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SUMM4RY

Measurements have been obtained by means of a speci~ developed
photographic method of landing contact conditions of sane commercial
transports, the Boeing KC-97 tanker, the Boeing B-47 jet bomber, and
the Convair B-36 bmiber. l?ranthese measurements, vertical velocities
and airspeeds at contact have been evaluated and a brief statistical
analysis of the results, including the effect of horizontal gusts on
the landing conditions for the transports, has been made.-1

The analysis indicates that one out of 1,000 landings wi-~ equal
or exceed a vertical velocity of “3.5fps and 4.7 fps for the nongus~
and gusty conditions, respectively, or an increase of about 25 percent
due to gustiness. It appears likely, however, that on the average the
curves for the condition without gusts represents the more probable
condition. The relative frequency of occurrence of gusts to no gusts
was found to be 1 to 20 for a 5-year pericd at the Iangl..eyAir Force Base.

The values of vertical velocity Mkely to be equaled or exceeded
once in 1,000 lsmdings of routine operations of tankers and bcmiberswere
5.5 fPS for the KC-97 tankers, 6 fps for the B47 jet bombers, and
7 fps for the B-36 bonibers. These results are comparable to the trans-
port probabilia curve for the condition without gusts, which indicated
that an average vertical velocity for all transports of about 3.5 fps
would be equaled or exceeded once in 1,O(M landings.

The analysis of airspeed at contact indicated that one out of 1,000
landings till equal or exceed an airsped of 50 percent above the staU.
for the B-36 airplane, 60 percent above tie stall fw the transports,
and about 70 percent above the stall for the B-47 airplane.

,
INTRODU’&ION

J31order to aid in the development of more rational landing-loads
design requirements and procedures, the National Advisory Comittee for
Aeronautics has been conducting a project to obtain statistical measure-
ments of #anding contact conditions for various @pes of airplanes
during routine daytime opera~~. The-

w

que for obtaining the
statistical measurements employs a ‘speci- developed photographic

-
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methcd which requires no ins-lmxnentinstalktion in the aircraft and
permits rapid data reduction together-with good accuracy. (See ref. 1.)

Previous prelbinary
f,

results on some landing contact conditions
obtained by @is methai were presented for camnercial transport airplanes
during routine daytime operations at the Washington National Airport
(ref. 2). The project has been continued, and the number of measure-
ments has been @creased to what appears to be a sufficiently large
sample in order to allow some separation of data for investigating the
influence of certdn factors ‘onthe contact conditions (ref. 3). h
addition to the data for the transports, measurements have been obtained
for Boeing B-k7 jet bmbers and Boeing KC-97 tankers at Barksdale Air
Force Ease sm.dfor Convair B-36 bcmibersat Csrswell Air Force Base,
which were obtained with the cooperation of the Stiategic Air-Command.

RESUIU’SAND DISCUSSION

. .

The tiasurements in most cases included vertical velocity,-forward
speed, bank angle, and rolling veloci~ at the instant before landing
contact. The discussion till be confined to vertical velocity and
forward speed since these quantities have the most direct influence on
the vertical and drag loads produced in the landing gear. .,

Effects of /2usts

One factor which was believed.to be important in its effect on the
contact conditions was the turbulence-of the air. Figure 1 shows the
results obtained by separating the center-of-gravi~ vertical-velocity
data for the transport airplanes according to whether the wind was gus~
or not .gus@.- The gus@ condition is defined by the U. S. Weather Bureau
as sudden intermittent increases in speed with at least a 10-mph variaz
tion between peaks and lulls, the peaks reaching at least 18 mph and the
average time interval between peaks and Mil& usually not exceeding
20 seconds. The figure shows curves of the probability of equaling or
exceeding given center-of-grati@ vertical velocities obtained by
fitting Pearson me III probability curves to the measured data.

The mean vertical velocities TV were 1.22 fps without gusts and
1.50 fps with gusts, and this difference is statistically significant.
Comparison of the @s@ and nongus@ ‘conditionindicates that for a
given number of landings the vertical velocity likely to be equaled or
exceeded is about 25 percent greater for the condition with gusts than
for the condition without gusts. The values of vertiml velocity likely ,
to be equaled or exceeded in 1,000 landings are 3.5 fps and k.7 fps for
the nongus~ and gwty conditions, respectively.

t
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Inasduch as the tests were conducbd during clear weather conditions,
the gust effect shown is due to gust intensities occurring in clear air
at the ground and does not include the extreme gust intensities associ-
ated with squalls and other storm conditions. On the average, the high
relative frequency of occurrence of gusts and no gusts, indicated by the
number of landings for the two conditions during the tests, was much
~eater than would normally be expected. An analysis of the hourly
sequence reports of the U. S. Weather Bureau at Langley Air Force Base
for a 5-year perid indicated that the relatim frequency of occurrence
of the gus~ condition was about 1 to 20. Thus, over a lmig periml of
time, for instance, the life of a given airpke, the solid curve for
the condition without gusts is the one to be considered as representative
of the condition likely to be encountered about ~ percent of the time
and the dashed curve for the gusty condition, the other 5 percent. The
number of landings are given for the probabili~ curves as an indication
of their reliabili~. A comparison of the probability curves of vertical
veloci@ determined from the data of the first 60 landings for all air-
planes, and then successively for 126, 24>, and 478 &dings as more
landings were photographed, indicated that possibly on the order of
2~ landings are required to establish a probabili~ curve which will
have a practical degree of rellabil.i~.

Comparison of Vertical Velocities at First and Second Conticts

Although the vertical veloci~ of the center of gravia of an air-
plane genera12y characterizes the severiti of the landing, most landings
are not symmetrical and the load pr,oducedin the landing gesx is depend-
ent on the vertical velocity at the landing gear itself. A theoretical
study contained in reference 4 indicated that there could be substantial
differences in the vertical veloci~ of tie first gear truck to contact
and in sub~equent contacts by the other trucks depending on the attitude
and angular velocities of the airplane, on the amount of lift, and on
the configuration and inertia characteristics.

One factor involved is the ratio of the semitread to the rolling
radius of gyration. Presented in figure 2 is a comparison of the
vertical-veloci~ probabiliw curves obtained from the measured data
for the first and second truck contacts for the transport landings,
separated into four-engine and two-engine categories, since the values
of the ratio of semi-treed yt to rolling ,radiusof ~atim kx of “

0.7 to 0.8 for the four-engine airplane and 1.0 to 1.2 for the two-
engine airplane are appreciably different for these airplane @es. “
The theoretical analysis of reference 4 indicated that, other factors
being the same, the ratio of vertical velocities for the second wheel
to contact to the first wheel to contact should vary approximately as.

Y-t
‘Ms --&.r Fx” Thus, for the four-engine airpl&ne, the vertical

I
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velocity for the second wheel to contact should be about 25 percent less
than that for the first wheel, whereas, for the two-engine aircraft, #e
vertical veloci~ for the second wheel to contact should be a~out 10 per-
cent greater than that fcm the first. The curves in the figure established “
by the experhmtal tit-aindicate essentiaHy no difference in the proba-
bility for equaling or exceeding a given vertical veloci~ between the
first ad second wheel to contact for either the four-engine or the two-
engine category. Apparently, the effect is masked by other factors such
as bank angles.and rolling velocities at initial contact, side drift,
landing-gear energy-dissipation efficiency, and so forth.

Probabili@ Curves

Presented in figure 3 are the probabili~ curves for 222 landings
of the B-47 jet boder, 59 landings of the KC-97 tanker, and 1~ M.mtings
of the B-36 bortiber.Also shown for comparison with the NACA B-47 data
are the data for 215 landings of a B-47 Wmiber which were obtained by the
Boeing Aircrsft Corporation. The mean values of vertical veloci~ for
the two sets of B-47 data are essentially identical, 1.97 fps and 2.00 fps
for the NACA and Boeing data, respectively, and the probability curves,
the soMd and short-dashed Mnes, show gocd agreement.

The fact that there is good agreement for these vertical-velocity
probabili@ curves established from data obtained by different metlmls
and at different locations not only attests to the accuracy of the two
methds but also further substantiates the statement made previously that
on the order.of 2~ landings are sufficient to establish a reliable “
probabili~ curve. me mean vertical velocity for -theB-36 ~dings is
2.29 fps, and this curve (long-dashed) indicates somewhat higher proba-
bilities for equaling or exceeding a given vertical veloci& than those for
the B-47 results. The values of vertical veloci~ likely to be equaled
or exceeded once in 1,cOO l.andlngsfor the KC-97, B-47, and B-36 air-
planes are 5.5 fps, 6 fps, and 7 fps, respectively. It should be noted
that the measurements for the tankers and bombers were obtained during
continuous day-to-day operations (daylight hours only), and the relative
frequency of occurrence of gusts to no gusts was about 1 to 30 for the
KC-97 and B-47 airplanes and about 1 to 3 for the B-36 airplane. Thus,
the results for these airplanes, particularly for the KC-97 and B-47
airplanes, would be more cmparable to the transport probability curve
fa the condition without gusts, which indicates that an average
vertical velocity for all transports of ab~t 3.5 fps wm.ild%e equaled
or exceeded once in 1,OCQ landings.

h figure 4 is shown a comparison of the probability curves of
vertical veloci~ for various types of.airphnes identified ~- approxi-
mate landing weight w h pounds. The mesn vertical velocity in feet

.,

per second for each -&ypeis also given. The landing weights are shown
only to give a rough indication of the .c.l.assof airp~es inv?lved.. ... .. . ia
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Although the results suggest a trend toward increasing v%rtical veloci~
with increasing landing weight, it will.be noted that the heaviest air-

. planes shown are all military types, and the lighter ones are commercial
transports, so that the major influence on the vertical velocities may
be the type of operations rather than the weight. This plot is presented
in order to show a cross section of most of the currently available
vertical-veloci~ probabili~ curves for routine daytime operations of
current land-based airplanes and to indicate that there are substantial
and significant differences. The quantity of data is as yet insufficient
to permit determination of the factors which account for the differences
in landing statistics for various types of airplanes in a given type of
operation.

Airspeed at Contact

Another landing contact condition for which statistical tita,have
been obtained is the airspeed at contact, obtainedby combining the
component of wind parallel to the Mne of flight sad the measured ground
speed. The results are shown in figure 5 as curves of the probabili@
of equ%Mng or exceeding various percentages above the stalling speed.
The solid curve is for the B-36 airplanes, the short-dashed curve for
the B-h7 airplanes, and the long-dashed curve for the cmmercial kans-
ports. The stal.lg speeds are based on estimated weights of the air-.
planes at landing and may involve some error. The mean airspeeds at
contact expressed as percent above the stall are 19 percent for the
B-36 airplanes, 23 percent for the B-47 airplanes, and 29 percent for
the transports.

For the B-36 airplanes, one out of a thousand will land with a
speed about 50 percent above the stall. For the ‘mansports, one out
of a thousand will land with a speed about 60 percent above the stall,
or about 20 percent higher with respect to stall spe@ than the B-36 air-
planes. Although the mean landing speed (23 percent above the stall)
for the Jet-propelled B-47 bomber was between those of the other two
cases shown, the probabili~ for a higher landing speed occurring for
this airplame was greater. The results indicate that in 1,000
B-47 bndings, one landing willbe made at a speed at least 70 percent
above the stall. Analysis of the transport datawithregsxd to the
effect of gusts on airspeed at contact indicated no effect due to gusts
as contrasted to the substantial effect of gusts on vertical velocity.
The reason for the absence of m effect on the landing speed due to
gusts may be that the airplanes normally land so fast that there is
sufficient margin above the stall to take care of the gus~ condition.
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CONCLUDINGREMARKS
.

The statistical .anal.Ysis of the transport landings indicated that
.

the gus~ wind condition had a significant effect in ticreasing the
vertical veloci@ likely to be equaled or exceeded in a given nuuiberof
landings. One out of 1,0~ landings -U equal or exceed a +ertical
velocity of 3.5 fps and 4.7 fps for the nongusty and gusty conditions,
respectively, or an increase of about 25 percent due to gustiness. It
appears likely, however, that on the average the curves for the condi-
tion without gusts represents the more proba%le condition. The relative
frequency of occurrence of gusts to no gusts was found to be 1 to 20
for a ~-year yericd at the Iangley Air Force Base.

The values of vertical veloci~ likely to be equaled or exceeded
once in 1,~0 IanMngs of routine operations of tankers and hmbers were
5-5 f_PSfm the KC-97 tankers, 6 fps for the B-47 jet bombers, and 7 fps
for the B-36 b~ers. These results are comparable to the transpcmt
probability curve for tw caditlon tithout gusts, which indicates that
an average vertical velocity for all tr&sports of about 3.5 fps would
be equakd or exceeded mce in 1,000 ladings.

d

The analysis of airspeed at contact indicated that one out of
1,000 landings will equal or exceed an airspeed of 50 percent above the
stall for the B-36 airplane, 60 percent above the stall for the trans-
ports, and’about 70 percent above the stall for the ~7 airplane.

.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

-Y ~e~, Va., * 3, 1955.
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EI+ECT OF GUSTS ON VERTICAL VELOCITY AT CONTACT
FOR TRANSPORT AIRCRAH
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Figure 1
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QMPMISCN OF VERTICAL VELOCITES AT FIRST AND SECOND CONTACT
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PROBABILITY CURVES FOR MILITARY
.OPERATIONAL LANDINGS
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Figure 3

PROBABILITY CURVES FOR VARIOUS TYPES OF AIRCRAFT
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AIRSPEED AT CONTACT
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