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By Walter G. Walker
SUMMARY

Acceleration and alrspeed data taken on four Sikorsky S-42A air-
planes operated on Caribbean routes and along the east coast of
South Americe have been analyzed end the results indicate that the
flight loads seem about average in comparison with the flight loads
of other types of alrplanes operated on different routes. The limit
gust load factor of the S-U2A airplanes will be exceeded, on the average,

once in ebout 3 X lO7 flight miles. The loads of the Sikorsky S-U2A air-
planes wers less comnservative than the loads of the Boelng S-307 airplanes,
both of which were operated in the same general region; this difference
was attributed to the higher ratlio of probable speed of maximum accele-

ration occurrence to the design maxlimum level-flight speed Vﬁ/VL of

the S-42A alrplenes. Caribbean operations of the S-42A and the S-307
airplanes are in good agreement with respect to route roughness and do
not show greater route roughness than most of the other routes compared.

TNTRODUCTION

Previous analyses (references 1 to 3) present the results cbtained
from acceleration and alrspeed data taken during commercial +transport
operation to show the influence of airplame, route, season, and prewar
and wartime operations on the flight loads and operating speeds. These
peperse deal with three different types of airplanes operated on different
routes. Insofar as the flight loads of the alrplenes are concerned, the
results indicate that alrplane speed in reglons of turbulent air ie a
significant parameter and that differences are apparent in prewar and
wertime operations. Operations of the Douglas DC-3 type alrplanes on
transcontinental routes of the Unlited States have indicated that
variations in the forecasting and dispatching practices of .the alrlines
appear to compensate for differences in route roughness. Trans-Pacific
operations of the Martin M-130 airplanes have indicated greater route
roughness than did operations over itramscontinental routes of the
United States or.opesrations over Carlbbsan routes.
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This paper gives the results of an analysis of V-G data taken
on four Sikorsky S-42A flying boats operated on Caribbean routes end
along the east coast of South America during the period from 1936 to 1939.
Investigation has been mede of the influsnce of operating speeds and
routes on the flight loads. The availeble S-U2A data are summarized
and the flight-load results are compared with the results of analyses
made In the past. '

SYMBOLS

gl_lst—a]_'l.eviatioh factor
effective gust velocity, feet per second
design maximm level-flight spsed, miles per hour

X
o
e
VI.
v maximm indicated ailrspeed on V-G record, miles
TmAxX per hour
v
o

indicated airspeed at which maximm positive or
negative acceleration increment occurs on
V-G record, miles per hour

v probaeble alrspeed at which maximum acceleration

P will most likely occur on derived flight
envelope, miles per hour

Anmax meximm positive or negative acceleration
increment on V-G record, g units

v s VO, An average values of distributions of V. s VO,
and. 'Anma.x’ respectively

0, 05 GAn standard deviations of distributions of V 3
VO , and An » respectively

a.v > @ Can coefficiente of skewness of distributions of
Vma.x’ Vo and Anm, respectively

P, probebility that maximm sascceleration on a

record will occur in a given speed range

T average flight time per record, hours
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SCOFE OF DATA

One-hundred ninety-three V-G records representing 15,902 hours of
flight were available for analysis. The records are summarized. in
table I for the four S-U2A flying boats which were operated in-scheduled
transport operations from Miami, Floride to the West Indies and along
the east coast of South America as far south as Buenos Aires, Argentina
during the period fram April 1936 to December 1939. Informetion supplied
to the National Advisory Committee for Aeronsutics with the records included
installation and removal dates, routes flown, and the number of flight
hours per record. In occasional cases where unusual flight conditions
were encountered, supplementery information was given. Actual operating
welghts were not supplied. . . .

Table I gives a breakdown of the records taken on the four
S-42A eirplenes. Since the method of analysis requires a reasonsbly
constent number of flight hours per record in a given group, the 117 records,
which represent 11,124 flight hours within the range of 70 to 130 hours
and which were chosen for analysis herein, conform to the requirements of
the method (reference 4). Attempts at breakdowns of the data for given
routes ylelded no useful results because almost all records included
operations both in the Caribbean and to Buenos Alres and the return.
Consequently, the data used in the analysis are considered to represent
operations over one route. The results obtalned in analysis of the
individuel airplenes shown in table I have been combined since dif-
ferences were found to be negligible.

The alrplane characteristics necessary for the analysis were
obtained from the Civil Aeronautics Administration or were computed
in accordance with design requirements end are as follows:

G-ross Weigh.t’ Poun_d_s ¢ & ¢ o e 2 6 ¢ o o6 e 6 e s 6 o B & e e 0 o )-l-l,OOO
Wing &I‘ea, sq.uare feet @ e o & & 6 ¢ ¢ & & s s o o 8 e e s e o o 1)3)"1'0

Wing span, feete  * o ¢ o o o o o o ¢ o o o o 4 4 o o o o . o . 1187
Meen aeorodynamic chord, feet « ¢ « « ¢ ¢ ¢ « o o o ¢« ¢ o ¢ « o . 12.33
Slope 0;f 1ift curve, per radlane ¢ ¢ ¢ ¢ ¢ o o o ¢ o 6 o ¢ o e o o ).[..51[.
A_spect TatIO ¢ ¢ o ¢ o o o o o o e 6 e 6 o o o R T 10.5

Design maximm level-flight speed
at sea level, Vi, miles per hour. « . « « « « + « o « - . . . . 181

Placard Speed_’ miles Per ho‘uro ¢ o @ ¢ o o & o & o e o e e o o o 226
Id.mit gllst lO&d. f&ctor, g '[mits e ¢ o o 6 o o o o o 6 o6 e e o & o 2.58
Gus‘b—alle‘v‘ia'tion factor’ K . . . . . . » . . . . . . . [ . . . . 10]25

!

The 1limit gust load factor of 2.58g, which corresponds to an effective
gust velocity Ug of 30K feet per second at the meximm speed in level

flight VL » was computed with the gust-load-factor formula of reference 5.
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The S-U2A airplene was designed before the gust-alleviation factor K
was incorporated in the gust-load-factor formmla. The factor K 1is
included in the present computations so that the results may be compared
with those of references 1 to 3. Because detailed information was
lacking, the placard (or never -exceed) speed was computed from in-
formation given in reference 6 to be 1.25V¢ or 226 miles per hour.

The records were evaluated wlthout ettempting to distinguish
between accelerations caused by gusts and by mansuvers. All large
accelerations are assumed to be due to gusts, as experience indicates
that most of the large loads imposed during normal tremnsport operation
are due to gusts.

ANATYSTIS

The method of enalysis is given in references 1 to 4. Five values
were read from each V-G record: +the maximm positive and meximum
negative acceleration increments Anmax’ the speedes corresponding to

maximm-~acceleration occurrences V., and the maximm speed_é flown Vipay,

together with the flight miles per record (obtained by multiplying the
average times per record by an assumed average crulsing speed of O.8VL).

These values consiitute the flight load data necessary for the statistical
computations. As in references 1 to 3, the distribution of positive

and negative accelsrations 1s assumed to be essentially symmetrical

about the 1 g line, and therefore the maximm values were sorted and
tabulated without regard to sign.

Real differences between probebilitles are considered to exist
if they differ by more than a ratlio of 5:1. The 5:1 ratio for signi~
ficent differences (references 1 to 3) is used herein as a level of
engineering concern in connection with the spread of flight miles required
to exceed the limit gust load factor and to exceed fixed effectlve gust
veloclty at the probable speed of maximm-acceleration occurrence V’P.

PRECISION

The precision of the V-G recorder and the limitations of the
method of analysis employed are discussed in reference 1. The inherent
instrument errors are assumed not to exceed *0.2g for acceleration nor
3 percent of the maximm airspeed range of the instrument.
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RESULTS

Table II gives the frequency distributions (reference 4) of
v Anmax’ and V, of the V-G data used in the analysis. The

statistical parameters computed from the three distributions are glven

at the bottom of the table and are the averags value of each distri-
butlon indicated by & bar over the symbol, the stendard deviation g,
vhich is a measure of the dispersion of the distribution from the mean.,
eand the coefficlent of skewness «, which is a measure of deviation

from symmetry of the distribution. These parameters are used to
calculate Pearson Type ITI curves (reference 7) which, as indicated in
reference U, have been assumed to be & reasonable representation of

V-G data. The Pearson curves were transformed to cwrves of average flight
miles required to exceed given values of alrspeed and acceleration incre-
ment by multiplying 1/Pv and 1/1>An by the factor o.8vL7, where

T = 95.1 hourgs. The transformed curves are presented in fligures 1 and 2
together with the cumulatlve data from V-G records. From these curves
and the probability PO that maximum acceleratlon on a record will occur .

In any glven speed range, the flight envelopes of figure 3 were derived
to show the average flight miles required to exceed stated values of
acceleration and speed. The composite of all available V-G records of
the S-42A airplane is shown in figure 3 for comparison.

Figure 4 compares the S-42A airplane results at values of the
limit gust load factor and fixed effective gust velocity with corre-
sponding resulte obtained during the prewar perlod for the alrplanes
showvn in filgure 5 of reference 3. Flight mliles are plotted in the
figure on a logarithmic scalse.

DISCUSSION

The average flight miles required to exceed a given value of
flight speed of the S-42A alrplane, shown in figure 1, indicates that

the deslgn level-flight spsed Vi will be exceeded, on the average,

once in about 1.7 X 105 flight miles, whereas the chance of exceeding
the placard speed is decidedly remote. Figure 2, which gives the
flight loads of the airplane, indicates that the limit gust load

factor will be exceeded, on the average, once In about 3 X 107 flight
miles.

Figure 3 indicates that the derived flight envelope ani the
composite V-G record obtained from all available S-L2A V-G records
agree reasonably well for corresponding values of flight miles. The
increase shown between the two derived envelopes in the figure represents



http://www.abbottaerospace.com/technical-library

6 . NACA TN No. 1733

\

the growth that would be expected of the flight envelops. The probable
speed VP at which the largest accelerations will most likely dbe

experienced appears to be in the nelghborhood of 138 miles per hour on
the derived envelops. '

¢ Consideration of the date in figure I indicates that differences
exist for the various alrplenes In the average flight miles required to
exceed the 1imit gust load factor. These differences range fram less
than 2-to-1 for the S-LU2A airplenes compared with the DC-3 airpleames

of airline A to about 10~to-1l for the S-L2A airplanes compared with the
S-307 airplenes. When the whole group is considered, the S-42A flight
loads seem @bout average. The flight loads of the S-42A airplanes are
less conservative than those of the S-307, although both alrplanes were
operated on Caribbeen routes. The difference can be attributed to

the ratio of probable speed of maximum acceleration occurrence to the
design meximm level-flight speed VB/TL being lower for the S-307

than for the S-424 or any of the other alrplames campared. The S-42a
airplenes were operated at an average speed ratio of 0.76 and the
agreement with the other alrplenes operated at speed ratios in that
neighborhood appears good.

In order to compare operations cn the basis of route roughness of
the several routes, the flight miles required to exceed the acceleration
increment due to an effective gust velocity of 37.5K feet per second
encountered at probable speed of gust encounter V? are glven in

figure 4. The particular value of gust velocity of 37.5K was chosen
because the flight miles required o exceed the resulting acceleratioms
would be roughly comparable to the flight miles required to exceed the
limit gust load factor. Since the effect of operating speed 1s removed,
the variation between routes is considerably reduced. Comparison of

the 37.5K value for the S-42A airplanes with that for the S-307 airplanes
ghows good agreement. Since both types were operated on Caribbean routes,
agreement might have been expected. No differences greater than about
3-to-1 are apparent between the S-42A and the other airplanes. When
Judged by the criterion of the 5:1 significance ratlo, the differences
between the S-42A end other alrplanes for the flight miles required to
exceed the 37.5K limit are not in excess of 5-to-1, and the conclusion
may be drawn that these differences are nmot of engineering comcern. Ag

a consequence, the operaticmms of S-42A airplenes over Carlbbean routes

do not show greater route roughness than most of the other routes compared .

CONCLUDING REMARKS

The analysis of acceleration and alrspeed data teken during the
operations of Sikorsky S-42A airplenes on Caribbean routes and along
the east coast of South America indicates that the flight loads seem
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about average in comparison with the flight loeds of other types of
airplenes flown on different routes. The limit gust load factor of
the S-42A airplane will be exceeded, on the average, once in about

3 X 107 flight miles. The loads experienced by the Sikorsky S-42A air-

planes were shown to be less conservative than the loads of the

Boeing S5~307 airplanes, both of which were operated in the same general

reglon; this difference was attributed to ‘the higher ratio of probable

speed of maximum acceleration occurrence to the design maximum level-
flight speed V‘P/VL of the S-42A airplanes. Caribbean operations of

the S-h2A end the S-307 alrplanes are in good agreement with respect
to route roughness and do not show greater route roughness than most
of the other routes compared.

Langley Aeronautical Laboratory
National Advisory Cammittee for Aeronautics

Langley Field, Va., July 30, 1948
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SUMMARY OF V-G RECORDS SUPPLIED AND USED IN ANALYSIS

TABLE T

Records supplied

Records used in snalysis

Number Total Fumber Total Average Range
Alrplane of flight of flight | flight hours of record

records | hours recorde | hours per record fllght hours

T

NC-15373 L9 k167 31 2,969 95.7 70 to 130
NC-153T7h 42 3,126 22 1,975 8.8 70 to 130
NC-15375 65 5,459 41 3,918 95.6 70 to 130
KC-15376 37 3,150 23 2,262 98.4 70 o 130
Tobtel 193 15,902 n7 11,124 95.1 70 to 130

EELT °*ON L VOVN
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TABLE II

FREQUENCY DISTRIBUTIONS AND STATISTICAL PARAMETERS OF V_ .., Adpay, AND V.

vms.x Anma.x V0
Acceleration p
Velocity |Frequency| increment |Frequency} Velocity [Frequency
(mph) , (g mnits) (mph)

1150 to 154 12 0.25 to 0.29 2 105 to 109 1
155 to 159 18 | .30 to .34 1 110 to 11k 6
160 to 164 22 35 to .39 10 115 to 119 8
165 to 169 23 L0 to i 10 120 to 124 20
170 to 174 17 A5 to 49 L 125 to 129 16
175 to 179 16 50 to Sk 10 130 to 134 38
180 to 184 6 .55 to .59 1L 135 to 139 38
185 to 189 0 60 to .64 23 140 to 14k 29
190 to 194 1 .65 to .69 34 |15 to 1h9| 36
195 to 199 2 .70 to .Th 29 150 to 154 21

.75 to .79] 28 155 to 159 9
.80 to .84 15 160 to 164 6
.85 to .89 16 165 to 169 2
.90 to .94 7 170 to 17k 3
.95 %0 .99 12 175 to 179 0
1.00 to 1.04 T 180 to 184 0
1.05 to 1.09 2 185 to 189 0
1.10 to 1.1k 1 190 to 194 0
1.15 to 1.19 2 {195 to 199 1
1.20 to 1.2k 2
1.25 to 1.29 2
1.30 to 1.34 1
1.35 to 1.39 0
1.40 to 1.4h4 1
1.45 to 1.49 1
Total 117 Total 234" Total 234
Vnex 167 .07 Ao o 0.73 Vo 139.15
Oy 9.60 Onn 0.20 a5 13.00
@ 0.58 S . 0.58 @ 0.k0

e e et e ——— ———— T o T et o et P 4 e T T ST e, S
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O Cumulative data from V-G records

Transformed probability curve
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Figure 1,- Average flight miles required to exceed a given value of airspeed.
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Cumulative data from V-G records
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Figure 2.- Average flight miles required to exceed a given
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Figure 3.- Comparisor of celculated filght envelopes with the composite V-G record of Sikorsky

S-42A ajrplanes.
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Flight miles required to exceed
1 limit gust loadq?actor
¢ Flight miles required to exceed +5K
IR feet per secondqgt Vp 213
Airplane Airline Route V,/¥,| +————5:1 slgnificance ratio
p-3 A 0.83 | STRRREERSETSERIRRERNIESSS
Trans-
DC-3 B continental 0.81 m
U.8.A.
_ | .
DO-3 a 069 | SRSy
) ]
8-307 Garibbean  0.63 oSSy
M-130 Treane-Pacifiec O. J
\ rene-ba e NN
Oaribbean and i . s
8-424 douth America 070 A
L L ] i [ L 1 !
109 105 107 108 109
Flight miles

Figure 4.- Comparison of average flight miles required to exceed limit gust load factor and to exceed

fixed effective gust veloclity at probable spsed Vp of gust encounter,
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