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TREND EN AIRPLANE DESIGN AS INDICATED BY 
APPROVED TYPE CERTIFICATES 

INTRODUCTION 

Many important changes in the trend of airplane and airplane 
engine design are represented by the approved type certificates issued 
by the Aeronautics Branch of the Department of Commerce. These 
changes are concerned chiefly with detail of design, rather than with 
fundamental principles of aircraft engineering, and, in general, the 
theory of flight as applied more than a quarter of a century ago by 
the Wright brothers has been followed faithfully. 

But if the changes are not fundamental, they are, nevertheless, 
substantial. I n  fact, the modern airplane bears only a family re- 
semblance to the historical Wright biplane, and even within the com- 
paratively brief period of time during which the Aeronautics Branch 
has been issuing approved type certificates, there have been man;y 
improvements and refinements. 

It has been noted particularly that the speed of airplanes has 
increased since the first approved type certificate was issued by the 
Aeroilautics Branch and to attain higher speed, designers have had to 
alter other performance characteristics or make concessions, along 
other lines. For example, higher speed frequently meant less pay 
load carried, and the study shows that the average pay load in 
qroportion to horsepower has been decreasing steadily. 

Other changes represented attempts to achleve other ends. I n  a 
series of mathemztical studies of approved type airplanes, both high 
speed and landing speed were considered, also wing loading, omer % loading, pay load in its relation to gross weight and to engine orse- 
]lower, the trend followed ss to gross .weight in general, the propor- 
tion of land planes, seaplanes, amphibians, and flying boats intro- 
duced, the proportion of open and closed designs and the proportion 
of monoplanes and biplanes. A mathematical study of engines dis- 
closed the proportion of radial air-cooled, in-line air-cooled, V-type 
water-cooled, and V-type air-cooled types introduced. In addition to 
the mathematical studies, which included preparation of graphs, gen- 
eral observations as to trends in design practice have been made. 

BASIS OF THE IhTESTIGATION 

On January 1, 1931, the Aeronautics Branch had issued approved 
type certificates for 390 airplanes and 65 engines. The first A. T. C. 
issued for an airplane was dated in March, 192'7, and the first for 
an engine was issued approxima,tely a year later. The airplane data, 
therefore, represent a period of time of slightly less than four years, 
while those for airplane engines are for somewhat less than three 
pears. 



As m a n  of the airplanes and engines approved were designei* 
either partially or completely before the policy of issuing approve< 
type certificates became effective, the study might well be regarded 
as covering a period even longer than the four years from 1927 to 
1930, inclusive. However; the graphical curves m~hich have been 
drawn to represent the various trends studied begin, for airplanes, 
with the second quarter of 1927, and for engines, with the second 
quarter of 1928. Most, of the graphs have been compiled with points 
plotted for each three mont,hs of the period of the study, making 
a total of 15 divisions for airplanes and 11 for en,' vines. 

The investigation is an impartial survey of the data as a whole 
and is not concerned with impro~rements or deficiencies in individual 
designs. For  this reason no account is talren of the number of 
craft built under any certificate or of the perseverance with or abar?- 
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FIGURE 1.-Per cent of the  total number of approved type certificates issued in  
each quarter of jreriod studied 

donment of any designs which h a ~ ~ e  been approved. Instead, each 
a~provud  tp1)e of airplane or engine is considered once mith respect 
to each of the several phases of designing considered, and the stuclp 
as a w11ole is believed to represent in a general way the ideas of all 
the engineers vho contributed to the derelopment of the types 
involved. 

The various approred type airplanes and engines were introduced 
b? 140 concerns. Many of the approved products no longer are 
manufactured. but in most cases the plans for discontinued types 
formed tlie basic files for other models approved subsequently. 

There \?,as a steady increase in the nnmber of approved type certifi- 
cates issued for airplanes up to the end of the second quarter of 1929. 
(See fig. 1.) In  the third quarter of 1929 there was a marked increase, 



q.nd approximately 19.2 per cent of all approved t~ rpe  certificates issued 
u r ing  the period of the study were issued in this quarter. Follow- 

ing thls peak there mas a decrease in number of appro~lals as abnlpt 
as the climb was steep. The curve in Figure 1 continues t,o drop 
until reaching the end of the first, quarter of 1930, varies through the 
remainder of 1930? reaching a peali in the third quarter and dropping 
again in the fourth quarter. About 5 per cent of the total nunlber 
of certificates were issued in  the final quarter of 1930. 

The curve reflects the reactio~is of the industry to general busiiless 
conclitions and everits such as an important prograin of air races 
or an aircrnft exposition. Under requirements for  nlany of the 
races. entrants must fly airplanes ma~infnct,ure.cl in nccorclance with 
ap1)roved type certificate clata. The data received prececling such 
events, and the approva1.s resulting therefrom invariably esceeclecl 
the number for other periods of tile yenr. 

The trend of oolulne of applications (luring the 4-pear period 
is not a 6efinit.e one. The curve of Figure 1 starts v i t h  a.bont 2 per 
cent of the tot,al issuer1 in the second qua.rt,cr of 1937, clro]-1s slightly, 
and then rises rnrit,ll sonle irrc.gulzrit~ies t,o tlie pe,zl; in ';he third clunr- 
t,er of 1920. Aft,el- 211 abrupt drop in t.ile fourtll quarter of 1939 
a,nd the fi~.st, quurt,er. in 1930, the curire rises again, ancl the11 falls 
for the final tl11.e.e months of 1030. 

Tllis curve is of value chiefly as a suj~ple,mc~lta.ry inclex t,o the other 
lllnt,lleln.atical studies: as a cc11nl)nrison of Figure 1 wit11 any one 
of t!le subsequent graphs coi~cer:iil.~g airplane design -rill s! lo~~ the 
render approsimntelj; 11o\~ mans; mc)ilels are inrroirecl in any par- 
ticular section of one of the latter curves. 

POVER LOADING AND WING LOADING 

The average rreiglii; supported by encll unit of horsepo\vcr of 
tile a.irplane engine lias decreased during the period of t,ile study, 
~ncl at  the same time t,he average load carried by each sqnare foot 

of wing sul-face has been increasecl stea,dilg. (See fig. 9.) The 
curves representing tliese two trends are irregular, but nevertheless, 
the indications are definite. Also, bot,ll curves are remark~bly  iike 
the curves for high speed and for lancling speed in Figure 5. These 
1-esemblances cre discussecl u.ncler tlie headirig Arerage Top Speed 
ancl Average Landing Speed. 

The  trend in poT.;er loading was don-n~rard in  nearly all of the 
quarters. I n  only four quarters were there any increases, and in 
one the level reinnined constant. The  t,enclency t o ~ ~ a r c l  lower power 
Iosclings inclicates the cleveloplllent of higher-powered engines, with 
resultant higher speeds ancl maneucornbility. I n  terms of load 
factors, lower power loacling nleans higher fact,ors required, whicl~ 
in turn has called for  careful design. 

As an illustration of this trend in terms of the airplane market, 
it may be pointed out that many airplanes originally equipped with, 
say, 200-horsepower have been revised in design until the 
same models, with the same seating capacity and pay load, now 
are equipped with engines developing as much as 450 horsepower. 
F o r  another airplane the incre,ase may have been from 90 to 225 
horsepower; the increases represent a number of different horse- 
power ratings. 



Vrhile porrer loading was decreasing (because of tlie increase in 
power of engines), v ing loading was increasing, and the t s r o  trenrl. 
were directljr opposecl to each other. I n  quarters when the curve 
representing average power loading drop::ecl, the corresponding 
curve for wing loading increased, and vlce versa, with a few 
exce~~tions. 

TJ,Then engine horsepower has been increased, there a1~ag.s has 
been an increase in gross weight, but nsually the ~ ~ i n g  area h a s  
~.ernn.i;-iecl t.he samt?. Tiiis h:?s resulted in 1lighe.r landing spcerls r,xd - 
more highly stress~c?, struc:,u:.es. Ln substant:a.ting increases, in gl.oss 
veights: d~signers may increase the v ing  nrca' but tilis, of course 

YEARS IN QUARTERS 

FrGUni ; :  2.-The nve:nse win" loading of upprored t rpe  airplanes increased wl~ile  
t he  n\.erage lo& cnl.ried bg each u u i t ' o f  horsepower clec1;ned 

would reduce the high speed. I n  most cases, tilerefore, engineers 
have kept the ~ving area constant under these circumstances, eve11 at 
the eqlense of a s u m e ~ h a t  higher lancling speed, and higher wing 
londings. 

AVERAGE PAY LOAD IIi PER CENT OF GROSS U'EJGHT AND AVERAGE PRY LOAD 
PER HORSEPOWER 

The ratio of pay load t o  engine l~orsepov-er is a measure of tlie 
economy of a design. An airplane o rne r  cnn cmzpute the purchase 
cost of his craft per engine horsepower, and the maintenance and 
operation cost per horsepower. The airplane's pa-~-loa?~ capacity, 
whether i t  represents actunl or potential income, or illerely seating 
space for pleasure flying, must be in reasonable relation to cost per 



horsepower, or air transportation in the one case will prove to be a 
poor investment and in the other an overexpensive pastime. 

For  approved type airplanes, the average pay load carried has 
decreased steadily, in proportion to the horsepower. (See fig. 3.) 
The average was highest in the third quarter of 1927, soon after 
the beginnmg of the period covered by this survey, fell off sharply 
in the next two quarters, recorered slightly, and then continued 
downward until 1930. I n  the fourth quarter of 1930 there was a 
notable recovery. 

Pay load in per cent of g ~ o s s  weight is a measure of efficiency of 
design, the most efficient deslgn being that in which the greatest per- 
centage of the gross -might represents pay load. This does not mean 
ifhat an airplane built for very high speed with a small.pay load is 
necessarily poorly designed, since such a craft may serve admirably 

YEARS IN QUARTERS 

RIG~REI 3.-Arerage pay load in per cent of =ross weight and average ay load in 
proportion t6 horsepower both decliged during the *-year perioz 

for its intended purpose, but at the same time i t  is not an efficient 
load carrier, and there is a practical limit to  this type of designing 
even when it is conceded that speed is to be considerecl as more 
important than amount of load to be carried. 

The curve in  Figure 3 representing avera.ge pay load in  per cent of 
gross weight shows that the trend in this phase of designing has been 
doanwarcl since the third quarter of 1927. The curve presents an 
appearance almost identical with that  of the curve re resenting 
average pay load per horsepower, as was to  be expectel and the 
recovery in the last quarter of 1930 for the latter trend mas dupli- 
cated for average pay load in per cent of gross weight. 

An additional study of these two trends with regard to their 
operation in airplanes of various weights between 1,500 and 24,500 

ounds is illustrated by the curves in Figure 4 (A and B) ,  plotted 
$)or airplanes of over 1O;OOO pounds approved in  1929 and 1930 and 
planes 10,000 pounds and under approved in 1930. I n  general, i t  
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was found that  the larger airplanes were most economical and most 
eficient, with regard to the ratio of pay load to engine horsepower 
and pay load in  per cent of gross weight. 

The smallest types of airplanes were found to have the lowest 
average ratios for pay load as compared with engine horsepower. 
For  airplanes of 5,000 pounds gross weight and upward the ratio is 
approximately 3, with a very slight increase upward as planes of 
lamer weights are reached by the curve. 

#or pay load in  per cent of gross weight, it was found that  the 
smallest planes were the least ehcient. For  airplanes weighing up  
to 5,000 pounds, the average varied from 15 to 20 per cent, with the 
heavier planes rating as most efficient. Above 5,000 pounds there 
was less variation, but the percentage climbed gradually as planes 
of greater gross weight were considered. 

YhARS IN QUARTLnS 

FIGURE 5-Average gross weights. plotter1 hy qunrterly nnd pearly period 

These two trends probably are accounted for  by the fact that the 
heavy pla.nes are transport. craft which are built primarily for 
carrying loads, while the smaller airplanes, designed to carry one 
or two passengers, are not built with so much attention to the 
amount of weiwht that mag be carried. Kevertheless, the results 
of this phase o8tl1e investigation of approved type airplanes are in- 
teresting i n  view of the theory that  the efficiency of heavier-than- 
air craft must necessarily decrease as their size is increased. While 
the concl.usions drawn from the present survey map not disprove 
the theory, the,? do indicate that  designers have not yet encountered 
the difficulties that. i t  forecast. 

GROSS WEIGHT 

There Fas considerable variation in  the gross weights of airplanes 
submitted for approved type certificates. There was a slight increase 
in the average gross weight until the end of 1929, after which the 
average dropped somewhat. I n  Figure 5 bverage gross weights 
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have been plotted by quarters, and by yearly periods. the trend re- 
vealing itself more clearly in  the latter curve. The average weight 
a t  the beginning of the periocl was a little less than 3,600 pounds, 
dropper1 to less than 2.800 in ths  second quarter, advancecl to more 
than 4,000 pounds, ancl then clroppecl irregularly to about 3,200. 
These are averages for quarterly periods. of course. ancl the aver- 
ages represent sviile planes weighing less and illore than tlie limits 
nlentiol~ecl. 

HIGH SPEED AKD LANDING SPEED 

The average high speeds of :~ii.planes that  were granted approvecl 
type certificates between 1937 and 1930 showed a steaclp increase 
ritli i i l  the np rosimate liillits of 101 miles an hour ancl 137 miles an 

lese limits, as well as other values for the hour. (See f?,),. 6.) TI 
curves in Figure 6, are referred to as :~pprosimate became of the 

fact t,llat the :1~7erngc.s were basecl upon a p ~ r o s i m a t e  calculations of 
t;he speeds of incli~idual airplanes. They are presented, therefore, 
onig as inclicnting the general trend. 

The trend in top speed cluring, the year:; 1927-1930 was irregular, 
:mcl the curve representillg this increase has many fluctuations, but. 
throuyliout the entire period there  as a c1e:arly defined tendency 
t,o~\-ard increased spcecl. The lowest point. on tlle curve indicating 
this trencl m7as plotted nt 101 miles an hour and the highest at. 13.7. 
At the beginning of the period the average top speed was 117 miles 
per hour. It. droppecl to 101 in the third quarter of 1927. climbed 
to a peal; of 135 miles an hour in the fourth quarter of 1928. then 
dropped spin ancl climhcd to a high peal< of 137 in the first quarter 
of 1930. At  the end of the period the average top speed was 126. 

Thus, i t  will be seen that  the actual increase in average top speed 
from 1927 to 1930 for new airplanes that received al~provecl type cer- 
tificates nras approsimately 10 miles an hour. although the avera.ge 
varied during the period through more t,han 35 miles an hour. The 



mcst interesting feature of this trend, however, is that i t  has been 
persistently upward. From the third quarter of 1928 to the end 
of 1930 there was never a time when the average top speed dropped 
below the level of 117 miles per hour that  represented the average 
top speed a t  the beginning of the 4-year period. 

Average landing speed took exactly the same trend as did aver- 
age top speed, bearing out the established principle that  these two 
performance characteristics are definitely related to each other, a,nd 
that when top speed is increased, allowance must be made for a 
pro130rtionate increase in landing speed, unless the additional top 
speed is gained by some means xrhich do not affect the power loading 
and wing loading. 

I n  the first quarter of the period studied the average landing speed 
was approximately 57 miles an hour. It dropped to about 50 in 
the next quarter and then climbed irregularly to a peak of approxi- 
mately 63 miles an hour in the first quarter of 1930. A t  the end 
of 1930 the average landing speed was approximately 60 miles an 
hour. 

A factor in  airplane design tha t  is related closely to top speed is 
average wing loading. I n  the types considered in this study the 
trend for.wing loading and those for high speed and landing speed 
ha,ve been almost identica,l. A compa,rison of the two curves for 
speed in Figure 6 and the curve for average wing 1oa.ding in Figure 
2 will shovv that the three curves are allnost exactly alike-descencl- 
ing and ascending in the same quarters. JT'hen designers have in- 
creased the speeci of their planes, they have increased the load on 
each square foot of wing area, and when they have planned air- 
planes which qere  not to have so much speed, they have been able 
to put a lighter load on the wings. 

The other curve in Figure 2 is interesting for its contrast with 
the speed curves. Kot only has average power loacling declined 
as speed has increased, but also minor varia.tions in the speed curves 
a.ppear inversely in the power-loading curve. Other factors were 
a.t ~vork  here, as there were some quarters in which speed a,nd power 
1oa.ding increased or declined together, but, in  general, the inverse 
principle held true. 

Another conlparison with the speed trend ma,y be made with re- 
gard to average pay load in per cent of gross weight and average 
pay load per horsepower. h conlparison of Figure 6 with Figure 3 
shows that while speed was increasing, both pay load in per cent 
of gross weight and pay load per horsepower were decreasing. I n  
this case there mere more deviations than there were between the 
t.rends for speed and t,hose for ~ i n g  and power 1oa.ding. 

I n  the first part  of 1929, while average speed of the new types was 
decreasing, the average pay load in per cent of gross weight and 
average pay load per horsepower also decreased. The decrease in 
the case of pay load was comparatively slight however, while the 
decrease in speed for  those quarters was fairly substant,inl. 

In the last quarter of 1930 there v a s  an increase in speed, and 
at  the same time a marliecl increase both in  average pa.lr loa,d in 
per cent of gross weight and average pa,y load per horsepower. 
This would seem to indicate careful and efficient designing, since 
it is riormal for an airplane design to lose some pay-load capacity 
in gai'ning speed. ' 



LSNDPLANES, SEAPLANES. AMPHIBIANS, AND FLYING BOATS 

Landplane types predolllinated throughout the entire period, ac- 
counting for nlore than 80 per cent of t ! ~  total nuuiber of certificates 
issued in each of the 15 quarters. (See fig. 7.) This is not to be 
taken as a refiection upon the value of aircraft built to  operate froill 
n-at.er, but at  the sanle time thc study of seaplane datn silon-ecl that  
the llunlber of seaplane types approved was about 10 per cent of the 
total ancl a siiililnr st>udy of x~nphibians reven,led th-t about 5 per 
cent. of the a.p11ro~recl type certificxtes were for  planes that vere built 
to  opera,te from land or water. Tile nunlber of flying boats a.1,- 
proved was so s~iinll t,lla: t,llere is little basis for  comparison. ln 
Figure '7 only three points conld be plottecl for flying boats, one 
in 1926 and two in  1030. 

Soine of the craft a,pproveil IT-ere convertible--to be nsec! as either 
lanclplnnes or seaplanes-ancl therefore might have been co:isiderecl 

ARECONVERTEDTOSEAPLANES 
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FICUI~E ;.-I'I+I. ?elit of Inn~lr~ln:~es ,  st~np1n:irs. nmflhibinns and flying. 11o:lts 
a ] ) l r ~ o v ~ l  i:r w ~ c l ,  gu:ir ter  

as being in  either class. They vere  included in both cwres.  anrl 
\i--r.hen this was clol~e i t  resulted in  illp <urn of the perceiltages being 
greater than 190 per cent. 

OPEX AND CLOSED AIRPLASES 

A t  tile. beginning of the period open-coclcpit planes led cabin 
j~lanes by a large margin. About 80 per cent of the craf; approve:l 
i11 the first quarter (the second three. nlontlls of 1927) 7vere open nncl 
3) per c,ent closecl. I-Io~ve:rer, in  t!le nest quarter there n-ns an evcli 
ilirision bet.nreen the. two types, ancl (luring tile remainder of the 
pciocl the dirision was 11earl;r- equal, with open types leading by :I 
small l'er cent in most quarters. The numbe~. of o p n  types n.::s 
c,:ccoded by the number. of closecl types in  only three qunrters, t!?e 
tllirtl and fourtii in 1928 and the second of 1920. Throur i~out  t!le 
;:eriorl. tlic a.verage percentage of open t y ~ e s   as about 55 pe:. c.el:t 
init  for  c lo~ed  types 45 per cent. (See fig. 8.) 



MONOPLANES AND BIPLANES 

Monoplanes have experienced a decided increase in popularity at 
the expense of biplane types among aircraft receiving approval 
by the Department of Commerce. I n  the second quarter of 1927 

about 80 per cent of the air lanes approved were bi lanes, and in 
the following quarter all of) them were biplanes. f lrom then on 

1927 1928 1029 I OM 
YEARS IN QUARTERS 

F~ousm 9.-Per cent of monoplanes and biplanes approved in each quarter 

the percentage of biplanes decreased steadily, with slight recoveries 
in certain quarters, while the percentage of monoplanes mounted. 
(See fig. 9.) 

The number of monoplane types approved exceeded the number of 
biplanes for the first time in the fourth quarter of 1928. Biplanes 



then took the lead again and held i t  for three quarters,.whereupon 
monoplanes again went ahead and remained the majority tjrpe 
until the end of the period under consideration. The greatest lead 
of monoplanes over biplanes was in the second quarter of 1930, 
when about 65 per cent of the approved types viere monoplanes and 
about 35 per cent biplanes. I n  the final quarter of 1930, some 58 
per cent of the total were n~onoplanes and about 42 per cent were 
biplanes. 

ENGINES 

The 65 types of engines approved by the Department of Commerce 
in 1928, 1929, and 1930 included radial air-cooled, in-line air-cooled, 
V-type kater-cooled and V-type air-cooled. Radial air-coded types 
mere most numerous, and the others followed in the order na.med. 
Only one V air-cooled engine mas approved, a.nd this was in the 
fourth quarter of 1930. The curves representing the trends in en- 
gines are shown in Figure 10, a,ncl are based upon a,ctnal numbers 
of approvals, ra,ther than percentages. 

V-type water-coole.cl engines were in second place a t  the beginning 
of the period-the second quarter of 1928-but no engines of this 
type were added to the approved list after the first quarter of 1929. 
With the disappearance from tile field of the V-type water-cooled 
engine! the in-line air-coolecl type sprang into prominence, and this 
type was second in number to the rad:al a,ir-cooled type for the 
remainder of the period. I n  two quarters-the second of 1929 
and the third of 19SQthere were more approvals for in-line types 
than for any other type. 

The trend towarcl in-line types is significant in that it  is indicative 
of the effort of designers to contribute to higher top speed by the 
reduction of frontal area. I n  many cases they have turned to the 
in-line enane with this object in view, a.nd designers who continue 
to use the radial air-cooled engines are inclosing them with special 
coaling for the same purpose. 

The approved type list includes engines ranging from a unit of 
3 cylinders rated at 30 horsepower to one of 12 cylinders with a 
rating of 800 horsepower. 

GENERAL OBSERVATIONS 

Studies of the data submitted by manufacturers lln've revealed 
many tendencies that are not covered in the mathenlatica,l studies, be- 
cause they either ilkid not lend themselves to that type of survey or 
were so pronounced that such treatment was unnecessary to deter- 
mine trends. 

METAL CONSTRUCTION 

Notable among these was the trend toward metal construction. 
Metal tubing has been used freely for fuselage construction and 
stampecl metal parts have been employed less frequently for such 
parts as wing ribs. Other metals that are being adopted for use 
m airplanes include stainless steel and alloys of magnesium. The 
former is used chiefly for pontoons and hulls of seaplanes, flying 
boats and amphibians: and is favored because of its resistance to 
corrosion. 





A type of construction that has appeared in several new designs 
i s  the metal monocoque fuselage-a fuselage built of metal frame- 
work with sheet-metal covering, and depending upon this covering 
for a part of its strength. This has been made possible by the 
tadaptation of corrugated and flat sheet metal to  use in aircraft. 

LIGHT AIRPLANES 

Toward the end of the period of the study, the Aeronautics Branch 
lbegan to  receive applications for approved type certificates for very 
light, low-powered airplanes-designed for production in quantity 
a n d  sale a.t low prices. I n  the first month or so of 1931-after 
the end of the period of the study itself-the number of applications 
for craft of this type increased, pointing to an attempt by airplane 
builders to supply craft for pleasure flying by those who can not 
.afford the more powerful and more expensive types of airplanes. 

The Aeronaut.ics Branch, in its Airworthiness Requirements of 
Ai r  Commerce Regula.tions for Aircraft, has defined light airplanes 
for the purpose of licensing and inspection. The requirements 
.say that these craft, "* " " ;when equipped with engines not of 
.an approved type, are defined as heavier-than-air aircraft of less 
than  1,000 pounds gross weight, with a maximum wing loading of 
5.5 pounds per square foot, and having at least 5 square feet of wing 
area per engine horsepower. XThen equipped with engines of an 
.approved type, airplanes of less than 1,000 pounds gross weight 
may be classed as light airplanes if the wing loading does not exceed 
06 pounds per square foot and the ratio of wing area to horsepower 
is  not less than 4." 

Several 'manufacturers have offered these light airplanes to the. 
public, and others are preparing to  do so as this is written. The 
light airplanes usually have large wing area, affording short runs 
for  take-off and slow landing speeds and making i t  possible for 
their pilots to use small fields. Their economy of operation lies in 
part  in their small size: and also in the fact that their engines are 
.of low horsepower. 

LANDING GEAR 

A development of particular interest to airport managers is that 
t a i l  skids are disappearing and are being replaced by landing wheels 
at the tails. This has been made possible by the success that has 
attended the use of brakes on the main landing wheels. Tail wheels 
.are equipped either with hard or pneumatic tires. 

Designers have turned almost universally to shock absorber units 
to replace the old assembly of wheel mounting wound around with 
rubber shock cord. The shock absorbers have compression units 
,employing rubber, or they may be hydraulic, oil, or air shock 
absorbers. 

The increased use of skis points to greater use of airplanes in 
winter when operations must be conducted over snow and ice. 
Combination wheels and skis, for use on airplanes that must take off 
from snow or ice and land on bare ground, or vice versa, have been 
introduced. 

PROPELLERS 

The trend in propeller construction has been toward metal types 
f o r  large aircraft of great horsepower. For  smaller airplanes, 



particularly those having engines of less than 100 horsepower, the 
wooden propeller has been most favored. This situation is due, 
doubtless, to the fact that the large airplanes inclutfe the transport 
craft whlch are operated daily on frequent schedules, so that i t  is 
necessary for their owners to consider durability of propellers. For 
the smaller planes, which do not fly so regularly, the wooden pro- 
pellers appear to have been chosen more frequently because of their 
lower cost. 

Considerable research has been directed toward the development 
of controllable pitch propellers. These propellers are designed to 
provide varying angles of attack for the surfaces of the propeller for 
taking off, climbing, and cruising. Another line of research along 
which propeller deslaners have worked looks toward the develop- 
ment of hollow steel Blades. 

COMFORT AND COhTVENIENCE OF PASSENGERS 

The effort to achieve comfort and convenience in airplane cabins 
has been most marked in designs for air transport operations, but i t  
has not been missing from des~gns of other types. Many ideas along 
this line were borrowed from automobile and railroad-car designers. 

Large transport planes now have in their cabins comfortable 
reclinina chairs, reading lights, lavatories, racks for coats and pack- 
ages, a$equatte ventilating facilities, and sometimes kitchenettes. 
Their interior fittings have been designed by competent interior 
decorators so that they will be attractive as well as comfortable. 
Smaller cabin planes have as many of these things as may be prac- 
ticable. Private owners frequently have their cabins decorated to 
suit individual tastes. 

CONCLUSION 

The trend of design in aircraft naturally follows lines suggested 
by operation and use of aircraft, for if designers neglected these 
suggestions they would find no market for the products of their tal- 
ent and skill. Air transportation is sold primarily upon the basis of 
its speed and directness of route. These are the greatest advantages 
i t  has over other forms of transportation, whether one is thinking of 
transportation of passengers, mail, and express over scheduled lines, 
or of the other uses of airplanes such as aerial photograph7 and 
surveying, emergency trips away from the airways and the like. 
I n  addition, flying is a sport, and in this phase of flying speed is one 
of the attributes that makes i t  attractive. 

All this being true, it follows naturally that designers sl~ould seek 
for means of increasing tile speed of aircraft bnilt from their plans, 
and the results of this study indicate that thev have done so. As 
has been seen, however, the have encounterea a number of diffi- g culties, one of their chief pro lems being that of pay load. Already 
designers have, in many cases, sacrificed pay-load capacity to attain . 
greater speed. 

The use of more powerful engines to achieve greater speed has 
resulted in a decrease in power loading, and at the same time wing 
loading, in general, has become greater. Pay load has become less 
in per. cent of gross weight, and less in proportion to horse po-xer. 



T h e  larger airplanes were found to be most efficient from the stand- 
point of pay load. 

Gross weights varied widely throughout the period of the survey, 
but there was no decided trend upward or  downward. Average 
high speed and average landing speed increased. 

Landplanes were most numerous among designs submitted for 
approved type certificates, amounting to more than 80 per cent of 
the total. Next in order were seaplanes, followed by amphibians and 
flying boats. 

Open-cock it designs led in numbers by a large margin at  the 
beginning o f  the period of the study, but cabin designs gained 
in popularity so that  the open designs amounted to only 'slightly 
more than half of the total for  the four years. 

Biplanes were more numerous than mono lanes among early 
applications, but monoplane designs exceede the others toward 
the end of the period. 

B 
Among engines, radial air-cooled types were submitted most fre- 

quently with in-line air-cooled, V-type water-cooled and V-type 
ax-cooled following in the order named. 

Other trends noted in  the study were increased interest in metal 
monocoque fuselage construction, a leaning toward the light air- 
plane as a product for the private owner market, increased use of 
wheel brakes with an accompanying replacement of tail skids by 
tail  wheels, increased use of skis, and continued effort to au,gnent 
the comfort and luxury of cabin interiors. 


