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SEVERAL LOCKHEED CONSTELIATION L—649 ATRPIANES IN
POSTWAR COMMERCIAIL TRANSPORT OPERATIONS OVER
THE EASTERN PART OF THE UNITED STATES

By Thamas L. Coleman
SUMMARY

An analysis of the first postwar sample of acceleration and air—
speed data fram camsercial transport operations of L-649 airplanes om
a pingle airline indicated that, on the average, the positive and
negative limit gust load factor increments may be exceeded once in

about 5.8 X lO5 flight miles and the never—exceed. speed may be exceeded

once in about 5.0 X 10° Plight miles. The frequency of exceeding the
never—exceed speed was found to be in good agreement with the results -
of a previous analysis of flight analyzer records. To the extent

that the present results can be taken as representative of the postwar
period, a trend i1s indicated toward higher imposed flight loads and
Increased apparent gust experlence for postwar camerclal transport
alrplanes.

INTRODUCTION

Previous analyses of acceleration and alrspeed data have yielded
information regarding the imposed flight loads, operating speed, and
gust experience of camercial transport alrplanes during the prewar
and wartime pericds. This information has Iin the past formed the
basls for gust—load design requirements. With the Introduction of new
airplane types during the postwar period and changes Observed in
operating practices, considerable doubt arose that the postwar £light
experlences could be predicted an the basis of the prewar and wartime



2 . NACA RM LOE18a

data. An expanded V-G progrem was initlated, therefore, to obtain data
on the imposed flight loads, operating speeds, and gust experience of
postwar commercial transport airplanes.

To date, suffliclent records to warrant an analysis have been
obtained from only a single airplane type. This paper presents the
analygals of these records with the alim of indicating in a preliminary
manner the trend of the imposed flight loads, operating speeds, and
gust experience of postwar commercial transport airplaneg. A com—
rarison 1s made of the frequency of exceedlng the never—exceed speed
as indicated by the present results and the results of a previous
statistical analyeils of flight analyzer records (reference 1).

SYMBOLS

X gust—alleviation factor

Ug offective gust velocity, feet per second

v, . design maximim level—flight speed, (indicated) miles
per hour _ .

v _ maximum indicated alrspeed on V-G record, mlles per

max hour

Vo Indicated ailrspeed at which msximum positive or
negetlive acceleration increment-occurs on
V-G record, mlles per hour )

VP probable alraspeed at which maximum recorded acceler—
ation can be expected to occur

Ln meximum positive or negatlve acceleratlon increment

on V-G record, g units

Vogxs Vos Oygy average values of distributions of V.., Vo
and Any.., respectively

Oys Gos . Opan standard deviatlons of distributions of V.., Vg,
and Anm, respectively

Qyy Loy TAn - coefflclents of skewness of distrlbutlons of V..,
Vo, and Moy, .respectively

T average flight time per record, hours
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P probability that maximum indicated airspeed for a
record willl ‘exceed a glven value

RAn . probabillity that maximum acceleration incremesnt for a
record will exceed a given value

AFPPARATUS AND SCOFE OF DATA

The data were obtalned from V-G records taken on six Lockheed
Constellation I-649 airplanes. Characteristics of the airplane which
were used In the analysis are glven in table I. The slope of the 1lift
curve and the gross welght were obtained from the manufacturers' design
data and the operator, respectively. The limit gust load factor
of 2.4g was computed with the gust—load—Ffactor formule of reference 2
and 1s based on gross weight and on an effective gust velocity Ué of

30K feet per second et the meximum speed 1n level flight vy, of

271 miles per hour. Although the limit gust load factor was calcu—
lated to be 2.4g, the airplane was actually designed for the slightly
higher maneuver load factor 2.5g. The maximum CAA approved never—
exceed speed for this eirplane 1s 324 miles per hour; the airline,
however, operates the alrplane with an approved never—exceed speed of
300 miles per hour. Information supplied by the airline did not
Include the altitudes at which the alrplenes were flown, but it is
estimated that about 70 percent of the operating time is between 14,000
and 24,000 feet.

Thirty—nine V-G records, representing a total of 9375 flight hours
on glx airplanes, were available for analysis. Teble II glves a
‘breakdown of the records by airplans. The analysis utilized 38 records
representing between 200 and 250 flight hours each. In order to keep
the range of flight hours per record small, one record representing
50 flight hours was not included in the anslysis. Also, a maximum
indicated airspeed of 356 miles per hour from another record was not
used in the analysis of the statlstlcal parameters since, according to
information furnished by the alrline, 1t occurred during an unusuasl
emergency descent. Flgure 1 gives a breakdown of the records by
months., On the basls of avallable Information, i1t 1s estimated that
approximately 90 percent of the records were cbtained from Pflight
operations over the United States east of the Mlsslissippl River.
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Analysis and Results

The analytical procedures used in the analysis are described in
reference 3. From sach V-G record the following values were read:
the maximum positive and negative acceleration increments Anmax’
the speeds corresponding to the maximm acceleratlon occurrences Vor
and the maximum speed recorded Viuexe Table IIT glves the frequency
distributions of these variables with the statistical parameters of
each distribution; namely, the average values indicated by a bar over
the variable, the standard deviation o, and the coefficilent of .
skewness a. DPearson Type III probability curves (referemce 4), which
in the past have given reasonahle representations of this type data,
were fitted to the observed distributions by use of the statistical
baramsters. The results obtained are shown in figures 2 to 4 for -
the Anp.+s Vpgxs, and Vo distributions, respsctively.

The probability curves fitted to the distributions of Ane »
and Vpgy were then transformed to curves of average flight miles

required to equal or exceed given values of acceleration increment
and alrspeed by multiplying 1/Pnn and 1/P, by an assumed cruising

speed of 0.8Vy and the average flight hours per record T of 245 hours.
The upper part of the transformed curves 1s shown in figures 5 and 6.
The limitatiocns of transforming the Anpey 8nd Vg, probability

curve to curves of average flight miles to equel or exceed given values
will be discussed at & later point.

The most probable speed VP for maximum acceleratlon increment

shown in figure U was calculated from the statistical parameters for
the YV, distribution (table III) to be 222 miles per hour. Since the

value of V can have an important bearing on the flight loads

imposed on the alrplane, 1t 1s used hereln as representative of the
speed that can be expected during operations In rough air.

In order to compare the gust experlence of the present airplane
with the gust experience of the sirplanes reported In reference 5, the
flight miles required to exceed the acceleration due to an effective
guat velocity of 37.5K feet per second at V are shown in table IV.

The use of V ag a representative airspeed for each airplane allows

the reduction of acceleration data to apparent gust data and permits
an evaluation of an apparent gust experience which is unaffected by the
flight speed. The particular value of 37.5K feet per second for the
effective gust veloclty was chosen so that the resulting acceleration



NACA RM I19E18e >

would equal the limit gust load factor if the airplane were flown
at 0.8V;. Included in teble IV are the average flight miles required

to exceed the limit gust load factor for the present airplane and the
airplanes reported in reference 5.

FRECTISION

The precision of the V-G recorder and the limitations of the
method of analysis are discussed in reference 6. It is assumed that
the inherent instrument errors do not exceed #0.2g for acceleration
nor 3 percent of the maximum airspeed range of the instrument. The
errors in the reading of the records are small and tend to average out
in a statlstical analysie of the type used in this paper.

The adequacy of accelerometer measurements at the center—of—gravity
position for measuring gust loads on modern transport alrplanes may be
open to some question. Whereas In the past, dynamic response effects
on accelerometer measurements have been considered unimportant, recent
trends toward higher gpeeds, larger size and Increased weilght
concentrations in the wing sectlions have made dynamic response effects
of increasing concern. Theoretlical analyses to date have been unable
to yleld absolute results for the dynamic effects of gusts on wing
loads and on fuselage acceleratlon, although simple considerations
indicate that for the modern airplans the dynamic effects on wing
stresses and fuselage accelerations may be conslderable 1n some cases.
Until experimental or analytical investigations can resolve the
dynamic response effects on accelercmeter measurements at the center
of gravity, the full significance of the Dresent results may be subJect
to some question,

On the basls that the curves fitted to the observed date were not
extrapolated and that they fit the data well, it is felt that the
flight miles to exceed the limit gust load factor and never—exceed
speed are reliable wlthin g range extending from one—third to
three tlmes the values quoted. .

DISCUSSION

Examination of figure 5 indicates that, for the present airplane and
route, the limit gust loed factor increment may be exceeded twice (once

posltive and once negative) in about 5.8 X 105-flight miles. The ratio
of the frequency of exceeding the limit gust load factor in the present
airplane to the other airplanes shown in te&ble IV varies fram about 4:1
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for the S—307 airplane (war) to sbout 1600:1 for the S—307 airplane
(prewar). The anslysis indicates, therefore, that the load experience
as measured by the frequency of exceeding the limit gust load factor is
appreclably more severe for the present data than for any previous
sample.

In ordexr to obtain some estimate of the actual loads applied to
the esirplane structure, information on the operating welght of the
alrplane 1s needed. Although the operating weights at the times of
encountering the accelerations are not kmown, available information
obtalned from the alrlines indicates that average operating weight was
about 85 percéent of design gross weight- This weight appears to
correspond roughly with the available information on the prewar :
operating welighta. If the maximum acceleration Increments are assumed
to have occurred at average weight conditions, the estimate for

exceeding loads the equlvalent of-the limit gust load factor at design

gross welght becomes about 2 X 106 flight miles. Since past analyses,
ag summarized 1n table IV, have assumed operatlions at gross welght,
this number is not-directly comparable to those given therein.

As shown in figure 6 the never-exceed speed of 324 miles per hour

mey be exceeded, on the averasge, once in about 5 X 102 flight miles,
or converting to a time basis, once in about 2300 flight hours. This
value substantlates the result obtained earlier from flight analyzer
records and reported in reference 1 to be one exceedance of -the never—
exceed speed In about 1000 flight hours. The never—exceed speed used
by the alrline, 300 miles per hour, was exceeded on 31 of the

37 records Included in the airspeed analysis.

The ratio of the most—probable speed of gust encounter to the
design maximm level—flight speed __VP/VL for the present. data is 0.82

as shown in table IV. The ratlos for the other sets of data shown in
the table range from 0.63 to 0.83. The relatively high VP/VL ratio

appears Instrumental in producing the high frequency of sxceeding the
limit gust load factor.

The coamparison of the flight miles to exceed the acceleration
Increment due to an effectlve gust velocity of 37.5K feet per second
at VP, table IV, indicates more severe gust experlence for this set

of data than for any previcus set. The reasons for the increase in
apparent gust experience are not known, but a possible explanation may
be that the better navigational alds and safety devices used In the
postwar period permlt more flight operations under adverse weather
condltions. It also may be due In part to the limited scope of the
data which, a8 shown in figure 1, cover less than a ccmplete yoear of
operations. Dynamic response may also be a factor.
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Some concerm has been expressed concerning the validity of
transforming the An and V probability distributions,

figures 2 and 3, to a mileage basis such as shown in figures 5 and 6.
Inasmuch as only the maximum values are read from easch V-G record, the
total frequency of occurrence of all values of An and V except

the largest ls greater than indlcated by the distribution of maximum
vaelues. Conseguently, the transformatlon of the distribution of
maximum values to a mileage basls ylelds estlimates of the average
flight mlles required to exceed glven values that are overestimated
for all values except the largest observed value. Work in the past has
indicated that in the nelghborhood of the largest observed value
estimates of the fllght miles to exceed given values based on the
distribution of maximums are falrly close to estimmtes based on the
total distributions. It is felt, therefore, that estlimates of the
£light miles to exceed given values based on the observed maximum
distribution are not seriously in error, provided that the values used
are in the nelghborhood of the largest obssrved values.

On the basls of the foregoing, the estimates obtained 1n the
present analysls for the flight mlles to exceed the limit gust load
factor increment and the never—exceed speed appear reasonable, although
there remains some tendency toward overestimation, Consideration of
the total frequency with which the foregoing limlt values are exceeded
would result in somewhat lower estimates for the required flight miles
to exceed these values.

CONCLUDING REMARKS -

Analysis of the first postwar sample of acceleration and airspeed
data fram camercial transport operations of L-649 airplsnes on a
single airline indicates that the 1limit gust load factor increment may
be exceeded, on the averasge, twice (once positive and once negative)

in about 5.8 X 109 flight miles and the never—exceed speed may be

exceeded once in about 5 X lO5 flight miles. The frequency of exceeding

the never—exceed speed as shown by the present results is in good
agreement with the results cobtalned from flight analyzer records and
reported in reference 1. If it can be assumed that the present results
are representative of the postwar perlod, a trend is indicated toward
more severe imposed Flight loads and increased apperent gust experience
for postwar cammercial transport alrplanes. The increase in the

imposed flight loads appears to be partly due to the camparatively high
speed at which the ailrplanes were operated in rough air. The reason
for the increase in apparent gust experience is not known, but & partial
explanation may be that better postwar navigational alds and safety
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devices permit more flight cperations through adverse weather conditions
than in the prewar and wartime period. Dynamlc response may also be a
factor.

Langley Aeronautical Laboratory
National Advipory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I

ATRPLANE CHARACTERISTICS

Gross welght, POUNAS « « o o « o « o o s o o o« o & « « = s « « « 94,000
Wing area, BQUAT® £EeL + « 4 « o o o o o « o « o a o s s o« « » » 1,650
Wing span, foet .« « « ¢ o o o ¢ o e o o s s & o ¢ ¢ o ¢ s o o « 123
Mean sorodynamic chord, £OOT + « « « « « « o o o o o + o o o « o 1U.67
Slope of 1i1ft curve, per radian

(value used in design) . & v ¢ v ¢ o o ¢ o o o . . k.67

ABIBCt I'atio & ¢ = ¢ s e @ & s ¢ = s & ® s s ® & ® ® e * s v @ 9-17
Design maximum level-flight speed at ’
gea level Vi, miles Per Hour . « « ¢ o ¢ ¢ o o o s e o o o &« 271

Limit gust—load factor, g units (computed) . « + « « « « o « « « 2.40
Gust—alleviation FACtOr, K « « = o « o « « o o o o « o« = » o « o 1.204
Never—exceed speed, miles per hour (CAA) . « « o o o « o « o « & 324
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TABLE IT
SUMMARY OF V-G RECCRDS SUPPLIED AND USED IN ANALYSIS
Records avallable
Por 1vsis Records used in analysis
Alrplane
Number | Total |Number [Tobtal | Average flight R:gggrg_f
of flight of flight |hours per record
flight
records| hours records|hours T h
ours
A 11 2700 11 2700 2hs 200 to 250
B 7(") 1700 T 1700 243 200 to 250
C 8 1950 8 1950 245 200 to0 250
D 2(b) | 300 1 250 250 250
E T 1725 T 1725 247 225 to 250
F 4 1000 4 1000 250 250
Total 39 9375 38 9325 245 200 to 250
(2)

Meximum alrspeed from one record not used in analysis.
(b)One record representing 50 flight howrs not used in analysis.
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TABLE ITIT

FREQUENCY DISTRIBUTIOR AKD STATISTICAL PARAMETERS

OF Vpays Apays and Vg

Anmax vmax Vo

Acceleration
increment Frequency V?i;ch:)lty Frequency v?i;;:;'ty Frequency
(g units) .

0.30 to 0.40 1 290 to 295 2 150 to 160 1
40 to .50 2 295 to 300 i 160 to 170 1
.50 to .60 10 300 to 305 3 170 to 180 5
.60 to .TO 6 305 to 310 5 180 to 190 1
.70 to .80 6 310 to 315 13 190 to 200 9
.80 to .90 10 315 6o 320 3 200 to 210 9
.90 to 1.00 11 320 to 325 k 210 to 220 10

1.00 to 1.10 12 325 to 330 1 220 to 230 10

1.10 to 1.20 2 330 to 335 1 230 to 2ho 9

1.20 to 1.30 5 335 to 340 1 240 to 250 6

1.30 to 1.40 5 250 to 260 10

1.40 %o 1.50 3 260 to 270 3

1.50 to 1.60 1 270 to 280 1

1.60 to 1.70 o] 280 to 290 0

1.70 to 1.80 1 290 to 300 1

1.80 to 1.90 o]

1.90 to 2.00 0

2.00 to 2.10 0]

2.10 to 2.20 1

Total 76 Total 37 .  Total 16

VS, S 0.9% Viax 311.42 Vo 222.11
%an : .32 oy ~ 10.1h oo 27.90
. .82 o .276 ag —.043




TABLE IV

COMPARISON OF LOAD AND APPARENT GUST EXPIRIENCE F(R FREWAR,

WAR, AND POSTWAR OPERATIONS

Ronte

Flight miles to exceed:

oo | S| mewe it g et st bt e | oy,
negative) at ¥,
Prevar
DC-3 I Transcontinental 23 x 10° 43 x 106 0.83
DC-3 II Transeontinental 3.8 h.2 81
DC-3 I1T Transcontinental - 140 14 .69
8-307 Iv Caribbean 920 12 .63
M-130 v Trang-Pacific 3.4 3.1 .79
Wax
DC-3 I Transcontinental 2.5 x 106 3.4 x 106 .83
5-307 v Caribbean 2.2 T2 T2
M-130 v California to Hawail 5.6 5 .79
Postwar
L-649 VI Eagtern part TU.S.A. .58 x 106 .66 x 100 .8
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