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RESEARCE MEMORANDUM

STATISTICAL MFASUREMENTS CF LANDING CONTACT CONDITIONS
OF THE BOEING B-47 AIRPLANE

By Joseph J. Kolnick and Garland J. Morris
SUMMARY

The landing contact conditions of the Boeing B-47 airplane were
determined from photographs, taken with a specizally built motion-~picture
cenmera, of 222 landings during daytime operstions at Barksdale Air Force
Base, ILe. The statistical analysis of the sinking speeds and the hori-
zontal speeds evaluated from these photographs indicated that in 1 out
of 1,000 landings the sinking speed will equal or exceed about 6 feet per
second and the airspeed at contact will eguel or exceed about 70 percent
gbove stall. The mean sinking speed was 2.0 feet per second and ithe mean
airspeed &t contact was 25 percent zbove sitalling speed. The frequency
distribution and probability curve for sinking speeds for the present
data and that obtained by the Boeing Airplane Campany showed reasonable
agreement.

INTRODUCTION

One of the phases of the lending-loads problem that the National
Advisory Committee for Aeronsutics is currently investigating is the
measurement of the initial landing contact conditions of various types
of eairplanes to provide a statistical basis for evaluating present design
criteria. Some resulis previously obtained as part of this study were
reported in references 1 and 2.

The purpose of this paper is to present tne sinking speed ahd the
forward speed at the time of the first wheel contact for 222 landings of
the Boeing B-47 medium jet bamber airplane at Barksdale Air Force Base
in April 1954. Thne deta are summerized in the form of frequency distri-
butions, cumuletive frequency distributions, and probability curves. A
comparison is made with some measurements of B-47 landings made by the
Boeirg Airplane Company &t Wichita Air Force Base as reporied in
reference 3.
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APPARATUS AND METHOD

A 35-mm motion-picture camere supported on a verticali shaft which
was rigidly mounted to a steel trailer wes used to cbtain data on landing
contact conditions. The motion-victure camera ran at 25 Zrames per second
end was fitied with a 40-inca focal-length telescopic lers. Tracking of
the airplane was limited to aziruth by the vertical shaft on which the
camera was mounted. The trailier was raised on jacks which provided a
rigid support and permitied accurate leveling of the camera. Reference 4
gives a compiete descriptior of the camera equipment, its design consider-

tions, the method of reducing data, and the zccuracy of the measurement.

Sore pertinent general specifications for the B-47 airplane are given
in teble I. The landirgs photographed included preactice landings in which
the airplane touched the ground and then took off again and also landings
in which the airplane lended and stayed down. Details of the method and
equations for the reduction of the data are given in reference 4 for the
sinking sveed and in reference 1 for alrspeed at contact.

STATISTICAL ANALYSIS AND DISCUSSION

The frequency distributicns of sinking speed for the first wheel to
toueh end of the airspeed at contact revresenting their respective class
intervals are tebuleted Zn table II. The results of the statistical
enalysis sre vpresented in figures 1 to 4. The frequency distributions are
given in figures 1 and 3 and the probability curves in figures 2 and b.
The probability data were erbitrerily faired by Pearson type III curves
and the various parameters such as She mean, standard deviation, and
coefficient of skewness used to determine these curves, in the manner
presented in reference 5, are showa in table II. The points plotted on
the probabllity curves in figures 2 and L represent the cumulative fre-
quencies for the same intervels as thelr respective frequency distribu-
tions. No attempt was mede tc analyze the data on the basis of whether
the landings were of the touck-and-go or stgy-down type because the num-
ber of stay-down landings (44) was considered too small a semple to be
significant. TFurther, no analysis was made for gust and no-gust condi-~
tions (as in ref. 1) because only 16 of the lardings were made under
gosty conditions.

For comparison, the sinking speeds obteined by photographic means
for the B-47 lendings at Wichita Air Force Base and reported in refer-
ence 3 are also shown. The frequency distribution of sirking speed was
used directly Ifrom reference 3. The cumuiative totals and the probevility
curve were computed Trom this freguency distribution.
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The landing weights used to obtain the sislling speeds were estimated
from an snalysis of time used for each landing, the known fuel-consumption
rete, and the known number of landings for each airplane. It was assumed
that 2ll landings were made between the restricted maximum gross landing
weight and the minimum desired gross landing weight shown in tzble I.

This table also gives the 1lift coefficients for stall, best flare speed,
and speed for simultaneous contzct of main wheels. Due to =z data-reduction
difficulty, the sirspeed at contact could he obtained for only 211 out of
222 landings used for obtaining sinking speed.

Sinking Speed

The frequency distribution of sinking speed for the present data
(fig. 1) indicates that the greatest percentage, 24t.8 percent, of the
landings occurred at sinking speeds between 1.5 and 2.0 feet per second.
The mean sinking speed for the 222 lendings was 1.97 feet per second, and
the highest was 6.3 feet per second. A comparison of the frequency dis-
tribution with that for 215 landings from reference 3 shows reasoneble
agreement. Although there were some differences in the two frequency
distributions between sinking speeds of 1.5 to 2.5 feet per second,
approximately 50 vercent of the landings for both occurred in this range.
The wean sinking speed given in reference 3 was 2.0 feet per second.

The probzbility curve for sinking speed (fig. 2) indicates that the
sinking speed will equal or exceed about 2.0 feet per second once in
2 lendings; sbout 3.0 feet per second for 1 in 10 lendings; sbout 4.5 feet
per second for 1 in 100 landings; and about 6.0 feet per second for 1 in
1,000 landings. A comparison of the probability curve with that computed
from the frequency distribution from reference 3 shows little difference
petween the two curves.

Airspeed at Contact

The frequency distribution of airspeed sbove stall (fig. 3) shows
that the greatest percentage of landings, 27.5 percent, occurred in the
range from 20 to 25 percent above stzll. The mean value for the
211 landings was 23.0 percent above stall. Two landings were made at
68.5 and 64.5 percent sbove stall although the next lowest was 49.6 per-
cent sbove stall. The lowest percent above stall was 3.8.

It is of interest to note that the mean of 23.0 percent agbove stall
s gbout the midpoint in the recommended B-47 landing-speed range. This
ange is between the best flare speed and the spéed for simultaneous con-
tact of the tendem main wheels. OF the 211 landings, 42.4 percent or
89 landings were mede in the recommended speed range.

——
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The probabilisy curve (2ig. 4) for the percentage by which cortact
airspeed will exceed the stalling speed indicates that airspeed will
equal or exceed atout 35 percent sbove stall in Z out cf 10 landings;
about 50 percent above stall in 1 out of 100 landings; anrd about 70 ver-

cent akove stall in 1 out of 1,000 landings.
CONCIUDING REMARKS

Results of the statisticel analysis of the contact conditions for
more than 200 lardings of the Boeing B-47 sirplane during daytime opera-
tions indicate that in 1 out of 1,000 landings, the sinking speed will
equal or exceed gbout 6 Zeet per second and the airspeed at contact will
egquel or exceed about TO percent ebove stall.

The mean sinking speed was 2.0 feet per second sxd the mean air-
speed et contect was 23 vercent above stall. The frequency distribution
and probebility curve for sinking speeds for the present data and that
obtained by the Boeirg Airplane Corpany snowed reascnable sgreemert.

Langley Aeronautical Labcratory,
Nationel Advisory Cormitiee for Aerorautics,
Langley Field, Va., Avgust 17, 1955.
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TABLE I

GENERAL SPECIFICATIONS FOR THE BOEING B-47 AIRPIANE

Meximum gross take-off weight, 1b . . . . .
Restricted maximum gross landing welght, ln c e s s e e e e
Minimum desired gross lending weight, 1 . . . . . . . . . .
Basic gross welgnt, b ¢« ¢ « ¢ ¢ ¢« i s e e 4 4 e 5 o e e o
Wirg area, sq £t . ¢ ¢ ¢ ¢ v v v ¢ v b i i i i e e e e e e .
Lift coefliclent, Cp -

For stall at sea level . ¢ ¢ ¢« ¢ ¢ ¢ o« ¢ o « o« o s o s &

For simultaneous contact of main wheels at sea level . . .

For best ilare spveed at sea level . . . . « . & « ¢ ¢ o « &

185,000
115,000
90,000
82,000
1,428

1.98
1.44
1.27



TABLE II

TABULATION OF FREQUENCY DTSTRIBUTION VALUES AND STATISTICAL

PARAMEIERS FOR LANDING CONTACT CONDITIONS

Sinking speed,

Trequency distribution

Airspeed at contact,

Frequency distribution

£t/sec Percent of lundings|Number of landings percent sbove stall Percent of landings|Number of landings
0 to 0.5 2.7 6 0Lo5 0.5 1
.5 to L.0 11.3 25 5 to 10 2.4 5 -
1.0 to 1.5 1.0 31 10 to 15 1.8 25
1.5 to 2.0 oh.8 55 15 to 20 25.1 53
2.0 to 2.5 21.6 48 20 to 25 27.5 58
2.5 to 3.0 b 52 25 to 30 .7 3L
3.0 to 3.5 6.3 i1 30 to 35 9.5 20
3.5 to 4.0 2,% 5 35 to M0 b7 10
4.0 ta &.5 1.8 h Lo to k5 1.9 L
5.0 to 5.5 5 1 45 to 50 .9 2
6.0 to 6.5 .5 1 60 to 65 5 1
65 to 70 .5 1

Total number of landings . . . e e e e . 2221 Total mmber of landings . . . . « « + « « & ... 211

Mean, f't/sec e v s s e e e e e e e 0w s s 19T [[Mean, percent above stall . . . . . . . . ... 25.0

Stendard deviation, o, ft/sec + e« s o+« « 0.8l Standard deviation, o, percent sbove stall , ... 807

Coefficlent of skewness, az - e o s o 2 s s 1,20 fiCoefficient of skewness, Oz o v v e e e e 1,52
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Figure l.- Frequency distribution of sinking speed for B-4T7 airplane.
Date £rcm reference 3 are shown for comparison.
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Figure 2.- Provavility of equaling or exceeding sinking speed for
B-L7 airplane.
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Figure %.- Frequency distribution cf airspeed in percent atove stall of
B-4T airplane.
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