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SECTION I 

INTRODUCTION 

1. Background 

The increased demand for higher aircraft performance, higher 
structural efficiency, and longer structural life has emphasized the need 
for better, more complete design criteria. During the last twenty years, 
the Air Force, Navy, and the National Advisory Committee for Aero¬ 
nautics have sponsored a number of programs to acquire structural loads 
data from operational aircraft. These programs resulted in the estab¬ 
lishment of the criteria for maneuver and gust loads, presented in 
USAF specification, MIL-A-8861, and the requirements for repeated 
loads and fatigue, presented in USAF specification, MIL-A-8866. 

Inasmuch as the gust criteria in these specifications were based on 
data obtained from aircraft flying in different regimes from those of 
present day and future aircraft, and since modern design techniques are 
more and more based on a statistical representation of the gust environ- 
rnent, it appears that the gust criteria in both of these specifications 
should be reevaluated in the light of present aircraft load experiences 
and newer methods of analysis. 

Currently the analysis of aircraft loads and motions in turbulence 
are being conducted using power spectral density techniques (Reference 1). 
It is possible, using power spectral density techniques, to convert statis¬ 
tical aircraft acceleration data into a statistical description of the 
atmospheric turbulence. Recent flight loads programs have yielded large 
samples of statistically presented gust response load factor data. It 
appears appropriate, therefore, to convert these data, using power 
spectral density techniques, into a statistical description of the atmos¬ 
phere which can be used in the evaluation of current gust criteria. 

2. Purposes and Objectives 

The purpose of this program was to analyze, interpret, and present 
available airplane gust load factor data, collected during the B-52 Ser¬ 
vice Load Recording Program (ECP-1019), using power spectral density 
techniques. Results of this gust load analysis were to be presented in a 
form suitable for use in evaluating existing airplane structural design 
criteria. 

The primary objectives of this program were: 

1. To define the atmospheric turbulence environment encountered 
by the B-52 aircraft in altitude bands from 5,000 to 50, 000 feet by con¬ 
version of measured aircraft normal load factor data into true gust 
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velocities using power spectral density techniques; 

2. To determine the proportion of time flown in turbulence and to 
develop a frequency distribution of the length of turbulent encounters in 

each of the altitude bands. 

In support of the first objective, a small comparative study was con¬ 
ducted utilizing two techniques for converting the statistical load factor 
data into true gust velocity distributions. Both methods involved the 
application of power spectral density techniques but at different phases 
of the basic data processing associated with the flight loads program. 
In addition, all available severe load experience data were analyzed and 
combined with the basic true gust velocity distributions. 

In support of the second objective, a study was conducted to verify 
the criteria to be used in establishing the turbulent areas for the percent 
time in turbulence study. 

3. Description of Data 

The data used in this investigation was collected during the B-52 
Service Load Recording Program (ECP-1019), which was sponsored 
and managed by the Oklahoma City Air Material Area, Tinker Air Force 
Base, Oklahoma. A 40,139 flight-hour sample of data obtained over a 
two year period from 1962 to 1964 was available for this study. The 
data were obtained from 114 different B-52 aircraft flying operational 
Strategic Air Command missions which operated from a total of eleven 
different Air Force Bases in the continental United States. Time his¬ 
tory measurements of airspeed, normal load factor of the aircraft 
center of gravity, and pressure altitude for each flight were recorded 
on oscillograph recorders. 

Two sets of reduced data were obtained from this program. One 
set is comprised of a 13, 375 flight-hour sample of data which was 
reduced in detail (Reference 2). This data was presented in the form of 
frequency distributions of Incremental positive and negative primary 
gust load factor peaks (An) for all flight conditions experienced during 
the 13, 375 flight-hour period. A primary peak is defined as the maxi¬ 
mum excursion of the load factor trace recording between successive 
crossings of the mean level. A flight condition is designated by a data 
block (W-H-Ye) which is a combination of one class interval each of 
gross weight, altitude, and equivalent airspeed coded in terms of 
specified ranges for each of the parameters and by the mission segment 
being flown. The load factor data were further subdivided according to 
the cause of the load, l. e., peaks were categorized during data reduction 
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as gust peaks or maneuver peaks. Consequently, separate frequency 
distributions for incremental load factor peaks caused by gusts and by 
maneuvers were generated and presented for each flight condition in¬ 
cluding the total time flown in each flight condition. A load factor peak 
was identified as a gust peak when the duration of the peak either above 
or below the mean value was less than or equal to two seconds. Separa¬ 
tion of gusts and maneuvers was performed only on data reduced in the 
climb, cruise, and descent mission segments. The class intervals into 
which the An peaks were set for the frequency distributions and a listing 
of the codes and ranges for the various flight conditions are presented 
in Table I. 

The second set of data (Reference 3) was obtained during the review 
of all data not selected for detailed reduction. This set of data was in 
the form of Xerox reproductions of portions of oscillograph records 
containing severe load experiences. Also included was a table con¬ 
taining estimated values of the gross weight, altitude, airspeed, and 
incremental load factor for each experience as well as the mission 
segment being flown and the cause of the load (gust or maneuver). 

For this turbulence spectra development, a selected sample of the 
total available data sample was analyzed. The parameters used in 
selecting the data are presented in Table II. It should be noted that 
the lower airspeed limit was established to assure that all data used in 
the analysis would be for a flaps up airplane configuration. 
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Table I Incremental Load Factor Clase Interval, and Flight Condition. 
Table 1 Incr*~roin B.52 s„vlce Loid Recording Program 

Mia «ion Segments, 

Ground Operation 
Take-Off Run and 

Landing Roll 
Landing Impact 
Climb 
Cruise 
Descent 
Low Level 
Refueling 

Total 

Weight 

Interval 
X 1000 lbs. 

Hours 

409.86 

23.48 
3. 16 

1024.41 
9737.46 
808.65 
932.68 
435.46 

13. 375. 16 

Altitude 

Interval 
Feet Code 

0- 1,000 
1,000 - 2,500 
2,500 - 5,000 
5,000 - 10,000 

10,000 - 20,000 
20,000 - 30,000 
30,000 - 40,000 
40,000 - 50,000 

over 50, 000 

Range Axl(&) 

0 - ±0. 04 
±0.05 - ±0.09 
±0.10 - ±0.14 
±0. 15 - ±0.19 
±0. 20 - ±0. 24 
±0. 25 - ±0. 34 
±0. 35 - ±0.44 
±0.45 - ±0.54 
±0.55 - ±0.64 
±0. 65 and over 

Airspeed 

Interval 
Knots C°de 
0-150 1 

150 - 200 2 
200 - 250 3 
250 - 300 4 
300 - 350 5 
350 - 400 6 
400 - 450 7 
450 - 500 8 
over 500 9 



Table II Parameters for Selecting Data Sample 

Mission Segments 

Climb 
Cruise 
Descent 

Load Factor 

Peaks attributed to gusts 

Interval 
Feet 

5,000 - 10,000 
10,000 - 20,000 
20, 000 - 30, 000 
30,000 - 40,000 
40,000 - 50,000 

Altitude Ranges 

Interval 
Meters 

1,524 - 3,048 
3, 048 - 6, 096 
6, 096 - 9, 144 
9,144 - 12,192 
12, 192 - 15,240 

Code 

4 
5 
6 
7 
8 

Interval 
(Knots) 

200 - 250 
250 - 300 
300 - 350 

Airspeed Ranges 

Interval 
m/ sec 

102.888 - 128.611 
128.611 - 154.333 
154.333 - 180.055 

Code 

3 
4 
5 



SECTION H 

DEVELOPMENT OF TRUE GUST VELOCITY SPECTRA 

1. Analytical Approach 

The power spectral density techniques used in this analysis are 
presented in Reference 1 and discussed in Reference 4. Only the basic 
equations applicable to this study are reviewed here for convenience. 

The equation relating incremental load factor response peaks. An, 
to the actual turbulence field parameters, Pi and hi is 

M(An) _ V Pi e"An/Abi (1) 

N° i=l 

where 
k 

M(An) 

M(An) 
No 

An/A 

is the number of distributions selected to represent the tur¬ 
bulent environment. 
is the number of An cycles per second of flight equal to or 
greater than a given value of An. 

is the probability of reaching or exceeding a given value of 
true gust velocity U* 
is the true gust velocity, Ut 

Th. aircraft raspón.« factor. A and N0 for av.ry «mWnatl°n°f 
W-H-Vèi considered in this study, were obtained from ReferenccJ; 
These values were competed using the power spectrum of gust velocity, 

<|>u(n), expressed by 
. _ _ 2 L 1 + 302 L2 
♦ uW- 'U - PÕTT^ (2) 

a. an input to a It^.graa-of-fr.adom dynamic load. ”o4eJ of ** ^,52 
aircraft. The scale of Turbulence L was taken to be 1000 f®et ior.^ ... 
W-H-Ve conditions. The response factors, A and N0 are related to t 

power spectrum by 
oo 

(O) T2 (0) dfl A = y(An) = 

1/2 
(3) 

N„ = 
IT 

00 

Ja2<|>u(n) t2(Q) do 

00 

/' 
(0) T2 (0) « 

1/2 

(4) 
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Using the above information, the basic frequency distributions of 
acceleration peaks were converted into the form of M(An)/N0 versus 
An/A for specified altitude bands and airspeed bands within each altitude 
band. In addition a curve of the form of Equation (1) was fitted to the 
data defining the overall environment of each altitude band. The two 
methods studied for accomplishing this conversion are described below. 

2. Comparison of Two Conversion Techniques 

The conversion of statistical load factor data into true gust velocity 
distributions, using power spectral density techniques, can be accom¬ 
plished at different phases of the required data processing associated 
with current flight loads programs. Technique I uses flight loads data 
that has been processed and presented in tabular distributions of the 
number of peak counts of An for specified class intervals of An. These 
distributions are usually combined and presented for given flight con¬ 
ditions encountered. With this information and the vehicle response 
factors A and N0, the conversion of the peak count load factor data into 
true gust velocity distributions can be accomplished. However, since 
the data at this phase of processing is presented by data block (W-H-Ve), 
it is necessary to use A and N0 values corresponding to the mid-range 
values of the W-H-Ve parameters. 

Technique II would be applied in the early phase of the data proces¬ 
sing. During this phase the actual value of each load factor peak and the 
instantaneous values of weight, altitude, and airspeed are computed. 
Later, these actual values are tallied as occurrences in a frequency dis¬ 
tribution, and the actual identity of each parameter value is lost. There¬ 
fore if conversion of the data is accomplished during this early phase of 
processing the actual, instead of the mid-point values, of W-H-Ve are 
used to obtain A and N0» and the actual load factor peak values can be 
used in the conversion. 

Both of the above techniques were considered for possible application 
in converting the B-52 data into true gust velocity distributions. Tech¬ 
nique II is, of course, the most correct technique since the actual W-H«»V 
and An values would be used in developing the true gust velocity distri¬ 
butions. In the application of this technique it would be necessary to 
modify the basic B-52 flight loads computer program in order to generate 
the required distributions from the original raw input data in digitized 
form. A detailed study indicated that the calendar time and computer 
time required to handle the estimated 2.5 million data cards, modify the 
computer program, and generate the required distributions would repre¬ 
sent a rather extensive and costly effort. Technique I would utilize B-52 
data which has already been computed and presented as incremental load 
factor tabular distributions. Application of this technique would require 
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the conversion of the tabular distributions in digital form and modifi¬ 
cation of part of the basic B-52 computer program. Evaluation of this 
technique indicates that a substantial cost savings would result if this 
technique were used to generate the true gust velocity distributions. 
The disadvantage of this technique is that mid-range values of W-H-V 
and An peaks for specific An class intervals would be used instead of 
actual W-H-Ve and An values. 

Therefore, this comparative study was conducted, using both tech¬ 
niques, to determine the relative accuracy prior to selecting the tech¬ 
nique to be used in generating the true gust velocity distributions from 
the 13, 375 hour sample of B-52 data. 

For this study it was necessary to review and use the computer 
output tab for the representative B-52 flight obtained during the original 
data processing which was conducted by the IFniversity of Dayton Research 
Institute. A computer output tab for each flight (which is unpublished) 
indicates the total time and air miles traveled as well as the loads dis¬ 
tribution data for each flight condition in its chronological order as 
experienced during the entire flight. The time and mUes information 
was tabbed whenever there was a change in the mission segment, weight 
block, altitude block, or airspeed block. The information presented for 
each flight condition included the following in addition to the gust and 
maneuver incremental load factor data: 

1. Mission segment code. 
2. Weight block code. 
3. Altitude block code. 
4. Airspeed block code. 
5. Record time, i. e., the time after take-off 

when these conditions existed. 
6. Airspeed in knots. 
7. Pressure altitude in feet. 
8. Gross weight in pounds, 
9. Time increment for this condition in minutes. 

In addition to the computer output tab, the corresponding original 
raw input data tab for each flight was required. This tab, also unpub¬ 
lished, contains the actual digital readings of the load factor peaks 
coded for gust or maneuver and identified by flight times corresponding 
to those included on the computer output tab. Therefore actual peak 
load factor v’üues could be computed from the digital readings for each 
flight condition. 

The manual reduction procedure for each technique and the com¬ 
parative results are presented in the following paragraphs. 
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». Techniqut I 

For thi* technique the dietrlbutione of peak incremental load 
factor counte were converted into true gust velocity distributions using 
A and N values corresponding to the mid-range values of the W-H-Ve 
parameters. The detailed »teps involved are listed below. 

1. A peak coun* M^ribution of An due to gust was obtained for 
each W-H-Ve combina*.v: ocperienced during this study from the com¬ 
puter output tab of reduced data. 

2. These distributions were then converted into distributions 
of cumulative cycles of An due to gust at various class intervals of An. 
The number of cumulative cycles for a given An class interval is equal 
to one-half the sum of the An peaks for all positive and negative An 
class intervals having magnitudes greater than or equal to the given An 
class interval magnitude. 

3. The An class interval boundaries for each W-H-Ve were then 
converted into true gust velocity class interval boundaries by dividing 
the An boundaries by the appropriate gust Response Factor A. The A 
factor was obtained from Reference 2 for the mid-range values of the 
W-H-Ve being considered. 

4. For each W-H-Ve, a semi-log plot of cumulative cycles 

versus An/A was constructed. 

5. Assuming an exponential distribution between An/A values 
determined in Step 3, interpolations were made to obtain new frequency 
distributions in terms of An/A for each W-H-Ve at assigned An/A class 

intervals. 

6. The new An/A distributions for each W-H-Ve were then con¬ 
verted into distributions of cumulative cycles of An/A per second greater 
than or equal to a given value of An/A (assigned class intervals). 

7. The resulting distributions were then converted into normal¬ 
ized cumulative distributions by dividing the cumulative cycles per 
second in each An/A interval by the appropriate Response Factor N0. 
The N0 factors were obtained from Reference 2 for the mid-range values 

of the W-H-V« being considered. 

8. The normalized distributions were then combined for each 

altitude band. 

9. Because of the small amount of data used, a time-weighted 
average from all altitude bands was computed for use in this compara¬ 

tive study. 
9 
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b. Technique II 

1» this technique the true gust velocity distribution, were ob¬ 
tained using the actual value, of each load factor pe^ and A and N» ^ 
values corresponding to the instantaneous values of the W- e P 
meters. The detaUed steps involved are listed below. 

1 From the computer output tab the instantaneous values of 
W-H-V. were obtained for a given time interval. These values were 
then applied to all data recorded during that tune interval. 

^ The A and N„ factors for the mid-range values of W-H-Ve 
were obtlJ from Reference 2. By interpolahng. the A and No factors 

for the instantaneous vUues of W-H-Ve were obtained. 

3 From the original raw input tab, the actual digital readings 
for each Lt peak were obtained for each applicable W-H-V. condition. 

With these reading, and the appropriate / oV^.Tpeak. 
value of each load factor peak was computed. Over 2, gu P 
were manually computed using this process. 

4. Each An magnitude was then divided by the appropriate A 
factor to obtain the corresponding true gust velocity value, An/A. 

5. Each An magnitude was represented a. a lo»f f“‘°' ír'¡ 

1/N0. 

6 The gust frequency values of 1 /N0 were summed undcr the 
assigned An/Adass intervals.7 The An/A das. interval, into which the 

1/N0 values would fall were determined in Step 4. 

7. The total time flown was summed for each established W-H- 

condition. 

8. The resulting distribution, of 1/N0 value, versus positive 

An/A class Interval, having magnitude, greater than or equal 

given An/A class interval magnitude. 

9 For each altitude band the values of the cumulative di«t*i- 

butions of‘l/N0 were summed for each An/A i^-al -d 
values divided by the total time in seconds in the altitude ban 
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results of these computations yielded the normalized cumulative dis¬ 
tributions M(An)/N0 for each altitude band. 

10. Because of the small amount of data used, a time-weighted 
average from all altitude bands was computed for use in this compara¬ 
tive study. 

c. Comparative Results 

The derived cumulative probability distribution data from 
Table III were plotted in the form of M(An)/NQ for both techniques and 
are presented in Figure 1. Since the results from this study were 
relatively close for the limited data sample used, it was decided that 
Technique I would be adequate for converting the 13, 375 flight-hour 
sample of proceësed B-52 data into true gust velocity distributions. 

Table III Comparison of M(An)/N0 Data Determined 
From Two Techniques 

Cumulative Gust Occurrences 

(10-6 (M(An)/N0) £ True Gust Velocity (An/A = Uj) 

Technique 
Time 

Seconds 2.5 5. 0 7.5 10.0 12.5 17.5 20.0 

I 
II 

24,912 
24,912 

33,220 5,860 1, 104 251.7 36. 13 25.69 25.69 
35,210 5,822 1, 352 347.5 86. 95 24.50 24.50 

3. Conversion of B-52 Load Factor Data 

This phase of the study involved the conversion of the 13, 375 hour 
sample of data into true gust velocity distributions using the technique 
described in Section II. 2. a. The data sample obtained from Reference 2 
was presented in the form of cumulative distributions of load factor 
cycles per second versus incremental load factor, An, for every W-H-Ve 
combination by mission segment. The .1 oad factor class intervals and 
flight conditions used are presented in Table I. A computer program was 
written to accept the data in digital form and to generate the required 
true gust velocity distributions. The general procedure and results are 
discussed below. 

The cumulative frequency distributions for the parameters listed in 
Table II, and the corresponding time, A, and N0 values for the mid-range 
values of W-H-Ve were extracted from Reference 2. A deck of punched 
cards containing this information was then generated and used as the 
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Figure 1 Comparison of M(An)/N0 Versus An/A Data Determined From 
Two Techniques 
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inpat to the computer. A noncoded flow chart pre.ented in Figure 2 
indicate e the general Btepe involved in generating the required dietri 

butions. 

The true gust velocity distributions derived from this phase of the 
effort are presented in Table IV. Included are distributions for each 
altitude-airspeed band combination and a time-weighted average for 
each altitude band considered for this study. 

The data were plotted in the form of M(An)/N0 versus An/A to 
represent the vertical turbulence environment. The vertical turbulence 
environments for each altitude band indicating the variation wxth airspeed 
are presented in Figures 3 through 7. A composite of the time-weighted 
average from each altitude band is presented in Figure 8. 

It should be noted that the application of power spectral density 
techniques in converting statistical load factor data should yield true 
oust velocity distributions which are independent of vehicle charactc3f" 
istics and W-H-Ve parameters. However, the data sample ^ed in ^ 
study yielded true gust velocity distributions which varied with airspeed, 
as indicated in Figures 3 through 6. This variation could be attributed 
to several factors, such as (1) the use of mid-range values of the 
W-H-Vp, parameters; (2) the assumed power spectrum and scale oí 
turbulence; (3) the determination of the vehicle response factors; and 
(4) the operational procedures employed during turbulence encounters. 

4. Analysis of Severe Loads Data 

During the second year of the B-52 Service Loads Recording Pro¬ 
gram, documentation of all of the extreme or severe load factor data 
points from all recorded flights was maintained. The general criteria 
used was that the incremental load factor peak should equal or exceed 
0 8. A tabulation of the severe loads data points obtained from the 
B-52 program is presented in Table V. Also included in Table V are 
the interpolated values of A and N0 obtained from basic data presented 

ih Reference 2. 

The severe load data points used in this evaluation were obtained 
from the 17,739 flight-hour B-52 data sample which was not selected 
for detailed reduction. However, in order to incorporate these severe 
load points in the M(An)/N0 versus An/A distributions, it was nece - 
sary to know the flight condition (W-H-V.) at the time of each severe 
load encounter and the total amount of time flown during the IT, 9 
period in each altitude-air speed combination. The W-H-Ve data ^ 
been computed and tabulated at the time each .evere load encounter 
analyzed. However, the total time spent in each H-Ve combination 

13 



Read input card 

Convert time from minutes 
to seconds 

Convert each WHVe 
distribution into cumulative 

cycles of An 

Divide cumulative cycles 
of An by N0 value 

Convert.class boundaries 
into Ut class intervals 

(An/A) 

By interpolation determine 
the cumulative cycle dis¬ 

tribution in each of the de¬ 
sired Ut class intervals 

Print results 

Sum the cumulative values in 
each class interval and time 
for all flight conditions with 

the same HVC value 

Divide accumulated values 
by time 

Print results 

Sum the cumulative values 
in each class interval and 

time for all flight conditions 
with the same H value 

. i_ 
Divide accumulated values 

by time 

c Print results ) 
Halt 

Figure 2 Noncoded Flow Chart, True Gust Velocity Distributtons 
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Figure 3 Vertical Turbulence Environment by Airspeed 
Altitude 5, 000 - 10, 000 feet (1, 524 - 3, 048 meters) 
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Figure 4 Vertical Turbulence Environment by Airspeed 
Altitude 10,000 - 20,000 feet (3,048 - 6,096 meters) 
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Figure 5 Vertical Turbulence Environment by Airspeed 
Altitude 20, 000 - 30, 000 feet (6,096 - 9,144 meters) 
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Figure 7 Vertical Turbulence Environment by Airspeed 
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Table V Summary of Severe Load Experience Data From 
B-52 Service Load Recording Program 

Flight Condition Code 
W H Ve 

(Lbs. ) (Feet) KEAS 

270,000 38,600 225 

259,900 8,900 285 

301,700 16,000 270 

313,400 10,050 270 

313,400 10,050 270 

313.400 10,050 270 

363,000 35,700 245 

368,500 32,300 310 

283.400 26,320 295 

280,600 26,320 265 

280,600 26,150 270 

280,600 26,150 275 

280,600 25,330 290 

280,200 25,330 285 

318,300 27,700 295 

Gust 
An 

0.83 

-0.84 

-1.00 

-0.75 

0.82 

-0.77 

-0.87 

1.14 

-0.86 

-0.90 

0.92 

1.12 

0.85 

-0.81 

0.85 

Airplane Response 
Factors 

N A 

.0185882 

.0257566 

.0229502 

.0234035 

.0234035 

.0234035 

.0180511 

.0242047 

.0261089 

.0230364 

.0235724 

.0241060 

.0257028 

.0251891 

.0243449 

o 

.886091 

.925739 

1.047312 

.934496 

.934496 

.934496 

.820097 

.969344 

1.139426 

1.043192 

1.056854 

1.071237 

1.108280 

1.092950 

1.062024 

not available because detailed data reduction would have been required 
to obtain this information. Therefore, estimates of the time spent in 
each H-Ve combination were made based on the assumption that the per¬ 
centage of time spent in each H-Ve combination was the same for both a 
5,229-hour reduced data sample and the 17, 739-hour unreduced data 
sample. The 5, 229-hour reduced data sample upon which this estimate 

presented in the 17,739-hour sample. In view of the nature of B-52 
operations, the method used to select data for detailed reduction, and 
the large size of the data sample, it is believed that this method of es¬ 
timating time spent in each H-Ve block is sufficiently reliable for this 
analysis. 



Each severe load data point was converted to the form of An/A 
using the actual An peak value and the frequency peaks were converted 
to gust frequency values (1/N0) using the data in Table V. These An/A 
versus 1/N0 values were then tallied in a frequency distribution of An/A 
ordered from the largest negative An/A value to the largest positive 
An/A value for each H-Ve combination. The resulting frequency dis¬ 
tributions were then converted into cumulative cycle gust frequency 
distributions of 1/N0 values equal to or greater than a given An/A value. 
The number of cumulative cycles of gust frequency values, 1/N0, for a 
given magnitude of An/A, is equal to one-half the sum of the 1/N0 values 
for all positive and negative An/A magnitudes greater than or equal to 
the given An/A magnitude. The cumulative values of 1/N0 were then 
divided by the estimated H-Ve time in seconds to obtain the normalized 
cumulative distributions of M(An)/NQ versus An/A for each H-Ve com¬ 
bination. The resulting vertical turbulence environments for each 
altitude-airspeed band combination and a time-weighted average for each 
altitude band are presented in Table VI. 

5. Combined Results 

The vertical turbulence environments obtained from the conversion 
of the basic data sample, Section II. 3, and from the severe loads data, 
Section II. 4, were combined to obtain the composited environment for 
each altitude band as shown in Figures 9 to 13. The final equations, 
selected to fit the experimental data, are of the general form of 
Equation (1) and are also presented in Figures 9 to 13. 

The turbulence parameters, P, represent the proportion of time or 
distance spent in a turbulent environment. The b values are scale para¬ 
meters (or a measure of the intensity) of the turbulence experienced. 
The general method used to derive these values, presented in Reference 1, 
assumes that the actual An/A distribution describing the turbulence en¬ 
vironment can be represented by exponential distributions where the log 
of M(An)/N0 is plotted as function of An/A. Therefore, P and b values 
are determined for each coinponent best describing the turbulent en¬ 
vironment for each altitude band. The P value is the intercept of the 
straight line on the M(An)/N0 axis and the b value is the inverse slope 
of the line. 

The graphical method, described in Reference 1, was used to 
establish the initial straight-line components for each altitude band. 
The large amplitude An/A values, obtained froarthe basic data sample, 
were considered along with the severe loads data points in establish¬ 
ing the straight-line component which is tangent to the tail of the com¬ 
bined An/A distribution. In this approach less emphasis is given to the 
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Figure 10 Combined Vertical Turbulence Environment and Severe 
Turbulence Encounter 

Altitude Range 10, 000 • 20, 000 feet (3, 048 - 6,096 meter«) 
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Figure 11 Combined Vertical Turbulence Environment and Severe 
Turbulence Encounter* 

Altitude Range 20, 000 - 30, 000 feet (6, 096 - 9,144 meter*) 
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Figure 12 Combined Vertical Turbulence Environment and Severe 
Turbulence Encounters 

Altitude Range 30, 000 - 40, 000 feet (9» 144 - 12,192 meters) 
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Figure 13 Combined Vertical Turbulence Environment and Severe 
Turbulence Encounters 

Altitude Range 40, 000 - 50, 000 feet (12,192 - Iß, 240 meters) 



severe loads An/A distributions which may be less accurate than the 
reduced data because only estimated H-Ve flight times were used in 
converting the peak severe loads data to the form of M(An)/N0 versus 
An/A. The actual data points, establishing the initial straight-line 
components, were then used to determine the least square lines which 
represented the final straight-line components. The number of com¬ 
ponents selected for each curve was that which provided the best curve 
fit. From one to three components were used as indicated by the derived 
turbulence parameters presented in Table VH. 

Similar presentations of the vertical turbulence parameters from 
Reference 7 and the USAF specification MIL-A-8866 are included in 
Table VII. The resulting environments are compared with those 
derived during this program in Figures 14 to 18 for each applicable 
altitude band. 

The comparison of the vertical turbulence environments presented 
in Figures 14 to 18 show that the derived environments for all altitudes 
are generally less severe than those obtained from Reference 7 by 
Boeing. The environments from Reference 7 were derived using the 
same B-52 data sample considered in this program plus an additional 
data sample collected during an extension of the B-52 program. The 
same values of A and N0 were used in generating both environments. 
The difference in the two environments was caused primarily by the 
criteria Used in selecting the data sample. For this investigation, only 
the load factor distributions caused by gust were used, whereas the 
load factors caused by both gust and maneuver inputs were combined 
and used to derive the environments presented in Reference 7. Had the 
gust and maneuver inputs been combined for this program, the total 
number of load factor peaks evaluated would have been increased by 
approximately 50 percent, as estimated from the gust and maneuver 
distributions presented in Reference 5. Since the same time base 
would hare been used in evaluating M(An)/N0, a substantial increase ir 
the severity of the derived environment would be expected. Therefore, 
the difference between the turbulence environments derived in this in¬ 
vestigation and those in Reference 7 would be expected. However, be¬ 
cause maneuver content was included in the Reference 7 environment, 
it is believed that the environment generated herein is a better repre¬ 
sentation of the atmospheric environment. 
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Altitude Range 30,000 - 40, 000 feet (9,144 - 12,192 meters) 
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SECTION m 
PERCENT TIME IN TURBULENCE 

1. Turbulent Area Criteria Study 

The determination of the percent time in turbulent areas from flight 
loads data can be obtained from an expression similar to the one presented 
and discussed in Section II. 5. This, of course, assumes that the data 
sample has been reduced in detail and analyzed using the technique and 
procedure discussed in Section II. 3. However, one of the objectives of 
this program was to determine the percent time in turbulence from time 
history recordings of flight loads data that had not been reduced in detaü. 
Therefore, the analysis of these types of data could not be accomplished 
using the techniques described iu Section II. In order to compute the per- 
cent8time in turbulence it was necessary first to establish the criteria t 
be used to identify the turbulent areas on the time history r*cor<?ing8. 
Therefore, this phase of the effort was conducted to determine the criteria 
to be used in establishing the turbulent areas from an approximately 
20,000 flight-hour sample of data recorded on oscillograph recorders but 

not reduced in detail. 

On. criteria that hae been u.ed on a recent C-135 flight load, program 
provide, for an area to be con.idered turbulent when the recorded meamre- 
mem of the load factor. (An trace) i. continuou.ly dieturbed and when the 
An trace contain, at l.a.t two peak, at the 0. 05 "g" and on. peak at the 
0.10 "g" incremental load factor level. It wa. decided, therefore, to t..t 
the applicability of thi. C-135 criteria in determining the percent time l 
turtnüence from a r.pre.entatlve recorded flight of B-52 data. The gen- 
eral procedure and results are discussed below. 

The B-52 flight chosen for the test was one in which the data had be«n 
reduced in detail. Thi. permitt«! a comparable evaluation to b« conducted 
using the power .pectral den.ity technique, di.cu.aed in Section fl 3. to 
applying the C-135 criteria, the computer output tab wa. u.ed to deter 
the total time in each altitude band for the parameter, luted in Table II. 
The flight record wa. then viewed to determine the turbulent “i"" 
.ulting time in turbulence u.lng the C-135 criteria. B.cau.e of ** 1.”ît'd 
dato sample the total time from all altitude band, «d resulting tot- time 
in turbulence were u.ed to compute the percent time to *«bul«ac.. For 
comparison, the peak count load factor data for thi. flight were then .val 
uated using the power .pectral d.n.lty technique pre.ented Section“, 
to obtain the M(An)/No verm. An/A curve. The aero intercept of tM 
curve on the M(An)/N0 axi., which i. a meamre of the Proportion of Urn. 
.pent to nonatorm turbulence, wa. e.tabli.hed from to. curve of Uie time- 
weightod average from all altitude band.. The remlting percent time in 
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turbulence established using the C-135 criteria was 11.2 percent com¬ 
pared to 12.7 percent obtained from the zero intercept of the M(An)/N0 
versus An/A curve on the M(An)/N0 axis. Considering the close agree¬ 
ment from the limited data sample used, it was considered that the C-135 
criteria was adequate and would therefore be used as the basis for estab¬ 
lishing turbulent areas in determining the percent time in turbulence from 
the 20, 000 flight-hours of unreduced B-52 data. 

2. Analysis of Unreduced B-52 Data 

This phase of the effort involved the analysis of 2, 267 original B-52 
flight records, totalling 20, 230 flight-hours (that had not been selected 
for detailed reduction during the B-52 program) to determine the percent 
time in turbulence. The records were visually inspected using the C-135 
criteria in the areas described by the parameters listed in Table II to 
identify information required to compute percent time in turbulence and 
the length of the turbulent encounter. A computer program was written to 
accept the required information in digital form and generate the percent of 
flight time flown in turbulence and the frequency distribution in terms of 
the length of each turbulent encounter for each altitude band. The general 
procedure and results are discussed below. 

a. Procedure 

The data was recorded in time-history form on oscillograph re¬ 
corders. The analog representation of the various altitude, airspeed, and 
load factor measurements were recorded as individual traces on the oscillo¬ 
graph recording paper. Each set of altitude, airspeed, and accelerometer 
transducers and associated recording instrumentation were reviewed to 
obtain the conversion factors required to esthblish the actual recorded 
measurements of each parameter. This information was then used to 
develop an overlay similar to the one shown in Figure 19 for each set of 
transducers used in recording the flight records being analyzed. 

Each flight record was reviewed to identify and mark the climb, cruise, 
and descent mission segments and the flight time from take-off to landing. 
Within each mission segment area the beginning and end of each applicable 
altitude band was identified when the airspeed was within 200-350 knots. 
The use of the appropriate overlay was required for this and subsequent 
operations. The turbulent areas were then identified within the altitude 
bands using the C-135 criteria. In order to compute the length of turbulent 
areas, each turbulent area was marked into smaller intervals for each ten 
knot change in the airspeed. A deck of punched cards containing the above 
information was then generated and used as input to the computer. The 
noncoded flow chart, indicating the general steps involved in generating the 
required distributions, is presented in Figure 20. 
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Figure 20 (b) Noncoded Flow Chart, Percent Time in Turbulence 
(Continued) 
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Figure 20(c) 

‘1 

(Print time by 
altitude bands 

(Print encounter 
in turbulent areas 

Halt 

Noncoded Flow Chart, Percent Time in Turbulence 
(Concluded) 
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b. Reiults 

The distribution of the percent time in turbulence by altitude de¬ 
rived from this phase of the effort is presented in Table VIII, including the 
time in turbulence and time reduced. A plot of the proportion of time in 
turbulence by altitude is presented in Figure 21 and compared wit 
similar data derived from the basic reduced sample using power 8Pectral 
density techniques and with data obtained from References 8, 9, and 10. 

The derived frequency distributions of the number of turbulent en¬ 
counters versus the length of encounter for each altitude band are P£®' 
sented in Table IX. The frequency distributions as presented in Table IX 
are indications of the air distance traveled while in a turbulent condition 
and are not necessarily a measure of the lengths of turbulent areas or 
patches. This is the result of the method used in computing and tabulating 
the encounters and the fact that data from the climb, cruise, and descent 
mission segments were combined for this study. For example, if the 
vehicle encountered a turbulent area in the 5, 000-10, 000 feet altitude range 
and did not leave the turbulent area until reaching an altitude of 40, 000 - 
50, 000 feet, one turbulent encounter was tallied for each altitude band in 
the appropriate length of encounter interval instead of one long encounter 
between altitudes of 5, 000 feet and 50, 000 feet. 

It should be noted that the technique used to derive the percent time in 
turbulence data from the 20, 230 flight-hour sample of unreduced data 
yielded lower values compared to similar data derived from the basic re¬ 
duced data sample of 13, 375 flight-hours using power spectral density 
techniques. See Tables VII and VIII. It is reasonable to assume that both 
data samples were obtained in comparable environments; therefore, the 
percent time in turbulence derived from both data samples should also e 
comparable. It is believed that the differences in the derived percent time 
in turbulence values can be attributed to the differences in the analysis 

techniques. 

In the analysis of the reduced data sample, all of the incremental load 
factor peaks caused by gust, having absolute values greater than 0.05 g 
were used in deriving the vertical turbulence environment and hence the 
percent time in turbulence. In determining the percent time in turbulence 
from the unreduced data sample, an area was considered turbulent only 
when the An trace was continuously disturbed and contained at least two 
peaks at the 0. 05 "g" and one peak at the 0.10 "g" incremental load factor 
level. This criteria was established in order to make the analysis eco¬ 
nomically feasible. It is believed, therefore, that the turbulent criteria 
used in evaluating the unreduced dato sample does limit the ability to identify 
areas of light turbulence and in particular those turbulent areas of lengths 
less than six statute miles. This is further evident from cumulative 
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Table IX(a) Frequency Distributions of Length of Turbulent 
Encounters by Altitude Bands 

Length of Encounters 
by Class Intervals 

Lower Boundaries Listed 

Statute Miles Meters 

4 

Altitude Bands* 

5 6 7 8 

Number of Encounters 
0 
2 
4 
6 
8 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 

0 
3,219 
6,437 
9,656 

12,875 
16,093 
24,140 
32,187 
40,234 
48,280 
56,327 
64,374 
72,420 
80,467 
88,514 
96,561 

104,607 
112,654 
120,701 
128,748 
136,794 
144,841 
152,888 
160,934 
168,981 
177, 028 
185,074 
193,121 
201,168 
209,215 
217,261 
225,308 
233,355 
241,402 

15 
80 
88 
73 
95 

114 
75 
42 
30 
18 
18 

7 
10 

7 
4 
8 
5 
3 
0 
1 
2 
3 
1 
1 
1 
3 
0 
1 
0 
3 
0 
1 
1 
1 

34 
no 
147 
116 

81 
149 

97 
70 
45 
29 
28 
19 
11 
8 

11 
5 
5 
2 

11 
2 
1 
2 
7 
3 
4 
3 
1 
1 
0 
1 
1 
0 
1 
1 

22 
167 
239 
165 
146 
263 
203 
131 

75 
58 
43 
35 
28 
19 
24 
15 
16 
11 
12 

9 
7 
3 
2 
4 
4 
3 
3 
0 
3 
3 
1 
2 
2 
0 

50 
382 
463 
425 
322 
658 
425 
300 
220 
166 
114 
115 
87 
72 
56 
50 
33 
39 
28 
26 
32 
25 
12 
9 

11 
14 
9 

16 
12 

7 
9 
6 
2 

10 

14 
64 
74 
79 
52 
81 
67 
44 
42 
14 
17 
16 
10 
10 

8 
3 
4 
7 
3 
6 
3 
1 
3 
2 
1 
1 
1 
1 
1 
0 
1 
1 
0 
1 
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frequency curves of the number of turbulent encounters equal to or 
greater than a given length of encounter developed from data presented 
in Table IX. Therefore, it is believed that the percent time in turbulence 
values derived by power spectral techniques are more accurate than those 
derived from the 20, 230-hour unreduced data sample. The differences 
between the two methods are explainable, and the data from the unreduced 
data sample should provide a lower-bound estimate of the percent time 
in turbulence. 



IV. CONCLUDmC REMARKS 

True gust velocity distributions defining the atmospheric vertical 
turbulence environment in altitude bands from 5, 000 to 50, 000 feet have 
been developed from a 31, 114 flight-hour sample of B-52 flight loads data. 
The flight loads data used in this investigation were obtained from 114 B-52 
aircraft operating from eleven Air Force bases in the continental United 
States and flying operational Strategic Air Command missions. These flight 
loads data and hence the derived vertical turbulence environment are con¬ 
sidered to be representative of flight over the North American continent. 

The vertical turbulence environment developed herein is considerably 
lower than the MIL-A-8866 environment for all altitude bands from true 
gust velocity values of 10 feet per second and greater. 

The derived vertical turbulence environment for all altitude bands are 
Ijss severe than the environment obtained from Reference 7 by Boeing, 
using the same B-52 data sample considered in this program. The differ¬ 
ence in the two environments was caused by the criteria used in selecting 
the data sample. In this investigation, only load factor distributions caused 
by gust were used, whereas the load factors caused by both gust and man¬ 
euver inputs were combined and used to derive the environment presented 
in Reference 7. 

The results derived from the application of the turbulent criteria in 
the analysis of the 20, 230 flight-hour sample of unreduced B-52 data are 
considered to be the lower limit of the experienced percent time in tur¬ 
bulence. The percent time in turbulence for each altitude band obtained 
from the power spectral analysis of the 13, 375-hour sample of B-52 data 
is considered to be more representative of the actual turbulent environment. 

The frequency distributions of the number of turbulent encounters 
versus the length of encounter are considered reliable for encounter lengths 
greater than six statute miles and provide additional information for 
mission analysis. 
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