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Length ______ _ 
Time ________ _ 
Force _______ _ 

Symbol 

l 
t 
F 

AERONAUTICAL SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric 

Unit 

Dleter _________________ _ 
second ________________ _ 
weight of one kilogrSDl __ _ 

Symbol 

Dl 
S 

kg 

English 

Unit 

foot (or Dlile) _______ _ _ 
second (or hour) ______ _ 
weight of one pound __ _ 

Power __ _ ____ _ P kg/Dl/S_ __ _ __ _ _ _ __ ___ ___ _ _ _ _ _ _____ horsepower __________ _ 
Speed __________________ {kDl/h_____ ______________ k. p. h. DlL/hr. ______________ _ 

, Dl/S___________ _________ Dl. p. s. ft./sec. ______________ _ 

2. GENERAL SYMBOLS, ETC. 

SYDlbol 

ft. (or ri.) 
sec. (or hr.) 
lb. 

hp 
Dl. o. h. 
f . p: s. 

W, Weight = mg mk2
, Moment of inertia (indicate axis of the 

fI, Standard acceleration of gravity=9.80665 
m/s2 = 32.1740 ft./sec. 2 

m, Mass = W g 
p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-4 

s, 
Sw, 
G, 
b, 

S2) at 15° C. and 750 mm = 0.002378 C, 

Ob.-ft.-4 sec.2
). b2 

Specific weight of "standard" air, 1.2255 S' 

radius of gyration k, by proper sub­
script) 

Area. 
Wing area, etc. 
Gap . 
Span. 
Chord. 

Aspect ratio. 

kg/m3=O.076511b./ft.3. Po, Coefficient of viscosity. 

v, 
q, 

L, 

D, 

0, 

R, 

3. AERODYNAMICAL SYMBOLS 

True air speed. 

Dynamic (or impact) pressure=~ p V2. 

Lift, absolute coefficient aL = q~ 

Drag, absolute coefficient aD = {'s 

Q, Resultant moment. 
n, Resultant angular velocity. 

Vl 
p- ,Reynolds Number, where l is a linear 

jJ. 

dimension. 
e. g., for a model airfoil 3 in. chord, 100 

mi./hr. normal pressure, at 15° C., the 
corresponding number is 234,000; 

or for a model of 10 cm chord 40 mis, 
the corresponding number is 274,000. 

Center of pressure coefficient (ratio of 
distance of c. p. from leading edge to 
chord length). 

Profile drag, absolute coefficient ODD = ~S 

Induced drag, absolute coefficient aDj=~S 

Parasite drag, absolute coefficient aD]) = ~S 
Cross-wind force, absolute coefficient a a, 

aC=qS 

Angle of attack. 
Angle of downwash. E, 

Resultant force. 
~ID' Angle of setting of wings (relative to ai, 

thrust line). 

Angle of attack, infinite aspect ratio. 
Angle of attack, induced. 
Angle of attack, absolute. 

(Measured from zero lift position.) 
Flight path angle. 

Angle of stabilizer setting (relative to 
thrust line). 
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REPORT No. 381 

STATIC, DROP, AND FLIGHT TESTS ON MUSSELMAN TYPE AIRWHEELS 
By WILLIAM C. PECK AND ALBERT P. BEARD 

SUMMARY 

This investigation was conducted at the Langley 
Memorial Aeronautical Laboratory oj the National Ad­
visory Oommittee jor Aeronautics during the period jrom 
January to July, 1930, jor the purpose oj obtaining 
quantitatwe injormation on the shock-reducing and 
energy-dissipating qualities of a set oj 30 by 13-6 Mus­
selman type airwheels. The investigation consisted oj 
static, drop, and flight tests. The static tests were made 
with inflation pressures of approximately 0,5,10,15,20, 
and 25 pounds per square inch and loadings up to 9,600 
pounds. The drop te ts were made with injlation pres­
sures oj approximately 5, 10, 15, 20, and 25 pounds per 
square inch and loadings of 1,840, 2,440, 3,050, and 
3,585 pounds. The flight tests were made with a 
VE-7 airplane weighing 2,153 pounds, with the tires 
inflated to 5, 10, and 15 pounds per square inch. The 
landing gears used in conjunction with the airwheels were 
practically rigid structures. 

The results oj the tests showed that the walls oj the tires 
carried a considerable portion oj the load, each tire sup­
porting a load of 600 pounds with a depres8ton of approxi­
mately 6 inches. 

The shock-reducing qualities, under severe test , and 
the energy-dissipating characteristics oj the tires, under 
all tests, were poor. The latter was evidenced by the 
rebound present in all landings made. In the severe 
drop tests, the jree rebound reached as much as 60 per cent 
oj the jree drop. 

The results indicate that a shock-reducing' and energy­
dissipating mechanism should be used in conjunction 
with airwheels. 

INTRODUCTION 

Recently a new type of wheel known as an II air­
wheel" has been developed for u e on airplane landing 
gears. It consists of a low-pressure pneumatic tire of 
large sectional diameter mounted on a specially con­
structed hub. It ha , in some cases, been used to 
replace the entire shock-absorbing and damping 
mechanism usually employed in landing gears. 

The results of an investigation conducted at Wright 
Field on one of these wheels are given in R eference 1. 
The investigation reported herein was undertaken at 
the Langley Memorial Aeronautical Laboratory of the 
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National Advisory Oommittee for Aeronautics at 
L angley Field, Va., to fumish further information on 
the action of these wheels under a variety of conditions. 
The investigation was made during the period from 
January to July, 1930, and consisted of a series of 
static, drop, and flight tests on a set of 30 by 13-6 
Musselman type airwheels. 

The static tests were made to determine the de­
pression of the tires (decrease in rolling radius) under 
various loads with differen t inflation pressures. The 
drop tests were made 13"----" 

to obtain information 
on the depression of 
the tires, the degree of 
rebound, and the maxi-
mum accelerations set 
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up during the impacts 
in a series of free drops 
under various tire in­
flation pressures and 
loading conditions. 
The flight tests were 
made to determine the 
shock-reducing and en­
ergy-dissipating quali­
t ies of the wheels in 
actual landings under 
various tire inflation 

I \ 
I \ 

\ 

pressures. 

APPARATUS 

Eq ui pmen t.- The 
airwheels used in this FIG URE 1.- 30 by 13-6 Musselman type 

investigation were the airwheel 

30 by 13-6, 8-ply, smooth-tread, Musselman type. 
(Fig. 1.) The sectional and rolling diameters shown 
are nominal, as they change sl;ghtly with a change in 
the inflation pre ures. 

For the static and drop tests, the airwheels were 
mounted on a modified Y -2 (consolidated training 
airplane) oleo landing-gear chassis (fig. 2), which in 
turn was mounted on the dynamic test rig (reference 
2) . A VE-7 (Vought) airplane weighing 2,153 pounds 
(with a modified landing gear) was used for the flight 
tests. 
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FIGURE 2.-Static test of air wheels on drop-test rig 
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The modification of the NY - 2 landing-gear chassi 
consisted of replacing the rubber disks with a steel 
~leeve and blocking the oleo cylinder against thi 
sleeve so that, with the exception of the fiexme of the · 
structmal members of the landing gear, it was a rigid 
structme. (Fig. 3.) The normally moving parts of 
the VE-7 landing-gear chassis were also blocked 0 

that for all practical purposes the only portion of the 
gear acting to reduce or absorb any of tbe impact loads 
were the airwheels. (Figs. 4 and 5.) (These picture, 
showing the air wheels mounted on the VE- 7 airplane, 
were taken after the landing gear had fail ed during a 

The pressure recorder (fig. 3) was used dming the 
static and drop tests to record the pressure in the right 
tire. Thi instrument was an air-speed recorder (ref­
erence 3) modified by replacing the usual manometer 
unit with one having a recording range from 0 to 50 
pounds per square inch. 

In the static and drop tests the control-position 
recorder (reference 4) was used in conjunction with a 
suitable reduction linkage to record the vertical dis­
placement of the center of load, the depressions of the 
tires, and the flexure of the axles. In the flight tests, 
it was used in conjunction with a "follower arm" to 

FIGURE 3.- Airwbcel on modified NY - 2 landing gea r chassis showing tire-pressure recorder 

flight test. Normally the axles of the gear and the 
spreader bar were in the same straight line.) 

The sectional diameter of the wheels necessitated 
a greater overhang of the axles than that for which the 
landing gears were designed, causing an increased bend­
ing moment in the axles for a given load. In these 
tests the NY -2 axles were not reinforced, with the 
exception of the use of adapters, while the VE- 7 axles 
were reinforced thro ughout their length. 

Instruments.- The instruments employed in this in­
vestigation consisted of a pressure recorder, a control­
position recorder, an air-speed recorder, an anemom­
eter, a spring-driven motion-picture camera, a record­
ing accelerometer, and two timers. 

record t he approximate depre ion of the tires and the 
vertical displacemen t of the airplane while cIo e to the 
groUlld. This follower arm was so constructed that 
the shoe at its lower extremity extended IG.7 inches 
below the line connecting the lo\"er points of the tires, 
thereby allowing the shoe to make contact with the 
ground before the wheels. The . hoe was held in con­
tact "rith the ground by the use of heavy rubber 
cord. 

One of the unit of the control-position recorder was 
attached to the follower arm at such a point that move­
ment of the arm throughout its complete range would 
cause a full-scale deflection of the instrument's record­
ing mechanism. 
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The air-speed recorder (reference 3) was used in 
conjunction with an N. A. C. A. swiveling Pitot-static 
head to record the air speed of the airplane during the 
fligh t tes ts. 

The anemometer employed was a vane-type instru­
ment. It was used to determine the average wind 
velocity over a short period of time (usually 1 minute) 
immediately preceding and following each of the flight 
tests. 

The motion-picture camera was used in the first 
portion of the flight tests in an effort to check the 
measurements made by the control-position recorder. 
Its use was found to be unsatisfactory, due to the 
impossibility of determining with a sufficient degree 

50-cycle, DO-volt source. The output side was con­
nected in series. with the variable resistances and the 
timing lights . The variable resistances were so ad­
justed that the filaments of the lights would vary from 
a dull red to full brilliancy with the pulsation of the 
current from the rectifier. The dull red did not register 
on the film record, while the filament at full brilliancy 
caused dots to be recorded at intervals of one-sixtieth 
second. The use of this instrument was but partially 
satisfactory, as a source of constant voltage and fre­
quency which is necessary for its successful operation, 
was not available. 

The timer used during the latter portion of the flight 
tests indicated time intervals of one-fifth second. It 

FIGURE 4.-Airwheels mounted on the VE-7 (Vought) ai rplane 

of accuracy the height of the airplane above the 
ground. 

The accelerometer (reference 5) was a single com­
ponent type and was employed in both the drop and 
flight tests to record the vertical accelerations gener­
ated during the impacts. Thi in trument was adjusted 
to have a range from 0 to 8 g. 

Two different types of timers were u ed during the 
investigation. One type was employed during the 
first portion of the drop tests and the second type 
during the latter portion of the flight tests. . These 
instruments were used to ynchronize the records 
obtained (reference 6) and also to obtain a history 
(if so desired) of the various measurements recorded. 

The timer employed during the drop tests operated 
upon the principle of using the frequency of an alter­
nating current to obtain uniform time intervals. It 
consisted of a half-wave rectifier connected to variable 
resistances and the timing lights of the instruments. 
The input side of the rectifier was connected to a 

consisted of a commutator circuit breaker driven by a 
constant-speed motor. 

Installation.- For the static and drop tests the air 
wheels were mounted on the NY -2 landing gear 
chassis, as shown in Figure 2. The center of the load 
box (with the tires merely touching the landing plat­
forms) was vertically over the center line of the axles. 
With the te t rig in this position, the longitudinal axis 
of the frame was practically horizontal. 

The control-position recorder was mounted on the 
load platform adjaeent to the load box. One unit of 
it was connected to the mechanical reduction linkage 
and a second unit to the center of the hub cap of the 
right wheel. 

The pressure recorder was mounted on a platform 
suspended from the axles and connected by means of 
a short copper tube to the valve of the right tire. 
(Fig. 3.) The tube and recor.ding capsule were, at the 
outset of the tests, filled with a 50-50 solution of 
alcohol and glycerin. It was found later that more 
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satisfactory results were oMained by dispen ing with 
the use of the liquid. 

The accelerometer was mounted alongside the load 
box on the load platform with its indicating mechanism 
in the saine vertical plane as the center of the load and 
the center line of the axle. 

The timer was mounted in a convenient po ition near 
the te t rig and connected with the necessary leads to 
the instruments. 

In the flight tests the airwheels were mounted on the 
VE--7 landing-gear cha'sis as close to the po itions 
occupied by the regular wheels as their sectional 

placed in a compartment aft of the pilot's cockpit. 
The swiveling Pitot-static head was mounted on the 
right outer interplane strut appro}"'imately one-third 
of the strut length below the upper wing. 

The anemometer used to obtain the wind velocity 
was mounted on a vane about 6 feet above the ground 
on that portion of the field whereon the flight tests 
were being conducted. 

PROCEDURE 

Static tests.- Static tests were made with tire­
inflation pressures of approximately 0, 5, 10, 15, 20, 

FIG URE 5.-" Follower arm" on landing gear chassis 

diameter would permit. orm ally , the center lines 
of the wheels were 4){ inches from the center lines of 
the side struts, while with the airwheels this di'ltance 
was increased to 9 inches. The control-position re­
corder was mounted on the spreader bar of the landing­
gear chassi. The follower arm was secmed to the 
landing gear so that its shoe made contact witb the 
ground in line with the points of contact of the wheels. 
The accelerometer was mounted in the airplane as close 
as practicable to the center of gravity. The air-speed 
recorder, timer, and necessary storage batteries were 

and 25 pounds per square inch. With each pressme 
the load on the test rig was applied in increments of 
approximately 800 pounds from no load to a load 
which depressed the tires nearly their maximum 
amount or until a load of 9,600 pounds had been 
reached. After each increase of load, the depression 
of the tires was measmed a.nd the pressme in them 
recorded. 

Drop tests.-The drop tests consisted of a series of 
free drops with the tires inflated to each of the above 
pressmes (with the exception of the zero pressme) 
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and with loading of 1, 40, 2,440, 3,050, and 3,5 5 
pounds. Each series was made up of free drops 
starting at 1 inch and increasing in increments of 3 
inches for the ligh t loading conditions and in incre­
ments of 2 inches for the heavier loadings. The 
height of free drop wa carried to a point at which the 
tires were depressed nearly their maximum allowable 
amount, or until the maximum force developed ap­
proached that for which the landing gear was designed. 
It was intended to discontinue the test prior to actual 
failure of the landing gear, but on two occasions 
failure by bending of the axle re ulted. 

During each of the test in trument record were 
taken of the total vertical movement of tho center of 
the load, the rebound of thi load, the 1lexure of tho 
axle, the accelerations developed, and th pressures 
in the right til' . 

Flight tests.- Tho flight te Leon i ted of landings 
and ground runs made with tire-inflation pressures of 
5, 10, and 15 pound per square inch. The te t c n­
sisted of normal, 2-point, pancake or "stalled" land­
ing , and take-o:ll' and taxi run. The normal and 
2-point landing were made as nearly perfect as pos-
ible by e)..--perienced te t pilot. The pancake land­

ings were made a severely a deemed afe by these 
pilot. The ta)..'i. run were made at a ground peed of 
approximately 15 m.p.h. In the take-oft run the 
airplane wa "flown off" the ground rather than 
"pulled off." The portion of the landing field used 
in making these te t wa repr sentative of an average 
gra s-coveredlanding field. 

Continuou records of the acceleration eJl.--peri­
enced, the approximate depre ions of the tire , and 
the rebound were obtained; and the average wind 
velocity was measured for each of the .flight te ts. 
Durina some of the e Lests suffLCient information wa 
obtained from the recorded displacemen t obtained 
with the follower arm to determine the vertical 
velocity of tho airplane at the in tant of contact with 
the ground. This information wa u ed in conjunc­
tion with the noted attitude of the airp lane at contact 
to cla ify the type of landina made. 

PRECISIO 

Static tests.- During tho static tests the loads 
were noted to the nearest 10 pounds, the depressions 
were measured to the close t 0.01 inch, and the pre -
ure records were read to 0.1 pound per square inch. 

A "dead-weight" calibration of the prossure recorder 
made ub equent to thi portion of the investigation 
checked that made prior to it. Since the physical 
measurements were made with due care, the accuracy 
of the result of the static te ts are therefore believed 
to be within the above lin1.its. 

Drop tests.-It is difficult to estimate the accuracy 
of the results obtained in the drop tests, but if it is 
assumed that the compression of the air in the tires 

during the static test wa isothermal and during the 
drop te t adiabatic, and that the change in volume in 
the tires for a given depre ion and inflation pre ure 
wa the same for the drop te t as for the static te ts, 
an e timate can be made. By the use of these a -
umption and the pressure recorded in the tatic 

te t , the ma;...imum pre ure in the drop te t can be 
computed. everal uch computation were made and 
checked again t the recorded clrop-te t pressures. 
The compal'is n indicated that the recorded pres UTes 
were lightly high. They were, however, within 5 per 
cent of the computed values. 

The load di plecement and acceleration hi torie 
(Fig. 15 and 16) indicate that there wa a lag of approxi­
mately 0.025 econd in the accelerometer record. 
Thi lag combined with the slight vibration in the re­
cording and indicating mechanism may have caused 
the recorded acceleration to be somewhat in err 1" . 

However, it is estimated that the accelerations re­
corded arc not in error by more than ± 5 per cent. 

The film records of the control po ition recorder 
could be read to the closest 0.01 in h. A di placement 
of the image on the film record of 0.01 inch corre-
ponded to all approximate movement of the load of 

0.20 inch. Therefore the error in the recorded vertical 
movement of tbe load and the tire depression prob­
ably did not exceed 0.20 inch. 

The unit of the c'ontrol-po ition r corder used to 
record the flexure of the axle wa 0 connected that a 
movement of the image on the film record of 0.01 inch 
corresponded to a flexUl' of the axle of approximately 
0.10 inch. The flexures are probably wi thin 0.10 inch 
of the truo value. 

Flight tests.- In the ilight te t the accelerometer 
wa ubjected to te t conditions which were very 
similar to those encountered in the drop tests, with 
the exception that the range of ac eleration experi­
enced was not 0 great. It can, therefore, be a umed 
that the acceleration recorded dming this portion of 
the investigation are within the ame limits of accmacy 
( ± 5 pel' cent) a those taken in the drop te t . 

ubsequent te ts on the arne VE-7 au'plan indi­
cated that the recorded ail' peeds at landing obtained 
in this investigation were in error by le than ± 4 per 
cent. 

The average wind veloci tie , as measured by the 
anemometer, are considered to be within ± 3 m. p. h. 
of the true wind velocity at the in tant of contact of 
the airplane with the ground during the te ts. 

A vertical movement of the airp lane of approxi­
mately 0.15 inch (when the follower shoe was in contact 
with the ground) re ulted in a displacement of the 
image on the control position-recorder record of 0.01 
inch. Due to uTegularitie in the field the mechan­
ism at tunes may have recorded erroneously the height 
of the airplane. These irregularities were, in a major­
ity of cases, eliminated from the film records by fau'ing. 

I 
----~----~--------------------~------------------~----~----------~--~) 
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Considering the accuracy with which the films could 
be read and that attained by fairing the records, it i 
believed that the depres ions of the tire and the 
bouncing of the airplane were determined within an 
accuracy of ± 0.5 inch. 

Since the vertical movement of the airplane was 
recorded dming the 16.7 inches prior to the tires mak­
ing contact with the ground and since the accuracy of 
the recording mechanism wa e, timated to be within 
± 0.5 inch, it can be as umed that the computed 
vertical velocity at contact is within ± 3 per cent of 
the true value. 

RESULTS 

Static tests.-The results of the static tests are 
presented in curve form in Figure 6. This set of 

Flight tests.- Tables V, VI, and VII are made up 
from the data obtained in the flight tests. The ail' 
speed, wind speed, vertical velocity, and ground speed 
are the values recorded or calculated for the instant 
of con tact of the airplane with the ground. The fir t 
maximum acceleration noted is that developed in the 
ini tia l troke or tire depre sion, and the second is that 
developed in the ub equent ground run. The free 
rebound is the vertical distance that the wheels left 
the ground during the first bounce of the airplane. 

Figure 17, 18, and 1 9 are motion-picture record of a 
normal, a 2-point, and a pancake or "stalled" landing, 
re pectively . Each set of pictures is made from con­
ecutive exposures taken during the tests with the 

camera operated at a rate of 32 expo ures per second. 
cllrves show th e in terrela tion between 28.---.--o,-,---,-,----,---.----,---,--=r-.---.--.---.--,----,-,--, 

the static loads on the tire, the depres- p~essl In t~re)b./sq.in. ~I\ 1\ ) 
1---'---'1 25 \ \~l\ \ \ ....!.'1:,~-+-I---+--+--+--I----l ion of the tire, the inflation pressure , ~ \ :\ 1\ \ ~ ~ ,I 

and the incrca e in tire pre SLu'e. Only 24 . +- -\ \ - \ \ t \l \_l\~ ~~~~-:~ 
two of the curves hown (0 and 25 \1 ~ - ~ - \ ~~ ':"+---+----+-+--1 
pound per square inch inflation pre - . \ . 20 1\ " . '~~~O 

.~20 ~ ~ 0 ~--+--+--~-r~ 
sme) were drawn tllTough the experi- cr ~l; ~'\. j~ ,\~ N db <:::> <:::> '\. 
mental points obtained. The other'!:>. - - ~- (l) N m '\'6-,N"C:,-\~ 'b 0 0\d~----"J.;f-'y---t---+--I--l 

" \ '6 % % '6 1\0 1\ 0 1\ " . 
curve were obtained from interpo lation ~- 161--=-:t=+\q'f=+=1'I;!-15~~I~ \JI,"",\ \J!..->.-=.;;r-~~r-1~'''t~t' -,-+[ 
between the experimental point . ~ f- :. _ \, I\, \ \ \ \ 'q~~ "", "" '" 

Drop tests.- Tables I to IV, inclu ive, .~ \ \ \ 1\ 1\ \ \l "'~<"', 1 

and Figures 7 to 14, inclu ive, show ~ 12 \ \ 10 \. ~~ ""'-" ," 
the result of the drop tests in which ~ ~- ""-!---+---+---1 

loading of 1, 40, 2,440,3,050, and 3,5 5 ~ 8f--+---t--t1_\\-f--+1\--'tt- ~ ""I" ~ ~~~ ~ 
pounds, respectively, were used. The \ ~ " 5~l:::~ .. r:.::-~_~- -:,~ 
free drop noted i the vertical distance r- ~ r-- ------.. -
throuO'h which the center of load wa \", '~ ~ ........ I 1--- ...... --- '--- 1 

given an umestrained drop in making 4 • ~'-........ -.....: 1---:::::--, ~'-- ""'l'::::=p 
the te t. The total drop is the vertical ---- t-~ .: ri 
cli, placement of the center of load from 0 2 3 4 5 6 7 8 9 

the position occllPied at the start of the DepreSSion 9ftire,inches 
free drop to the lowest posi tion reached l'IGURE 6.- I_oad-prcssurc-deprcssion curvcsrroro static load calibration ora ~Iusselroan airwbccl, 30 by 13-6 

at the maximum depression of the tires. The total FigLu'e 17, the normal landing,. shows the airplane 
rebound i the vertical displacement of the center of from slightly before it made contact with the ground 
the load from the maximum depression of the tire until shortly after it reached the crest of the first 
to the crest of the rebound. The free rebound i the bounce. Figure 1 , the 2-point landing, starts im­
vertical displacement of the load from the instant the mediately after the airplane had made initial contact. 
tire leave the load platform, on the fIT t bounce, to FigLITe 1 9 shows the pancake landing with the airplane 
the crest of that bounce. The axle flexure i the verti- being" stalled" onto the ground and the sub equent 
cal di placement of the load due to the bending of the bounce. . 
axle. The maximum acceleration expressed in terms DISC SSION OF RES LTS 

of g indicate the ratio between the maximum force 
on the tires developed during the ini tial contact of the 
wheels with the landing platform and the tatic load 
on the tires. The maximum pressure in the tires i 
that recorded at the in tant of maximum depre ion 
of the tire at the end of the initial stroke. 

Figures 15 and 16, respectively, are histories of the 
displacement of the eenter of load and the accelera­
tions for a 6-inch free drop of 3,585 pounds with an 
inflation pressure of 15 pounds per square inch. 

Static tests.- The series of te ts with an inflation 
pres ure of zero pounds howed that the tiffness of 
the tire wall had a pronounced influence on its load­
carrying capacity. In this eries each tire upported 
a load of 870 pound with a depression of approJl.'i­
mately 6 inches (see fig. 6) and developed an internal 
pres ure of 1.8 pound per quare inch. With the 
va lve cores removed so that no pressme could be 
developed, the tires supported a load of 600 pounds 
each with approximately the same depression. 
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The changes in pressure in the tires were small de­
SPI te the large depressions realized. The increase in 
pressure, with a depression of 5 inches, varied from 1.1 
to 2.9 pounds per square inch with inflation pressures 
of zero and 25 pounds per square inch, respectively. 
(Fig. 6. ) 

Drop tests.- The mS:lI:imum accelerations developed 
in the d.rop test are shown in TabLe I to IV, inclu­
SIVe, and Figures 7 to 10, inclusive. The figures show 
the variation of maXIDlum acceleration with the 
height of free drop for various Loads and inflation 
pressures. A comparison of these figures hows that 
the accelerations decrease to some extent with in­
creased Loadings . The effect of inflation pres ures 
on the maximum accelerations depends to some extent 
on the load. For a static load of 1,840 pounds (fig . 7) 
the effect of changing the inflation pressure from 5.1 
to 21.5 pounds per square inch was practically negli­
gible, but a further increase to 26.2 pounds per square 
inch increased the maximum accelerations developed 
appreciably. With a loa of 2,440 pounds (fig . ) the 
maXillmm accelerations show an al)preciable and a 
more or Ie s systematic increase with an increase in 
inflation pre sure. For loads of 3,050 and 3,5 5 
pounds (figs. 9 and 10) the effect of inflation pressure 
was negligible for pres ures ranging from 10 to 25 
pound per square inch, but with the 5 pounds per 
square inch inflation pressure the maximum accelera­
tions tend to increase rapidly when the height of free 
drop exceeds about 4 inches. It can therefore be 

(I) 

.~ 4 -1--1--1 
v 

.S 

- -

I-~ -l ' ~ --/ ~ 
~ O~4+-+~~+-~L\r4--~~-+--~+--r~--+--r~ 

~ . \ . ~ (\ .-+--+--t--+-+--+----1 

r;y.-,? 1- -t-t-i- /-t- L I \ \ 
~ I--I-I--+J - - ~ - - / \-1- / \ / \ 
~ - 4 f-- 1- -- -- - f- \ I \ I ~ 
.... '--- I--JI·--I-I-H - - f- - V f----' 

t-61--4-11~--4-+~--I-
:):: 

, -81--4--H--4I--W--r-1--+--I--+--r-4--+--f--+--r~ v 

pounds per square inch with the light load of 1,840 
pounds and the decided increase in the slopes of the 
acceleration curves with the 5 pounds per square inch 
inflation pressure and loads of 3,050 and 3,5 5 pounds 
indicate that the useful range of the tires was some-

4r-'--r-'-~-'-'--r-'--'--r-'--r-'--.--r-' 

r-i-- - --e-

-+--1----1. ---

.-

o ,? 3 4 
rime, seconds 

FIG URE la.-Drop tcs. history of acceleration from a a-inch free d rop with 3,585 
pounds static load on tires and 15 pounds per square inch pressure 

what limited by the ratio of the static load to the 
force r equired to obtain a given depression of the tires. 
With the ligh t load and the high pressure, the force 
required to depress the tires was so large in comparison 
with the static load that the depression (corresponding 
to the stroke of the shock-absorbing units in a landing 
gear) was small. This resu Lted in the development of 
high maximum accelerations. With the heavier load­
ings and low inflation pressure the force required to 
depress the tires to their maximum was compara­
tively small with respect to the static loads. This 
resulted in the maximum depression being approached 
wi th relatively mall free drops. In drops where the 
ma).-imuJl1 depression was closely approached, a por-
tion of the energy to be ab orbed to bring the load to 
rest was taken by the more or Ie rigid structure of 
the landing gear . This cau ed a very rapid ri e in the 
maximum acceLerations. 

The rate at which the maximum accelera tions in­
crea ed with height of free drop indicated that for free 
d.rops approaching tho e required by the Department 
of Commerce for landing gear te t (1 to 24 inches) 
the maximum accelerations would be excessive. This 
excessive impact load was partially the cause of two 
failures, by bending of the axles, that occurred during 
this investigation. The other major cause of the fail­
ures was the increase in overhang of the axles necessi­
tated by the use of the airwheels. This increase in 

o ,? 3 
Time, s econds 

4 overhang was from 6% inehes for the wheels norma.lly 
~sed to 8h inches for the airwheels and resulted in a.n 
increase in bending moment of approximately 28 per f IGU RE 15.-Drop test history of test rig height of a 6-inch free drop with 3, 5 

pounds static load on tires and 15 pounds per square inch pressure 

stated that, in general, for each loading there is a wide 
range in which the pressure changes have a small or 
negligible effect on the maximum accelerations. 

The marked increase in maXlIDum accelerations 
caused by increasing the inflation pressure to 26.2 

cent for the same load. 
However, this increase alone was not sufficient to be 

wholly responsible for the failures. The tests in which 
the failures occurred were with 15-inch free drops under 
a static load of 3,585 pounds. The same landing chassis 
had, in previous tests equipped with its normal shock-
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FIGURE 17.-Normallanding 
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FIG URE IB.-Two-point landing 
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FIGURE l Q.-Pancake landing 
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absorbing system, successfully withstood a free drop of 
26 inches under the same static loading. This was an 
increase in height of free drop of 73 per cent. Thus, it 
can be stated that the decrease in shock-reducing 
characteristics experienced with the replacing of the 
normal shock-absorbing system by the airwheel greatly 
contributed to the cause of the failure . 

Figures 11 to 14, inclusive, and Tables I to IV, in­
clu ive, show the amount of rebound experienced by 
the load during the drop tests. It will be noted that 
in all the tests wherein the height of free drop ex­
ceeded 3 inches there was ufficient r ebound to cause 
the tires to leave the landing platforms during the first 
bounce. The free rebound during the more severe 
tests varied from 50 to 60 per cent of the height of 
free drop. The exces ive bouncing indicated that the 
airwheel are not efficient in the dissipation of energy . 

It is interesting to note in the figUl'es that under the 
in1lation pressures of approximately 5 pounds per 
square in h there is a tendency for the height of free 
rebound to approach a constant value for each of the 
loadings. This tendency is more pronounced in the 
heavier loadings and indicates that the limiting depres­
sion of (,he tire was being approached . 

In preparing the landing gears, which were available 
for use in thi' investigation, the moving parts were 
blocked 0 that there was no relative motion between 
them with the exception of distortion of the tructural 
member. Thi made the gears repre entative rigid 
ones. During the drop tests, however, it wa noted 
that there was considerable fiexUTe of the axles. This 
flexure, which wa bending of the axles around the 
points of support on the side struts of the landing 
cha sis, wa so large that at times it accounted for as 
much as 13 per cent of the total troke of the landing 
gear. The 1lexure of the axle had the effect of decreas­
ing the maximwn accelerations developed and of 
slightly increasing the height of rebound. It is thought 
that unless a specially designed landing chas is were 
used with the airwheels, this axle flexure or distortion 
of the structural members of the gear would be en­
countered to a more or less degree. Therefore the re­
sults of these tests may be considered representative. 

It will be noted in comparing the increase in pre ure 
in the tire realized in the static test with that re­
corded dW'ing the drop tests, for specific depressions 
and inflation pre smes, that the latter was the greater . 
This wa due to the fact that in the tatic tests the 
heat of compression had sufficient time to dissipate, 
while in the drop tests such" as not the case. This 
was partially the cause of a greater force being re­
quired Lo depre s the tires a given amount in the drop 
tests. 

Flight tests.-The maximum accelerations developed 
during initial contact in the normal and 2-point 
landings varied from 1.1 to 2.7 g, the majority being 
less than 2 g. Those developed in the 2-point landings 

were generally larger than those experienced in the 
normal landings. Probably this was due to the greater 
speed at which the irregularities of the landing field 
were encountered. In the ground runs, ucceeding 
the initial contact, the accelerations were slightly 
greater than at contact and were comparable to those 
developed in the drop tests for a I-inch free drop. 
The vertical veloci ty of the airplane at the instant 
of contact, during some of these landing , varied from 
1.3 to 4.0 feet per second with a corresponding varia­
tion of maximum accelerations from 1.1 to 2.1 g. 

In the pancake or "stalled" landing , the maximum 
accelerations at contact varied from 2.4 to 4.3 g, 
which are comparable to tho e obtained in the drop 
tests with a 6-inch free <hop. Dming a portion of 
these landings the vertical velocity at contact varied 
from 4.0 to 10 .5 feet per second. It will be noted that 
in the majority of pancake landing the vertical 
velocity at contact did not exceed 6 Ieet per second. 
In tbe two landings in which the vertical velocities 
were 10.5 and 9.4 feet per second, failure of ome 
portion of the airplane structure occUTred. During 
the landing in which the vertical velocity of 10.5 feet 
per econd was attained, one of the forward tran -
vel' e cabane diagonal wires was broken. In the land­
ing in which the vertica l velocity of 9.4 feet per econd 
was attained, a maximwn acceleration of 4.3 g wa 
experienced and the fittings secming the vertical load 
wires to the spreader bar of the landing gear cha sis 
were heared. The condition of the landing gear 
after this failme is shown in Figme 20. It is thought 
that this fail UTe was due primarily to the increa ed 
load on the fitting caused by the greater overhang of 
the axles made nece sary by the use of the airwheel . 
This overhang amounted to 9.0 inches, while with 
the gear as normally used the overhang was only 4.5 
inche. Thus, for equal loads on the wheels the loads 
on the fittings were twice those that would normally be 
experienced. 

There was an appreciable rebound or bouncing of the 
airplane following the initial contact with the ground 
in all types of landings. This is shown in Tables V to 
VII, inclusive, and Figmes 17 to 19, inclusive. The 
figures are motion-picture records taken at a rate of 
32 exposmes per second, showing representati e types 
of landing. These landings were made with an infla­
tion pressme of 5 pounds per square inch. A normal 
landing is shown in Figure 17. The air speed and the 
ground speed of the airplane at the instant of contact 
dW'ing this landing were 49 and 42 m. p. h ., respec­
tively. The maximum acceleration experienced during 
the initial contact was 1.4 g and was accompanied by a 
tire depres ion of approximately 4.8 inches. It will 
be noted that the airplane approached the ground with 
very low vertical velocity and remained on the ground 
for a considerable period of time prior to making the 
first bounce. Figure 18 shows the airplane immediately 



16 REPORT rATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

after it had made contact with the ground in a 2-poinG 
landing at air and ground spceds of 55 and 42 m. p. h., 
re pectively. The maximum acceleration dming the 
initial contact of this lanclino- .vas 1. g wi th a tire 
depr ssion of approximately 5.7 inches and a rebound 
of 14 inches. A fairly sevore pancake landino- is shown 
in Figme 19. It will bo noted that dUTing the initial 
contact tho tu'o appear to have been depressed to 
neady their maximum. The air speed and ground 

The maximum accelerations recorded dming the 
drop test indicated the maximum forces experienced 
on the wheels, while those recorded dUTing the [light 
te ts did not. This was due to the 'wheel being the 
sole means of suppLying the restraining f rce to the Load 
dUTing the drop tests, and in the flight te ts this re-
training force was divided between the lift of the 

airplane and the force on the wheel. In orne case 
the lUt of the airplane may ha e been nearly equal to 

FIGUllE 20.-Showing failure of VE-7 landing gpar after severe pancake landing in tests of airwhcels 

speed at contact in thi landing were 4 and 3 m. p. h., 
l' pectively. The maximum acceleration devoloped 
was 4.1 g and the l'cboll nd exceeded the recording 
rang of the followor ann (16.7 inches). The bounces 
experienced in the pancake landing were higher than 
those experienced in 0 ther types of landing . Those 
experienced in the 2-point landing were, in general, 
nearly equal to those experienced in the pancake 
landings and were much more violen t and pronounced 
than those developed by the normal landings . 

the weight of the airplane. Thus, the maximum 
restraining force exerted by the wheels, in the flight 
test, may have been as low as that indicated by the 
maximum accelerations Ie the weight of the airplane. 

Prior to making any tests on the aU'wheel it wa 
found that theil' weight complete (less any' braking 
mechanism) was approximately the same as th com­
bined weight of the parts of the Y-2 chassi (i. e., 
wheels, tu'e , tubes, and oleo mechanism) that they 
were used to replace. However, with the adaption of 
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the airwheels to the NY -2 chassis, the ultimate 
t1'ength of the cha sis was lowered as a result of the 

increa ed overhang of the axles. If the ultimate 
strength of the cha is, after in tallation of the air 
wheels, had been brought up to . the same ultimate 
trength as prior to the in. tallation, heavier axle would 

have been required, with the 1'e ult that the weight of 
the complete chassis would have been slightly greater. 
The increa e in weight due to the heavier axles might 
be overcome by the u e of a cha si especially de igned 
for the airwheel in Lead of a modified one. However, 
it is believed that no appreciab le amount of weight 
could be saved by the adoption of airwheel . 

Attention is called to the fact that the relative 
advantages of the u e of the airwheels on fields which 
are soft or other\\"ise adverse were not inve tigated 
during the e te ts. It i felt that due to the very 
large contact area of the airwheels and the 1 w infla­
tion pre sUl"e , their 1I e on soft ground, on sand, or on 
a field coyered with small tone would be advanta­
geous. It i also belieyed that the tendency of the ai1'­
wheels to cause exces iye rebound and to develop 
high acceleration during evere impacts may be par­
tially counteracted by the u e 01 a shock-ab orbincr 

mechanism. Such are ulting system may incorporate 
the advantages of the ail'wheel with the advantages 
of other mechani m in keeping down the impact 

loads and in dissipating a large portion of the energy 
taken by it. 

CO CLUSIONS 

1. The shock-reducing qualities of the airwheels were 
very poor under severe landing conditions. 

2. The lack of ability of the airwheels to dissipate 
energy was very pronounced, a was evidenced by 
exces ive rebound . 

3. Variations of the inflation pressme, within fairly 
wide limit which depend to some extent on the load, 
had but slight eil'ect on the maximum accelerations 
and rebound. 

4. The strength or "stiffness" of the walls of the 
tires accounted for an appreciable portion of the load­
carrying capacity of the tires. 

5. A shock-reducing mechanism capable of effec­
tively reducing the impact force in evere landings 
houid be used in conj unction with the ail'wheels. 

6. It appears that no appreciable amount of weight 
would be aved by the u e of aiJ'wheels. 

LA JGLEY MEMORIAL AERONA TICAL LABORATORY, 

ATIONAL ADVI OHY COMMITTEE FOR AERO­

A TICS, LA GLEY FIELD, VA., October 8, 
1930. 
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TABLE I 

RESULTS OF DROP TESTS ON 30 BY 13-6 AIRWHEELS 

Loading (on both wheels) 1.840 pounds 

TIRE INFLATION PRESSURE 5.1 POUNDS PER SQUARE INCH 

I 
Axle flex- Maxi- Maxi- I 

Free Total Free Total Tire de- mum tire 
drop drop rebound rebound pression ure <t mum ac- pressure tire celeration (in.) (in.) (in.) (in.) (io.) (io.) (0) (lb./sQ. 

io.) 

------------------------
1.0 1.3 ---------- 5.2 6.0 0.30 2.8 1.0 
3.0 9.7 0.2 6.9 6.3 .45 3.6 7.3 
6.0 13.4 2.1 9.4 6. 8 .60 4.4 8.4 
9.0 17.2 3.8 12. 0 7.6 .65 5. 1 8.7 

12.0 21. 6 5.0 H.6 8.9 .75 5.7 9.3 

TIRE I NFLATION PRESSURE 10.1 POUNDS PER SQUARE INCH 

1.0 5.9 ---------- 4.5 4.6 0. 35 2.7 12.0 
3.0 8.4 1.1 6.4 5.0 .45 3.6 12.9 
6.0 12.3 3.0 9.3 5.7 . 55 4.6 13.7 
9.0 15.6 5.0 11.6 6.1 ---- ---- 5.2 IS.1 

12.0 18.7 6.1 12.9 ---------- .65 5.8 1S.6 
15.0 22. 8 8.1 15.9 7.0 . 85 6.3 16.5 

TIRE I FLATION PRESSURE 15.9 POUNDS PER SQUARE INCH 

1.0 5.1 ---------- 4.0 3.8 0. 3., 2.7 17.1 
3.0 8.1 1.0 6.1 4.6 .45 3.7 18.0 
6.0 12.0 3.0 9.0 S.5 . 55 4. 5 18.8 
9.0 15.0 4.3 10.3 ------ . 60 5.2 19.5 

12.0 19.6 5.9 13.5 6.8 .75 6.0 20.9 
15.0 

I 
22.8 8.0 15. 7 7.0 .80 6.6 21. 7 

TIRE INFLATION PRESSURE 21.5 POUNDS PER SQUARE I NCH 

3.0 7.6 1.2 5.8 4.0 
----ii~iiO--

3.6 23.7 
6.0 11.8 a.2 9.0 5.2 4.5 24.5 
9.0 14. 8 5.3 10.1 - - - -- ----- • C>5 5.4 24.8 

12. 0 18. 5 6.4 12.9 .,.8 . 70 fi.2 25.3 
15.0 22.5 8.3 15.8 6.8 . . 75 7.0 25.6 

TIRE INFLATION PRESSURE 26.2 POUNDS PER SQUARE INCH 

1.0 4.0 - --------- 2.8 2.7 0.35 a.l 27.3 
3.0 7.3 0.9 5.2 3.8 .45 4.3 27.9 
6.0 11.1 2.5 7.6 4.6 . 50 S. 5 28.7 
9.0 15.1 4.3 10.3 5.4 .70 6.2 29.0 

12.0 17.8 6.1 11.9 --- ------ - 0 7.2 30.1 
15.0 21. 7 -- ---._--- ------ - - -. 6.0 .75 7.9 30.7 

TABLE II 

RESULTS OF DROP TESTS ON 30 BY 13-6 AIRWHEELS 

Loading (on both wheels) 2.440 pounds 

TIRE INFLATION PRESSURE 5 POUNDS PER SQUARE INCH 

Free 
drop 
(io.) 

1.0 
3.0 
6.0 
9.0 

Total 
drop 
(In.) 

8.0 
10.5 
14.5 
19. 0 

F ree Total 
rebound rebound 

(in.) (in.) 

0.4 
2.0 
2. 7 

6.1 
7.9 

10.5 
11. 7 

Tire de­
pression 

(in.) 

6.5 
6.8 
7.7 
8.1 

Axle fle~- Maxi- Maxi: 
ure <to. mum ac- mum tlre 

tire celeratioo pressure 
(in.) (g.) (ll',f.)q. 

0.50 
. 61 
.75 
. 94 

2.9 
3.4 
4.2 
5.0 

1. 8 
8.7 

10.1 
11.2 

TIRE INFLATION PRESSURE 14.3 POUNDS PER SQUARE INCH 

1.0 6.4 - - --- ---.- 5. 4 5.0 0.44 2.7 16.7 
3.0 8.8 1.4 7.3 5.3 .57 3.6 17.4 
6.0 12.3 3.0 9. 3 5.5 .75 4.7 18.4 
9.0 15.9 4.7 11.6 6.1 .86 5.7 19.7 

12. 0 20. 4 5.6 14.0 7.4 1. 03 6.6 20. 9 

TIRE INFLATIO PRESSURE 15.9 POUNDS PER SQUARE INCH 

1.0 fi.O --- ----- -- 5.0 4.5 0. 55 2.9 17.2 
3.0 8.7 0.7 6.5 4.8 .64 3.7 18. 5 
6. 0 12.1 3.0 9. 1 5.3 .84 4. 9 19.8 
9. 0 IR.2 4.8 12.0 6.3 .95 5.8 20.9 

12.0 19. 6 6.4 14.0 6.6 1. 01 6.7 21. 7 
14.0 22.3 7.0 15.3 7.1 1.07 7. 3 I 22.6 

TIRE INFLA'rION PRESSURE 20.9 POUNDS PER SQUARE INCH 

1.0 
3.0 
6.0 
9.0 

12.0 
14.0 

5. 3 ---------- 4.3 3. 7 0.54 I 
8.0 1.0 6.0 4.3 . 73 

11.9 2.8 .7 5.1 .79

1 

15.6 4.6 11. 2 5. 7 ::: : ::~~:: 

2.8 
4.1 
5.4 
6.6 
7.3 
7.8 

22.6 
23.1 
24.7 
25.7 
26.4 
27.0 

TIRE INFLATION PRESSURE 26 POUNDS PER SQUARE INC II 

1.0 4.7 ~ ----- ---- 3.7 ~. 2 0.56 3.2 27.5 
3.0 7.7 1.0 5.7 4. 0 .69 4.4 2R4 
6.0 12.2 2.7 9.0 5.4 .85 5.6 29.2 
9.0 15.7 4.5 11. 2 5. 8 .94 6.7 30.0 

12.0 19.5 5.9 13.4 6.4 1.06 7.5 31.5 

-- -

I _____ ~~~~ ____________ ~ ____ ~ __ ~-J 
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TABLE III 

RESULTS OF DROP TE TS 0 30 BY 13-6 AIRWHEEL 

Loading (on both wheels) 3,050 pounds 

TIRE INFLATION PRESSURE 4.5 POUNDS PER SQUARE INOH 

Axle lIex- Maxi- Maxi-
Free Total Free Total Tire de- mum tire 
drop drop rebound rebound pression ur <!>. mum BC- pressu re 
(in.) (in.) (in.) (in.) (in.) tire celeration (Ib./sq. (in.) (g) in.) 

------------------------
1.0 9.8 ---------- . 2 8.1 0.75 2.S 10.6 
3.0 12.4 0.5 9.9 . 6 2 3. 3 12.1 
6.0 16.3 2.4 12.7 9. 2 1.04 4.4 13.6 
8.0 IS. 6 3.3 13.9 9.4 1.20 5.4 14.0 

-

TIRE I FLATION PRESSURE 10.0 POUND PER SQUARE INCH 

1.0 7.8 ---------- 6.5 6.0 0.72 2.6 14.2 
2.0 9.2 0.3 7.5 6.5 .78 3.0 14. 
4. 0 12.3 1.6 9.9 7.4 .89 3. 6 16.3 
6.0 15.3 3.0 12.3 8.2 1. 02 4.1 17.9 
8.0 17.5 4.7 14.3 8. 5 1.06 4.4 18. 5 

TIRE INFLATIO PRESSURE 15.3 PO NDS PER SQUARE I CH 

1.0 6. - ----- .--- 5.4 5.1 0. 65 I 2.5 1 .4 
2.0 8.5 

I 
0.4 6.9 5. .74 3.0 19.2 

4.0 11.0 1.9 8.9 6. 1 .65 3. 6 20. 2 
6.0 13.8 3.4 11.1 6.8 .98 4.1 21.4 
8.0 16.5 4.7 13.2 7.5 1.04 I 

4.7 22.3 

TIRE INFLA'fION PRESS URE 20.2 POU DS PER SQUARE I TOH 

1.0 --- -- ----- --------- - ---------- --- - ----.- ---------- 2.4 
---- 23~3--2 0 7.6 0.3 5.9 4. 9 0.69 2.7 

4.0 10.4 1.8 .3 5.6 .87 3.3 24.3 
6.0 12.9 3.3 10.2 6.1 ------.- -- 3.9 25. 2 
8.0 15.6 5.0 12.5 6.5 1.02 4.5 26.1 

TIRE INFLATION PRE SURE 25.7 POU DS PER SQUARE I CH 

],0 5.4 ---------- 4.3 3.8 0. 61 2.4 27.2 
2.0 6. 0.5 5.3 4.1 .67 2.7 27.9 
4.0 9.8 2.0 7.8 4.9 .83 3.5 29. 0 
6.0 12.5 3.5 10.0 5.6 .92 4. 2 30.2 
.0 15.0 4.\) 11. 9 5.9 1.06 4.6 31. 0 

-- --- T 

TABLE IV 

RESULT OF DROP TEST 0 30 BY 13-6 AIRWHEEL 

Loading (on both wheels) 3,585 pounds 

TIRE INFLATION PRESSURE 4.8 POUNDS PER SQUARE INCH 

I Maxi- Maxi-
F ree Total Free Total rrire de- Axle lIex- mum tire 
drop drcp rebouucj rebound pression ure,£ mUln ae- pre ure 
(in.) (in.) (in.) (in.) (in.) ti re I celeration (lb./sq. (in .) CD) in.) 

--------- ------------- ---
1.0 10.4 ----- --- -- .7 .5 0.92 2.7 12.4 
2.0 1l.7 --._------ 9.4 8 . .91 2.9 13.1 
4.0 14.0 0.5 10.4 8. 9 1.06 3.6 14.2 
6.0 16.5 1.2 11. 7 9.2 1.26 4.5 14.2 

TIRE I FLATION PRE S RE 10.0 POU DS PER SQUARE INCn 

1.0 8. ---.----- - 7.3 7.0 0. 83 2.7 15.5 
2.0 10.4 0.1 8.5 7.5 .89 3.0 16.2 
4.0 13.2 1.6 10. 8.2 l. 01 3.4 17.8 
6.0 15.9 3.1 13. I .8 1. 12 3. 19. I 
.0 I .2 4.5 14.7 8. 9 1.30 4.0 20.3 

TIRE INFLATION PRESSURE 15.0 POU DS PER SQUARE I cn 

1.0 7.9 ---------. 6.5 6.0 O. 6 2.5 1 19.5 
2.0 9.4 0.1 7.5 6. 6 -- ---. ---- 2.8 

I 
19.8 

4. 0 12.1 1.5 9.6 7.2 . 95 3.3 21. I 
0. 0 15.0 3.2 12.2 8.0 1.03 3.0 22.3 
8.0 17. 5 4. 7 14.3 8.4 1.14 4.0 23.7 

T I RE I TFLATION PHESSURE 20.3 POUNDS PER SQUARE I cn 

1. 0 0.8 ---------- 5.0 5.0 0.85 2.6 23.7 
2.0 8.2 03 6.5 5.4 .82 3.0 24.3 
4.0 I J. 2 1.7 8.9 0.2 .94 3.5 25.3 
6.0 13.8 3. 2 11.0 6. 1.03 3.9 26.6 
8.0 10.7 4.8 13.5 7.6 1.11 4.1 27.5 

TIRE I FLATIO PHESSURE 25.5 POUNDS PER SQUARE I CR 

1.0 6.2 -------- -- 5.0 4.4 0.80 2.6 28.3 
2. 0 7. 0.4 6.1 4.9 . 86 2.9 28 . 
4.0 10.7 1.8 .5 5. .93 3.4 29.9 
6.0 13. 0 3. I 10. I 6.0 1.01 3.9 30.7 
8.0 16. I 4.7 12.9 7.0 1.14 4.4 31. 9 

• 
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TABLE V 

RESULTS OF FLIGHT TESTS 0 30 BY 13-6 AIRWHEELS 

Mounted on VE-7 airplane, weight 2,153 pounds 

TIRE INFLATION PRESSURE 5 POUNDS PER SQUARE INCH 

Initial contact with ground Run following contact 

Type of landing Maxi-
Air speed Wind Ground Vertical mum Tire de­

pression 
(in.) 

Free re­
bound 
(in.) 

Maxi­
mum 

(second) 
accelera­
tion (u) 

Remarks (00. p. h.) speed speed velocity acc(firseletr)a_ 
(00. p. h.) (00. p. h.) «(t./sec.) 

tion (0) 

------------ ------1--------------------
NormaL _________ _ 51 R 43 1.5 2.7 1. 5 Smooth landing. Do ___ _____ ___ _ 52 4 48 1.2 3.3 1. 5 Very good landing. Do ___ ______ __ _ 50 4 46 1.4 6.1 1. 9 2-poinL ________ ___ 53 9 44 2. 7 9.0 2.1 Do ___ ______ ___ 

54 9 45 1.9 13.2 2.3 Do ___ ____ ___ __ 55 13 42 1.8 13.9 Pancake ___ ___ _____ 50 9 41 4.0 2.6 

5.0 
3.4 
3.8 
7.5 
4.7 
5.7 
6.0 
8.3 

2.5 Rebound greater than 16.7 inches . Rough landing. 
Do ___ ___ _____ _ 48 9 39 5. 1 3.1 2.7 Rebound greater than 16.7 inches. Representative pancake; 

Do ___ __ .______ 49 9 40 5. 6 2.4 S.3 
6. 
5.8 
6.3 
5.0 
5.7 
6.4 

100000t drop. 
14.8 2. 3 RepresentatIve pancake not too severe; 12-(00t drop. 

Do_____ __ __ __ _ 50 15 35 10.5 3. 2 

{ 

49 _____ _____ ______ ____ _____ ___ __ 1.8 

Takeoff___ _____ ___ _ ~~ __ ______________ ~~ __ ====:= :=== -- --- i~5- -

TaxL ____ ____ ____ {:==:::::= :==::==::: ==:::::::: =:==:=:::: L ~ 

____ ~ - - -- 2.5 Very severe pancake. 

U ===:==:=:= lverysmooth take-olIo 3.0 ______ ____ r 
0.00 Ma,timum values only. 
3.00 Slightly cross wind. 

TABLE VI 

RE ULTS OF FLIGHT TESTS 0 30 BY 13- 6 AIR WHEELS 

Mounted on VE-7 airplane, weight 2,153 pounds 

TIRE INFLATION PRESSURE 10 POU DS PER SQUARE INCH 

Initial contact with ground Run (ollowing contact 

Type of landing 
Air speed Wind Ground Vertical 
(00. p. h.) speed speed velocity 

(m. p. h.) (00. p. h.) (ft./sec.) 

Maxi­
mum 
(.tirst) 

accelera­
tion (g) 

'l'ire de­
pression 

(in.) 

Free re­
bound 
(in .) 

Maxi­
mum 

(second) 
accelera­
tion (u) 

Remarks 

[------[--------------- ---- - ----[------ - ----------
ormaL__________ 51 7 44 3.5 

Do__ __ _____ ___ 49 10 39 2.1 
1. 8 Very smooth 3-point. 
2. 1 Excellent a-point. Do __ ____ ____ ._ 49 5 44 

1.2 
1.1 
1.2 
1.8 
2. S 
2.0 
2.9 
2.5 
2.5 
2.5 
2.0 
2.1 

1. .5 
4.0 
1.5 
6.5 
6. 0 
1.0 
3.9 
6.1 
4.3 
7.7 
4.0 
3.6 

5. S 
4.7 
7.1 

IS. 4 
1. ij Exceptioanally good 3-point landing . 

2-poinL_ __ ___ ___ _ S7 13 44 2.3 Second bounce exceeded 16.7 inches . 
Do___ _________ 52 12 40 2.7 Rebound greater than 16.7 inches. 
Do__ __________ ___ _______ 9 1.3 2.0 Excellent landing. 

Pancakc_ __________ 46 S 41 _____ ___ _ _ 
Do___ _______ __ __ __ _____ _ 7 ____ ___ ___ 5.1 2. 1 Rough 3-point landing. 

2.0 Good example o( pancake. Do_ ___________ 46 7 39 ____ ___ __ _ 

9. 4 
7.2 
9. 3 
6. 4 
7.3 
5.2 
3.6 

2.2 Dropped in from approximately S feet. 
Tak /I' { 60 7 53 -- ---- -- --e-o ---- ---- -- - 57 9 48 ___ ______ _ ==::====:= }smooth take-off. Taxi ______ __ ____ __ _ __ __ ___________ _____ __ ___ ____ _____ __ __ _ _ ______ ____ Approximately 15 mUes per hour ground speed. 

TABLE VII 

RESULTS OF FLIGHT TESTS ON 30 BY 13- 6 AIRWHEELS 

Mounted on VE-7 airplane, weight 2,153 pounds 

TIRE INFLATION PRESSURE 15 POUNDS PER SQUARE INCH 

Initial contact with ground 

Type of landing Wind Ground Vertical ~~- Tire de- Free re- ~~-
Air speed speed speed velocity (first) preSSion hound (second) 
(00. p. h.) (m. p. h.) (00. p. h.) «(t./sec.) accelera- (in.) (in.) accelera-

tion (g) tion (u) 

NormaL __ _________ I--5-4-=========--1.-1- --2-.-S---5-.-0- 1.6 
Do ____________ SI 10 41 _________ _ 1.3 2.3 10.1 1.8 
Do____________ 50 8 42 ______ ____ 1. 2 __________ __ ____ ____ 1.8 

2-poinL_________ __ 62 ____ ______ ____ ______ __________ 1.1 _____ _____ __________ 2.3 
Do____________ 58 9 49 3.2 1.5 4.6 4.9 2.0 
Do___ _________ 57 8 49 4.0 2.1 1. 5 12. i 3. 9 

Pancake___________ 42 9 33 4.2 2.8 5.8 11. 4 2.4 
Do___ ____ _____ 45 8 37 9.4 4.3 ____ __ ____ -- ______ __ ________ _ . 

Run following contact 

Slightly tail first. 
Good 3-point, field firm. 
Very good 3-point. 
Good landing. 
Very smooth landin g. 

Remarks 

Second bounce in excess o( 16.7 inches. 
Dropped in approximately S feet. 
Dropped in approximately 8 Ceet. Vertical load wire fittings 

on landing chassis parted. 

U, S . GOVERH"£ffT PRINr'NG OFfICE: lUI 



y 

z 

Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Sym- to axis) Sym-
Designation bol symbol Designation bol 

LongitudinaL __ X X rolling _____ L 
LateraL ____ - -_ Y Y pitching ____ M 
NormaL ______ Z Z yawiug _____ N 

Absolute coefficients of moment 
L M 

Cl = qbS Om= qcS 

Linear 
Positive Designa- Sym- (compo-
direction tion bol nent along Angular 

axis) 

Y-.Z rolL _____ </> u p 
Z-.X pitch _____ e 1/ q 
X-.Y yaw _____ if; w T 

Angle of set of control surface (relative to neu­
tral position), o. (Indicate surface by proper 
subscript.) 

4. PROPELLER SYMBOLS 

D, Diameter. 
p, Geometric pitch. 
p/D, Pitch ratio. 
V', Inflow velocity. 
V., Slipstream velocity. 

T, Thrust, absolute coefficient OT= pnfD4 

Q, Torque, absolute coefficient OQ= ~rv. pn.lF 

P, Power, absolute coefficient Op= :rv.' pn II 

0., Speed power coefficient =.v p~:' 
TI, Efficiency. 
n, Revolutions per second, r. p. s. 

<I> , Effective helix angle = tan-1 (-~) 27T'rn 

5. NUMERICAL RELATIONS 

1 hp = 76.04 kg/m/s = 550 lb./ft./sec. 
1 kg/m/s=0.01315 hp 
1 mi.fhr. =0.44704 m/s 
1 m/s = 2.23693 mi./hr. 

1 lb. = 0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 mi. =1609.35 m=5280 ft. 
1 m = 3.2808333 ft. 




