View metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

-

brought to you by .. CORE

===

NACA TN 3621 2]

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE 3621

GUST-LOAD AND AIRSPEED DATA FROM ONE TYPE OF
TWO-ENGINE AIRPLANE ON SIX CIVIL AIRLINE
ROUTES FROM 1947 TO 19565
By Walter G, Walker

Langley Aeronautical Laboratory
Langley Field, Va.

Washington
February 1956

LY

j\



https://core.ac.uk/display/42801777?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

TECH LIBRARY KAFB, Ny

NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS IMWHHHMHWMWMW%”WHH

0066y 3y
TECHNICAL NOTE 3621

GUST-LOAD AND ATRSPEED DATA FROM ONE TYPE OF
THO-ENGINE ATRPLANE ON SIX CIVIL AIRLINE
ROUTES FROM 1947 TO 1955

By Walter G. Walker
SUMMARY

Approximately 70,000 hours of V-G data from one type of two-engine
transport airplane were analyzed to determine the severity and frequency
of occurrence of the gust loads and gusts. The data were obtained during
routine feeder-line and short-haul cammercial operetions on six differ-
ent routes from 1947 to 1955. The results obtained indicate that normal
accelerations corresponding to the calculated value of limit-gust-load-
factor increment may be exceeded, on the average, twice (once positive

and once negative) within the range of 3.6 X 100 to 106.0 x 100 flight
miles for the various operations. A derived gust velocity of 50 feet

per second may be exceeded twice within the range of 0.8 X 106 to

25.5 X 106 £light miles. There were sizable variations among the differ-
ent operations with regard to the loeds, gust velocities, and operating
alrspeeds, but, in general, these quantitles were of the seme order of
megnitude as those experienced in past operations of the seme type of
alrplane. )

INTRODUCTTION

As a part of the genersal investigation that has been conducted for
a number of yeers by the National Advisory Committee for Aeronautics,
for determining the severity and frequency of the gust loads experienced
in routine tramsport operations (see, for example, refs. 1 to 4), V-G
records representing more than 70,000 operating hours were collected
from one type of two-engine transport airplane. These. records represent
feeder-line and short-haul operations and were obtained on six different
civil alrline routes during the period fram 1947 to 1955. An evaluation
of these records has yielded the megnitudes and frequenciee of occurrence
of given values of normal acceleration, airspeed, and derived gust veloc-
ity; and the results are presented herein.
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Probability distributions were fitted to the observed dlstributlons
to determine the frequency of exceeding the larger values of the air-
speeds, gusts, and gust loads. These results of the present investigation
are also briefly compared with the results fram past operations of the
same type of airplane. Together these data represent a continuous sample
of measurements for this esirplene covering a totel of more than 130,000
hours of flight over 18 years of operatioms.

In eddition, V-G data, when combined with time-history data (VGH),
can be used to define the overall gust and load histories experienced in
routine operations. The results thus obtained can be used in refined
analyses involving power-spectral techniques, as indicated in reference 5.

SYMBOIS
a8n normal acceleration, g units
an IIF normal acceleration corresponding to the design limit-gust-
? load-factor increment, g units
A aspect ratio, b2/S
b wing span, ft
c mean geometric chord, ft
g acceleration due to gravity, ft/sec2
K gust alleviation factor (function of wing loading, ref. 6,
p. 12) )
Kg gust factor (function of mess ratio pg, ref. 3, fig. 2)
m’ slope of wing lift curve per radian
n design limit gust load factor (ref. 6, p. 12)
S wing area, sq £t
28, W
Uge derived gust velocity, —————, fps
mPoSVe Ky
Ve equivalent airspeed for derived gust velocity from V-G record,

fps
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Vmax
VB

Ve

W

kg, ko

O 00

Po
He
Subscript:

max

meximm indicated airspeed on V-G record, mph

design speed for maximm gust intensity, mph (ref. 6, p. 4)
design cruising speed, mph (ref. 6, p. 4)

design diving speed, mph (ref. 6, p. 4)

design maximm level-flight speed, mph

never-exceed speed, mph (ref. 6, p. 4)

indicated airspeed at which maximum positive or negative
acceleration occurs on V-G record, mph

most probable operating speed at which maximum acceleration
occurs in a sample of V-G data, mph

airplane weight, 1b

coefficients of skewness of distributions of Vpgx and Vo,
respectively (ref. 4, appendix B)

standerd deviatlons of distributions of V.. and V,,
respectively (ref. 4, appendix B)

location éa.rameter of distribution of extreme values (ref. T»
p. 2)

scale parsmeter of distribution of extreme values (ref. 7,
p. 2)

mass density of air, slugs/cu g

mass density of alr at sea level, slugs/cu ft

airplene mass ratio, 2W/pmgcs

maximim velue of the wvariable

A bar over a symbol indicates the mean value of the varieble for a
given set of observations.
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APPARATUS AND SCOPE OF DATA

The V-G records were collected by means of NACA oil-demped V-G
recorders (see ref. 8) which were installed close to the center of grav-
ity of each of 20 civil transport airplenes sampled in the six operations.
The airplane chearacteristics pertinent to the evaluation of the V-G rec-
ords are given in teble I.

The scope of the present V-G data is summarized in teble II for the
different operations designated as A, B, C, D, E, and F. A considerable
veriation existed in the individusl record times for the data of each
operation. Inasmuch as past studies (see ref. 4) have indicated the desir-
ability of restricting the analysis to records of fairly uniform record
times, same record monitoring appeared to be required. As a consequence,
for samples B, C, and D, in which a large number of records were avall-
gble, only those records covering the flight times indicated in teble II
were retained for enelysis purposes. Because of the much smsller number
of records available for operations A, E, and F, all the records were
used even though in some cases wide differences 1n record times were
involved.

EVATUATION OF RECORDS

The V-G records were evaluated in accordance with the procedures
outlined in reference 4. Routine details of the method of evaluation
and the analytical procedures used are given in the appendix. The data
obtained fram the records for the analysis are listed in teble III as
frequency distributions of the meximum normal acceleration ap max, the

associated Indicated salrspeed Vg, the maximum Indicated alrspeed Vygpx,
and the maximm derived gust velocity Ude,max for the six operations.

RESULTS

Distribution of Acceleration, Gust Velocity, and Airspeed

Figures 1 to 3 present the results in terms of the average flight
miles to exceed given velues of acceleration, gust velocity, and airspeed.
The curves in figures 1 and 2 were obtained by fitting extreme-value
distributions (see ref. 7) to the observed acceleration and gust velocity
data of table ITT. On the other hand, past experience haed indicated that
Pearson type IIT distributions (see ref. 1, p. 5) yleld more reasoneble
representations of airspeeds and, therefore, these were fitted to the
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alrspeed datae in figure 3. The dashed portions of the curves in fig-
ures 1 to 3 are extrepolations of the calculeted distributions beyond
the limits of the data. '

The pertinent results from figures 1 to 3 and corresponding results
fram past operations of this type of airplane are summarized in teble IV
as the average flight miles to exceed: (1) the value of acceleration
an, 1iF Of 2.34g, (2) value of the derived gust veloclty Uge max OF

'50 feet per second (roughly equivalent to the current Civil Aeronautics
Administration design value of 30 feet per second for the effeéctive
gust velocity at Vg), and (3) the never-exceed speed Vyp Of 257 mlles

per hour. The values of the most probable operating speed Vp at which

maximum acceleration occurs in a sample of V-G data are also given in
table IV.

Confidence Bands

As a measure of the reliebility of the estimates of flight miles to
exceed glven values of ap mgx &nd Uge max. 95-percent confidence bands

were determined for the normal-acceleration and gust-velocity distribu-
tions of table III by the procedures given in reference 9. The true
value of the distribution may be expected to lie within such confidence
bands 95 percent of the time. Figures 4 and 5, respectively, show the
confidence bands derived on this basis for the flight miles to exceed
the values of ap,ryF Of 2.34g and Uge ,max ©Of 50 feet per second. In

assessing the significance of the observed differences between two values,
a useful rule of thumb is to consider a difference between two values to
be statistically significant if the respective confidence bands for each
of the values do not enclose the other value.

Acceleration and Gust Velocity Envelopes

A design acceleration diagram for the present alrplane was computed
according to current CAA requirements for the gross-weight condition end
is shown in figure 6. In order to compare the present test data with
this design envelope, £light envelopes were calculated for the acceler-

ation date for an arbitrary flight distance of 107 miles. For this com~
parison, the acceleration values of the calculated envelopes have been
multiplied by 85/100 (the ratio of the assumed average operating weight
to the airplane gross weight) in order to approximate the equivalent
loading history for the gross-weight conditlon. These adjusted calcu-
lated envelopes for the acceleration are shown in figure 6 and should be
directly comparsble to the design diagram which slso gpplies to the
gross-~weight condition. The acceleration envelopes for the past opera-~
tions of the same type of airplane are also given in figure 6 for
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comparison. Figure T shows the gust-velocity envelopes camputed for the
present and past operations. These envelopes are for the gust data that
were determined initially on the basis of an assumed average welght of
85 percent of the airplsne gross weight.

SUMMARY "OF RESULTS

Since the pattern of presentation of material of this type has been
well established, a detalled discussion of the present results was not
felt to be needed. Insteed, an itemized summary of the principal indi-
cations of the present study is included in order to pinpoint the salient
features.

An snalysis of 70,000 hours of V-G records from routine feeder-line
and short-haul operations for one type of two-engine airplane operated
on six civil airline routes from 1947 to 1955 has indicated the following
results:

Accelerations

1. The distances to exceed the acceleration corresponding to the
design limit-gust-losd-factor increment (2.3lkg) range fram 3.6 X 100 to
106.0 x 100 flight miles for the present operations (fig. 1).

2. Although there were considerable differences in the average flight
miles to reach the stated level of accelerations experienced among the
present operations, the averasge flight miles are generally somewhat
greater than those of the past operations (fig. 4).

Gusts .

1. The distances to exceed the derived gust veloclty of 50 feet

per second range from 0.8 X 106 to 23.5 X 106 flight miles for the pres-
ent operations (fig. 2).

2. The gusts encountered in the present operations were generally
of about the same intensity as those encountered in past operations

(fig. 5).

Alrspeeds

1. The ratios of Vp/Vg renge from 0.70 to 0.87 for the present

operations and cover approximately the same range as that indicated for
the past operations (teble IV).
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2. The distances to exceed the never-exceed speed Vyr of 257 miles

per hour range from 15 X 106 to considerably more than 10° £light miles
for the present operations (fig. 3).

3. The likelihood of exceeding Vyg -1s indicated as scamewhat less

for most present operations than that for most past operations (tsble IV
and figs. 6 and T).

Acceleration and Gust-Velocity Envelopes

1. The calculated acceleration envelopes for 107 flight miles do
not exceed the design gust~load dlagrem with the exception of a portion
of the envelope for operation B. At high speeds the differences between
these calculated envelopes and the design diagrem is quite large (fig. 6).

2. The acceleratlion envelopes for the present operations were gen-
erally in the same renge or somewhat smeller than the envelopes of the
pest operations (fig. 6).

5. The gust veloclty envelopes of the present operations agree fairly
well with the envelopes of the past operations, except for a portion of
the envelope for operation B (fig. 7).

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., November 28, 1955.
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APPENDIX
DETATIS OF METHOD OF EVAIUATION AND ANALYSIS OF RECORDS

Record Evaluation

The values read fram each V-G record were the maximum positive and
negative accelerations ap mgy Wwhich occurred at speeds above 120 miles

per hour, the associated values of indicated airspeed V,, and the maxi-~
mum indicated airspeed Vmpgx. In additlion, the largest a, velues in
each 20-mile~per-hour speed bracket were read from each record.

The maximum positive and negative derived gust velocitles Ud.e,max

were computed for each record by use of the revisged gust-load formula
(see ref. 3):

Ude ,max = m—,c% (1)
where
Uge ,max meximm derived gust velocity, fps
an normal acceleration on V-G record, g units (corresponds to
An used in refs. 1, 2, and L)
Ve equivalent airspeed for derived gust velocity from V-G record,
fps
m slope of .1ift curve per radian (see table I)
Po mass deﬁsity of air at sea level, slugs/cu £t
gust factor (obtained from fig. 2, ref. 3)
W airplane gross weight, 1b
S wing area, sq £t

Inasmuch as the actual operating welghts and altitudes at the times the.
meximm gusts were encountered were not kmown, the gust velocities Uge max

were camputed for an assumed average operating weight of 85 percent air-
plane gross weight and an assumed operating altitude of 5,000 feet.
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Curve Fitting

The parameter values given in teble IIT for the acceleration and
gust-velocity distributions are: the mean value of the varlsble an pmax

and Ude max» the location parsmeter wu, and the scale paremeter a,
which were calculated from bthe observed freguencies by application of

the procedures outlined in reference 7. Extreme-value distributions
(ref. 7) were fitted to the observed distributions of &an max and Uge,max

by use of the parameter values and the method of reference 7 in order to
obtain the probabilities P of equaling or exceeding given values of
the respective varisbles.

The parameter values given in teble IIT for the airspeed distribu-
tions are: +the mean values Vb and Vmax: the gtandard deviations op

and oy, and the coefficients of skewness k, and ki, which were
obtained by applying the statistical procedures gliven 1in reference 10.

A measure of the most probable operasting airspeed Vb at which the

maximm acceleration occurg in a sample of V-G date was computed fram
the parameters of the Vy distributions by using the equation (see

ref. 11)

v, = ¥, - 29 (2)

The Vp values calculated by using this equation are given in table ITI(b).

The fitted probability distributions obtalned for the 8 ,max >
Ude ,max>» and Vpg, data were used to obtain the average flight miles

to equal or exceed given values of the respective variables by using the
equation (see ref. L)

OoBVCT
Flight miles = — (3)
where
P probebllity of equaling or exceedlng given values of the
varieble
T average flight hours per V-G record

O.8VC asgumed average operating speed




10 NACA TN 3621

Envelopes

The gust-load and gust-veloclity envelopes were calculated from the
observed distributions of normal accelerations and derived gust velocities
obtained from the data for the 20-mile-per-hour speed brackets of the
records analyzed. In order to calculate the envelope in each case for

a value of 107 flight miles, a probablility value was obtained for this
value of flight miles by the use of equation (3). Values of &, or Uge
for each 20-mile-per-hour speed bracket (positive and negative values were
treated separately) corresponding to this probsbility were calculated by
use of the extreme-value method and the parameters of the speed-bracket
distributions. These & or Uge values were plotted at the midpoint
speed vealue of each speed bracket and a curve was felred through these
points. In order to complete the envelope from the lest speed bracket
to the highest speed flown, the product probability method outlined in
reference 2 was used. From envelopes calculeted on this basis it is
expected thet, for the given value of flight miles, an aversge of one
positive and one negative acceleration (or gust velocity) will exceed the
envelope 1n each speed bracket and one meximm alrspeed will occur above
the maximum speed of the calculated envelope.
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" TABIE I.- ATRPLANE CHARACTERISTICS!

@OSS weigh.t’ W, lb L] - L] - . L] . . . L L L] . . - ./ - . . L] . L] 25 ’ Ew

Wing area, S, 8G £L + &+ v « 4 o ¢ ¢ ¢ ¢ o & o o o o o o o o o o 987
Mean geometric chord, ¢, £t . . + ¢« ¢ ¢« v 4 4 ¢ 4 ¢ 0 b0 .. . 10.4
Aspect Tatlo, A . ¢ . ¢ ¢ o i et i e e e s s s s e s s e e s 9.1

Slope of 1lift curv%f per radian )
computed from A'aj e e e e e e s e e e e e e e e e e 4,92

Gust factor, Kg (ﬁmction of mass

ratio pg, see ref. 3) . . . . . . . 4 4 i e e e e ... .. 0.621
Gust alleviation factor, K (function of '

wing loading, see ref. 6) . . . ¢ v ¢ 4 e 4 e 4 e e e e s . o 1,100
Design limit gust load factor, n (computed

according to ref. 6) . . . . . . ¢ 4 . . e e e e e e 3.34

Design speed for meximum gust intensity, Vg, mph e e e e e 138
Design cruising speed, Vo (also manufacturer's

design maximum level-flight speed, Vi), mph . . . . « . . . . 211
Design diving speed, Vp, MPh « « v & ¢ ¢« v ¢ o 4 4 4 e e . . s 286
Never-exceed speed, Vyp, mph . . . « . ¢« o« v ¢ o 0 0 o o . 257

lThe values listed were obtained from the manufacturer's design
data or were computed according to current design requirements given in
reference 6.



TABLE IT.- 8COPE QF V-G DATA FOR CPERATIONS FRGM 1947 TO 1955

Records
Records analyzed
Nunber of evalusated,
. Detes of |alrplanes
Operation|8ervice| Routes flown Average
operatlon s;zgigiﬁgg . Total |.. . Total |Renge Of | poyrs |Equivalent
Number| Fumber| record per flight
hours |pgoord miles
Short~ | oW York - Apr. 1547 Boo p
A haul |Lee Angeles - to 2 10 9,829 10 9,829 o 983 1.7 X 1w0°
Beattle Oct, 1549 1,100
2
Apr. 1950 200 .
Bhort=- |[Chicego - 6
B to 3 41 |19,503| 30 |10,409 to 347 1.8 x 10
h 3 >
aul |New Orleans Apr. 1953 €10
Mer. 1953 150
eader-|Blllings -
¢ Fu_ner il Paso o 3 73 |h,123( 58 (11,276] to 194 1.9 x 108
Oct. 1954 360
Cincimati - |[Jan. 1953 200
D Feeder- Norfolk - +0 5 81 |2k .30 0% o%G +n ool |z o v 10
1line . Py TS i~ (=Y =g v e Jex A X
Myrtle Beach (Feb, 1955 400
Feeder— Milvaukee - Oct. 1953 3 6
E lipe |Wichite - to 3 15 | 7,534 19 7,534 to 397 |1.3 X 10
Neshvills Apr. 1935 . 992
New Oxrleans -~
July 1953 + 170
Feeder- [Memphis -
T line |Tacksomville - to 2 7 | 4,862 7 4,862 to 695 (0.8 x m6
Cherlotte .API‘- ]-955 l’5w

Te9¢ ML VOV

¢t
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TABLE ITT.-~ FREQUENCY DISTRIBUTIONS AND STATISTICAL
PARAMETERS FOR DATA SAMPLES ANATYZED

(a) Maximum normal accelerstions 8, max

Meximum normal Number of observations for operation -
. accelerations,

8n,mex> & units A B C D B F
0.4 to 0.5 - 1 -— _— —-— —

5 to .6 - 3 -— 1 - _—

6 to .7 1 2 5 0 3 --

.7 to .8 2 5 8 10 3 3

8 to .9 1 h 18 11 T 1

.9 to 1.0 2 5 17 21 2 0

1.0 to 1.1 1 T P 29 2 2
1.1 to 1.2 7 6 20 28 6 3
1.2 to 1.3 1 s 11 22 Ly 2
1.3 to 1.k 2 L 4 12 1 1
1.k to 1.5 1 4 2 11 3 0
1.5 to 1.6 0 3 6 5 3 2
1.6 to 1.7 1 2 1 3 1 -
1.7 to 1.8 1 3 —_— 1 1 -
1.8 to 1.9 - L — 1 2 .
1.9 to 2.0 - 1 ——— 1 - —
2.0 to 2.1 - 2 _— — - -
Total 20 60 116 156 38 L
8n,mex, & units 1.14 1.21 1.05 1.14 1.15 1.11
~u 1.01 1.02 0.95 1.03 1.00 0.99
a L5 3.10 5.81 5.38 5.7 4.1
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TABLE III.- FREQUENCY DISTRTBUTIONS AND STATISTICAL

PARAMETERS FOR DATA SAMPLES ANALYZED ~ Continued

(b) Indicated eirspeeds Vo for an max

Airspeed, Vg, mph

Number of observations for operation -

A B c D E F
120 to 130 _— T 10 3 3 2
130 to 140 6 12 13 4 7 1
140 to 150 5 12 29 11 2 3
150 to 160 2 5 31 10 3 0
160 to 170 3 T 17 22 6 5
170 to 180 1 10 13 26 5 1
180 to 190 2 6 3 26 6 0
190 to 200 1 1 — 2L 1 2
200 to 210 - - — 19 u _—
210 to 220 - - _— 9 0 _—
220 to 230 —-— - —_— 1 1 -
230 to 240 - - ——— 1 -- -
Total 20 60 116 | 156 38 1
Vo, mph 154.0 | 153.7 | 152.2 | 179.6 [165.5 |157.9
9o 18.70 | 19.95 | 14.90 | 22,1k | 26.15 |21.52
ko 0.74+ | 0.24| 0.06|-0.27| 0.01| 0.1k
Vp, mph 7.1 151.3 | 151.7 | 182.6 | 165.4 |156.k

15
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TABLE ITT.- FREQUENCY DISTRIBUTIONS AND STATISTICAL

PARAMETERS FOR DATA SAMPLES ANATYZED - Continued

(c) Meximum indicated airspeeds Vpay

Airspeed, Vygy, mph

Number of observations for operation -

A

Q

E

175 to 180
180 to 185
185 to 190
190 to 195
195 to 200
200 to 205
205 to 210
210 to 215
215 to 220
220 to 225
225 to 230
230 to 235
235 to 240
240 to 245
25 to 250
250 to 255
255 to 260

h)l\)\NOl—'l—'l—'g

! =
1 I—'OI'\)I—'\]OR))S-F'I—‘

NHEWMPDWMNOWRH

Total

10

v1118.}\:: mph

201.0

209.7

194 .2

228.9

Ov

9.76

9.00

7.8

9.50

ky

-0.62

0.88

0.97

0.26
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TABLE IIT.- FREQUENCY DISTRIBUTIONS AND STATTSTICAL

PARAMETERS FOR DATA SAMPLES ANATIYZED - Concluded

(d) Maximum derived gust velocities Uge may

Gust velocity, Number of observations for oberation -
Ude ,maxs fps A B c D E F
12 to 16 - 1 —— 1 - -
16 to 20 1 L 6 12 7 _—
20 to 24 2 7 23 38 5 3
24 to 28 3 6 25 33 T 4
28 to 32 6 9 28 30 6 3
32 to 36 3 8 18 23 2 2
36 to 40 2 8 9 12 3 2
L0 to 4k 1 5 5 6 5 _—
4 to 48 1 6 1 1 1 -
48 to 52 1 l 0 — 1 -
52 to 56 - 1 1 _— 0 _—
56 to 60 - 1 —_— — 1 -
Total 20 60 116 156 38 14

Uae ,maxs fps |31.80| 34.00 | 29.04 | 27.95 | 30.10 |29.56

u 28.18 ] 29.36 | 26.07| 25.02 | 25.69 |27.15

a 0.16| 0.13| 0.19| 0.20| 0.13 | 0.23

17
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TABLE IV.- COMPARISON OF ACCELERATIONS, GUSTS, AND AIRSPEEDS
FOR THE PRESENT AND PAST OPERATIONS
Average flight miles to exceed -
Dates V.
Operetion of P]’l VD/ Vo Uge,max
operation wp : &n, LLF of 50 fps VNE
twice twice once
S
A 1U7(0.70 | 63.2 x 106| 5.5 x 106 | > 1,000 x 10°
g 1947 151 .71 02.6 0.8 267
] 152| .72 [106.0 3.5 > 1,000
p[ (present) 1;;5 183| .87/ 56.9 6.9 15
E 165| .78 | 10.0 1.5 105
F | 156 .74 | 5.4 23.5 > 1,000
BE-I 1937 178| .8%| 10.9 25,2 80
E-V t(ref. 1) to 62| 77| 4.6 1.0 30
E-VI 1941 k| 68 13.4 7.0 > 1,000
1941
E-I (ref. 1) to 180| .85 | 2.7 80.9 15.5
194h :
1948
~w——= (ref. 2)| o 158| .75 | 2.8 80.6 > 1,000
E~-VII (ref. 3) 1950

BThe Uge,max Velues shown for the past operations

obtained from reference 3.

were
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Figure 2.- Average flight miles for a maximum positive and negative derived
gust velocity to exceed a given value.
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Figure 3.- Average flight miles for maximum equivalent airspeed to exceed
a given value.
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Figure 6.- Calculated gust-load envelopes for 10! flight miles of operstions
of the two-engine transport eirplane on each of six different routes, the
ronge for similar airplanes in other transport operstions from references 1
to 3, and a design gusit-load dlagrem.
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