION EN- 



CINE(S), FREE-FLICHT. Model aircraft powered by internal conibustion 
engine(s) shall have a built-up fuselage of the cabin type. Tlie rnaxiii~uiii 
cross-section area of the fuselage(s) must not be less tlian L2/ioo, where 
"L7' equals the over-all lengtli of tlie model, excluding tlie propeller(s). 
The- fusclage(s) sliall liave not less than 90 percent of its (tlieir) surface 
area covered. Tliere shall be no fuselage cross-section requirenients for 
model aircraft of tlie "flying wing" category. A "flying wing" has no 
fuselage, nor Iias it any stabilizing surfaces otlier than tliose fasteiied 
directly to the single supporting surface. 

( G )  CABIN R'IODEL, NON-POWERED. A non-powered niodel of the 
cabin type '(towline glider) must liave a total niaxiiiium cross-section 
area of tlie fuselage(s) of not less than L2/ioo, where "L" equals the 
over-all length of tl-ie niodel. The fuselage(s) sliall be of streamline form 
and have not less than 90 percent of its surfacc area covered. Outriggers 
and booms may be used. Tliere shall be no fuselage or stick cross-section 
requirenient for towline gliders of the "flying wing" category. 

( H )  HAND-LAUNCHED. A niodel airplane is hand-launched when it 
is released into flight directly from the hands of the launclier. The model 
shall be launched from an elevation of not niore than 6 feet above the 
ground or floor. 

( I )  RISE-OFF-GROUND. A niodel airplane of tlie rise-off-ground 
(R.O.G.) type has a take-off gear that perniits it to take off from the 
ground, fioor, or runway under its own power. R.O.G. models may be 
guided, but not pushed nor mechanically assisted, by the contestant. 
In guiding a model at the start of its take-off run, thc contcstant shall not 
take a forward step. Mechanical take-off assistance is not permitted. The 
take-off gear must be strong enough to support tlie niodel in a nornial 
attitude while at rest and permit it to take off without daniage, nosing 
over, .or striking a wing tip. When one wheel is used, skids or siniilar 
devices shall be required to keep the niodel upright in a nornial attitude 
and to  prevent any part othcr than tlie take-off gear from touching tlie 
ground, fioor or runway. Wheel(s) shall turn freely and be of such 
strength and size as to permit the niodel to taxi freely. The miniinum 
diameter of the wheel(s) for all models powered by otlier tl-ian internal 
coinbustion engine(s) is as follows: 
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uiidcr control of tlic opcrator b ~ .  iiicaiis of cord(s), striiig(s), or wire(s) 
attaclicd to tlic iiiodcl iii sucli a way as to pro~ide incaiis for coiitrolling 
tlic fliglit of tlic niodel. Control iiiodcls sliall liavc takc-off gear whicli 
perniits tliem to takc off aiid laiid i11 a noriilal fasliion, as described uiider 
Rule I ( I )  exccpt tliat device(s) for retracting aiid loweriiig tlie laiidiilg 
gcar iiiay be uscd. 

( N )  AUTOGIRO. An autogiro inodel is supported in flight by the 
actioii of tlic air on vanes wliich rotate freely on an approximately vertical 
axis, suppleiiieiited by tlic tlirust of propcller(s) on an approxiinately 
horizontal axis. If a fixcd wing is employed, the projected area of the 
vanes sliall iiot be less tlian tliat of tlie fixed wing(s), and tlie suins of 
these projected areas sliall be considered the main supporting surface(s). 

(0) ORNITHOPTER. An ornithopter niodel derives its propulsion 
solely froni tlie flapping of its wiiig(s). Tlie projected area of the wing(s) 
shall be takeii ~iiidway between the upward and downward positions of 
the wing (s)  . 

(P)  HELICOPTER. A helicopter model rises without assistance and 
is supported in fliglit solely by tlie lift of power-driven propeller(s) and/or 
vane(s). Tlie projected area of the propeller(s) aiid vane(s) sliall be 
considered the supporting surface(s). 

(Q) GLIDER. A glider is siniilar to a model airplane but differs in 
that it has no power plant. 

II. CLASSlFlCATlON 
(A)  MODEL AIRCRAFT POWERED BY INTERNAL COMBUSTION EN- 

GINE(S). Botli free-flight and controlled-flight models powered by 
internal conibustion engine(s) are classified by engine(s) displacement 
as follows: 

Class A, where the displaceinent of the engine(s) does not exceed 
.zo cubic inches; Class B, where the displacement of the engine(s) ex- 
ceeds .2o but is not more than .30 cubic inches; and Class C, wliere the 
displacement of the eilgine(s) exceeds .3o but is not more than 1.25 cubic 
iiiches. Free-flight models powered by internal combustioii engine(s) 
shall eniploy a device to limit the length of the engine run and inay 
utilize a device to liniit the length of tlie flight time. 
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(B)  ~ IODELS POWERED BY RUBBER, SPRING, OR HAND-LAUNCHED. 
All modcls otlicr tlian tliose powercd by interilal conibustion eiigiiie(s) 
are classificd by projected arca of tlie supportiiig surface(s) as follows: 

Class A, wlierc tlic projcctcd arca of tlic siipporting surface (s) does not 
exceed jo square inclies; Class B, whcre tlie projected area of tlie sup- 
portiiig surface(s) exceeds jo but is not niore tlian ioo square inclies; 
Class C, wliere tlie projected area of tlie supporting surface(s) exceeds 
ioo but is not iiiorc tlian i 50 square inclies; Class D, wliere tlie projected 
area of tlie supportiiig surface(s) excceds 150 but is not niore tlian joo 
square inclies; aiid Class E, wliere tlie projected area of tlie supporting 
surface ( s ) exceeds joo square inclies. 

( C )  MODELS POWERED BY OTHER THAN RUBBER OR INTERNAL COM- 
BUSTION ENGINE (s) . (EXPERIMENTAL). Tliese models with experi- 
niental miniature engines (excluding rockets) sliall follow tlie same 
categories as internal coiiibustion powered models in *respect to classes 
and piston displaceiiieiit. Coniplete specifications shall be submitted to 
the Academy of hiodel Aeronautics with each record claim in this 
category. 

111. WlNG LOADING REQUIREMENTS 
(A) INDOOR. Tliere are no wing loading (weight) requirements for 

indoor model aircraft. 
(B)  OUTDOOR MODEL AIRCRAFT POWERED BY INTERNAL COMBUSTION 

ENGINE(S). All free-flight model aircraft powered by internal coinbus- 
tion engiiie(s) sliall be limited to a total flying weight of not more than 7 
pounds, shall weigli not less than 80 ounces for each cubic inch of 
engine(s) displacenient, and sliall weigli not less than 7 ounces for eacli 
ioo square inclies of projected supporting surface(s). 

( C )  MODELS POWERED BY INTERNAL COMBUSTION ENGINE(S). NOT 
FREE-FLIGHT. Model aircraft of the control category in which the 
operator controls the flight of the model by means of cord(s), string(s), 
wire(s), attached to the niodel, shall weigli not more than j pounds for 
each square foot of projected lifting surface(s) area and not less than 
80 ounces for each cubic inch of motor displacement. Control models 
sliall meet the following minimum wing area requirements: 
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Class A-Not less than 75 square inclics; Class B-Not less than 125 
square inches; and Class C-Not less than too square inches. 

(D)  MODELS POWERED BY OTHER THAN RUBBER OR INTERNAL COM- 
BUSTION ENGINE(S) . (EXPERIMENTAL). Model aircraft of this category 
shall follow the wing-loading and pistoil-displacement classifications out- 
lined for free-flight model aircraft powered by internal combustion 
engine(s ) . 

( E )  OUTDOOR MODEL AIRCRAFT POWERED BY OTHER THAN INTERNAL 
COMBUSTION ENGINE(S). All outdoor model aircraft powered b) other 
than internal combustion engine(s) shall weigh, complete and ready to  
fly, not less than 3 ouilces avoirdupois for each ioo square inches of 
projected supporting surface(s), except autogiros, ornithopters, and 
helicopters. . 

(F) OUTDOOR AUTOGIROS, ORNITHOPTERS, AND HELICOPTERS POW- 
ERED BY OTHER THAN INTERNAL CO~~BUSTION ENGINE (s) +hall weigh, 
complete and ready to f?y, not less than one Ounce avoirdupois. 

(G)  OUTDOOR MODEL AIRCRAFT, NON-POWERED. Outdoor hand- 
launched gliders shall weigh, complete aild ready to fly, not less than 2 
ounces avoirdupois for each ioo square inches of projected supporting 
surface(s). Outdoor towline-launched gliders shall weigh, complete and 
ready to fly, not less than 3 ounces avoirdupois for each ioo square inches 
of projected supporting surface(s) . Launching aids or stabilizing devices 
used in launching, and which are desigiled to be dropped at  release, shall 
not be coilsidered as ail iiltcgral part of tlic i~iodcl ivlien checking for 
wing-loading requirements. 

IV. CATEGORIES 
The  Academy of Model Aeronautics has established the following 

model aircraft categories: 

( A )  INDOOR MODEL AIRCRAFT, POWERED- 
Stick Models, Hand-Launched . . . . . . Class B, C 
Stick Models, Rise-Off-Grouild . . . . . . Class A, B 
Stick Models, Rise-Off-Water . . . . . . Class A, B 
Cabin Models, Rise-Off-Ground . . . . . . Class B, C 
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Cabin R.lodels, Rise-Off-\Vater . . . . . . Class B, C 
Autogiro, Launching Optional . . . . No classes for size 
Ornithopter, Launching Optioiial . . . No classes for size 
Helicopter, Launching Optional . . . No classes for size 

(B )  INDOOR R ~ O D E L  AIRCRAFT, NON-POWERJ~D- 
Glider, Hand-Launched . . . . . . . . . Class A, B 

( C )  O.UTDOOR R ~ O D E L  AIRCRAFT, POWERED BY INTERNAL CO~~BUSTION 
ENGINE (s)  - 

Cabin Riodel, Rise-Off-Ground . . . . . Class A, B, C 
Cabin Rlodel, Rise-Off-Water . . . . . Class A, B, C 
Control hfodel, Rise-Off-Ground . Class A, B, C (Speed only) 
Control hlodel, Rise-Off-M7ater . Class A, B, C (Speed only) 
Experimental Rfodel . . . . . , . . . Class A, B, C 

( D )  OUTDOOR ~ I O D E L  AIRCRAFT, POWERED BY OTHER THAN INTERNAL 
COAIBWSTION ENGINE ( S) - 

Stick Rfodel, Hand-Launched. . , . . . . Class C, D 
Stick hiodel, Rise-Off-Water . . . . . . . Class C, D 
Cabin hlodel, Rise-Off-Ground . . . . . Class C ,  D, E 
Cabin hfodel, Rise-Off-Water . . . . . . Class C, D 
Ornitliopter, Launching Optional . . , No classes for size 
Helicopter, Launching Optional . . . No classes for size 

( E )  OUTDOOR R ~ O D E L  AIRCRAFT, NON-POWERED- 
Glider, Hand-Launched . . . . . . . Class B, C, D 
Cabin Glider, Towline-Launclied . . . . Class C, D, E 

V. OFFlClAL AND DELAYED FLIGHTS 
( A )  INDOOK R ~ O D E L  AIRCRAFT, POWERED. An indoor powered model 

nlakes an official flight wlien it reniains in tlie air for 60 secoiids or more. 
An indoor po<iferediiiodel niakes a delayed flight wlien it reniains in the 
air for less than 60 seconds; hits an obstruction which prevents further 
flight; or hits an obstruction or anotlier model wliich throws tlie niodel 
out of adjiistii~ent, changing its angle of fliglit so that it descends at an 
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accelerated rate striking the ground or floor. Should a model hit an ob- 
struction the timing device (stop watch) sliall be permitted to run for 
an additional 10 seconds, and if the model does not fall free indepeild- 
ently witliin the 10-second period, the tiniing device shall be stopped, 
the 10 seconds deducted froni the total flight time and the entire per- 
formaiice recorded as a delayed flight. 3 successive delayed fliglits displace 
i official flight; the duration of all delayed flights shall be recorded. If 
there is no official fligl-it which surpasses the duration of a delayed flight, 
the coiitestant shall be entitled to a reinstatement of tlie delayed flight as 
his best official flight. An indoor model makes a voided delayed fliglit, and 
is not credited with any duration time when it drops any part in flight or 
during take-off. Fliglits wliich are aided in any way, including tlie artificial 
upward displacement of air, shall be declared voided delayed flights. 
Pushing or touching a model during the take-off or flight constitutes a 
voided delayed fligh t. 

( B )  INDOOR ~ ~ O D E L  AIRCRAFT, NON-POWERED. All flights made by 
indoor gliders are official flights, regardless of duration. Delayed flights 
for indoor gliders are not recognized. 

( C )  OUTDOOR R ~ O D E L  AIRCRAFT, POWERED BY INTERNAL COMBUSTION 
ENGINE(S). An outdoor model powered by internal combustion eil- 
gine(s) makes an official fliglit wheil it remains in the air for 40 seconds 
or more, providiiig tliat tlie engine run does not exceed 20 seconds. An 
outdoor model powered by internal combustion engine(s) makes a de- 
layed flight when it remains in the air for less than 40 secoi-ids, providing 
the engine run does not exceed 20 secoilds. At option of the contestant, 
an outdoor model powered by an internal conibustion engine makes a 
delayed flight when tlic niotor run is less than 10 seconds. Three succes- 
sive delayed flights displace one official flight: the duration of all delayed 
flights shall be recorded. Should an outdoor model powered by internal 
combustion engine(s) collide in the air witli another model, the con- 
testant may declare the flight eitlier delayed or official flight. If three suc- 
cessive fliglits are recorded as delayed flights, the contestant sliall be en- 
titlecl to tlie reinstatement of the longest of these three successive de- 
layed flights as an official flight. If one or niorc delayed fliglit (s )  is/are 
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followed by an official flight, the contestant shall not be entitled to re- 
instatement of tlie dela!.ed flight(s) iii placc of an official flight. An out- 
door model powercd hy internal coiiibustion engine(s) iiiakes a voided 
delaycd flight, and is iiot crcdited witli an! duration tiiiie when it drops 
aii!l part diiriiig take-off or flight. Flights whicli are aided in any way, in- 
cluding tlie artificial upward displacement of air or by meclianical take-off 
assistance, shall hc declared voided delayed flights. An outdoor model 
powered by internal conibustion cngiiie(s) makes a voided delayed flight 
wlieii its engine ruii exceeds 2 0  seconds froni the time tlie model is re- 
lcased for take-off b~ tlie contestant. Tiniiiig sliall start froni the nionient 
tlie plane is released for take-off by tlie contestant, and total flight time 
shall include tlie lengtli of tlie motor run. If a flight tiiiie liniiting device 
is used on any outdoor model and such a device accidentally operates 
witliin one niiiiute of take-off while tlie ship is still in the air the flight 
inay be called a delaj~ed fliglit. Flights are to be limited to not more than 
10 niinutes. If a fliglit exceeds that tiiiie, it is to be ruled as a delayed fliglit 
witli no time credited. 7'liis liniit niay be lowered at optioii of Contest 
Director. In unrestricted areas wliere conditions warrant, fliglit liinitations 
mav be renioved at thc discretion of the Contest Director. 

( D )  OUTDOOR R ~ C D E L  AIRCRAFT, POWERED RY OTHER THAN INTERNAL 
COAIBUSTION ENGINE(S).  An oiitdoor model po~vered by other than 
internal conibiistion engine(s) niakcs aii official flight wlien it remains 
in tlic air for 40 seconds or more. An outdoor model powered by other 
tlian iiiteriial c~)n~l)iistioil cilgiiic(s) iiirlkcs a dclaycd fliglit \vlicii it re- 
inaiiis iii tlic ;iir for lcss tlian 40 sccoiids. 'l'lircc succcssi\.e dclaycd fliglits 
displacc an official fliglit; tlic duratioii of all dclaycd fliglits sliall hc re- 
cordcd. Slioiild an oiitdoor iiiodcl powcrcd b\. otlicr tliaii iiitcrnal com- 
bustioii ciigiiic(s) colliclc iii tlic air witli anotlier iiiodcl, tlic contcstaiit 
niay declarc thc fliglit a delayed or official fliglit. If j succcssive flights 
arc rccordcd as dclqed fliglits, tlie contestaiit sliall be entitled to tlie re- 
instatement of the longest of tliese 3 successive delayed fliglits as an 
official flight. If oiie or niore dclajlcd fliglit(s) is/are followed by an 
official flight, tlic contestant shall not be cntitled to reinstateinent of the 
dela!.cd flight(s) iii placc of tlie official fliglit. An oiitdoor model pow- 
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ered by otlier than internal combustion engine(s) makes a voided de- 
layed flight, and is not credited with any duration tinie when it drops 
any part in flight or during take-off. Flights which are aided in any way 
including the artificial upward displacement of air, shall be declared 
voided delayed flights. Touching a model during flight constitiites a 
\.oided flight. 

(E  ) OUTDOOR R [ODEL AIRCRAFT, NON-POWERED, 1 IAND-LAUNCHED. 
All flights made by outdobr haiid-launched gliders are official flights, re- 
gardless of duration. 'Delayed flights for outdoor hand-launched gliders 
are not recognized. 

( F )  OUTDOOR ~ ~ O D E L  AIRCRAFT, NON-POWERED, TOWLINE-LAUNCHED. 
An outdoor towline-launched glider makes an official flight when it re- 
mains in the air for 40 seconds or more after the towline is released from 
the rnodel. Launching mechanism designed to assist the take-off, which 
is dropped from the glider at the termination of the tow, niay be used. 
An outdoor towline-launched glider makes a delayed flight when it re- 
mains in the air for less than 40 seconds after the towline is released from 
the model. Three successive delayed flights displace one official flight; 
the duration of all delayed fliglits shall be recorded. Should an outdoor 
towline glider collide in the air with another model, the contestant may 
declare the flight either a delayed or official flight. If three successive 
flights are recorded as delayed flights, the contestant shall be entitled to 
the reinstatement of the longest of these three successive delayed flights 
as an official flight. If one or more delayed flight(s) is/are followed by an 
official flight, the contestant shall not be entitled to reinstatement of the 
delayed flight(s) as in place of the official flight. An outdoor towline 
glider makes a voided delaved flight, and is not credited with anIr duration 
time u.hen it drops an\.  part dirring takc-off or i n  flight (cxccpt laiinching 
rnechaiiisi~i dcscribcd al)o\.c). Il'lights rvhich arc aided in any way, in- 
cluding thc artificial displaccmcnt of air, sl-iall bc declared voided de- 
layed flights. 

(G)  ~ ~ O D E L  AIRCRAFT POUJERED RY INTE~RNAL CO~IBUSTION EN- 
GINE (s)  -NOT FRLE-FLIGIIT. Model aircraft which are controlled from 
the ground shall be flown on cord (s),  string(s), or wire(s), of the follow- 
ing lengths: Classes A and B, 52 feet, 6 inches; Class C 70 feet. All meas- 
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urements of control line(s) shall be taken from the grip or pylon to the 
point where the line(s) enter the n-iodel. In the cas'c of a combination 
whip and line control, measurement shall include the length of the whip, 
Time shall be taken for one-half mil; runs (8 laps for Class A and B, 
6 laps for Class C ) .  Contestants shall signal timers for tin-ie-in by raising 
the hand or some similar prearranged signal. Models must be kept below 
the height of 20 feet during an official run. If a model during an official 
run exceeds the height of 20 feet, the preceding portion of the run shall 
be nullified and the contestant must again signal for time-in without 
stopping the flight. The maximum height n-iust be clearly marked before 
the beginning of the event. Models forced down at any time before the 
completion of the run shall be charged with a delayed flight. Two succes- 
sive delayed flights shall constitute an official flight and tl-ie best speed 

. of either flight sl-iall be recorded as the official flight time for the event. 
~ h e  speed attained on all delayed flights shall be recorded. 

VI. NUMBER OF FLIGHTS 

(A)  INDOOR MODEL AIRCRAFT, POWERED. Each contestarit shall be 
allowed a total of 3 official flights, with 3 successive delayed flights dis- 
placing one official flight. 

(B)  INDOOR MODEL AIRCRAFT, NON-POWERED. Each contestant shall 
be allowed a total of 9 official flights. 

( C )  OUTDOOR MODEL AIRCRAFT, POWERED. Each contestant shall 
be allowed a total of 3 official flights in all outdoor powered model events, 
with 3 successive delayed flights displacing one official flight. 

(D)  CONTROL MODELS. Each contestant sl-iall be allowed 3 flights, 
the fastest time (miles per hour) recorded on any official flight shall be 
tl-ie final standing of the contestant in the event. All official flights shall 
be of the prescribed distance or greater. 

( E )  OUTDOOR MODEL AIRCRAFT, NON-POWERED, HAND-LAUNCHED. 
Each contestant shall be allowed a total of 9 official flights in outdoor 
hand-launched glider events. 

(F) OUTDOOR MODEL AIRCRAFT, NON-POWERED, TOWLINE-LAUNCHED. 
Each contestant shall be allowed a total of 3 official flights in outdoor 
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towline-launched glider events, with 3 successive delayed fliglits displacing 
one official flight. 

(G)' RECORD TRIALS. Unlin-iited number of flights are permitted in 
record trials provided sufficient tin-iing equipment is available; the scoring 
of such flights, however, shall be according to the Standard established 
for sanctioned competitions. 

VII. TIMING OF FLIGHTS 
( A )  INDOOR. Time of flight starts the instant a model is launched . 

by hand or released for take-off and eiids wlien the model touches the 
ground or floor after being launched, or nieets an obstruction that pre- 
vents further flight. 

(B )  OUTDOOR, FREE FLIGHT. I'inie of flight starts the instant a 
n-iodel is launched by hand or released for take-off and ends when the . 
model touches tl-ie terrain after being launched, or meets an obstruction 
tl-iat prevents further flight. Time also ends when a i-i-iodel passes from 
the sight of the tiiner; sliould a model pass from sight of the tin-ier be- 
hind a cloud or obstruction, the tii-i-iing device (stop watch) sliall be 
permitted to run for an additional 10 seconds and if the model reappears 
within these 10 seconds, the timing shall continue uninterrupted. If the 
model fails to reappear within tl-iese 10 seconds, tlie tiniing device shall 
be stopped and the 10 seconds deducted from the total official flight 
time. T h e  timer shall make every effort to keep a model in sight until 
it lands. Timers at an outdoor contest shall remain on the field within a 
prescribcd circle not to excecd 200 fcet in radius, and tii-i-iers shall keep 
n-iodels ii-i sigl-it only bv use of nori-iial visioi-i (colored glasses and sun 
sliades are permitted, and glasses may be used by timers who ordinarily 
wear thcm ) . 

(C)  OUTDOOR, NOT FREE FLIGHT. Time of flight starts when con- 
testant Signals the timer for time-in and continues for prescribed number 
of laps. Tiine is taken at a pre-determined starting and fiilishing point on 
the circumference of the flight circle. 

VIII. SCORING OF FLIGHTS 
(A) ACCURACY. Flight duration shall be scored to the nearest fifth 

of a second. 
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(B)  INDOOR. Scoring tinie for iiidoor models shall be the longest of 
3 official flights for powered models; the longest of 9 official flights for 
non-powered models. 

( C )  O U T D C ~ R  ~ ~ O D E L  AIRCRAFT, POWERED BY INTERNAL COMBUS- 
TION ENGINE(S)-FREE FLIGHT. Scoring time for outdoor model air- 
craft powered by interiial combustion cngine(sJ shall be the average 
elapsed time of three official flights. 

(D)  MODEL AIRCRAFT POWERED BY INTERNAL COMBUSTION EN- 
GINE(S)-NOT FREE FLIGHT. Scoring tinie for model aircraft controlled 
from the ground by cord(s), string(s), or wire(s) shall be in miles per 
hour coniputed to the nearest one-tenth of a niile per hour. Highest 
speed recorded in any one of 3 official flights shall decide the contestant's 
standing in the event. 

( E )  OUTDOOR MODEL AIRCRAFT POWERED BY OTHER THAN INTERNAL 
COMBUSTION ENGINE(S). Scoring time for outdoor model aircraft 
powered by other than internal combustion engine(s) shall be the average 
of 3 official flights. 

(F) OUTDOOR MODEL AIRCRAFT, NON-POWERED. Scoring time for 
outdoor model aircraft, non-powered, hand-laiinched (gliders), shall be 
the longest of 9 official flights. Scoring time for outdoor model aircraft, 
non-powered, towline-launched (gliders) shall be the longest of 3 official 
flights. 

(G) VISIBLE RECORDS. It is recommended that whenever possible 
all flights be recorded on a large chart visible to all contestants. 

IX. SANCTIONED COMPETI'TION 
(A)  SANCTIONED COMPETITION. The Academy of hfodel Aeronaut- 

ics will sanction model aircraft conipetition which is conducted by rec- 
ognized contest directors according to these official regulations. 

( B )  CLASSIFICATION OF SANCTIONED COMPETITION. The Academy 
of Model Aeronautics classifies sanctioned contests and record trials as 
follows: 

Class A-"Closed Competition," a coiitest Open only to members of 
a single model airplane club, or affiliated model airplaiie organizations; 
Class AA-"Invitation" contest opcn to licensed model flyers with 
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awards available to all who enter; Class AAA, state or regioiial cliaiiipion- 
ship contest whicli is large in size, draws ioo or more contestants, and 
offers iniportant awards; Class AAAA, iiational and international Cham- 
pionship Contest, wliicli offers traditioiial tropliies of the Acadeiiiy of 
Riodel Aeronautics; aiid Record Trials, a coiitest conducted for the sole 
purpose of providiiig an opportunity and facilitics for attempts to estab- 
lish or surpass official iiiodel aircraft duration records, with no Special 
awards offered to tlie winiiers. 

(C) OFFICIALS. All sanctioned contests and record trials sliall be con- 
ducted by a coiitest director who has beeil appointed by the Academy 
of Model Aeronautics. T o  receive appointiiient, a contest director must 
be a leader member of tlie Academy of Model Aeronautics. The  contest 
director may name as many assistants as are necessary to insure a well-run 
competition. As niany of tliese assistants as possible shall be leader mem- 
bers of the Academy of Model Aeroiiautics. 

(D) COMPETITION OF DIRECTORS. The  contest director shall not 
enter any contest lic or she directs unless aiiother contest director is pres- 
ent to tinie him and record his tinies. At no tinie shall any official of a 
sanctioned competition engage in any activities which interfere with the 
proper execution ot' his or her duties. 

( E )  APPLICATION FOR SANCTION. Application for sanction of a niodel 
aircraft contest or record trials sliall be ~nade  a t  least 30 days in advance 
of the competition by a contest director of the Acadenly of Model Aero- 
nautics. 

( F )  EQUIPMENT. Timing devices (stop watches) with graduations 
of not less than one-fiftli of a second shall be used in sanctioned competi- 
tion. Sucli scoring and recording aids as are necessary to insure a well-run 
coiiipetitioii shall be provided by the contest director or his assistants. 

(G) TAKE-OFF FACILITIES. In rise-off-ground events, horizontal 
raised runways sliall be not more than 6 inches off the ground or fioor. 
Fnr rise-off-water events tl-ie dcptli of thc water shall be not less than 
one-inch indoors and not less than 6 inches outdoors; the surface area 
of the water shall be large enougli to permit free take-off. 

(H)  TERRAIN. Tl-ie terraiii for outdoor competition shall not vary 
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as to difference of levcl and location more than standard practice for 
landing areas of airports. 

( I )  REPORT OF COMPETITION. A complete report of each sanctioned 
contest or record trials shall be filed with the Contest Board of the 
Academy of Model Aeronautics by the contest director within 7 days 
following the competition. The  report shall include: T h e  names, ages, 
and addresses of all entrants and their individual flights in each category 
and class; the type of ship and engine(s) used shall be shown for all 
model aircraft powered by internal con-ibustion engine (s )  . Report (s) of 
record performance(s) shall be filed with the Contest Board of the 
Academy of Model Aeronautics within 7 days following the con-ipetition. 
Failure to fulfill these requirements shall constitute sufficient cause for 
the revocation of contest director's appointment. 

( J )  WHO MAY COMPETE. Only those who hold membership in a 
niodel airplane club affiliated with the Academy of Model Aeronautics 
shall be pern-iitted to enter the events of a Class A competition. Only 
those possessing the gas model flyers sporting license issued by the Acad- . 
emy of Model Aeronautics, or the special "Letter of Authority to Gas 
Model Flyers Under 14,'~ shall be permitted to enter events for models 
powered by internal coinbustion engine(s) in Record Trials and Class 
AA, AAA, and AAAA contests. Only those possessing a model flyers 
sporting license issued by the Academy of hlodel Aeronautics shall be 
permitted to enter events for non-powered models and models powered 
by other than internal combustion enginc(s) in Record Trials and 
Class AA, AAA, and AAAA contests. I'he contest dircctor of each sanc- 
tioned con-ipetition or his representative shall exainine the sporting license 
of each contestant to determine its validity and the contestant's eligibility 
to compete. 

( K )  BUILDER OF MODEL. Each contestant shall assenible and Cover 
all lifting surfaces and fuselages. The  design may be obtained from any 
source. Only the builder may fly the model for record or in sanctioned 
competition. hlodels built from kits are acceptable. For all models other 
than those powered by internal combustion (or other) engines, the 
builder must build, canre, or complete the propcller(s). 



(L)  TEAM ENTRY. In the case of a team entry of a model aircraft in 
a sanctioned contest, it shall be required that each member of the team 
shall have taken an active part in the construction of the model. One 
member of the team shall be designated to fly the model. Entry in a 
sanctioned contest shall be made in the name of the team (including 
the names of all members) and any records established or prizes won 
shall be recorded or awarded in the name of the team. No team shall enter 
more than one model in each class. 

(h l )  NUMBER OF MODELS, INDOORS. Each contestant will be al- 
lowed a maximum of 3 models in each indoor event, and he may use 
any or all to complete his Bights. The 3 models used may be of different 
design; and if an event is announced as a general category without spe- 
cific size classes, the 3 models used may be of different size classes. 

(N) NUMBER OF MODELS, OUTDOORS. Each contestant will be al- 
lowed only one model for each outdoor event. A contestant is allowed to 
enter each event only once. He cannot enter one ship more than one 
time in any one event nor can he enter more than one ship in any one 
event. 

(0)  IDENTIFICATION OF MODEL. Each model powered by internal 
coinbustion engine(s) shall have the sporting license number assigned t o  
the builder and flyer by tlie Academy of Model Aeronautics permanently 
affixed to the upper side of the right-hand lifting surface. Each outdoor 
model shall have a registration certificate bearing the name and address 
of the builder and pertinent information concerning its size character- 
istics permanently affixed to the model. 

(P) CROSS-SECTION DRAWING OF CABIN. In cases of doubt, con- 
testants shall present a full-size drawing of the maximum cross-section 
of the cabin model; drawing shall be ruled into half-inch Squares. 

(Q)  AGE CLASSIFICATION OF CONTESTANTS. Contestants under 16 
years are classed as juniors; contestants 16 or more but under 21 years 
are classed as Seniors; and contestants 21 years or more are classed as 
Open flyers. Records are segregated as junior, senior, or Open, according 
to the age of the contestant when the record was established. 

( R )  DISQUALIFICATION. Any contestant ~7110 breaks any rule of a 
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contest, or conducts himself or herself contrary to the ordinary require- 
ments of common courtesy, may be disqualified upon recommendation 
of the officials. Models broken in landing are not disqualified. 

(S) EXCLUSION. A sentence of exclusion may be pronounced by the  
local contest committee against any entrant from any event or from all 
events in a contest or Record Trials, if the contestant is ineligible to 
take part in tlie events, or guilty of misbehavior or unfair practice. The 
local contest committee inay order the removal of any entrant from the 
flying field or building who refuses to obey the order of a responsible 
official. 

(T) Loss OF AWARD. Any competitor who may be excluded or sus- 
pended in any event shall thereby forfeit all right to  award in that event. 

( U )  PROTESTS. Protest will be considered only when presented in 
writing to the contest director within one hour after the close of the 
contest or record trials. The protestant must report in full the action or 
decision, the names of entrants and officials involved, and complete de- 
tails. 

(V)  APPEAL. Appeal may be made to the Contest Board of the 
Academy of Model Aeronautics on action taken on protest. Such appeals 
must be made in writing within a three-day period following the actioii 
of the local contest committee on the original protest. 

X. RECORDS 
(A)  NATIONAL RECORDS. Perpetual American model aircraft dura- 

tion records are homologated by the Contest Board of the Academy of 
Model Aeronautics. Perpetual records may be established at any time 
and shall continue until excecded or affected by changes in the official 
regulations. 

( B )  ACCEPTANCE OF RECORDS. NO record is official until it has been 
homologated by the Contest Board of the Acadeiny of Model Aeronaut- 
ics. Only duration records for flying model aircraft are officially recog- 
nized. All records to be eligible for recognition must be made in sanc- 
tioned competition under the regulations of the Academy of Model 
Aeronautics. 
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XI. GENERAL 
(A) PROJECTED AREA. The projected area of a supporting or sta- 

bilizing surface is tlie area seen wiien looking directly down on the sur- 
face. Supporting surface area enclosed in a fuselage or stick shall not be 
considered as wing area. 

( B )  TUBE. A tube which is fornied from sheet material shall not be 
considered as being built-up. 

( C )  CHANGING STICK AND FUSELAGE MODEL. NO parts shall be added 
to, or taken from, a stick model to qualify it as a fuselage model; no parts 
sliall be added to, or takeil from, a fuselage model to qualify it as a stick 
niodel. 

(D) PUSIIER-TRACTOR. The Academy of hlodel Aeronautics does not 
differentiatc between pusher or tractor models for purposes of classifica- 
tion or record. However, such types are defined as follows: Pusher-a 
model airplane of tlie pusher type Iias its propeller(s) behind the sup- 
porting surface(s); Tractor-a model airplane of tlie tractor type has its 
propeller(s) fonvard of the supporting surface(s); and tractor-pusher- 
a model airplane of the tractor-pusher type has its propeller(s) fonvard 
of, and propeller(s) behind the supporting surface(s). 

( E )  VACUPLANE, ROTORPLANES. Vacuplanes and rotorplanes are not 
classified by the Academy of Model Aeronautics. 

(F)  LIGHTER-THAN-AIR MODEL AIRCRAFT. Lighter-than-air model 
aircraft arc not classificd by the Academy of hlodel Aeronautics. 

(G)  EXHIBITION SCALE, FLYING SCALE, AND RADIG~ONTROLLED 
MODELS. Exhibition scale, flying scale and radio-controlled models are 
not classified for purposes of record by tlie Academy of Model Aero- 
nautics. Such models are encouraged and regulations for flying scale and 
radio-controlled models are available froin the Academy of Model Aero- 
nautics. 

(H)  INTERPRETATION OF REGULATIONS. Tlie Contest Board of the 
Academy of RIodel Aeronautics sliall be the final authority in the inter- 
pretation and execution of thcse model aircraft classifications and regu- 
lations. 



CHAPTER X V  

GLOSSARY OF AERONAUTICAL TERMS 

1 T IS NOT THE author7s pur- 
Pose to list all of the aviation words and terms in this chapter, for 
such a project would take much more space than we are able to de- 
vote to it here. However, model builders should have a guide to the 
most used words and terms, and the majority of these are listed in 
this chapter. Probably some words are missing, and others are in- 
cluded which have little to do with model matters, but the attempt 
has been to make this fit the model field as far as possible, except in 
cases where certain words or terms obviously had to be included. 

ABSOLUTE CEILING. The greatest tiltitude at which an aircraft can main- 
tain horizontal flight. This is determined by not only the engine but 
also by the airfoil section. 

ACETONE. An inflammable liquid prepared by special fermentation of 
grain, formiilg butyl alcohol and acetone. A general solvent used as 
an ingredient for the thinning of dope and lacquer. 

AERODYNAMIC CENTER. A point located on or near the mean line ap- 
proximately one-quarter of the chord length, aft of the leading edge, 
and about which the moment of coefficient is practically constant. 

AERODYNAMICS. The branch of dynamics that treats of the motion of 
air and other gaseous or aeriform liquids and of the forces acting oii 
solids in motion relative to such gases or liquids. 
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AILERON. A hinged or movable portion of a wing, the primary function 
of which is to irnpress a rolling motion on the aircraft. I t  is usually 
located on the wing trailing edge, near or at the wing tips. 

AIR SPEED. The speed of an aircraft relative to the air through which it 
is passing. 

AIRFOIL. Any surface, such as an airplane wing, aileron, rudder, or ele- 
vator, designed to obtain a useful reaction froni the air througli whicli 
it moves. 

ALTITUDE. The position of an aircraft as determined by the inclination 
of its axis to some frame of reference, usually fixed to the earth. 

AMPHIBIAN. An aircraft designed to arise from, or alight On, eitlier water 
or land. 

ANGLE OF ATTACK. The acute angle between the reference line in a body 
and the line of relative wind direction. 

ANGLE OF INCIDENCE. The acute angle between the plane of the wing 
chord and the longitudinal axis of an aircraft. The angle is positive 
when the leading edge is higher than the trailing edge. 

BALSA WOOD. An exceptionally light wood used to a great extent in model 
building and full-scale aviation, as well as in other modern fields. 
It is only about 2 5  per cent the weight of spruce, or about eight 
pounds per cubic foot. It is a product of the West Indies and Ceii- 
tral America. 

BEARING. Any mechanism designed for the purpose of reducing friction 
between moving parts. 

CAMBER. The rise of the curve of an airfoil section, usually expressed in 
the ratio of the departure of the curve froiii the straight line, joining 
the extremities of the curve to the length of this straight line. 
Camber is positive wlien this departure is upward and negative when 
it is downward. Siniply stated, camber is the curve of a wing surface 
fiom the leading edge to the trailiiig edge. 

CANTILEVER. A cantilever nionoplane is one in which the main plane lias 
no external support froni struts or wires back to the fuselage. 

CENTER OF GRAVITY. The point of the intersection of the resultant aero- 
dynamic force and the chord line of an airfoil, i.e., the poiilt about 
which the body would balance in any position. 
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CENTER OF LIFT. The mean of all the centers of pressure on an airfoil. 
CENTER SECTION. The central panel of a wing or main plane. Where 

there is no definite center section, this is determined arbitrarily. 
CHANDELLE. An abrupt climbing turn that is used to obtain a higher 

rate of climb. 
CHINE. The extreme side member of the hull of a flying boat running 

approximately parallel to the keel in side elevation. 
CHORD. The length of that part of the chord line which is intercepted by 

the airfoil. 
CHORD LINE. A straight line through the center of curvature at the leading 

and trailing edges of an airfoil. 
CHORD, MEAN. The quotient obtained by dividing the wing area by the 

Span. 
COMPRESSION RATIO. The ratio of the volume of gas in an engine cylinder 

at the beginning of the compression stroke to its volume at the 
end of the stroke. 

CONTROL STICK. The vertical lever by means of which longitudinal and 
lateral control of an airplane can be operated. The elevators are 
operated by the fore-and-aft movement of the stick, while the 
ailerons are operated by the'side-to-side movement. 

CONTROL SURFACE. A movable airfoil designed to be rotated or othenvise 
moved in order to change the attitude of the aircraft. 

COWLING. A removable covering which extends around the engine or 
other parts of an aircraft. 

CRACK UP. A term which means that the aircraft has been damaged by 
accident or by other circumstances beyond control. 

CROSS-BRACES. Side-to-side members of the framework. The term also 
often refers to those braces which extend between longerons or 
stringers of a fuselage. 

CROSS-SECTION. A drawing made of an object as it would look if it were 
cut in two on an axis inferred or designated on the drawing. 

CRUISING SPEED. A speed not greater than 90 per cent of tlie design level 
speed. 

DATUM LINE. A base line or refercnce line from which calculatioiis or 
mcasurements arc taken. 
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DEAD-STICK LANDING. A landing made with engine not running and the 
propeller stopped. 

DETAIL DRAWING. A drawing which shows a small portion or part of a 
machine in minute detail. 

DIHEDRAL. A wing design in which the wing tips are raised above the 
center section of a wing. 

DOPE. A liquid material' applied to framework covering to increase 
strengt11 and produce toughness by shrinking. 

DRIFT. The lateral velocity of an aircraft due to side winds. 
ELEVATOR. An auxiliary airfoil whose piirpose is to make an aircraft rise 

or descend. 
END HOOK. The hook used in the rear of a rubber-powered model as an 

anchor for the rubber Strands. 
ENDURANCE MODEL. A model built primarily for the purpose of making 

long flights. Endurance models rarely are scale versions. 
ENGINE. A means of power-rubber, gasoline, or compressed air-by 

which a plane is given fonvard motion. 
EXHIBITION R ~ O D E L .  A scale model which is built primarily for display 

purposes. It may be either flying or non-flying. 
FAIRING. An auxiliary member or structure whose prima7 function is 

to reduce head resistance or drag of the part to which it is fitted. 
FALSE RIB. Short, light ribs which are used as auxiliaries to main ribs. 

They extend only from the leading edge to the front spar. 
FILLET. Fill-in at angular joints, the purpose of which is to make for 

smoother air flow over the unit. 
FIN. A fixed or adjustable airfoil employed to provide directional stability. 
FISIITAIL. A colloquial term, describing the motion made when the tail 

of an aircraft is swung from side to side to  reduce the landing Speed. 
FLAP: A hinged or pivoted section forming the rear portion of an airfoil, 

used to vary the effective camber or increase drag. 
FLOAT. A watertight structure attached to an aircraft in order to give it 

buoyancy and stability when in contact with water. 
FUSELAGE. The body of approximately streamline form to which the 

wings and tail units of an aircraft are attached. 
GAP. The distance between the planes of the chords of any two adjacent 

wings. 



GLIDE. TO descend at a normal angle of attack with little or no thrust. 
G ~ o s s  WEIGHT. Tlie total weiglit of an aircraft fully loaded. 
GROUND LOOP. An uncontrollable violent turn of an aircraft in taxiing 

or during tlie landiiig run or take-off. 
GROUND SPEED. Tlie horizontal speed of an aircraft relative to the earth. 

Ground speed and air speed are rarely tl-ie sanie. 
GUSSET. Altl-iougli a gusset n-iay be any shape, it is usually a small rectangu- 

lar brace used to strengthen Corners in a structure. 
HEAD WIND. A wind which blows approximately parallel to the fligl-it 

patl-i of aii aircraft and which retards ground speed. 
H.L. Abbreviation for hand launched. All n-iodels wl-iich are launched 

fron-i tl-ie l-iand are in this classification. 
HORN. A short lever attached to a control surface, and to which the 

operating wire or rod is attached. 
HOVER. TO be stationary or suspended in one spot above tl-ie earth. 
HULL. Tl-ie n-iaiii structural and flotation body of' a flying boat or boat 

ampliibian. 
I-BEAM. A str~lctural member which has a cross-sectional shape of the 

capital letter "1." 
INTERCOSTAL. Between ribs. 
JIG. Any rigid structure wl-iich holds parts while they are being fabricated 

or wliich holds tlie component parts of a structure while it is being 
assenibled or disassembled. 

KEEL. A closing-in plate or shaped piece on the bottom center line of 
the l-iull, to which the fraines and sides are anchored. 

LAMINATED WOOD. A product formed by gluing or otherwise fastening 
together a nuiiiber of lan~inations of wood with the grain sub- 
stantially parallel. 

LEADING EDGE. The foremost edge of an airfoil or propeller blade. 
LONGERON. A principal longitudinal member of tl-ie framework of a 

fuselage or nacelle. 
LOOP. A maneuver executed in such a manner tliat tlie aircraft follows a 

closed curve in the vertical plane. 
MAIN PLANES. The main supporting surfaces of an aircraft, including 

the ailerons. 
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~ ~ A X I M U M  RANGE. The greatest distance an aircraft can fly under given 
conditions and at the most economical cruising speed. 

MEDIUM GLIDING TURN. An elementary maneuver which consists of a 
medium turn during a normal glide. 

MOCK-UP. A full-sized model of a proposed type of aircraft, made to pro- 
vide a means of setting forth the arrangement of the interior and 
exterior parts. 

MONOPLANE. An aircraft which has but one main supporting surface. 
MULTIPLANE. An aircraft which has two or more main supporting sur- 

faces placed one above another. 
NACELLE. An enclosure wliich accommodates the Crew or power plants 

of an aircraft. 
NOSE-OVER. A colloquial expression referring to the accidental turning 

over of an aircraft on its nose wlien landing. 
N-STRUT. A type of bracing which utilizes three struts so placed as to 

resemble the capital letter "N." It is frequently used to brace the 
wings of a biplane. 

OVERHANG. One half the difference in Span of any two main supporting 
surfaces of an aircraft. The overhang is positive when the upper of 
the two supporting surfaces has the larger Span. The term is also 
used to mean the distance from the outer strut attachment to the 
tip of the wings. 

OVERSHOOT. TO fly beyond a designated spot or area while attempting to 
land. 

PANCAKE LANDING. A landing in which an aircraft is leveled off several 
feet above the ground and then drops. This is a result of the aircraft 
stalling, or losing air speed. 

PANEL. A portion of an aircraft wing constructed separately from the rest 
of the wing to which it is attached. Also, a removable section. 

PANTS. Streamlined enclosures used to Cover wheels in order to decrease 
drag. 

PARASOL MONOPLANE. A monoplane in which the wing is above the 
fuselage. 

PITCH. An angular dispiacement about an axis parallel to the lateral axis 
of an aircraft. 
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PITOT TUBE. A cylindrical tube with an opening pointed in the direction 
of flight, the purpose of which is to measure impact pressure. 

PLYWOOD. Layers of wood glued or otherwise fastened together with 
alternate plies, with the grain at right angles. 

POWER SPIN. A noriiial Spin with the engine running at any speed above 
idling. 

PROFILE. The outline of an object as viewed from a side. 
PULL-OUT. The nianeuver of transition froni a dive to horizontal fliglit. 
PUSHER. An aircraft with the propeller or propellers mounted to the rear 

of tlie main supporting surfaces. 
PYLON. A structure usually pyramidic in shape, used as a marker for 

closed-course races. Also the structure used to Support tlie rotors 
of an autogiro. 

RIB. A member that gives tlie desired shape to the covering material of 
planes or control surfaces. 

R.O.G. Abbreviation for "rise off ground." The term is used for a niodel 
airplane equipped witli a landing gear enabling it to rise from the 
ground under its own power. 

R.O.W. Abbreviation for "rise off water." The term is used for a model 
airplane equipped with flotation gear enabling it to rise froni water 
under its own power. 

RUDDER. A hinged or movable auxiliary airfoil, tlie function of wliich is 
to impress a yawing movement to an aircraft. 

RUDDER POST. The main vertical member of the rudder to wliich the 
rudder hinges are attached. 

RUNWAY. A strip of Open ground used by aircraft for the purpose OE' 
landing and taking off. 

SCALE MODEL. A model airplane built to the exact scale of a real aircraft. 
Models in this category niay or may not be capable of fliglit. 

SINKING SPEED. The downward speed of an aircraft wliile in a glide 
with power off. 

SOAR. TO fly without engine power and without loss of altitude. 
SPAN. The niaximum distance, measured parallel to the lateral axis, from 

tip to tip of an airfoil. 
SPIN. A maneuver in wliich an aircraft descends along a spiral path of 

large pitcli and small radius. 
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SPIRAL. A maneuver in which an aircraft descends along a spiral path of 
small pitch and large radius. 

SPONSON. A float projecting froni tlie hull of a flying boat, the purpose O E  
wliich is to give lateral stability while at rest on the water. 

S'LABILIZER. Any airfoil whose priniary function is to increase the sta- 
bility of an aircraft. I t  usually refers to the fixed horizontal tail 
surface. 

STALL. The condition of an airfoil or aircraft in which it is operating at 
an angle of attack greater than the angle of attack at maximuni lift. It 
results in a loss of flying speed and usually in a temporary loss of lift. 

STEP. A break in the undersurface of a float or hull designed to facilitate 
take-off. 

STRINGER. A light auxiliary member parallel to the main spars or longi 
tudinals which assists in preserving the external form of the object. 

STRUT. A compression meniber of a truss frame. 
SWEEPBACK. A wing design in which the wing tips slope backward from 

the center section. 
TAB. An auxiliary airfoil attaclied to a coiitrol surface for the purpose of 

trimming tlie aircraft to straight flight. 
TAIL. The rear section of an aircraft, usually consisting of a group of 

stabilizing planes or fins to which are attached the rudder and 
eleva tor. 

TAPER. A gradual change in the chord length of an aircraft wing along the 
Span from the root to the tips. 

THERMAL. An up-current of air. 
TOWLINE GLIDER. A glider which is pulled into flight by means of a long 

line. This towline is usually detachable, so that the aircraft may fly 
without further assistance. 

TRAILING EDGE. The rear edge of an airfoil. 
WARP. TO change the form of a wing or airfoil by twisting. 
WING. A unit of lifting surface of an aircraft. 
WING TIP. The outer end of an aircraft wing. 
Z o o ~ r .  T o  climb for a short tiiiie at an angle greater than the normal 

clinibiiig angle of tlie aircraft. I'liis is usuall!. accoiiiplished after a 
dive. 
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