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VCOMMERCIAL TRANSPORT AIRPLANES DURING
THE PERTOD FROM 1933 TO 1945

By Walter G. Walker and Roy Steiner
SUMMARY

Normal acceleration and airspeed data collected with NACA V-G
recorders in trensport airline operations from 1933 to 1945 are summa-
rized and analyzed with respect to gusts and gust loads. The acceler-
ations experienced in most operations equaled or exceeded the limit-gust-
load-factor increment, on the average, twice (once positive and once
negative) in 107 flight miles. The gusts experienced in most operations
exceeded 33 feet per second, on the average, twice (once positive and
once negative) in 107 flight miles. The loads experienced for several
operations varied appreclebly from average conditions. A predominating
factor causing the variations in the load experience was the difference
in the gust experlence, with operating speeds in rough air being a sec-
ondary contributing or moderating factor.

INTRODUCTION

Records of .normal acceleration and airspeed for use in connection
with the study of applied gust loads have been obtained with the NACA
V-G recorder in commercial tremsport airplanes during a period of 18 years.
Six hundred and fifty-four suitable records representing more than
90,000 flight hours of operations on six types of transport airplanes
were collected and evaluated from 1933 to 1945. Analyses of these records
for the gust loads experienced by each airplane type are presented in
references 1 to 6. Estimates of the frequency of equaling or exceeding
stated limit values of acceleration and airspeed were obtained by uti-
lizing statistical methods of analysis. The major implications as to
the effects of route, speed, and other assoclated conditions on the gust
loads were considered.
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Further study was made of 'the V-G data collected from 1933 to 1945
to correlate the gust loads and the gusts experienced during the opera-
tional lives of the airplanes. A method of statistical analysis (refer-
ence 7),'which appeared more logical in aepplication to these data than
past procedures and which provided a measure of relliability of the derived .
estimates, was applied. This paper presents a summary of the imposed
accelerations, the effective gust velocities, and the airspeeds flown.
The statistical method applied gives some measure of sampling reliability
to determine the significance of observed differences in the results. )
The influences of varlous operating parameters such as flight airspeed
are analyzed with respect to the accelerations experienced. Differences
in the observed accelerations that could be attributed to differences in
route and period of operation are also exemined.

SYMBOLS -

A . aspect ratio (b2/8)

b span, feet

T mean geometric chord, feet

X gust-alleviation factor (reference 8, p. 11)

m slope of 1lift curve per radian

W gross weight, pounds

S wing area, square feet

Po mass density of alr at sea level, slugs per cubic foot
Hn normal-accelerétion increment, g units {
Anyyp ’ design 1imit—gust-loqd-factor increment, g units

Ue effective gust velocity, feet per second

v airspeed, miles per hour

VI, design maximum level-flight speed, miles per hour

WNE . never-exceed speed, miles per hour (reference 8, p. 36)
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Vo indicated airspeed at which meximum positive or negative
acceleration increment or effective gust veloclity occurs on
a V-G record, miles per hour

Vp most probeble indicated airspeed at which meximum acceleration
increment or maximum effective gust velocity occurs in a
sample of V-G data, miles per hour

T average flight time per V-G record, hours

N total number of observations

P probability that maximum value on a V-G record will equal or
exceed a given value

expected largest value in a specified distribution of extreme

values (reference 7T)

a parameter specifying rate of increase of maximm value of
variable with increasing sample size (reference T)

Oy, Op standard deviations of distributions of Vpmgx and Vg,
respectively (reference 9, p. T3)

ky, kKo  coefficients of skewness of distributions of Vpgx &and Vo,
respectively (reference 9, pp. T4-T5)

5 best small sample estimate of the standard deviations

: > (x-%? .

of Anpay and Uepgy computed by e (reference T)

X random variable )

Subscripts:

max maximum value read fram V-G record

30 denotes an effective . gust- velocity of 30 feet per second

A bar over a symbol indicates the average value of the variable for
a given set of observations.
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SCOPE AND EVALUATION OF RECORDS

The scope of the V-G records collected is summarized in Eable I
according to routes flown, dates of operation, number of V-G records
evaluated, average hours per record, and total record hours for a given
operation. The 654 records summarized in table I comprise most of the
flight acceleration and airspeed measurements suited for evaluating the
gust loads experlienced by American commercial transport alrplanes during
domestic and overseas operations from 1933 to 1945. In addition to the

' data of table I, information regerding unusual acceleration or airspeed

occurrences was supplied in some cases and was of appreciable help in
evaluating the records. No informetion was provided on actual operating
welghts. All faulty records and records that could not be regarded as
typicel of normal transport operation, such as records having large
accelerations caused by maneuvers in pilot check flights, were not
included in the analysis. .

Since the years during which these data were taken included a war-
time period and since marked changes in operating techniques and airspeed
practices in rough air during the pressure of this emergency could have
appreciably influenced the gust loads, the data in table I are divided
into two groups to study the effects of the different periods. Period I
(prewar period) contains the data collected from 1933 to 1941 and period II
(wartime period) represents the 1941 to 1945 data. The letters A, B, E,
and F identify landplanes while C and D identify flying boats. Combina-
tions such as A-I and B-II are used to identify airplane and airline
operations for the routes shown in table I.

Table II gives the alrplane characteristics used in the evaluation
of the data. These values were obtained either from the Civil Aeronautics
Administration end the design data of the airplane manufacturer or the
values were computed in accordance with the present Civil Aeronautics
Administration design requirements (reference 8). The two An;rp values

shown in teble II for each alrplane were computed on the basis of the
design lift-curve slopes to conform with references 1 to 6 and on the
basls of computed lift-curve slopes to place all the data hereln on a
cammon basis. The computed lift-curve slopes were obtained from the

relation 1&%52’ as recommended in reference 10, and are shown in the

table together with the design values. The placard never-exceed
speed Vyg 1is defined herein as 1.25Vy. This speed value lies within
the permissible never-exceed speed range specified in reference 8. ’

In evaluating the V-G records, all large accelerations at airspeeds

above 100 miles per hour were assumed to be due to gusts since experience
has indicated that most of the maneuver accelerations during normal
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transport airline operations are small, Accelerations occurring at
speeds less than 100 miles per hour were assumed to be due to landing
shocks and, therefore, were not read.

The values read from the V-G records for the analysis were the
maximm positive and negative acceleration increments Anpgy, their
corresponding indicated airspeed values V,, and the maximm indicated
airspeed Vpgx. The maximm positive and negative effective gust veloc-
ities were camputed fram the positive and negative An velues and thelr
correspgnding Vo values by using the sharp-edge-gust formula (see refer-
ence 11

2m ¥ -
S

U,  ————
maX 1. W7p uKV,

The actual weight of the airplane was not known at the time of gust
encounter. BEighty-five percent of gross weight, which past experience
has indicated is a reasonable estimate, and the K value corresponding
to this welght were used for evaluating the effective gust velocity.

AWATYSTS AND RESULTS

The statistical theory of extreme values was applied to the Anpgy

and Uepgx Values in the present anélysis. An épplication of this theory

in reference 7 indicated that the estimastes of the frequency of encoun-
tering the larger gust loads and gust velocities are more consistent with
the data and more reliable than the estimates obtained by applying the
methods used heretofore. Inasmuch as past investigations have indicated
that the theory of extreme values was not applicable to the distributions
of airspeeds, the Pearson Type III distribution curves were utilized to
estimate the probabilities of large alrspeed occurrences in the same
menner as in references 1 to 6.

Table III gives the observed frequency distributions end statistical
parameters of Anmax, Ue _. ., Vmax, 8nd V, used in the analysis. The

basic distributions are the same as those used in references 1 to 6. For
the extreme-value method, however, the parameters given in these tables
differ in some cases from the corresponding values glven in references 1
to 6. In the present data where the number of observed values are greater
than 75, the parameters were obtained by the method of moments (refer-
ence 7). For the distributions where the number of values are less than
TS5, the method of least squares was applied. With the use of these values
and the procedures outlined in reference 7, distributions of extreme values
were fitted to the observed distributions of tables III(a) and III(b) to
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obtain estimates of the probability P of equeling or exceeding given
values of Anpgx oOr Uepaxe

If it is assumed that the airplanes were flown at an average speed
of 0.8Vy, the average miles the airplanes would have to fly to equal or
exceed given values of Anmgxy or Uenax Vere obtained by using the
relation i

Flight miles = Q'%VI?:

Figures 1(a) and 1(b) present the curves of average flight miles to equal
or exceed given values of Anygsy/Antry twice (once positive and once

negetive) for periods I and II, respectively. The curves of average flight
miles to equal or exceed given values of Uem e30 twice for periods I

end II are shown in figures 2{a) and 2(b), respectively. The abscissa
scales in these figures are nondimensional ratios to permit direct com-
parison of the accelerations and gust velocitieg for different operatioms.
For those samples of data which did not extend to the values used in
deslign, the probability curves were extrapolated to obtaln the estimates
at the design limits. The extrapolasted portlons of the curves are shown
in the figures as dashed lines. These extrapolations appear Justifiled

by past experience, provided the estimates are used only as an indication
of the order of magnitude.

The curves of figures 3(a) and 3(b) show the average flight miles
to equal or exceed given values of Vmax/VL for periods I and II, respec-
tively. The airspeeds are glven as nondimensional ratios to facilitate
direct comparison of different operations.

In order to obtain a measure of the average operating alrspeeds in
rough alr, the most probeble speeds at which the largest accelerations
were experienced were camputed from the parameters of the Vo distri-
butions of tables ITI(d) and ITI(e) with the relation

9oko
2 v

Tp =T, =

which can be derived from reference 12, page 92. For comparing the
different operations discussed hereln, these probable speeds are given
in teble IV in the form of the airspeed ratio Vp/Vy. Also shown in

table IV are the average flight miles to equal or exceed Anyyp, Vyg,
and. Ue30 as teken from figures 1 to 3 for comparing gust-load, gust,

and maximm-airspeed occurrences.

e ——
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For comparing the accelerations experienced by the airplane as

indicated by the extreme-value and Pearson Type III methods, table V
shows the Anpg./Anyrp values for}107 flight miles as obtained by the
two methods. For the extreme-value method, two sets of values are given
in the table to indicate the effect, on the accelerations experienced,
of basing the ratios on the computed and the design vaelues of the lift-
curve slopes. .

One of the problems in a statistical anslysis containing limited
data samples, such as the An and Ue values presented herein, is the
question of the relisbility of the estimated probability of equaling or
exceeding the larger and extrapolated velues. In conpnection with this
problem, a method of obtaining confidence bands based on the distribution
of the sampling estimates of u eand o was derived by Kimball in refer-
ence 13. These confidence bands can be teken as a measure of the range
within which, for a given probebility level, the true value may be expected
to lie. The width of these confidence bands at a given value of the
distribution is a function of the sample size and the parameter repre-
senting the scatter of the data ebout the mean.

Figures 4 and 5 show the width of the confidence bands derived about
the An and Ue vealues from figures 1 and 2 at 107 flight miles. These
confidence bands were obtained for a probability level of 95 percent.
Observed differences between given values of any two samples in figures U
and 5 are considered significant if each value is not enclosed by the
confidence band of the other value. Although this procedure is not rigor-
ous, 1t appears to be a reasonable basis for judging real differences
between the present samples of data.

PRECISION

The precision of the NACA V-G recorder has been discussed in refer-
ence 1.  The inherent errors in the instrument are assumed not to exceed
elther a maximum value of.}0.2g or 3 percent of the maximum-airspeed range.
For the large number of V-G recorders used in obtaining the present data,
random positive and negative errors would tend to reduce the error of: the
final results.

Reading errors which occurred during the evaluation of the data are
believed to be random and largely to balance out. Sampling errors may:
be large depending on the ssmple size and have already beeh consldered
in terms of the confidence bands.

Although 1t 1s recognized that dynamic response -of the airplane
structure can have a significant effect on the accelerations measured
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at the center of gravity, the effect of dynamic response on the acceler-
ations analyZed herein is unknown.

DISCUSSION

Factors qf primary importance in this enalysis are the estimates
of the average values of Anpgx and Uep,, experienced during the
operational lives of the airplames. The largest values of Anpgxy

and Uemax generally approached the limit-gust-load-factor incre-
ment Anyrp and an effective gust velocity Ue3zp 1in the neighborhood

of 107 flight miles. The 107 flight miles level, therefore, appears
reasonable for comparing the results. This level is equivalent to
about 50,000 flight hours or more than 15 years operation of the air-
planes. The Vpgx exXperiences are compared at & level roughly equliva-
lent to the placard never-exceed speed Vyg.

Acceleration Experience

Figure 1 indicates that the acceleration experliences for most
operations equaled or exceeded Anyyp, on the average, twice (once posi-
tive and once negative) in 107 f£light miles. Although the over-all
spread of Anpay/Anyrp 1is from approximately 0.8 to 1.2k, mogt values
at 107 flight miles are closely grouped ebout a value of 1. The value
of 1 for Anmax/ﬂnLLF: therefore, is considered as the group average

during the operational lives of these airplanes.

Inspection of figure L4 indicates that the acceleration experiences
of all operations except four are not significantly different from the
group average. It is considered, therefore, that the acceleration experi-
ences of most of these operations were generally in close agreement inso-
far as the limit-load-factor increment is concerned.

In regard to the four exceptions noted, figure 4 indicates that for
the E-I and F-IIT routes the accelerations experienced during period II
operations were significantly larger than during period I operstions.
Inasmuch as the routes remained the ssme during the two different: periods
in these two cases, the reason for the generally larger accelerations
during period IT than during period I might be attributed to the fact
that period ITI covered wartime operations. In addition to this differ-
ence between the two perliods, some operations over different routes also
varied significantly during the seme period as indicated by a comparison
of the acceleration experiences of A-I and F-III period I operations in
figure 4. These differences will be discussed in more detail subsequently.
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It is of interest to note that the acceleration experiences for
the flying boats, the C-IIT and D-IV operations, sre not significantly
different from the group average.

Before considering the factors which affect the acceleration experi-
ences, it is appropriate to mention the differences obtalned between the
results of this analysis and those of references 1 to 6. Any differences
in the results mey be attributed to two causes: first, the use of the
extreme-value method instead of the Pearson Type III method in estimating
the frequency ,of occurrence of the larger accelerations; and, second,
the use of & computed slope of the 1ift curve for obtalining limit load
factors lnstead of using the design limit load factors. Table V shows
that each of these changes had a rather marked effect on the acceleration
ratios. The effect of using the computed lift-curve slope and the extreme-
value method generally was to yleld larger values of Anmax/AnLLF at

107 flight miles than the corresponding values obtained by using the
Pearson Type IIT method and the airplemne characteristics of references 1
to 6. The relations of the acceleration experiences among the different
operations, however, remained about the same in most cases regardless of
the particular statistical method used. The changes introduced by the
analytical techniques are, therefore, believed to be of minor importance
with respect to the comparisons between the alrplane experiences although
the predicted load levels were appreclsbly increased.

Since the acceleration experiences are principally a function of
gust experiences, operating airspeeds, and operating weights, the data
were studied to learn to what extent these parameters would influence
the acceleration experiences.

Gust Experience

Figure 2 indicates that the effective gust experiences for all
operations exceeded Ue30’ on the average, twice in 107 £light miles.

U

Emax = 1.1
at 107 flight miles. This value, which corresponds to an effective gust
velocity of 33 feet per second, is accordingly taken as the group average.

Most of these operations are grouped in the neighborhood of

In comparing the gust experiences of the various operations in
figure 5 with the acceleration experiences in figure 4, it will be noted
that the gust experience in each case appears dlrectly reflected in the
acceleration experience. In the case of the F-III period I operations,
however, the average gust experience in figure 5 and the acceleration
experience in figure 4 that is significantly lower than average will be
considered with respect to the effect of operating speed in the subse-
quent discussion. It is concluded from a comparison of figures 4 and 5
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that the level of the gust experiences are directly reflected in the
acceleration experiences of most of the operations considered. o

When the gust experiences are considered with-respect to different
periods, figure 5 shows that the gust experiences during period II tend
to be higher than during period I, the differences for the E-I and F-ITI
operastions being clearly significant. These differences are believed to
be attributable to chenged operational techniques between the two periods,
with the more urgent nature of the wartime operations and the use of
improved navigational facilities allowing more flights under conditions
likely to be turbulent.

Comparison of the operations of different airplanes during different
periods vhere the routes and operating airline remained the same shows
that (see fig. 5) the A-I gust experience is significantly more severe
than the E-I (period I) gust experience. In fact, the A-I gust experience
is approximstely the same as the gust experience during E-I (period II)
wartime operestions. Some clue regarding this fact is indiceted in table I
vhich shows that A-I was the first ‘transcontinental operation where V-G '
data were collected. It 1s quite possible that the lack of a background
of experience in avoiding severe turbulence during this earliest A-TI
operation might partly account for the larger than average gusts encountered.

Since the gust experience is approximately the same for all opera~
tions in a glven period, it 1s concluded that the gust experiences during
these operations were largely independent of route, airplane, and oper-
ator; changes Iin operating techniques and practices for different periods
probably accounted in most part for the different gust experiences
indicated.

Probable Airspeed

When considering the probable airspeeds at the maximum gust occur-
rences, table IV shows that the values of the ratio V?/VL at Uemax
are in most cases lower than O.7. Inasmuch as the average operating
speed under normal conditions is usually taken as O.8VL, some tendency ‘
to reduce speed when turbulent air was encountered might be inferred.

The relative contributions of variations in operating speeds and
variations in gust experience to the acceleration experience may be
inferred from the data of table IV and figures 4 and 5. The variations
from average values are summarized in the following table:
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Varietion from average value, percent

Operation |Period VR/VL Uemax/Ué3o Anmax/AnLLF
at My |at 107 £light miles |at 107 £light miles
A-T I 10 27 2l
E-T IT 6 45 20
E-V I - 16 10
F-IIT IT -11 31 T
F-IIT I -19 -1 -21

The table indicates that, in the first four operations, the major contri-
buting factor causing unusually high acceleration experience was the
variations in the gust experience.

For the A-~I and the E-I (period II) operations, operating speed
apparently contributed to the high acceleration.experience while for the
E-V and the F-III (period II) operations, operating speed was a moderating
factor on the acceleration experience. In one case, the F-III (period I)
operation, the gust experience did not depart appreciably from average
but a 2l-percent reduction in acceleration experience was achieved by .
flying at eppreciably lower airspeeds in rough air.” It'is consequently
concluded that the gust experience was the predominating factor involved
in the variation of the acceleration experiences from the average acceler-
atlon experience. Operating speeds in rough air in general were a sec-
ondary contributing factor causing smaller variations in the acceleration
experiences.

Maximum Alrspeeds

Examination of figure 3 1ndicates that the spread in flight miles

" to equal or exceed the placard never-exceed speed Vg varies from

about 106 flight miles, equivalent to about 7,000 flight hours, for A-T
to more than 109 flight miles in five other cases. Comparison of the
flight miles during different periods for the E-I and the F-III operations
indicates a small decrease in £1light miles to equal Vyy during period II

" operations. v

Inspection of the records indicated that the high speeds were attained
during the times the airplanes were experiencing low turbulence. A
comparison of the flight miles to equal Vyg with the flight miles

to equal Anyyy or to equal Ue30 indicated no relation between the
quantities for either period I or period II operations.
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CONCLUSIONS

The analysis of the acceleration and alrspeed data obtained on six
types of airplanes in commercial trensport airline operations during
the period from 1933 to 1945 indicates the following results:

1. The accelerations experienced in most operations equaled or
exceeded the limit-gust-load-factor increment Anyyp, on the average,

twice (once positive and once negative) in 107 flight miles. The gusts
experienced in most operations exceeded 33 feet per second, on the average,
twice (once positive and once negative) in 107 flight miles.

2. The loads experlenced for several operations varied appreciebly
from average conditions. A predominating factor causing the varistions
in the load experience was the differences in the gust experience, with
operating speeds in rough air being a secondary contributing or moderating
factor.

3. The gust experiences during the operstions of these airplanes
were largely independent of route, eirplane, and operator; the changes
in operating techniques for different periods accounted in most part
far the significantly different gust experiences 1ndicated.

4, Flights were made through turbulence of greater severity during
period II (wartime period) than during period I (prewar period).

5. The miles to exceed the placard never-exceed speed VNE varied

considerably for the present data and were apparently not related to the
miles to exceed the limit-load-factor increment Anprm  or effective

' gust velocity of 30 feet per second Ue30.

Langley Aeronautical Laboratory
Nationel Advisory Committee for Aeronautics
Langley Field, Va., August 20, 1951
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TARLE T
HOOPR OF V-G DATA COLIZCOTED IN ATRLINE OPERATIONS FROM 1933 to 1945

T

Raber of

Drban of Aversge flight Total
Adrplans Alrline Routes flown operation records hours per racord
ope avaluated record, T hours
Perdod I operotions
A I Hewark-Seattle~Oaklend July 1933 to 30 308 9,168
Aprdl 1937 .
B I Miemi-Newark-Bogton June 1935 to 18 367.5% 6,615
Dec. 1940
¢ hons Mismi-Buenocs Alves April 1936 to 117 95,1 11,124
Dec, 1939
D v Ban Frencd eco-Hawali~Eong Kong June 1936 to 100 128,1 12,807
Dac. 1941
; 1 HewexmBosttlo-Oeklend Tuly 1937 to 15 “éhs 9,691
Déc. 141
B v Boston~Hewark-Iom Angeles Fab. 1937 to kYi 275 10,187
Oct. 1939
E vI Neverk-Kanges Oity-Los Angeles Bapt. 1938 to 1 3,232
) Oct. 1940
r 11T Oaribbean region and northern April 1940 to 83 29 2,386
part of South America Dec, 1941
-Period IT cperations
¥ IIT Caribbesn region and northsrn Dac. 1541 to 193 53 10,261
part of SBouth America Sepb. 194%
B T Newark-Seattle-Oakland Dec., 141 to 20 695 13,911
Deo. 1644
D v Ben Francisco-Hewolii Dec. 19%1 to 20 36,1 1,08k
Jan, 1945

G292 NI VOVN
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TARTE IT

ATHPIANR CHARACTERISTICH

(ugt-alleviation| Design maximm ‘ Blops of Lift curve, m Iiwit-gust-lond factor
Design Msexn foctor K for -|level-flight speed| plecard (por vedian) incremact, [y
gross | Wing ersa,|Wing epan,! gecnatric] Aspect - (rph) never-exceed - (g units)
Flmlme waight, 8 (?t) chorrgj T | ratio, upozd., g
v £t A
{1b) (oq £%) ( ) W 0. 8w v 0.6vy, mph) Daglon Comgrrbed Design Computad
- value value valoa value
A 13,400 8% Th 1.3 6.6 Lo00 |o.950]| 180 1k 225 k.22 k60 2.68 2,70
B 18,%50 939 85 11.0 T.7T 1.045 |[1.008; 215 172 269 4,65 4,76 2,77 2,83
o 41,000 . 1350 18.2 1.3 |10.% 1.130 |1.098| 1@ 15 226 h, 5k 5.04 15 .75
P |=m0,000 | 215 130 16.5 | 7.9 | 1,088 [1.04s] 168 134 210 Las L 78 ;) 1.95
»  |e5,200 987 93 0.8 | 9.1 | 1100 |08 en2 169 263. LT9 bog2 2.28 2.3k
r 339,000 1h85 107.3 13.9 7.8 1.198 |1.097| 23 18h 288 4.he L.78 1.98 8.1k

G292 NI VOVN
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YREQUERCY DISTRIBUTICNS AND STATISTICAL PARAMETERS - Cantinued

TAELE IIT - Comtimmed

(€)  Viax
Vaax Period I operations Perdod II operetions
(mph) A-I B-II C.IIT D-IV E-I B~V B-VI F-1IT ¥-III E-I DIV
135 to 140 — ~—— ———e 1 ——— ———
140 to 145 0 ——
14% to 1%0 1 ——— —_—
150 to 155 —— — 12 3 ———— —— 2
155 o 160 _ ——— 18 11 2
160 to 169 - —— r——— 22 19 3
165 to 170 O ——r 23 28 - 7
170 to %B —— ——— 7 11 ——— §
175 to 1 —— 16 11 -—— 7
) to 123 1 ——— 6 9 = ——— NI 1
185 to 1 2 -—— 0 2 ——— — S 3 — — 0
190 to 198 1 R 1 1 rram—— ——— 1 7 e ——— 2
195 to 200 5 3 2 ] U m—— 1 7 1 - ————
200 to 205 7 3. e e —_ 5 3 1% 3 ———— e
205 to 210 1 10 —— 0 ——— 7 3 13 12 1 ———
210 to 21% k 1 — o} ——— 6 2 12 Ei 3 e
215 to 220 a 0 T o} 1 13 o) 10 1 ——
220 to 285 6 1 —— 0 4 3 o] 2 2T L ——
225 to 230 -——— —_— — 1 3 1 1 2 35 2 ——
230 to 235 — S— ——— —— " 1 ———— 2 2h 5 ———
235 to 250 — —_ —— R 2 1 —— m—— 13 2 —
BhO to 2h% o] o} — — 5 0 - —_—
245 to 2%0 o] 0 —— —— 2 1 R
250 to 255 1 0 JOPEI —— 2 o —_—
255 ‘to 1 0 —
260 to 265 1 ————
Total, X 30 18 117 100 15 37 11 83 193 20 30
Vpays DPR 209.3 206,1 167.1 169.5 220.8 as. 7 206.6 205, 7 223,0 227.8 170.8
Oy 12,72 5.T0 9.60 11.8% 8.30 9.90 B.70 10.00 10.06 12,70 9.52
ke -0.17 . 0.79 0.38 1.k 1.0% 1.58 0.79 0.4k 0.31 o0.TT 0,19

BT

1 G292 NI VOVN
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TARIE IIX - Coonbimued

FREQUENCY DISTRTBUTIONE AND BTATISTICAL PARAMETERS - Continued

(d) Vo at Angay
Vo =t An Pariod I operstions Perlod IT opexreblons
{mpt) A-T B-II C-IIT DIV I BV B-VI F~TII F-TIT B-I D-IV
100 to 110 1 —— 1 10 ——— 1 S 2 1 3 6
110 to 120 3 2 14 29 i h v o— .14 k 3 5
126 to 130 5 2 36 ks 0 6 3 23 22 ) 15
130 to 10 5 3 6 | ko 1 8 2 18 32 2 21
140 to 1%0 8 ] 6% 40 3 5 8 25 2 1 8
150 to 160 1 3 30 22 3 13 L 2 3 L
160 to 170 7 8 8 3 5 9 3 2 O 5 2.
170 4o 180 8 10 3 1 [ ~13 1 21 59 6 ———
180 to 190 5 6 0 1 7 8 0 ik} ] 6. ————
190 to 200 3 - 1 ——— 2 5 1 2 29 & S
200 to 210 1 - — 3 2 ————— 1 17 7 ———
210 to 220 e ) ——— ——
220 to B30 1 — —_
230 to 2ko —— ——— —_— ———— — 1 ——— ——
Total, N 60 36 23k 200 30 H 22 166 386 Lo 60
Vo, mph 156.0 16L.7 139.2 133.2 172.0 1%8.9 149.5 149.6 163.8 168,5 132,2
0 22,24 20.ko 13.00 25.15 2l.20 (. 2h.20 16.40 22,24 2.60 3090 1h. 30
kg -0.15 ~0.90 0.40 0.22 -0.57 -0,22 0.73 0.07 0.09 -0.75 0,08
Vp, oph - 1577 170.9 136.6 13L.6 178.0 161.6 13,5 1k3.8 162.8 180,1 1316

¢292 NI VOVN
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TARLE III ~ Concluded

FREQUENOY DISTRIBUTIONS AND STATISTICAL PARBAKETERS - Concluded

(e) Voot Ugy,
Yo ':’G U;mx - Period I opersticns Period IT ocperstions
mph
AT B-IT C-IIT -1V E-I B-V E-VI F-III F-III E-1 DIV
100 to 105 o 2 5 14 — —— J—— 2 8 ~—— 6
105 to 110 h ] 25 2T 2 3 1 16 b1 3 3
110 to 115 9 1 16 25 6 2 2 23 31 E 6
11% to 120 3 1 gz > 0 3 2 13 19 5
120 to 125 b 2 32 1 5 1 18 3 0 4
12% to 130 g 1 23 19 2 12 h 18 27 1 8
130 to 135 h 3 36 22 1 7 2 BN T: 25 0 - 10
135 to 1 5 1 32 9 o = 2 6 2 5 1
140 to 145 5 2 17 13 3 2 1 1 2% 2 2
148 o 150 2 5 13 7 2 6 2 10 28 1 1
150 to 155 2 2 B 6 1 8 1 13 30 1 1
15 to 1 k 0 ih 3 1 L 1 8 18 1 1
160 to 165 & 1 1 0 1 5 1 b 22 1 1
165 to 170 ¢ 3 1 0 2 3 1 3 T b 1
170 to 175 1 0 ———— 1 1 3 1 3 10 0 e
175 to 180 3 5  — —— e g ——— 1 10 3 JO—
180 to 18% 0 1 —— S 3 1 o 1 7 1 ———
185 to 150 3 2 ——— ————— o 1 — 2 8 1 —
190 to 165 ——— —— —— —— 0 1 —— 1 1 0 m——
195 to 200 ———— 1 0 c—man m—— . 2 ol ——
200 to 205 —_ 1 1 —_ m—— 1 3 o —
20% to 210 —— ———— —— 3 — —
Tobal, K 60 36 23k 200 30 kol =7 166 386 ho 50
Vo, =ph 138.8 ks, 7 128.3 123.4 146.8 1h3.7 135.9 132.5 139,2 145,0 127.0
% s2.91 | 264k | 13.69 | 22 | 28,80 | oLk | 18.05 | 2000 | 23.%2 | 2732 | 196
kg 0.L§ ~0,02 0.13 0.60 0.19 0.48 ° 0.13 0.69 0.k 0,18 0.26
Vp, mph 133.5 1h5,0 127.% 119.1 1kbk.1 138.6 1347 125.6 133.9 1%6.5 125.0

o2
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TARTE IV

SUWMMARY OF GUST LOADS AND OPERATING ATRSFEEDS TN ROUGH AIR

Average flight milee to equel or exceed -

Airplane Airline @vﬁx AuI.IE Ve Ue30 atv?}/;l
(twice) (once) (twice)
Period I operations
A I 0.88 1.5 x 100 0.9% x 106 0.66 x 100 0. 7k
B I .19 11.0 >1,000 3.9 67
- III .15 16.4 >1,000 3.3 .TO
D v .78 9.7 2.1 7.6 ol
B 1 .8k 10.9 80.0 5,2 .68
E v T 4.6 30.0 1.3 .66 .
B VI .68 13.% >1,000 3.6 s
x III .65 173.3 >1,000 3.8 .55
Period IT operations
F s 0.71 1,9 x 106 >1,000 x 106 0.39 x 100 0.58
E T .85 2.7 15.5 T .69
D v .78 7.5 82.0 1.9 Th

e A o e e ——— a4 ——— e e e e« mm L

¢ege NI VOVN
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TABLE V
COMPARTSON OF ACCELERATION EXPERTENCES BASED

ON DIFFERENT METHODS OF ANALYSIS

AmnwmyhnLLF at 107 flight miles
Bxtreme value Pearson Type III
Airplane | Airline
Usﬁugorgngéd Uﬁﬁedigig; referglrf::: gfto 6:
(see Pigs. 1 and 2) ’ m = Design
Period I operations
A I 1.24 1.35 1.06
B II .99 1.01 .82
c III .95  1.06 .93
D Iv 1.00 1.07 T 115
E I .99 1.02 _ .88
E v 1.10 1.12 1.02
E VI .96 99 | .78
F ITI .79 .86 .76
Period II operations ‘
F IIT 1.07 1.16 1.15
E I 1.20 1.23 C 107
D Iv  1.03 1.10 1.04



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

NACA TN 2625

23

109 4
5
108
E /
-/
élO’T /
é? 5 //( ///1/// »
4 /E-Y - P
7 / B e
/ / M\s// |
106 é/, —-
' e
5 // pd
7
/‘,
105 : [
7 8 .9 1.0 1.1 1.2

Anypax /Anp

(a) Period I operation.

1.3

Figure 1.- Average flight miles for maximum positive and negative
acceleration-increment ratio to equal or exceed a given value.
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(b) Period II operation.

Figure 1.- Concluded.
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(a) Period I operation.

Figure 2.- Average flight miles for maximum positive and negative
effective-gust-velocity ratio to equal or exceed a given value.
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(b) Period 1T operation.

Figure 2.~ Concluded.



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

5A

NACA TN 2625 ' 27

7 T T
g e // 77 7“

o 7 7T
E-VI
s A

172
I;M/ﬁl'ﬁ

9 1.0 1.1 1.2 1.3

~ AR

Vimax [V,

(a) Period I operation.

Figure 3.- Aversge flight miles for maximum-indicated-airspeed ratio to
equal or exceed a given value.
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(b) Period II operation.

- Figure 3.- Concluded.
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‘ Alrplane
! and airline
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Figure 4.~ Values of acceleration-increment ratio at 107 flight miles and
the width of the 95-percent confidence bands about the values.
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Airplane ~—(— Period I

and mirline ——[~-—Perlod II
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Figure 5.- Values of effective-gust-velocity ratio at 107 flight miles
and the width of the 95-percent confidence bands about the values.
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