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ABSTRACT

The purpose of this research was to develop a data base of paired
detailed wind profiles for use in evaluating Shuttle Transportation
System (STS) ascent capability. Since launch decision is based on a
wind measured about 3.5 hours before launch, a data base of paired
detailed profiles is needed. Method and technique on the reduction
process and analysis is also presented. Guidelines used in selecting
the pairs of profiles were established to insure a valid and represen-
tative data base. ou values for 3.5 hours at 12 km altitude show 8
percent increase from the transition case to the winter case and 18
percent decrease from the transition case to the summer case. ov
values for 3.5 hours at 12 km altitude shows 12 percent increase from
the transition case to the winter case and 17 percent decrease from
the transition case to the summer case. A special feature of the 7-
and 10.5-houf cases is that ov increases by as much as 30 percent from
the transition to the winter profiles. This large increase does not
appear in the ou data. Comparisons of the calculated values of 3.5-
hour standard deviations of u and v with actual component deviations
measured during Space Shuttle launch conditions confirm that the sta-

tistical values are representative.
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CHAPTER 1
INTRODUCTION

A. INTRODUCTORY REMARKS

The physical characteristics of the earth are the result of the
interaction between many processes. The transfer of the energy and
momentum within the earth's atmosphere and oceans and the absorption
of solar radiation produce the terrestrial climate in which we Tive.
The terrestrial part of the aerospace environment has been defined as
being from the surface of the earth to about 90 km. In considering
the design and operation of aerospace systems, one should remember
that 99 percent of the earth's atmosphere is below 30 km and 50 per-
cent is below approximately 7 km altitude. Therefore, the major
structural and control system forcing functions, insofar as the envi-
ronment is concerned, occur in the lower layers of the atmosphere.

With the advent of high flying rockets in World War II, the need
to know more about the aerospace environment became a necessity as we
moved toward the goal of progressive accumulation of knowledge con-
cerning space and space travel. In striving for this goal, we have
gone from the V-2's to the Space Shuttle, but by spanning this bridge,
we have learned much about composition and structure of the atmosphere
and space. We know the atmosphere is structured with a troposphere,
in which most of our weather occurs and within which the temperature
generally decreases with altitude, extending from the surface to |

approximately 13 km; a stratosphere from approximately 13 km to




approximately 48 km in which initially the temperature is essentially

constant then increases. Above the troposphere and stratosphere the
mesosphere exists from approximately 48 km to approximately 80 km alti-
tude in which the temperature increases. An electrically charged
jonosphere extends from the upper part of the stratosphere to approxi-

mately 966 km.
B. BACKGROUND INFORMATION

Atmospheric phenomena play a significant role in the design and
flight of aerospace vehicles and in the integrity of the associated
control systems and structures. Environmental design criteria are
jmportant inputs and major building blocks for any aerospace vehicle
development. They are based on statistics and models of environmental
phenomena relative to various aerospace industrial, test, and vehicle
operational launch locations [1].* The design parameters are scaled
to show the probability of reaching or exceeding certain limits deter-
mined by the mission requirements and desired operational lifetime for
the aerospace system of concern.

Careful assessment of the natural environment operational
requirements in the early stages of an aerospace vehicle development
program will be advantageous in developing a vehicle with a minimum of
mission constraints. For those areas of the environment that need to
be monitored prior to and during tests and operations, this early

planning will permit development of the required measuring and

*The numbers in brackets refer to similarly numbered references
in the Bibliography.
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communication systems for accurate and timely decisions for deploy-
ment of the aerospace system.

For environmental (terrestrial or space) extremes, there is no
known physical upper or lower bound except for certain conditions;
for example, wind speed does have a strict physical lower bound of
zero. Therefore, for any observed extreme environment condition,
there is a finite probability of it being exceeded. Consequently,
environmental extremes for design must be accepted with the knowledge
that there is some risk of the values being exceeded. Also, the
accuracy of measurement of many environmental parameters is not as
precise as desired. In some areas, theoretical model estimates of
extreme values are believed to be more representative than those
jndicated by empirical distributions from short periods of record.
Therefore, values derijved from detail modeling studies are given con-
siderable weight in selecting design values for some parameters,
i.e., the peak surface winds [2].

Aerospace vehicles are not normally designed for launch and
flight in severe atmospheric conditions such as hurricanes, thunder-
storms, and squalls. Atmospheric parameters associated with these
conditions which would be hazardous to aerospace vehicles if operated
under these conditions, however, include ground and inflight winds,
wind shears, turbulence, icing conditions, and electrical activity.
Guidelines provide information relative to these severe environmental
characteristics, which may be included in design studies if required,
but most often would be considered if safeguards to avoid encountering

these conditions can be developed. For civilian missions, this is



more practical than for military operations. A trade-off system,
costs versus operational safety and flexibility, is often required.

The wind data to be presented in this document are focused on
information below 20 km in the so called terrestrial environment.
Specific aerospace vehicle natural environment design criteria are
not normally specified in the appropriate organizational space vehicie
design ground rules and design criteria data documentation. Refer-
ences are given for the environmental design information referred to
as terrestrial and the space planetary environments [3, 4, 5]. The
data are based on conditions which actually occurred or are based on
statistical or physical models for a longer reference period than the
available data base.

A knowledge of the earth's atmospheric environmental parameters
js necessary for the establishment of design requirements for aero-
space vehicles and associated equipment. Such data are required to
define the design condition for fabrication, storage, transportation,
test, preflight, and inflight design conditions and should be consid-
ered for both the whole system and the components which make up the
system [6].

Good engineering judgment must be exercised in the application of
any environmental data to aerospace vehicle design analysis. Consid-
eration must be given to the overall vehicle mission and performance
requirements. Knowledge still is lacking on the relationship between
some of the environmental variates which are required as inputs to the
design of aerospace vehicles. Also, interrelationships between aero-
space vehicle parameters and atmospheric variables cannot always be

4



clearly defined. Therefore, a close working relationship and team
philosophy should exist between the design/operational engineers and
the respective organization's aerospace meteorologists and space
technologists. Although, ideally, an aerospace vehicle design should
accommodate all expected operational environmental conditions, it is
neither economically nor technically feasible to design space vehicles
to withstand all environmental extremes. For this reason, considera-
tion should be given to the protection of aerospace vehicles from
some extremes by use of support equipment and by using specialized
environment-monitoring personnel to advise on the expected occurrence
of critical environmental conditions. The services of specialized
monitoring personnel may be very economical in comparison with more
expensive designing which would be necessary to cope with all environ-
mental possibilities.

As a rule, environmental criteria guideline documents do not
specify how the designer should use the data in regard to a specific
aerospace vehicle design. Such specifications may be established only
through collaborative analysis and study of a particular design
problem.

The environment in which an aerospace system must operate con-
sists of natural and induced forces. The induced environment is the
environment which is a result of the system being present. The
natural environment is the environment existing naturally and
undisturbed in the presence of the system.

Induced environments {(vehicle caused) may be more critical than

natural environments for certain vehicle operational situations, and
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in some cases the combination of natural and induced environments will
be more severe than either environment alone. Therefore, induced
environments and natural environments must be considered in the final
analysis.

Wind data given in this document were formulated based on discus-
sions with engineers and experimenters involved in aerospace vehicle
development and operations; therefore, they represent the response to
actual engineering problems and are not just a general compilation of
wind data.

Inflight winds constitute the major atmosphere forcing function
in aerospace vehicle and missile design [7]. A frequency content of
the wind profile near the beginning mode frequencies, wind shear with
the characteristics of a step input, may exceed the vehicle's struc-
tural capabilities (especially on forward stations for the small-scale
variations of the wind profiles). Wind profiles with high wind speeds
and shears exert high structural loads at all stations on a large
space vehicle, and when the influences of bending dynamics are high,
even a profile with low speeds and high shears can create large loads.
Because of the possibility of launch into unknown winds, operational
missile systems must accept some inflight loss risk in exchange for a
rapid-launch capability [8]. But research and development aerospace
vehicles, in particular, cost so much that the overall success of a
flight often outweighs the consideration of launch delays caused by
excessive inflight wind loads. If the exact wind profile detail
structure could be known in advance, it would be a relatively simple

task to decide upon the launch date and time. However, there is
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Tittle hope of acéurately predicting the detailed wind profile very
much into the future. Over the years, these situations have increas-
ingly put emphasis on prelaunch monitoring of inflight winds.
Finally, prelaunch wind profiles determination techniques essentially
preclude the risk of launching an aerospace vehicle or research and
development missile into an inflight wind condition that would cause
it to fail.

The development and operational deployment of the FPS-16 Radar/
Jimsphere System (Figure 1.1) significantly minimized vehicle failure
risks when properly 1ntegrated'1nto a flight simulation program.
Figure 1.2 shows an example of the jimsphere profile data. The jim-
sphere sensor (Figure 1.3), when tracked with the FPS-16 or other
radar with equal tracking capability, provides a very accurate "all
weather" detailed wind profile measurement. In general, the system
provides a wind profile measurement from the surface to an altitude
of 17 km in slightly less than 1 hour, a vertical spatial frequency
resolution of 1 hertz per 100 m, and an RMS error of about 0.5'msec']
for wind velocities averaged over 50-m intervals. The resolution of
these data permits calculating the structural loads associated with
the first bending mode and generally the second mode of missiles and
space vehicles during the critical high dynamic pressure phase of
flight. This provides better than order-of-magnitude accuracy
improvement over the conventional rawinsonde wind profile measuring
system. However, the recently developed Meteorological Sounding
System (Figure 1.4) in use at some test ranges approach the wind
profile resolution accuracy of the jimsphere system and may be

7
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Jimsphere sensor.

Figure 1.3.
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Figure 1.4. Meteorological sounding system tracking and data acquisition
system.




adequate for many prelaunch monitoring requirements. By employing

the appropriate data transmission resources, a detailed wind profile
from the FPS-16 radar can be ready for input to the vehicle's flight
simulation program within a few minutes after tracking of the jim-
sphere. The flight simulation program provides flexibility relative
to vehicle dynamics and other parameters in order to make maximum use
of the detailed wind profiles [9].

If very critical wind conditions exist and the mission require-
ment dictates a maximum effort to launch with provision for last-
minute termination of the operation, then a contingency plan that will
provide near real-time wind profile and flight simulation data may be
employed. This can be done while the jimsphere is still in flight.

To provide the data for this research, an FPS-16 Radar/Jimsphere
Wind Profile Program was conducted to gather 3.5-hour, 7-hour, and
10.5-hour pairs of jimsphere profiles at Kennedy Space Center, Florida.
The objectives of this research were to evaluate the accuracy and
representatives of quantitative radar wind profile data, to investigate
the data variability of detailed winds aloft containing systems of a
scale smaller than that normally detected from rawinsonde data, and to
investigate the structure and dynamics of the atmosphere associated
with space vehicle (Shuttle) launches.

The data reduction process described in Chapter II utilizes
increased knowledge of parameters, techniques, and improved computa-

tional methods. The governing wind equations, their solution proce-

dure, and computations/process are briefly reviewed.




Chapter III deals with the jimsphere data sampies obtained for
this investigation and the results of the statistical analysis per-
formed. In-plane and out-of-plane wind profile component data observed
during STS missions were used to calculate 3.5-hour component differ-
ences. A discussion is presented of how each STS case compares with
statistical values calculated from the research sample.

Chapter IV presents major conclusions from the results of this

effort.
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CHAPTER 11
DATA REDUCTION PROCESS
A. INTRODUCTORY REMARKS

The purpose of the Jimsphere Wind Conversion Program is to compute
1-second velocity data from 0.1-second slant range, azimuth, and eleva-
tion data as observed while continuously tracking the jimsphere balloon
with the FPS-16 radar unit at 0.1-second time intervals. The equations
used in editing the data to obtain the 1-second Y (altitude), H (rise
rate), W, (zonal), and wz (meridional) velocity components are pre-
sented. Figures, tables, and discussion of program procedures are
also included [10].

The program-generated time is defined as a monotonic increasing
array of points in time, equally spaced by 0.1 seconds. An analysis
of time as recorded by the FPS-16 radar unit while tracking the jim-
sphere balloon revealed that tracking time recorded erroneously in
some cases because of tracking errors or magnetic tape faults. Since
possible discontinuities in time could arise from such erroneous
recordings of tracking time, the actual tracking time is used only as
a reference and the program-generated time array is used in computa-
tions to prevent discontinuities. Time, when referred to in this
report, should be regarded as program-generated time unless noted
otherwise.

The first phase of program development, sometimes called a pre-
dicting phase, is concerned with eliminating errors in data that were

induced by tracking errors or tape unit faults such as bit-dropping
14




during initial recording of data. These induced errors, characterized
as "stray" points and data gaps are thoroughly discussed by DeMandel
and Krivo [10].

The raw data are edited by using computed least-squares coeffi-
cients in fitting the data through nine values in a floating array.
Mid-point estimates and extrapolated look-ahead estimates are computed
for replacement of values which are out of tolerance. These values are
used to compute 0.1-second velocities by transforming slant range,
azimuth, and elevation from a spherical coordinate system to a rectan-
gular coordinate system whose origin is at the radar center. The 0.1-
second velocity data are fed through a 55-point Martin-Graham low-pass
filter and 1-second velocity data are output except when a data gap is
encountered. The smoothing interval is based on the standard devia-
tion of the data. The altitude data are first differenced to yield
the rise rate and then zero-meaned by the use of a second degree
least-squares curve fitting procedure. The variance of the resultant
values is calculated and is used in determining the smoothing interval
with a maximum of 21 points.

The method for smoothing is computing a running mean over the com-
puted NW (smoothing interval) points of the altitude data. This method
will cause NW/2 points to be lost in the beginning and end of each file
and gaps of greater than 20 seconds. If gaps are less than or equal to
20 seconds, the gap is filled using the point on each side of the gap
and linearly interpolating between them. If gaps are greater than 20
seconds, the smoothing interval is computed and data are smoothed up to

the gap. The gap is skipped and computation of a new interval begins.
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This data is converted from time-dependent measurements to space-
dependent measurements by computing 5-m and 25-m velocity data from
the time-dependent smoothed altitude and unsmoothed velocity data.
Using the smoothed 1-second altitude array, interpolated wind velocity
components in 5-m altitude increments are computed from the 5-m data
by using a 39-point interval Martin-Graham low-pass filter. The out-

put is printed and written on magnetic tape.

B. MASTER REDUCTION PROCESS AND EQUATIONS

This program is the most important in the data reduction process
since it computes winds from the raw radar data. Figure 2.1 shows the
steps of the data reduction process. The meteorological and statistical
bases for the developments in this process are given in References [11]
and [12].

The equations used in the jimsphere data reduction process along
with an appropriate explanation are given. This program is identical to
those used by other U.S. government test ranges to process jimsphere

data. The equation used in each step of the program is given.

Least-Square Linear Curve Fit Computations

Interpolation. (Range, azimuth, elevation):

9
7 RANGE(N)

RINT - N=1 3 (average over nine points) (2.1)
9

) AZIMUTH(N)
N=1
ANt = 3 (2.2)




INPUT OPTION
A

INPUT 600
WORD
TAPE

INPUT OPTION
8

COMPUTE
CARTESIAN
COORDINATES

Xy Yy Z4
COMPUTE
CURVILINEAR
COORDINATES

OPTIONAL PRINTOUT
OF RAW AND SMOOTH DATA
AND X, Y, 2.

xc' YC‘ zc
COMPUTE 0.1
SECOND VELOCITY

OPTIONAL
PRINTOUT

DATA

COMPUTE 1.0
SEC VELOCITY DATA
55 POINT SMOOTH.

OUTPUT BINARY TAPE
OPTIONAL PRINTOUT

INPUT 1000
WORD VELOCITY
DATA

Figure 2.1. Flowchart of the FPS-16/j1msphére master reduction process.

CHECK TIME GAP
IF < 20 SEC.

LINEAR INTERPOLATE
TO FiLL GAP.

SMOOTH ALTITUDE

1

COMPUTE 5.0 METER
VELOCITY DATA,
USE SMOOTHED ALTITUDE

{

COMPUTE 25 M
VELOCITY DATA
39 POINY SMOOTHING

OUTPUT BINARY
TAPE AND
PRINTOUT
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C BEGIN )
1

INITIALIZE
CONSTANTS
READ PARAMETER
CARDS
} READ 1D SKIP FIRST
RECORD RECORD

WRITE CARD

READ 60
WORD RECORD

CLOSE CARD
READER

INITIALIZE PLOTTING
IF NEEDED

READ CASE
FROM DISK

ADD .1 SECOND
TO START TIME FOR
EACH TIME STEP

SPACE TO
PROPER
FILE

Figure 2.1. (continued).
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COMPUTE MIDPOINT
VALUES OF RANGE,

AXIMUTH AND ELEVATION

MIDPOINT
TOLERANCE

CONVERT EDITED RANGE,
AZIMUTH AND ELEVATION

TO CARTESIAN COORDINATES:

X,Y,AND Z

'

REPLACE MIDPOINT

| WiTH COMPUTED

VALUE

CORRECT X, Y, Z
TO EARTH'S CURVATURE:

Y

Y

COMPUTE LOOK~AHEAD
VALUES FOR RANGE,

AZIMUTH AND ELEVATION

LOOK-AHEAD

YES

TOLE ly

NO

}

REPLACE
LOOK—-AHEAD
WITH COMPUTED
VALUE

100 TIME
STEPS USED

Figure 2.1,

19

XC, YC,2C

GO 70
SPECIFIC
OPTION

(continued).




PRINT RAW RADAR PRINT RAW RADAR
MEASUREMENTS MEASUREMENTS

AND COMPUTED AND COMPUTED X,
xXvZ Y.Z,XC,YC, 2C

WRITE TAPE OUTPU

OF TIME, EDITED WRITE 400 WORD TAPE

RECORD OF ACCUMULATED
RANGE AZIMUTH
ND ELEVATION TIME, XC, YC, 2C

I8
ALL RAW
DATA CONVERTED
TO XC, YC,
zc

PLACE LAST 9 STEPS OF
WORKING ARRAY TO THE
FIRST 9 LOCATION OF
WORKING ARRAY

Figure 2.1. (continued).
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WRITE PLOT TAPE FOR
PLOTTING DIFFERENCES
OF RAEXYZAS

A FUNCTION OF TIME

CONVERT RANGE AZIMUTH AND
ELEVATION TO METERS AND
RADIANS AND STORE INTO ARRAY

&

NO COMPUTED RMS OF
DIFFERENCES OF R,
AEXYZ
COMPUTED AND STORE 11 POINT PRINT TIME, ALTITUDE
AVERAGES OF RANGE, AZIMUTH RMS VALUES OF
AND ELEVATION (R.A E) DIFFERENCES

! {

COMPUTE EARTH'S CURVATURE
CORRECTION FROM R A E: PR vat e
X.v.2

'

WRITE PLOT TAPE FOR 11 POINT
ALTITUDE VALUES (Y) AS A
FUNCTION OF TIME ALL DATA READ IN

2ND 610 VALUES IN

READ PLOT TAPES FOR
PLOTTING
DIFFERENCES

COMPUTED 81 POINT AVERAGES
OF R,AE, AND X,Y .2

PLOT ALTITUDE, R A,
EZYZASA
4 FUNCTION OF TIME

COMPUTED DIFFERENCES OF THE
11 POINT AVERAGES - THE 81
POINT AVERAGES

Figure 2.1. (continued).
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CORRECT TEST OO

NUMSBER

WRITE PRINTER:
TEST NUMBER OF INPUT
TAPE DOES NOT MATCH
TEST NUMBER OF THIS

READ 400
WORD RECORD

= °

YES

COMPUTE YC,

BEGINNING OF NO

DATA

WRITE TAPE WITH -8 WRITE TAPE WITH —-CODE
CODE FOR MISSING FOR MISSING
DATA PRIOR TO ALTITUDE POINTS

FIRST ALTITUDE

Figure 2.1. (continued).
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CHECK MIDPOINT
OF 41 POINTS

COMPUTE SUM OF
41 POINT
INTERVAL

Y

OBTAIN COEFFICIENT
FOR LEAST SQUARES
CURVE FIT

MATRIX
Y

COMPUTE XB, YB, 28
FROM COEFFICIENTS

Y

COMPUTE WIND MEASUREMENTS
FROM TABLE OF 3 XB's, YB's, ZB's

NEG. RISE
RATE OF NEG
DELTA TIME

YES

|

WRITE TAPE WITH -1,
OMITTING WIND
MEASUREMENTS

WRITE TAPE WITH
WIND
MEASUREMENTS

Figure 2.1. (continued).
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PRINT WIND
MEASUREMENTS

WRITE MICROFILM

YE
END OF FILE S
: |

PLACE LAST 40 XC, YC
' THE READ NEXT
ZC AND TIME INTO THE TIME SEGMENT

FIRST PART OF ARRAY
YES ‘

o
: READ 400 :l:n#;&::umuc
' WORK RECORD MEASUREMENTS

Figure 2.1. (continued).
24




WRITE -7 ON OUTPUT LOCK AND SAVE
TAPE IN INCREMENTS INPUT AND OUTPUT
OF 26 METERS UNTIL TAPES

PRINT:
“PROGRAM
COMPLETED"

REWIND OUTPUT
TAPE FOR
PLOTTING

PRINT RUN
TIME

JOBFINISH

PLOT ALTITUDE VERSES:

1. ZONAL WIND SPEED

2. MERIDIONAL WIND SPEED
3. SCALAR WIND SPEED

4. WIND DIRECTION

5. RISE RATE

NEW DATE
TO BE PROCESSED

Figure 2.1. (continued).
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SET END OF
FILE FLAG

Y

REWIND WORK

REINITIALIZE
VARIABLES FOR
COMPUTATION

START NO

TIME REACHED

INITIALIZE
VARIABLES AND
GO PROCESS DATA

Figure 2.1.
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PARITIES > 10

PRINT:

SPECIFIC START
TIME WAS NOT
FOUND

26

PRINT:
“10 SUCCESSIVE
PARITIES.”

(continued).




9
J  ELEVATION(N)

_N=1
EInt * 3 (2.3)

If values of interpolated R, A, and E are different from the actual mid-
point values of R, A, and E by tolerance of 15 yards, 0.03 degrees, and
0.03 degrees, respectively, then the interpolated value replaces the

actual midpoint.

Extrapolation.
RAECy T = Ag + A (2.4)
9
b oo
AO = 5 (2.5)
where M is R, A, and E, respectively.
_ 1
A] =T z M (N) x 1.66666666 (2.6)
I NT
where T(N) = -0.4, -0.3, -0.2, -0.1, 0, 0.1, 0.2, 0.3, 0.4, and TINT =

2. If values of extrapolated R, A, and E are different from the tenth
point values by 100 yards, 0.15 degrees, and 0.15 degrees, respectively,
then the extrapolated value replaces the actual tenth point. The toler-
ances of the extrapolated and interpolated phases can be changed.

Recyles through 360 degrees in azimuth are taken care of automatically.

One-Tenth-Second Velocity Computations

One-tenth-second velocity components wx (zonal), wz (meridional),
and H (rise rate) with the associated Y (altitude) are computed from
the 0.1-second R, A, and E data. Transformations of slant range,

azimuth, and elevation are made from spherical coordinates to a
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rectangular coordinate system. The equations for determining Xc, Yc’

and Z, (subscript ¢ denoting with respect to the earth's curvature)

are:
X =R tan']'__fﬁL__- (positive east) (2.7)
c E {YS *+ Rp )
_]’ ZS ] L.
Z, = Rg tan 5 777 (positive north) (2.8)
D2+ (1 + R 17
_ ryl 2 2q1/2 I
Yc = [xS + Zs + (YS + RE) ] - RE (positive upward) (2.9)

where RE’ the radius of the earth at the Eastern Test Range, Cape

Kennedy (6, 373, 334 m), is considered to be that of a spherical

earth, and:

Xg = p cos @ sin ¢ (positive east) (2.10)
Z = p COS 6 COS ¢ (positive north) (2.11)
Y, =psine  (positive upward) (2.12)

In the case of elevation angles greater than 90 degrees, the following

relationship should be used:

sin E (2.13)
-cos E (2.14)

sin (180° - o)

cos (180° - o)
where o is slant range (meters) R, & is elevation (radians) E, and ¢ is
azimuth (radians) A. From Equations 2.7, 2,8, and 2.9, 0.1-second

velocity components are computed using the following relations:

X ) (2.15)

WX
kel CK-T

-1
kK = 2t e

1
H., = (Y -Y ) (2.]6)
28t " Cpi Ck-1

K




Y, = Y (2.17)

where At = 0.1 since the data are equally spaced by 0.1 second.

One-Second Velocity Calculations

One-second velocity components, wX (zonal), wz (meridional), H
(rise rate), and Y (altitude) are computed from the 0.1-second
velocity components using a Martin-Graham low-pass filter. Fifty-five
weights are applied over a 55-point interval so that the points are
equally weighted on either side of the mid-point to produce a mirror
image. For example, the weights for points 1 and 55 are the same, 2
and 54 are the same, etc. These weights were chosen since they pro-
vide a desirable frequency response. These weights are presented in

Table 2.1.

TABLE 2.1. Weights Used to Obtain Smoothed._1-Second Velocity Data.

Points Weight Points Weight

( 1.55) -0.00170115 (15.41) 0.00536330
( 2.54) -0.00335008 (16.40) 0.01109891
( 3.53) -0.00509943 (17.39) 0.01746935
( 4.52) -0.00685550 (18.38) 0.02431932
( 5.51) -0.00850874 (19.37) 0.03146420
( 6.50) -0.00993790 (20.36) 0.03869666
( 7.49) -0.01101528 (21.35) 0.04579480
( 8.48) -0.01161294 (22.34) 0.05253129
( 9.47) -0.01160935 (23.33) 0.05868300
(10.46) -0.01089632 (24.32) 0.06404076
(11.45) -0.00938586 (25.31) 0.06841865
(12.44) -0.00701636 (26.30) 0.07166239
(13.43) -0.00375300 (27.29) 0.07365641
(14.42) 0.00038329 (28.28) 0.07432916




The equations used to determine the 1-second Y (altitude) and
velocity components NX (zonal), wz (meridional), and H (rise rate) are

the following:

27
_Y] = “28Yi+27 + jzl “j(Yi-j+27 + Yi+j+27) (2.18)
, 27
WX] = m28in+27 + jZ] mj(wxi_j+27 + wxi+j+27) (2.19)
27
WZi = wyghZy oy + jZ] “j(wzi-j+27 + wzi+j+27) (2.20)
27
H] = w23H1+27 + jz] wj(Hi—j+27 + Hi+j+27) (2.21)
where wj is the weights, j = 1,2,...28 and i = 1,11,21...etc.
Determination of Smoothing Interval
N = [3.56 02,] (2.22)
. wZ .
NW = 2[” : 1] £ (2.23)

The brackets indicate the integral portion of the quantity, 052 is the
variance, and NW is the number of points in the interval over which
the values are smoothed. The smoothing interval is allowed a maximum

of 21.

Second Degree Least-Squares Curve Fit of Rise Rate

] 2 |
WZ = AO + A]t + AZt (2.24)
K
= 1 2 A
M= g 1 W, -2 (2.25)
M- A i=-K
B
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Smoothing of Altitude

1. Fit 200 consecutive values of WZ to a second degree

polynomial.

2. Compute the variance of WZ(USZ) from

2

3. Compute N = [3.56 oﬁz] (brackets [] denote integer

portion):

;200 )
%z =200 ., WZiraw - MZ; curvefit)

(2.26)

(2.27)



NN=2[N+]} +1 3 < NW < 21 (2.30)

4. Use NW to determine the size of the smoothing span for the
next 201 - (NW - 1)/2 consecutive points. Then use the next

201 consecutive points to determine a new NW.

Five-Meter Velocity Computations

The procedure for deriving velocity data values as a function of
height requires the use of interpolation. Accordingly, an initial value
of altitude (which is a multiple of 5 m) is determined using the first
smoothed 1-second altitude value, and from that initial value the corre-
sponding velocity components (zonal, meridional, rise rate) are computed
using linear interpolation as a function of the time at which the alti-
tude was reached. Similarly, the next altitude value is the previous
value plus 5 m, etc. until 5 m velocity data have been computed from
all the 1-second velocity data.

A criterion for determining the first value of altitude used in
computing 5-m data was developed to enable the 25-m data to be computed
from the 5-m velocity data at integral multiples of 25 m. Once the
initial 5-m altitude value has been determined, a table lookup is made
within the 1-second data to find the nearest 1-second altitude measure-
ments surrounding the 5-m altitude value. The time of occurrence of
the 5-m altitude is then computed using the relation:

'I tn'] n'] - Y 5

5 T wr -
TTn B —Tﬁ-l L Y]n - _Tg

Y1

T (2.31)

where t =1 t+land Z 4 <Zg<Z,. UsingTg, the zonal,

n-1
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meridional, and vertical components associated with T5 are computed

from the following general relation:

L fi1 ta1 7 Ts ,
B I (2:%)

which reduces to:

fo= (F, - fo)(Tg = ) + gy (2.33)

since tn = tn-] + 1. The quantities fn and fn-] are values of the WX],

NZ], and H] 1-second components surrounding f5.

Twenty-Five-Meter Velocity Calculations

Using 5-m wind velocity data as previously described, the 25-m
velocity data may be computed. Thirty-nine weights are used to obtain
25-m velocity data using the Martin-Graham low-pass filter technique
where points 1 and 39, points 2 and 38, etc., are equally weighted
(Table 2.2). The general equations used in the Martin-Graham low-pass

filter technique for the 25 m computations are as follows:

m

WZ,5 = jzl wj(w251-3+m + w251+j+m) + wm+1w251+m (2.34)
m

KRN NI A e (2:33)
m

WXy5 = jzl mj(wxsi-j+m + wx51+j+m) + wm+1wx5i+m (2.36)

where w5 is the weights j = 1,2...m+1 and where m = (number of

weights/2) and [] denotes integral portion.
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TABLE 2.2. Weights Used Over a 39-Point Interval to Compute 25-m
Velocity Data.

Points Weight Points Weight
( 1.39) 0.31600500 92  (11.29)  -0.19400450€C]
( 2.38) 0.46590200e92  (12.28)  -0.11719670E™"]
( 3.37) 0.549032006°%%  (13.27) 0.24096200E "%
( 4.36) 0.50246700E°%2  (14.26) 0.22573790E "]
( 5.35) 0.27815200E7%%  (15.25) 0.47256220E "]
( 6.38)  -0.13689400E %2  (16.24) 0.73969890E %!
(7.33)  -0.70447600E"9%  (17.23) 0.99595700E """
(8.32)  -0.13284600E 01 (18.22) 0.12087210€ 0
(9.31)  -0.18611820e 97 (19.21) 0.13494444£%C
(10.30)  -0.21240690E™ 91 (20.20) 0.13986549E°0
Scalar Velocity Equations
Scalar velocity is computed by:
Voo = (WXGs + W25g) /2 (2.37)
Wind direction is computed by:
¢ = tan—] %% + quadrant correction (2.38)

The quadrant correction is determined from the signs of WX and WZ:

WX+ WX-
WZ-} 360 - 0 WZ+} 180 - 0

WZ-

WX+ WX~
wz+} 0 + 180 } 0




CHAPTER III
DATA ANALYSIS PROCESS
A. INTRODUCTORY REMARKS

For years the problem of wind (gust and turbulence) measurements
for use in establishing design inputs for airplanes has been well known
and accepted. This continues to be a significant problem area for the
airborne or cruise-type vehicles which do not change altitude very
fast. However, for vertically or near vertically rising vehicles, the
wind shear or wind profile, which defines the gross change in wind
speed with altitude, is also of considerable importance in addition to
the turbulence influence. Therefore, the problem is to measure and
define the physical and statistical properties of wind profiles, wind
shear, and turbulence for use as inputs to structural and control
system design for aerospace vehicles and missiles. Although not
simple, this problem for the larger aerospace veﬁicles, 1ike the Space
Shuttle, limits itself to a relatively few geographic locations.
However, for military missiles and smaller research rockets, the design
must take into account expected conditions at various potential launch
sites.

The objective of this work was to develop a data base of paired
detailed wind profiles for use in evaluating STS ascent capability. To
insure Shuttle ascent capability through the winds aloft present on the
day of launch, flight is simulated through a sequence of measured

detailed wind profiles. Detailed profiles are required because the
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Shuttle responds to small-scale wind features that are not present in
rawinsonde data. From the simulations, the wind effects on loads and
performance can be predicted. However, wind measurement and simulation
time requirements dictate that the launch decision be based on a wind
measured about 3.5 hours before launch. It is to account for possible
Joad increases due to wind profile changes during these last 3.5 hours
before launch that the data base of paired detailed profiles is needed.

Inflight winds constitute the major atmospheric forcing function
in space vehicle and missile design and operations. A frequency content
of the wind profile near the bending mode frequencies or wind shear with
the characteristics of a step input may exceed the vehicle's structural
capabilities (especially on forward stations for the small-scale varia-
tions of the wind profiles). Wind profiles with high speeds and shears
exert high structural loads at all stations on a large space vehicle,
and when the influences of bending dynamics are high, even a profile
with low speeds and high shears can create large loads [13].

Because of the possibility of launch into unknown winds, opera-
tional missile systems must accept some inflight risk loss in exchange
for a rapid-launch capability. But research and development missiles,
and space vehicles in particular, cost so much that the overall success
of a flight outweighs the considerations of launch delays caused by
excessive inflight wind loads. If the exact wind profile could be known
in advance, it would be a relatively simple task to decide upon the

Jaunch date and time. However, there is little hope of accurately fore-

casting the detailed wind profile very much into the future.




Over the years, therefore, emphasis has been placed increasingly on
prelaunch monitoring of inflight winds. Now, finally, prelaunch profile
monitoring techniques essentially preclude the risk of launching a space
vehicle or research and development missile into an inflight wind condi-
tion that would cause it to fail. The potential variability of the wind
profile up to 12 hours prior to launch plays an important role in
assessments relative to launch decisions.

The FPS-16 Radar/Jimsphere System is routinely used in the pre-
launch wind monitoring of NASA's Space Shuttle missions. The accuracy
of the highly detailed profile data provided by this system is dis-
cussed by Susko and Vaughan [14]. The resolution of these data permits
calculating the structural loads associated with the first bending mode
and generally the second mode of missiles and space vehicles during the
critical high dynamic pressure phase of flight. This provides better
than an order of magnitude accuracy improvement over the conventional
rawinsonde wind profile measuring system.

Beginning about 12 hours before each STS launch, an intensive wind
monitoring activity is begun. During this prelaunch period, load calcu-
lations are made at about 3.5-hour intervals for all critical vehicle
structures by means of ascent simulations using an updated wind profile
for each case. These calculated loads are then compafed against red-
1ine (upper limit) load values to insure ascent capability. It is in
the establishment of the red-line values that the pairs of detailed
profiles come into play. Each structure's not-to-be-exceeded load must
be reduced by some factor, depending upon wind variability, to account

for possible wind profile changes during the time between the last
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ascent simulation and launch. At present, this time is 3.5 hours. To

determine the amount of reduction required (called "knockdown load")
each structural load is calculated at frequency altitude intervals from
each profile of each pair. The 99 percent change in load from all

pairs has been used as the knockdown load for that structure.
B. SYSTEM DESCRIPTION

The FPS-16 Radar/Jimsphere System winds data are obtained by a
method of tracking a super-pressure aluminized mylar sphere with the
FPS-16 radar. The sphere is a passive target and contains no instru-
mentation. The position of the sphere is obtained in space at inter-
vals of 0.1 seconds and processed to obtain wind speeds averaged over
approximately 50 m in altitude and given at 25 m altitude intervals.

Because of the low inertia of the balloon (weight §f the balloon

excluding gas is approximately 400 grams) and high drag characteristics,
it responds readily to changes in the small-scale features of the wind
field. This rapid response of the sensor combined with the superior
tracking capabilities of the FPS-16 radar provide wind speeds with an

RMS vector error of generally less than 0.5 msec'].

This was deter-
mined from simultaneous radar tracks of the same balloon. Rawinsonde
(GMD-1) measured wind speeds are averaged over approximately 600 m in
the vertical direction and have an RMS vector error ranging between
approximately 2 and 15 msec'] depending upon the wind speed. Thus, the
altitude resolution and accuracy of the wind velocity profile as mea-

sured by the FPS-16 radar/jimsphere method are an order of magnitude

better than those measured by the rawinsonde system.
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The jimsphere wind sensor was used in measuring the detailed wind
profiles presented in this document. The jimsphere shown in Figure 1.3,
page 10, is a 2-m diameter super-pressure aluminized mylar sphere with
398 conical roughness elements, which are approximately 7.62 cm in diam-
eter at the base and 7.62 cm high, randomly spaced over the surface of
the sphere. The roughness elements, combined with a mass of 100 grams
is sewed into the load patch to provide a displacement of the center of
mass, aerodynamic stability, and large drag. Although this design
eliminated a large part of the aerodynamically induced motions, the
jimsphere still contains a spiral mode of oscillations with a period of
approximately 4.5 seconds as revealed by Doppler radar. The oscillation
is not believed to be of significance in measuring winds for two rea-
sons: (1) the FPS-16 radar does not measure these motions accurately,
and (2) the radar position coordinates are smoothed over 4 seconds in

time, which would eliminate the spiral motion.
C. ANALYSIS

while the main concern was to develop a data base for the 3.5-hour
knockdown loads, it was considered desirable to develop 7-hour and 10.5-
hour pairs since load simulations are performed at those times, also.
The following guidelines used in selecting the pairs of profiles
were established to insure a valid and representative data base:
Step 1. Each pair must be separated by greater than 24 hours
(to eliminate 1ight or strong wind bias).

Step 2. Each profile must reach greater than 15 km altitude.




Step 3. Eliminate profiles exhibiting excessive noise and

wind points.

Step 4. Distribute the number of profiles evenly over |

months and years.

Step 5. Times between profiles of a pair must be within

+1 hour of the specified pair time.

It was immediately apparent that there were not enough profiles
to provide a reasonable data base for each month. A1l jimsphere pro-
files are listed in NASA CR-161664 [15]. Consequently, months
exhibiting similar wind profile statistics were grouped according to
seasons. Winter included December 15 through April 15, summer
extended from June through September, and transition season included
all other months.

The vector wind value at each 25-m interval on each profile was
converted to component values (u and v). Differences (au and av) in
3.5-, 7-, and 10.5-hour components were determined, and from these data
standard deviations of the differences (ou and ov) were calculated

Any particular value of ou and ov may have evolved from several
different possible changes in the profile. Two obvious changes are an
increase or a decrease in the wind speed, and/or a change in the wind
direction. To a certain degree, these types of changes--if occurring
over a broad enough layer (several km) may lend themselves to being
predicted from analysis of synoptic data. However, predicting the
trend and not the detail is the best that can be expected. Another
frequently noted profile changes occurs when a small-scale feature,

less than 1 km in thickness, appears to move up or down in location on
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location of a decrease or increase in speed and/or a change in wind
direction.

Figure 3.1 presents ou profiles for the three defined seasons for
3.5-, 7-, and 10.5-hour time changes. Figure 3.2 presents ov profiles
for the same set of conditions. The curves have been necessarily
smoothed to eliminate profile variations resulting from the sample size.
The effect of smoothing is to accentuate the most important features of
the profiles. For example, on Figure 3.1 the ou values for 3.5-hour
changes are greatest in the winter and smallest in the summer. Also,
ou increases in magnitude from about 1 km altitude to about 12 km and
decrease above the peak ou altitude.

ou values for 3.5 hours at 12 km, for example, show an 8 percent
increase from the transition case to the winter case and about an 18
percent decrease from the transition case to the summer case. The
variation is even larger at some other altitudes. The general profile
trends and shapes‘discussed above can also be applied to ou for 7 to
10.5 hours. In all cases shown, the peak in the ou profile correlates
well with the altitude of the maximum wind speed, and this effect
becomes more pronounced as the time interval increases to 10.5 hours.

ov data shown on Figure 3.2 reflect similar relationships relative
to the seasons and time intervals as have already been noted for cu. An
analysis of ov for 3.5-hour changes, for example, shows that this stan-
dard deviation increases about 12 percent between the transition and
winter cases at 12 km altitude while the change in ov from the transi-
tion to the summer season shows a decrease of 17 percent. A special

feature of Figure 3.2 for the 7- and 10.5-hour cases is that ov
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increases by as much as 30 percent from the transition to the winter
profile. This is particularly true for altitudes below 12 km. This
large increase in ov does not appear in the ou data.

A comparison has been made between the calculated 99 percent
3.5-hour changes in wind speed components and the 3.5-hour component
changes actually observed during the final 12 hours prior to launch for
10 Space Shuttle missions (STS-2, -3, -4, -5, -6, -7, -8, -9, -11, and
-13). An example of jimsphere data used is presented in Figure 3.3 as
obtained at 0200 GMT, November 12, 1981, during the STS-2 prelaunch
period. Wind speed, wind direction, and in-plane and out-of-plane com-
ponent profiles utilized in this research were also used in post flight
evaluations of all STS missions [16, 17, 18, 19, 20, 21, 22, 23, 24,
25].

The in-plane wind component is defined as a wind vector in either
the same direction (+) as the vehicle launch azimuth or in the opposite
(-) direction. The out-of-plane component is defined as a wind compo-
nent directed either from the right (+) or from the left (-) with
respect to the launch azimuth. The *in-plane or tout-of-plane terms are
interchangeable with head (+) or tail (-) wind and left (-) or right (+)
crosswinds, respectively.

The wind component differences (+u or #v) associated with the
referenced STS data set for A3.5-hour intervals were determined from
the appropriate in-plane (*u) and out-of-plane (zv) data. Figure 3.4 is
an example of a plot of a basic data set. The u and v components are
normally defined as east/west and north/south, respectively. However,
operationally the component u is along the flight azimuth and the v
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component is perpendicular to the flight path. Seven of the launch
studies had a flight azimuth of approximately 90 degrees east of north;
however, STS-2 and STS-3 were launched on a 60 degree east of north
launch azimuth and STS-9 was launched 35 degrees east of north. There-
fore, in only three cases was it necessary to recompute u and v from
the standard meteorological coordinates to take into account the actual
fiight azimuth of the vehicle.

Although only the 3.5-hour component differences are of concern to
the launch decision process, the 7- and 10.5-hour differences are aiso
considered because they correspond to important operational decision
points in the countdown. The temporal character of hesosca]e perturba-
tions in the troposphere has been investigated by Vaughan [26]. The
99 percent wind component changes for u and v over periods greater
than 3.5 hours are presented on Figures 3.5 and 3.6 to illustrate the
rapid increase which can occur in the wind. These data were calcu-
lated from the 1o values of u and v for the 12 km altitude during the
three defined seasons as presented on Figures 3.1 and 3.2. Because
the wind component changes can almost double, as seen from a compari-
son of the 3.5- and 10.5-hour 1c values, it is essential that the final
launch decision relative to ascent loads calculations is made as close
as possible to the 1iftoff time. This requirement attempts to minimize
the load uncertainties due to wind variability. The magnitude of this
wind variability is presented on Figure 3.6 for the v component during
the winter which shows that at the 1 percent risk level the increase in
the 3.5-hour change and 10.5-hour change amounts to almost 78 percent.

Vector wind changes over periods greater than or equal to 12 hours have
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been studied by Adelfang [27, 28, 29]. Vector wind models have been
developed which discuss wind shear statistics for both Cape Kennedy,
Florida, and Vandenberg Air Force Base, California [7].

An example of the u and v differences over 3.5 hours given in
Figure 3.4 were compared to the calculated 99 percent values calcu-
lated from values in Figures 3.1 and 3.2. This particular case,
STS-2, shows the largest 3.5-hour Au component exceedence observed in
the 10 cases studied. This STS-2 mission data case from the transi-
tion season produced a 3.5-hour change of 22 m/s in the u component
compared to the calculated 99 percent value in Figure 3.1 of 9.3 m/s
at an altitude of 10,500 m. The v component change of 11 m/s at 9,500
m for this same case only slightly exceeded the 99 percent value of
10 m/s from Figure 3.2. The other 22 observed u and v difference
profiles given in the appendix were compared with calculated 99 percent
values from the appropriate seasonal data, i.e., summer, winter, or
transition.

A discussion of the actual operational implications of these data
is needed. Several factors affect whether the wind component change
is critical to a go/no-go recommendation relative to launch. First,
wind changes are only of critical importance to the Space Shuttle
loads calculations fn the 6 to 14 km layer. Second, a particular wind
component change may be important to loads depending on the exact
altitude of occurrence and the severity of the wind speed and shear
profiles which existed prior to the change. Third, if the A change
amounts to a large reduction in shear, then the effect may be a relief

in loads rather than an increase. Further, if the large change
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observed in Figure 3.4 occurred at an altitude where the vehicle was
not sensitive to this change, then the change will not be a critical
factor. Also, if the change occurs in conjunction with overall wind
speed and wind shear profiles which are less severe than expected,
then the effect of a component change greater than the 99 percent
value may be minimized relative to load measurements. It is also
possible that a wind component change over a relatively small layer,
for example 150 m, may not be important if the vehicle does not
respond critically to wavelengths of this size.

There are 23 cases of u and v profile differences presented;
however, it is of value in this study to concentrate on only the 8
cases which qualify as independent as defined by criteria discussed
earlier. The remaining 15 cases verify data on Figures 3.5 and 3.6
relative to time periods greater than 3.5 hours. It is also seen that
small perturbations or gusts which affect one measurement period may
be gone the next. Gust characteristics have been studied by Adelfang,
Evans, and Smith [30, 31].

Since the knockdown loads discussed earlier are directly related
to wind changes over 3.5-hour periods immediately prior to launch, it
is of importance to choose the L-3.5 to L-0 hours data for analysis.
An example of the knockdown load effects is presented on Figure 3.7.
The effect of the wind change on the overall load calculations for a
particular element on a vehicle is considered along with other effects
unrelated to wind. The value of each individual effect is evaluated
with many other effects using the root-sum-square procedure. There-

fore, an increase of 60 percent, for instance, in the wind component
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effect in this example results in only a 19 percent increase in total
loads in this example. However, the wind variability is still the
only real-time change affecting loads calculations and is, therefore,
of great importance to the launch decision process.

An analysis has been conducted in which the appropriate 99 percent
values were compared with individual 3.5-hour differences of u and v
components. Results indicate that exceedence of the 99 percent values
occurred in STS-2, -5, and -11. However, only in the Au component was
the exceedence considered significant. Both the STS-5 and STS-11 cases
were examples of relaxation or relief in shear, thereby, producing
potential load relief. Diminishing shear magnitudes, however, caused
by either wind speed or direction changes from one time period to the
next do not always produce potential relief of ascent loads. Sometimes
a reduction in the component profile at one altitude produces greater
shear values in the layer immediately above or below by adding to
existing shears. No significance can be attached to a finding that
only one exceedence in the au component and none in the av occurred in
the 10 shuttle cases. Overall confidence in the values selected for
calculating knockdown loads may improve when either the 50 sample per
season statistical base is increased and/or the statistical sample of
actual launch cases increases significantly.

This research effort will be expanded to cover the Vandenberg Air
Force Base, California, Space Shuttle launch site. Comparisons will
be made between the Kennedy Space Center and Vandenberg Air Force Base
wind component changes determined from comparable wind profile pairs

of data sets.
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CHAPTER IV

CONCLUSIONS

Jimsphere/FPS-16 radar high resolution data used for
this research contain the detail and accuracy required
to determine wind component change statistics which
can be used in space vehicle ascent capability
studies.

There is significant variability in the u and v wind
components observed at intervals of 3.5 hours, 7 hours,
and 10.5 hours for the defined seasons at Kennedy
Space Center, Florida.

The u and v wind components can vary during a period
of 3.5 hours by more than 20 percent when comparing
the transmition season to the winter season. Somewhat
smaller changes occur between the transition season
and the summer season.

The largest component wind changes occur where the
strongest wind magnitudes are present in the winter

at approximately the 12-km altitude. At that altitude,
for example, there is a 1 percent risk that the u wind
component speed will exceed approximately 10 msec']

in 3.5 hours.

At the 1 percent risk level the difference between the

3.5-hour and 10.5-hour winter v component change is

almost 80 percent.




Only one of ten STS launch cases studied produced a
significant wind component exceedence at the 1 percent
risk level.

Since current Space Shuttle knockdown loads calcula-
tions are based on transition season data, the seasonal
differences shown by this research should be further

assessed for potential impact to knockdown loads and

prelaunch loads simulation results.
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APPENDIX

FIGURES

Figures A.1 through A.66 are additional data used in the analyses

of wind profile pairs in this investigation.
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Figure A.3. STS-2 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1130 GMT November 12, 1981.
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Figure A.4. STS-2 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1558 GMT November 12, 1981.
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Figure A.5. STS-3 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
0200 GMT March 22, 1982.
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Figure A.6. STS-3 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0430 GMT March 22, 1982.
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Figure A.7. STS-3 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0800 GMT March 22, 1982.
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Figure A.8. STS-3 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1230 GMT March 22, 1982.
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Figure A.9. STS-3 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1417 GMT March 22, 1982.
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Figure A.10. STS-4 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0100 GMT June 27, 1982.
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Figure A.11. STS-4 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0330 GMT June 27, 1982.
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Figure A.12. STS-4 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0745 GMT June 27, 1982.
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Figure A.13. STS-4 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
1130 GMT June 27, 1982,
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Figure A.14. STS-4 prelaunch/Taunch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1515 GMT June 27, 1982.
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Figure A.15. STS-5 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
2219 GMT November 10, 1982.
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Figure A.16. STS-5 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,

0019 GMT November 11, 1982.
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Figure A.17. STS-5 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0504 GMT November 11, 1982,
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Figure A.18. STS-5 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
0849 GMT November 11, 1982,
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Figure A.19. STS-5 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
1235 GMT November 11, 1982.
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Figure A.20. STS-6 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0430 GMT April 4, 1983.
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Figure A.21. STS-6 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0630 GMT April 4, 1983. :
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STS-6 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1145 GMT April 4, 1983.
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Figure A.23. STS-6 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
1515 GMT April 4, 1983.
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Figure A.24., STS-6 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
1845 GMT April 4, 1983.
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Figure A.25. STS-7 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
2133 GMT June 17, 1983.
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Figure A.26. STS-7 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
2333 GMT June 17, 1983,
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STS-7 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,

0418 GMT June 18, 1983.
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Figure A.28.

STS-7 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0803 GMT June 18, 1983.
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Figure A.29. STS-7 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1150 GMT June 18, 1983.
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STS-8 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
1750 GMT August 29, 1983.
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Figure A.31. STS-8 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
2300 GMT August 29, 1983.
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Figure A.32. STS-8 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0702 GMT August 30, 1983.
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Figure A.33. STS-9 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0300 GMT November 28, 1983.
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Figure A.34, STS-9 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0845 GMT November 28, 1983.
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Figure A.35. STS-9 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1230 GMT November 28, 1983.
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Figure A.36. STS-9 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1615 GMT November 29, 1983.
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Figure A.37. STS-11 prelaunch/launch jimsphere profiles of wind speed,

wind direction, in-plane and out-of-plane wind components,
0000 GMT February 3, 1984,
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Figure A.39. STS-11 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0930 GMT February 3, 1984.
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Figure A.40. STS-11 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1320 GMT February 3, 1984.




16000

120001

8000

ALT.IN METERS

L 1 1

1 | 1 | e 1 1 L |
10 20 30 40 50 60 0 40 80 120 160 200 240 280 320 360
WIND SPEED (m/s) WIND DIRECTION {deg.)

" ALT. IN METERS
A} A |

%’

-

ad -

] 1 U | i | L L i i I 1 1 1 d
—60 —40 -20 0 20 -20 0 20 40 60

1 I S|
40 60-60 —40

IN—-PLANE WIND COMPONENT (m/s) OUT—OF—PLANE WIND COMPONENT (m/s)

-

Figure A.41. STS-13 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
0058 GMT April 6, 1984.
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Figure A.43. STS-13 prelaunch/launch jimsphere profiles of wind speed,
wind direction, in-plane and out-of-plane wind components,
1028 GMT April 6, 1984,
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