3%96

s

e R
NACA TN 3358

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 3358

\
GUST-LOAD AND AIRSPEED DATA
FROM ONE TYPE OF FOUR-ENGINE AIRPLANE ON FIVE
ROUTES FROM 1947 TO 1954
By Walter G, Walker

Langley Aeronautical Liaboratory
Langley Field, Va.

Washington
January 1955

AFMC
TECHM~ ¢ 1~

T

nOADY

f = -
f-i B

-w ] 5l

e s s ki J

!

WN ‘adv)l AHVHEIT HO3AL



1w

TECH LIBRARY KAFB, NM

TR H

NATIONAL. ADVISORY COMMITTEE FOR AERONAUTICS 00kbLEL

TECHNICAL NOTE 3358

GUST-LOAD AND ATRSPEED DATA
FROM ONE TYPE OF FOUR-ENGINE AIRPLANE ON FIVE
ROUTES FROM 1947 TO 1954

By Walter G. Walker
SUMMARY

This paper presents the results of an analysis of approximately
100,000 hours of V-G date from one type of four-engine civil transport
alrplane to determine the magnitude and frequency of occurrence of the
gust loads and gusts. The data were obtained during routine operations
from 1947 to 1954 on five different routes. The normal accelerations
for each of the five operations may be expected to exceed the value
corresponding to the limit-gust-load-factor increment, on the average,
twice (once positive and once negative) within the range of 5.0 X 106
to 22.3 X 106 flight miles. A derived gust velocity of 50 feet per
second was exceeded twice within the range of 0.6 X 106 to 1.9 x 106
flight miles. The gust loads of the present operations were less than
the lozds experienced by other four-engine civil transports previocusly
investigated, but the differences are not significant. The present data
indicated only small differences due to seasonal effects and different
operational utilization.

INTRODUCTION

Normal-acceleration and airspeed date obtalned from flight recorders
installed in alrline alreraft are being evaluated by the National Advisory
Committee for Aeronautics to determine the gust loads, gusts, and air-
speeds during routine transport operations. Some results reported for
past investigations (see refs. 1 to 3) have served as a means to extend
general knowledge of gust loads. As a part of this continuing study,

V-G data representing sbout 100,000 hours of operations have been col-
lected from four-engine aircraft of one type. The records were from opera-
tions over five different domestic and foreign routes during the period
from 1947 to 1954 and constitute the largest continuous sesmple obtained

to date for a particular airplane.

This report presents the results of an evaluation of these records
in terms of the frequency of occurrence of given values of normal
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scceleration, airspeed, and derived gust velocity. Some comparisons of
these results with those for recent operations of other four-engine civil
transports are also presented. '

SYMBOLS
an normel acceleration, g units -
enim normal acceleration corresponding to the design limit-gust-
load-factor increment, g units
A aspect ratio, b2/8
b wing span, ft - )
c mean geometric chord, ft
g ecceleration due to gravity, ft/sece
Kg gust factor (function of pug)
m slope of wing 11ft curve per radian
n deslgn limit-gust-load factor
] wing area, sg ft
Ude derived gust velocity (see‘ref. 2, appendix A)
Vv alrspeed
Vmax maximum indicated sirspeed, mph
Vg design speed for maximum gust intensity, mph (ref. 4, p. 3)
Ve design cruising speed, mph (ref. 4, p. 3)
Vp  design diving speed, mph (ref. &, p. 3)
VL, design level speed, mph (ref. 5, p. 4) _
ViR never-exceed speed, mph (ref. 4, p. 36)
Vo indicated ailrspeed at which maximum positiverorrnegativeAaccél-

eration ocecurs on a V-G record, mph
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Vp most probable operating speed at which maximum sccelerstion
occurs in a sample of V-G data, mph

W airplane weight, 1b

kv, kg coefficients of skewness of distributions of Vygy and Vg,
respectively (ref. 2, appendix B)

Jv, 0o standard deviations of distributions of Vmax and V.,
respectively (ref. 2, appendix B)

u location parameter of distribution of extreme values (ref. 6,
p. 2)

a scale parameter of distribution of extreme values (ref. 6, p. 2)

0 mass density of air, slugs/cu ft

Po mass density of air at sea level, slugs/cu ft

Lg eirplane mass ratio, oW

pmgeS

Subseripts:

max maximum value of the variable

50 value of 50 feet per second for the derived gust velocity

A bar over a symbol indicates the mean value of the variable for a
given set of observations.

APPARATUS AND SCOPE OF DATA

NACA V-G recorders (see ref. 7) were installed close to the center
of gravity of each of 24 asirplanes utilized for collecting the V-G records.
Airplane characteristics pertinent to the evaluation of the records are:

Gross welght, W, 1b . . ¢ ¢ ¢ v ¢« ¢ ¢« v v ¢ o o v ¢« « s+ + « « « 0,700
Wing area, S, 8Q Lt « v v 4 o v 4 o o v s e e 4 e e e e e, . 1461
Mean geometric wing chord, ¢, £t .« « « « v v v ¢ 4 o v 0 . . . 13.6

Aspect ratio, A . ¢ ¢ 4 v i i i e e e v e e e v e e e e e e e 9.5

Lift-curve slope, m, per radien <computed from 6A ) R A S
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Gust factor, Kg . . . T O P/

Design limit-gust-load factor, n

(computed according to ref. 5) v v ¢« v v + 4 4 4 4 4 e e v . . 2.59
Design speed for meximum gust intensity, Vg, mph . . . . . . . 166
Design cruilsing speed, Ve, mph e s s e e e e e e e e 222
Design diving speed, VD, mph . & v & ¢ ¢ v v v v o 4 o 0 e e s 330
Design level speed, VL, MPH . v ¢ « o ¢« o o o o o o o s 2 o o o 250
Never-exceed speed, VNE, HPR o « o « o o o o o o o s o o s o o 266

As in past analyses of V-G data, these values were obtained from the
manufacturer's design data and the airplane opersting manual or were
computed as indicated in the table. The deslign of the present airplane
was covered by earlier regulations which required the design limit-gust-
load factor n to be computed at a design level speed V[, (ref. 5).
The design limlt-gust-load faector value of 2.59 shown 1n the above table
is therefore based on the Vi value listed in the table. In order to
compare these results with other data from sirplanes of later design, the
additional alrspeeds (VB,‘ Vo, and Vp) which more nearly correspond
to the present design requirements (see ref. 4) were calculated or
assumed.

The scope of the present V-G data 1s summarized in table I for the
different operations designated as A, B, C, D-I, and D-II. As table I
shows, & smaller number of records was analyzed than was evaluated in
each sample since, in accordance with past procedures (see, for example,
ref. 2), only those records having reasonably constent record times should
be used. Because of the limited number of records of operation B, how-
ever, all the records evaluated, except one questionable record, were
analyzed so that the results obtained would be based on a reasonable
sample size. Portions of the V-G data listed for operations D-I and
D-II were previously analyzed and the results are reported in reference 8.

ANATYSIS AND RESULTS

The V-G records summarized in table I were evaluated 1n accordance
with the methods of references 2 and 6. Briefly, the data reed from
each record were the maximum positive and negative accelerations enpgy,
thelr corresponding indicated airspeeds Vgp, and the maximum airspeed
Vmax. In order to exclude accelerations due to lmpact shocks assoclated
with landings and take-offs, the records were not read at speeds below
120 miles per hour. The accelerations and girspeeds are summarized in
table II in the form of frequency distributions for each operation.

As a measure of severlty of the turbulence asscclated with these
V-G records, the maximum positive and negative derived gust veloclties
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Udemax were computed for each record by using the revised gust-load
formuls of reference 9:

2a, W
Vderex = BoosvoRg (1)

where ap and Vg are the accelerations and associated airspeeds from
the records. For the computation of these gust velocities, an average
operating welght of 85 percent gross weight was assumed, and the value
of Kg used (obtained from fig. 2 of ref. 9) is based on pg for an

assumed average operating altitude of 10,000 feet. The frequency distri-
butions of the derived gust veloclties computed for the present operations
are also summarized in table II.

For convenience in comparing the acceleratlon, gust-velocity, and
alrspeed data of the operations, the theoretical probabilities of
exceeding stated values of the variables were determined for the observed
distributions of table II. The distribution of extreme values (see
ref. 6) was applied to the acceleration end gust-veloclity data, as
detailed in reference 2, by use of the mean values &p, . and ﬁdemax’

the lacstion parameter , end the scale parameter o of the distri-
butions. Pearson type-III distributions (see ref. 10) were calculated
for the distributions of maximum airspeeds by using the mean value
Vmex» the standard deviation o, and the coefficient of skewness k of
the distributions. The theoretlical probabilities thus obtained were
transformed into flight miles by use of an assumed average operatl
speed of 0'8VL: the average flight hours per record, and equation?%B)
of reference 2. Figures 1 to 3 present the resulting curves which
represent the acceleration, gust-veloclty, and maximum-airspeed results,
respectively, in terms of the average flight miles to exceed stated
levels of the relevant variable.

The pertinent results from figures 1 to 3 are summarized in table III
as the average flight miles to exceed enp s the value of acceleration

that corresponds to the design limit-gust-load-factor increment, the
derlved-~gust-velocity value Udepgy ©OF 50 feet per second, and the
never-exceed speed Vyg. For additional informetion on the operating

practices in rough air, the most probable speed Vp for experiencing

maximum acceleration was derived by use of the relevant equation of
reference 1 and the V, data of table II. The VP values are shown

in table IIT for each operation,

In order to represent more completely the acceleration and gust-
velocity date of the five operations, the maximum positive and negative
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acceleratlions in 20-mph speed breckets were read from each record. The
resulting frequency distributions of accelerations and alrspeeds, shown
in table IV, were used to derive gust-load and gust-velocity envelopes
according to the procedures used 1n reference 2. The envelopes for

107 miles are shown in figures 4 and 5. The value of 107 miles was

used for convenlence in comparing the present data with previous results.

RELTABILITY OF RESULTS

The reliability of sample estimates cbtalned from V-G records
depends on the number of observations used to obtain the estimates and
mey also be affected by instrumental errors and errors in reading the
records. Instrumental and reading errors are belleved to be random and
to be small in the present data.

The reliability of the estimated maximum values of acceleration and
gust velocity was determined through application of the method of refer-
ence 11 for determining confidence bands. These confidence bands yield
the range within which, for the probabllity level of 95 percent used
herein, the true value of the pertinent variable may be expected to lie.
For the curves of figure 1 at the BNy F level the confidence bands

hed a maximum spread in average flight miles of 10:1. (At this level the
spread of the e x values for the five operations is only sbout 15

percent.) For figure 2 at the 50-foot-per-second level of Udemax

the confidence bands had a maximum spread of 6:1 (which corresponds to
a spread in Uge of about 18 percent). Accordingly, where the

present results are compared with those from past operations, any dif-
ferences between the estimated velues of aprrn or Ude5o are con-

sidered significant if the values of average flight miles to exceed
glven values of these variables differ by more than a factor of 10:1 or
6:1, respectively.

The effect of dynamic response on the accelerations measured at
the center of gravity in the present investigation 1s unknown and is
not accounted for in the results shown. This effect should have no
bearing on comparisons between the several operations involved in the
present investigation since only one ftype of airplene is represented.
Where results from other investigatlons are compared wlth the present
results, it is assumed that dynamic response would not appreciably
influence the results shown since the flexibility of the alrplanes con-
sldered was felt to be comparable.

No adequate methed is available for easily determining the statls-
tical relisbility of the estimates of maximum alrspeeds. For the results

il
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shown in figure 3, the estimates of the flight miles to exceed ViR
are used only as an indication of the order of magnitude.

DISCUSSION

Accelerations Experienced

The normel accelerations for each of the five operations (see fig. 1
and table ITI) may be expected to exceed the value anryp, On the aver-

age, twice (once positive and once negative) within the range of

5.0 X 106 o 22.3 X 106 flight miles. These differences in flight miles
are not significant on the basis of the 10:1 criterlon cited previously.
At 107 flight miles (see fig. 1), the maximum accelerations for the dif-
ferent operations had a spread of only about 0.2g. On the basis of these
results, it may be concluded that the loads experienced were about the
same for the five operations compared.

A comparison of the present accelerations with those experienced
in recent operations of other four-engine civil transports is given in
the following table:

Group of Average flight miles to
operations Period exceed anrrp btwice

Present 6 6
(range of five cases) 1947 to 1954 5.0 x 10° to 22.3 x 10

Reference 1
(two different 1941 to 1945 | 4.9 x 109 anda 7.5 x 106
routes)

Reference 2
(range of three 1949 40 195% | 0.9 x 105 to 1.k x 100
routes)

Reference 3 6
(Bastern U. S. 1947 to 1950 1.1 x 10
route)

On the basis of the 10:1 criterion for significance, the comparison in
this table indicates that in most cases only minor differences occurred
between the acceleratlions of the present alirplanes and the accelerations
experienced by other four-engine transports durlng recent operations.
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Although these results indicate that the gust loads of the present
operations were less than the loads experienced by the other four-englne
transports, the differences are of small importance.

Roughly half of the V-G records obtained from operation A were
taken during troop-carrier service whereas the rest of these records were
taken during cargo operations. A separate anslysls wes made of the
acceleration data from those records to determine whether the opera-
tional gifferences influenced the loads. Although the results indlcated
that the accelerations for the troop-carrier operations were somewhat
less severe than those for the cargo operations, the differences noted
are not considered significant.

A breekdown of the present acceleration data according to season '
(the B and D-I results excepted because the data were not suited to
seasonal analysis) is given in the following table:

Average flight miles to exceed
operation anrIF twice in —
Summer Winter

A 3.6 x 100 5.9 x 100
B | eemmmmmaas | e
C 8.1 16.2
D-I = | memmmmmmmee ] emmmmeea-
D-II 17.0 29.6

Inasmuch as most differences in this table between summer and winter
operations are about 2:1, the effect of season in each case is unimportent.
Owing to the fact that these results show a consistent trend, however,

the operating conditions 1n the winter might be consgidered as less

severe than those in the summer.

Gusts Encountered

The gusts encountered in each of the present operations (see
teble IIT) exceeded a derived gust velocity Udepny ©OF 50 feet per

second, on the average, twice within the range of 0.6 X 108 to
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1.9 X 106 flight miles., This relatively small variation in the flight
miles indicates that the level of turbulence 1n each of these operations
was about the same. Thils Indication of the turbulence intensity is
reflected in the gust loads cited previcusly.

A comparison of the gusts encountered in the present operations
with those encountered in the operations of other clvil transports is
given in the following table:

Group of Aversge flight miles to
operations Period exceed Ugegy twice

Present
(range of five cases) | LOMT to 1954 | 0.6 x 10° to 1.9 x 10°

Reference 1 6
(two different 1941 to 1945 | 0.4 x 108 and 0.5 x 106
routes)

Reference 2 6
(range of three 1949 to 1955 | 0.4 x 10® to 0.7 x 10
routes)

Reference 3
(Eastern U. S. 1947 to 1950 0.7 x 106
route)

This table indicates that, on the basis of the 6:1 criterion discussed
previously, the gusts encountered in the present operations and those

encountered in each of the other operatlions are not significantly dif-
ferent. The relative level of atmospheric turbulence encountered was

about the same for all these operations.

Operating Airspeeds

An inspection of the speeds Vp at which maximum accelerations

occurred in these operations (see table III) indicates a spread of only
about 10 mph and an average value of about 178 mph. This average speed
closely approximates O.8VC (based on Vo equal to 222 mph). An
inspection of references 1 to 3 indicated that the average value of Vp
for the operations of the other four-ehgine transporis also approximated
O.BVC. Any differences in VP therefore had small effect on the gust
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loads of the present operations and those of the other operations prev-
iously compared.

Table III indicates thet the never-exceed speed Vyg (taken as
266 mph herein) would be exceeded once within the range of 1.5 X 106 to

20 X 106 flight miles In each of the five operations. An examination

of table II(c) shows that maximum airspeeds in excess of 266 mph occurred
in only eight records. During the times these records were taken, the
high speeds were attained in low turbulence; accordingly, it is felt

that the operating speed practlices were generally conservative.

Gust-Load Envelopes

An inspection of figure L4 shows that the calculated gust-load enve-
lopes for all five operations fall within a design diagram which is
based on the accelerations computed through the use of the design require-
ments of the Civil Aeronasutics Administration (see ref. 4) and on the
alrspeeds Vg, Vg, (as previously mentioned, Vi, 1s the actual design
velue for this airplane and is used rather then Vg), and Vp for this
eirplane. A direct comparison of these calculated envelopes with the
design dimgram is possible as a result of scalling the envelope acceler-
ations from 85 percent gross weight (this weight was assumed as the
average airplane weight during the times the accelerations were measured
in these operations) to the alrplane gross weight. Figure L4 indicates
an apprecieble increase in the margin of safety at speeds above the
design level speed V.

Gust-Velocity Envelopes

The gust-velocity envelopes derived for the five present operations
(see fig. 5) agree well with the overall range in similar envelopes
calculated from the date of references 2 and 3. Certain factors, such
as differences in welghts and operating altitudes in turbulence and dif-
ferences in dynamlc response, may have influenced these results. Speed
differences between types of airplanes are accounted for, however, by
plotting the airspeeds according to the relation V/Vc. The overall
ranges in levels of turbulence encountered appear from figure 5 to have
been roughly the same for the present and the past operations.

CONCLUDING REMARKS

The results of an analysis of V-G data from one type of four-engine
civil transport airplane indicated that the normal accelerations differed



NACA TN 3358 11

by approximately 15 percent and the derived gust velocities by about

18 percent for the five operations investigated. The gust loads of the
present operatlons were less than the loads experienced by other four-
englne civil transports previously investigated, but the differences are
not significant. The present data indicated only small differences due
to seasonal effects and different operational utilizatilon.

Langley Aeronsutical Laboratory,
National Adviscory Committee for Aeronautics,
Langley Field, Va., October T, 195k.
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SCOPE

TABLE T

OF V-G DATA FOR OPERATIONS FROM 1947 TO 195k

Records
Records analyzed
Number of evaluated
Dates of | alrplanes
Operation |Routes flown operation | supplying Total Total Renge of Azgirage Tndicated
records o
Number | 4 - Number |, - iecord per flight
ours miles
record
Tos Angetea- | AUE: 1950
A Seattla. to L 70 | 13,165 4o 7,057 | 100 to 300 168 1.41 x 106
Tokyo Aug. 1953
Chicago- June 1948 6
B New Orleans- to 3 21 7,647 20 7,305 | 88 to 584 365 1.46 x 10
Caracas Nov. 1950
New York-
Seattle- May 1949 6
c Honolulu- to 3 65 | 25,947 ko 112,780 {200 to 600 %20 2.56 x 10
Tokyo- June 1953
Manila
Miami- Nov. 1947 6
D-I Caribbean- to L 64 117,882 57 [15,327 |180 to 320 269 3.07 X 10
South America |June 1950
San Francisco-|Mar. 1947 ¢
D-IT Australia- to 10 48 | 34,552 17 27,288 1180 to 320 233 5.46 x 10
Orlent Jan. 1950

QGCe NI VOVN

¢T
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TABLE II
FREQUENCY DISTRIBUTIONS AND STATISTICAL PARAMETERS
FOR DATA SAMPLES ANALYZED
(a) Normal accelerations, anp
Normal Number of observetlons for operatlion -
acceleration,
+an , & units A B C D-I D-IT
0.2 to 0.3 - - - —— 1
3 to b4 1 —_— 2 - 2
L to .5 3 -- 2 1 16
5 to .6 9 1 6 4 28
b to .7 9 2 12 6 37
.7 to .8 1k 8 18 23 L
.8to .9 20 7 12 16 51
.9 to 1.0 11 10 11 2k 25
1.0 to 1.1 7 5 9 15 15
1.1 to 1.2 6 5 2 11 11
1.2 to 1.3 3 0 6 9 1
1.3 to 1.4 1 0 - L -
1.4 to 1.5 - 1 - 1 _—
1.5 to 1.6 - 0 - - -
1.6 to 1.7 - 0 - - _—
1.7 to 1.8 - 0 - - -
1.8 to 1.9 - 1 -~ - —
Total 8l 4o 80 114 234
Bnpgyo & units 0.83 0.94 0.83 0.9k 0.77
u 0.7h 0.8 0.73 0.84 0.68
o 6.10 5.60 6.06 6.20 6.80
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TABILE IT - Contlnued
FREQUENCY DISTRIBUTIONS AND STATISTICAL PARAMETERS
FOR DATA SAMPLES ANALYZED
(b) Airspeeds, Vo, for ap
Number of observations for operation -
Airspeed, Vo5, mph
A B C D-I D-IT
120 to 130 1 2 8 5 6
130 to 140 1 4 5 6 12
140 to 150 5 2 i3 5 14
150 to 160 5 5 6 5 1L
160 to 170 9 4 16 13 51
170 to 180 2k b 9 19 51
180 to 190 23 9 14 22 57
190 to 200 9 6 6 14 14
200 to 210 3 2 9 13 10
210 to 220 3 1 2 3 L
220 to 230 1 1 1 5 1
230 to 240 - - - in _—
Total 8l iTg) 80 1k 234
Vo, mph 177.9 172.5 170.8 180.5 172.%
dg 17.82 24 .80 25.43 26 .09 19.05
ko -0.23 -0.20 -0.20 -0.17 -0.3k4
Vp, mph 180.0 174.9 173.3 182.7 175.5
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FREQUENCY DISTRIBUTIONS AND STATISTICAL PARAMETERS

TABLE II - Continued

FOR DATA SAMPLES ANATYZED

(c) Maximum airspeeds, Vpgx

NACA TN 3358

Number of observations for operation -
Alrspeed, Vmagx, mph
A B c D-I D-II
205 to 210 -- - 1 -- --
210 to 215 - 1 1 -- -
215 to 220 - 0 1 - -
220 to 225 6 0 3 - 8
225 to 230 6 3 6 - 21
230 to 235 6 1 6 - 37
235 to 240 7 2 7 L 26
240 to 245 7 3 7 15 14
245 to 250 3 3 5 16 8
250 to 255 i 3 1 8 0
255 to 260 0 4 0 8 0
260 to 265 2 - o} 3 1
265 to 270 0 - 1 3 1
270 to 275 1 - 0 - 0
275 to 280 - - 1 - 1
Total 42 20 4o 57 117
Vyax, mph 238.2 | 23k.0 | 236.5 | 249.4 | 2%5.2
Ox 11.85 12.25 12.45 7.75 8.51
ky 0.74 -0.71 0.61 0.64 1.72
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FREQUENCY DISTRIBUTIONS AND STATISTICAL, PARAMETERS

TABLE II - Concluded

FOR DATA SAMPLES ANALYZED

(d) Derived gust velocities,

/
Gust velocity, Number of observations for operation -
1U4e ; fps
max A B . C D-I D-IT
12 to 16 - -- 1 -- 3
16 to 20 3 - 5 1 18
- 20 to 2L 6 L L 3 20
24 to 28 16 1 11 13 43
28 to 32 17 2 16 15 43
* 32 to 36 20 10 12 17 L
36 to 40O 9 10 8 20 33
4O to Llh T by 9 15 19
ki to 48 5 3 6 13 9
48 to 52 0 1 L 12 1
52 to 56 1 3 2 3 0
56 to 60 - 0 0 2 1
60 to 6L - 1 1 - _
64 to 68 - 0 1 - -
68 to 72 - 1 -- - --
Total 8l itg) 80 1k 234
ﬁdemax’ fps 32.28 38.60 3l .50 37.85 31.13
u 29.02 %33.91 29.87 33.91 27.63
a 0.18 0.12 0.13 0.15 0.17
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COMPARISON OF LOADS, GUSTS, AND ATRSPEEDS

TABLE III

FOR THE PRESENT OPERATIONS

NACA TN 3358

Average flight miles to exceed -

Operation Zg; anLLF Uaemax of 50 fps VNE

twlce twice once

A 1680 6.2 x 100 1.4 x 106 1,5 x 106

B 175 5.0 .6 20.0
C 173 11.6 .8 3.3
D-I 183 5.5 6 1.8
D-II 176 22.% 1.9 5.7




FREQUENCY DISTRIBUTIONS OF ACCELERATIONS BY ATRSPEED BERACKETS.

TABLE IV

(a) Operation A

Number of observations for airspeed, mph, of -

Acceleration, | 445 £5 160| 160 to 180 | 180 to 200 | 200 to 220 | 220 to 240 | 240 to 260
an , B unlts
+ - + - + - + - + - + -
0 o 0.1 - -1 - e el e 1 1
.1 to .2 - -~ -- -~ - - 2 L1 8 Wl 5 5
.2 to .3 - —l -~ - 2 2 L L 9 7 L 1
.3 to W4 3 7 1 5 0 2 8 6 8 16 2 3
A to .5 13 L 1 5 2 6 8 5 8 1 1 1
5 to .6 10 50 7 51 9 2] 8 70 b 21 1 2
.6 to .7 7 h 7 8 6 5 5 6 1 1] -- —
T to .8 6 51 12 L 9 8 3 3 1 1] ~-- —
B8t .9 1 6 9 6 8 8 1 2 1 2] -- -
.9 to 1.0 0 1 2 6 2 6 0 2 0 o | -- .-
1.0 to 1.1 1 “— 2 2 3 0 1 2 0 SR —
1.1 to 1.2 0 _— 1 1 1 2 0 1 1 U -
1.2 to 1.3 1 S —| - 1 1 —| - —1 - _
1.3 to 1.4 - -] -- _— - - 1 —1 - | - —_—
Total k2 b2 | ko e | k2 b2 | he b2 | bl 41} 13 13
A, .., € units [0.59 |0.59 [0.74 {0.69 [0.70 {0.72 } 0.53 0.5k {0.38 |0.35 | 0.27]0.28
u 0.51 J0.52 | 0.66 |0.59 {0.69 |0.62 [0.41 |0.43 |0.28 J0.25 | 0.21)0.21
t a 7.09 {7.58 [ 7.81 |5.8316.3% |5.38]5.00 |4.90 | 6.14 16.90 {10.75 | 7.81
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TABLE IV - Continued

FREQUENCY DISTRIBUTIONS OF ACCELERATTONS BY ATRSPEED BRACKETS

(d) Operstion D-I

Number of observatlons for airspeed, mph, of -

Acceleration,
a o imd+a b 1L o 16 160 t0 180 1180 40 2001 200 4o 2201 220 4o 2o | 240 o 260
quB.X" [ i T - U Y A heniie il ~ - M i ~
+ - + - + - + - + - + -
0 to 0.1 - —| -- — | - —] -- —] - - i 3
1 to .2 - -—| -- _— | - -—| -- _— - 2 ) 16
.2 to .3 - — -- -— | -- -—1 -- 1 3 51 11 1l
3 to Wb 2 1| - 1 ~-- 2 1 3 5 8| 13 12
. b to 5 7 T 2 L 3 1 9 9| 12 15| 1k 2
.5 to .6 13 17 6 5 5 8l 6 11| 1k 15 5 3
6 to .7 13 8 8 16 | 10 6| 10 13| 10 L 0 1
.7 to .8 13 8 9 Q g 17l 10 10 6 6 1 0
B to .9 5 71 15 8| 10 9 6 3 3 2| -- 1
.9 to 1.0 3 5 6 3 9 3 9 b 2 0 -- —
1.0 to 1.1 0 1 3 51 6 6 1 1 2 2| - -
1.1 to 1.2 1 2 3 3 2 2 2 1] -- —| -- _—
1.2 to 1.3 - 1 L 1 1 1 3 0] w- -— | -- -
1.3 to 1.4 - - 1 1 2 2] -- 0] -- - - -
1.4 to 1.5 - -] - IS p— —| -~ 1] - _—] - -
Total o7 57T | 57 57T 1 o7 o7 | 57 5T 57 o7 | 52 b2
& g wits | 0.66 10.6910.8510.78 (0.8 10.7910.7510.66 10.58 10.52 0.3 | 0.25
u 0.5 [0.60 |0.74 |0.70 [0.73|0.70 |0.65 [0.57 | 0.50 |0.45 |0.28 | 0.18
@ 8.00 |6.37 [5.96 |6.90 |6.00 | 5.8 |[5.65|6.33 |6.85 |6.62 | 8.70 | 8.20

QGCe ML VOVN




NACA TN 3358

a — =
rw N KNt N e} eV e8]
1 [ T T S T T | — . . .
o o o | ~
Q
= Sl R
I i T T N (R JE R g
QU 1“8
1 — — —i | S T T G | — )
m gl |rgrgradse gl vl gl R
Gt Qd . . .
o o o o | o
~ £
m flw] jow) [o8) ~
m._% 1O MDA A 100 1 — K Al —
+ I [ = . . .
m ~ o (@] \O
oy Lo
7} o o nNn—omauaarH 1L faV )
m 2| S v i ' THHENA TR R
o] Q @] =
o)
Lol .w_ $
[as] o AR —~ @]
0 . % + “21.*88855101011 .m,m TN = O
= =] o] o 1\
S o« it ©
fui P [soRs0) — i (s}
W ._m m % ; ﬂ_n.anc,/oo._:./ \O O A ! Mﬁ. mpcn /nmv_ ey
P o TN
2 213 -
N o | X
5} mL ﬁw | I I e W a e\ Ve le Moo oVl o W BN I | [ D [Xa
<5 Q + 11 11 . . .
B 9} — o ‘o RN EANs]
B 3 3
— 2 1T WVInNnN oo 1 Ql ™ [ A
qNu ﬂm_ - 1 110 [ = O | @
o TN
m ﬂ m @) o
Q =+ Ne} =
mmw ,__117729221__ o o~ O | ©
+ 111 ] 1| = . . .
= — o @] b~
[ I Te oo o aQ
A m 1 e I T T = 21TRIR
w.v_ o o e} b~
e
m [} — (@)
r m 1L TN\ AoAd0A 1 Q I 0\ (&)
+ [ — — 1 = . . .
m [ o (@] b~
m m
- 43 +
m.m Al M W0 -0 VO Aol K .m
H._n (@} e B B N M
o W 00 0O QO o} o.mooo _M sty]
ﬂ tttttttttt L PP ._m. )
_m_ A IO -0 RO A | R
m < =
<




TABLE IV -~ Continued

FREQUENCY DISTRIBUTTIONS OF ACCELERATIONS BY ATRSPEED BRACKETS

(b) Operation B

Acceleration,
an_ ., & units

Number of obgervations for alrspeed, mph, of -

1h0 to 160

160 to 180 | 180 to 200 | 200 to 220 | 220 to 240

240 to

260

-

O
C

888888888488

[olNe]
PR R

o o oF o
o Q

o 0

CD—x]O‘\\ﬂ-F’\NF\JI—'O\OCD;J-.O\\:II:F'\:N;U}'—‘

i

VO 00— OV ER AN 1O 1 O D G0 ONT =i 1O

CrEeEERPEEEE

[}
{

=W Oy

- - — vy -

1

1
L—'OOOOC)OOOO}—'&NG\—JI—‘I—‘I

1

1

H O OO EWIEWWN FI

PO R =]

H
Q
+
o
)

L
8
8
S
8
5
¥

|
§

0.8 {o.77 | 0.79 |0.79 | 0.670.6810.55

0.76 0.6 | 0.64 [0.68] 0.61|0.54 [0.47

6.49

9.26 {7.25 |10.42 |5.52 | 11.23 | 4.30 | 7.46

5.78

10.20
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TABLE IV - Continued

FREQUENCY DISTRIBUITONS OF ACCELERATTONS BY ATRSPEED BRACKETS

{c) Operation C

Number of observations for airspeed, mph, of -
Acceleration, , - - » -
a , & units | 140 to 160 | 160 to 180 | 180 to 200 | 200 to 220 | 220 to 240 | 240 to 260
+ - + - + - + - + - +- -
0O +to 0.1 - -~ -- _— | - B 1 3 2 - 1
.1 to .2 -- -~ - o - 1 1 7 10 6 Iy
.2 t0 .3 -- i 1 -~ 2 2| 6 o1 6 4 5
S to 4 2 4 1 2 2, 2 L 6 3 8 3 2
Aoto W5 8 5 6 81 6 9 7 7 5 L - 1
.5 to .6 9 1] 6 6] 16 101 12 71 3 3 - —
.6 to .7 7 31 6 12| 3 71 5 6 2 1 - -
.7 40 .8 7 ! 9 3405 L 1 5 1 1 - -
.8 to .9 3 31 6 5] 3 1] 2 1| - —| - -
.9 to 1.0 3 2 1 2 2 3 1 1| -- —.— _— -
1.0 to 1.1 1 - 2 1| 2 0 1 0| -~ - - ——
1.1 to 1.2 - - 1 0} -- 0] - 0| -- _— _— _—
1.2 to 1.3 - -- 1 1) - 2| - I -, - -—
Total 40 Yo | 40 o | ko 4 | 4o Lo [ 25 35 13 15
Bnppr & wmilts 0.64 |0.62 |0.70 | 0.65 {0.62]0.61|0.51 |0.53 |0.31 ]0.3L | 0.23 | 0.24
n o.56 lo.sh to.60lo.56 to.5310.50 10.b2 [o.k2 lo.23 l0.25 | 0.18 ) 0.19
a 7.30 {7.35 {5.95 }6.54 [6.67]|5.72 | 6.40 {5.58 [7.04 | 7.57 |23.10 |12.00
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TABLE 1V -~ Contilnued

FREQUENCY DISTRIBUTITONS OF ACCELERATIONS BY ATRSPEED BRACKETS

(d) Operation D-I

Acceleration,

Nurber of observations for alrspeed, mph, of -

8y, & units | 140 to 160 | 160 to 180 | 180 to 200 | 200 to 220 | 220 to 240 | 240 to 260
+ - + - + - + - + - + -

0 to 0.1 - | e — | - S —] - -- L 3
el t'(_) 92 - - —— —— — - - Ladad ——— 2 ]—!- 16
.2 to .3 - -] - - | -- - | -- 1 3 5{ 11 14
.3 %0 b 2 1| -~ 1| - 2 1 3 5 81 13 12

- A to .5 7 7 2 4 3 1 9 9] 12 13| 1k 2
5 to .6 i3 17 6 5 5 81 b6 11 14 15 5 3
6 to .7 13 8 8 16 | 10 61 10 13| 10 L 0 1
T to .8 13 8 9 9 9 17] 10 10 6 6 1 0
.8 to .9 5 71 15 8| 10 9 6 3 3 2] - 1
.9 to 1.0 3 5 6 3 9 3 9 L 2 0] -- —_—
1.0 to 1.1 ) 1 3 5 6 6 "1 1 2 2| -- -
1.1 to 1.2 1 2 3 3 2 2 2 1| -- —| - -
1.2 to 1.3 - 1] & 1) 1 1] 3 0] ~-- — - -
1.3 to 1.4 - -— 1 3 2 2| -- 0| -~ - - -
1.4 to 1.5 - -—] -- 1] -- | -- 1] -- - - -
Total 57 57 57 57 | o7 511 57 571 57 57 | b2 52
Anpayr € woits 0.66 [0.69[0.83 [0.78 0.8 |0.79 [0.7510.66 |0.58 |0.52 |0.34 } 0.25
u 0.59 0.60 [0.74 |0.70 {0.73}0.70 [0.65 {0.57 [0.50 |{0.43 |0.28 | 0.18

a 8.00 |6.37 | 5.96 |6.90 {6.00 5.8 |5.65[6.33 {6.85 |6.62 [8.70 | 8.20
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TARLE IV - Concluded

(i ElL ]

FREQUENCY DISTRIBULIONS OF ACCELERATTONS BY ATRSPEED BRACKETS

(e) Operation D-II

Number .of observations for alrspeed, mph, of -

- 3
8noer 8 WdE | 300 o 160 | 160 to 180 | 180 to 200 | 200 to 220 | 220 to 240 | 240 to 260
+ - + - + - + - + - + -
0 +to 0.1 - - - S -- 1 2| 10 11 T 7
.1l to .2 -- S - -~ -- 3 5 6] 28 28 T 6
2 t0 .3 - 51 == 2] 1 L1 20 21| 38 331 3 5
.3 to b 10 i 6 T{ 6 13 | 22 21| 26 181 3 1
dto B 27 291 10 13| 14 16| 26 22 6 8l -- 0
5 to .6 19 20| 16 271 25 181 20 16 4 91 -- 0
6 to .7 %5 2h | 23 261 22 281 13 151 1 51 - 1
.7 to .8 13 | a7 25| 22 16 8 10 1 1] -- —_—
Bte .9 | 7T 61 25 81 16 11 0 b 0 0| -- --
.9 to 1.0 5 51 11 6 i 3 2 1 1 24| -- -
1.0 to 1.1 1 - 3 5 3 31 =~ 1] == —| -- -—
1.1 to 1.2 -~ — 5 - b 21 -- — - — | - _—
1.2 to 1.3 - - 1 - - -] -- — | -- — | -- -
Total 117 117 117 N A S O N s B e 117 1135 15 1 20 20
By & Units |0.61 |0.54 | 0.73 | 0.65 |0.67 |0.61 |0.45 [0.46 |0.27 [0.29 | 0.16 |0.18
u 0.54 |0.49 | 0.64 |0.57 |0.59 | 0.51 |0.37 |0.37 {0.20 {0.21 | 0.11|0.11
|
@ 8.13 |7.52 | 6.37 [7.25 | 6.80 | 6.27 | 7.75 | 6.37 | 8.85 | 6.99 [12.21 | 9.00
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Figure 1.~ Average flight miles for a maximum positive and negative
acceleration to exceed a given value.
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Figure 4.~ Calculated gust-load envelopes for 10T flight miles of operatlons
of the four-engine transport alrplane on each of five different routes and

a design gust~load dlagram.
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