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ABSTRACT

The overall objective of this study is to continue work begun under Contract
DAABO7-67-C0296: To investigate the improvement of an integrated ballistic message
from multiple stations and the effects of mountainous terrain on space and time varia-
bility of meteorological measurements.

One of the initial steps carried out during this reporting interval was the prepara-
tion of a detailed work plan for the contract year. “he plan divides the technica! work
into five tasks: (1) CRAM modifications and tests; (2) ballistic winds evaluation; (3) with-
held data experiments; (4) stability experiments; and (5) prediction techniques. The plan
is contained in this report.

During the first year of study under this contract an objective analysis program,
the Conditional Relaxation Analysis Method (CRAM), was developed and applied as a
tool for investigation. Under the first task, medifications and improvements to CRAM
are presently being carried out.

As a part of the second task (ballistic wind evaluation) residual errors (deflection)
based on station observations along with those from Ft. Huachuca have been derived and
are contained herein.

In general, one does not find residual errors increasing as distance increases.
The minimum residual error occurred only 2 times in 24 test firings at the station
closest to the firing—Ft. Huachuca. On the other hand, the minimum residual error

occurred 8 times 50 km to the west southwest—Nogales,
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1.0 INTRODUCTION

This report describes technical progress during the initial quarter of the contract
year March 1, 1967 through May 31, 1967, under Contract DAAB07-67-C0296, “Ballistic
Winds Techniques Study.” The overall objectives of this research program are stated
in “Technical Guidelines No. 230103 found on page 2.

This contract includes logical follow-on work initiated under Contract
DAABO07-67-C0296.*

One of the first steps of this research program was the production of a Work
Plan describing in detail the technical work that would be performed during the year.
This plan which subdivides the program into five tasks is presented in Section 2.0,

Progress on the five tasks is described in Section 3.0, The work is time-phased

such that Tasks 3 and 5 will be initiatec later on in the contract year.

*Ostby, F. P., et. al., 1966: Ballistic Winds Study, Final Report, Tech. Report _
ECOM-01377-F, TRC. -




TGL #230103 19 September 1966

TECHNICAL GUIDELINES
FOR
BALLISTIC WINDS TECHNIQUES STUDY

1, Present artillery procedure is to correct gun firings on the basis of meteor-
ological information from a single metro station. In order to investigate the improvement
of an integrated message from multiple stations and the effects of mountainous terrain
on the variability of meteorological measurements, a temporary network of Rawin Sets
was established in the vicinity of Ft. Huachuca, Arizona for the purpose of obtaining
synoptic soundings in conjunction with actual firings.

2. The primary goal of this study, as set forth in the original technical guide-
lines was to answer the following questions:

(1) To what extent can artillery corrections be improved by using integrated
map winds instead of a single sounding?

(2) How does mountainous terrain affect the variability of ballistic winds?

(3) What is the optimum placement and spacing of artillery metro sections
‘in mountainous terrain?

' (4) How often should soundings be made in mountainous terrain?

(5) How accurately, and for what duration can integrated map winds be
predicted?

3. Using the above set of questions as the basis for the Ballistic Winds Study, an
analysis of the field data will be continued under the technical guidelines given below:

(a) Analyze the data obtaired at Ft. Huachuca, Arizona, using other stations
rather than the Ft. Huachuca Station as a standard, beginning with the stations nearest
the firing line,

(b) Compare CRAM results with stations upwind, downwind, and ecrosswind
of the firing position.

(c) Perform more withheld data experiments in order to determine the
optimum spacing of stations in mountainous terrain. Compare results with CRAM
analysis for whole field.

(d) Classify the firing days on the basis of atmospheric stability in an
attempt to link up the stability of the atmosphere with the accuracy of fire and develop
stability criteria to select map wind analysis techniques.

(e) Perform sensitivity analysis on CRAM to determine the relationship
of Grid size in CRAM to accuracy of wind field.

(f) Perform modifications of the CRAM program in order to improve the
analysis; for example, determine whether repeated iteration improves the accuracy of
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the technique, test, new weighting factors in the method of smoothing, etc.

(g) Continue work on improving the predictability of the integrated map
winds.

4. Existing computer programs will be used to construct map winds.




2.0 _WORK PLAN FOR BALLISTIC WINDS TECHNIQUES STUDY

2,1 Introduction

TRC Proposal P-706-23, December 1966, was prepared in response to RFQ No.
DAAB07-67-Q-0029. In that proposal five tasks were proposed to achieve the research
objectives stated in “Technical Guidelines No. 230103,” This work plan has been pre-
pared to supply additional detail to that proposal. In addition, percentage estimates

of resources required for each task are included,

2.2 Ballistic Wind Tasks
2.2.1 Task 1—CRAM Modifications and Tests

There are three principal phases to this task. The first phase pertains to the
three-dimensional CRAM program, the second has to do with the reduced grid-mesh
analysis, and the third deals with various forms of machine output.

The effort in three-dimensional analysis will consist of adding data from artillery
Zones 11 and 12 to the program in order to keep the upper boundary from contaminating

‘the Zone 10 analysis. Zone 10 receives the greatest weight in making Line 10 calcu-
lations and for that reason the Zone 10 analysis is critical. To analyze these additional
zones it will be necessary to perform some additional error checking of the basic data
since prev'ious error checking and editing did not extend beyond Zone 10. The modi-
fication of the CRAM program required to analyze these additional levels is straight-
forward and has already been accomplished. Experimentation is also planned to
determine the best combination of program options in the initial guess-correct-relax-
smooth cycle. The CRAM analysis produced by one application of this cycle will be
used as a new “initial guess” of the next cycle. Tests will be performed to determine
the optimum number of cycles and how the weighting factors in the smoothing procedure
should be varied with successive cycles. Also, an error checking routine will be added
to the program so that unrepresentative data can be discarded objectively.

The second phase of this task will consider the problem of reducing the basic
analysis-grid interval, For the initiai study, the basic horizontal grid interval was
10 km. We have been requested by the sponsor to conduct tésts using a smaller grid
interval, It is planned to perform analyses using a grid interval of 5 km and compare

these with analyses from the 10 km experiments, Doing this however, will increase




the number of grid points analyzed by a factor of four. This increased computer storage
requirement will exceed the storage capacity of the UNIVAC-1108 computer which is
being used for this work. In order to perform these reduced-grid-interval tests it

will be necessary to revert to the two-dimensional version of the CRAM program.
Analyzing each zone separately will be a way to overcome this storage limitation
problem.

The third phase of the task involves the form that the output should take. Interest
has been expressed by the sponsor in having the station observations plctted on the
analyzed map thereby providing a graphical presentation of how well the analyses fit
the data. There are a variety of ways by which this may be accomplished. The most
elaborate way would be through ihe use of a curve follower such as the Calcomp
Incremental Plotter which is available at the computer installation being uéed. This
equipment would draw isopleths for the analyses and would also be programmed to
plot the actual observations in their approximate geographical locations. To
output all the analyses for the 16 days of data nsing a curve follower would probably be
beyond the scope of this contract, since an expenditure of several thousand doliars
would be required. It might be possible, however, to provide one or two sets of analyses
in this form from the 80 time periods which will be analyzed. The least elaborate form
of output is to produce analyzed maps in the same fashion as the previous contract but
to append a list of the stations used in the analysis with their geographical coordinates
and observed data. These could then be plotted on the printout by hand. Another
alternative is to produce printout as in the previous contract but with the station values
printed out in their approximate geographical locations, This alternative is technically
feasible and can be accomplished within the resources of the present contract. Some
further exploratory work will be carried out while awaiting guidance from the sponsor

as to the desired alternative. It is desirablc to have this guidance as 30on as possible,

2.2,2 Task 2-Ballistic Winds Evaluation
The principal objective of this task is to investigate space and time variability

of ballistic winds as a means of determining optimum station spacing and observing

frequency. Space and time variability will be studied using both station data and

analyses.




Space variability based on station data will be derived from root-mean-square
wind differences (RMSWD) between stations computed by zone (extending to Zone 12)
over the entire 80 map series. Every combination of station pairs will be considered.
From these differences, a variety of graphs and maps will be produced to study the
spatial variability. For example, graphs will be produced showing the relationship of
RMSWD with distance between stations and for each zone., Maps will be produced in
which each station is used as a focal point with the RMSWD between it and each of the
surrounding stations being plotted and analyzed for a given zone. (e.g., Map 1 will show
the space variability with reference to Benson, Map 2 with reference to Bisbee, etc.).

In similar fashion, RMSWD will be computed for each station for time lags of
2, 4, 6§, and 8 hrs to provide data for investigating time variability of ballistic winds.
Results will be analyzed using both graphs and maps.

In addition to using station data, objectively analyzed wind fields will also be
used to study space and time variability. Grid points which are close to significant
topographical features will be used as focal points to determine the characteristics
of space and time variability when referenced to ridges, valleys, etc.

Since previous time-énd-space-variability studies of temperature and density
indicate little variability on the scales being considered, primary emphasis in this
study will be placed on wind variability.

Another phase of this task will be to work with residual errors computed from
applying Line 10 ballistic information to the actual Ft. Huachuca artillery firings.
Residual errors were computed in the previous study using CRAM analyses and also
single station data from Ft. Huachuca. The next step will be to calculate residual
errors based on other stations within the network. Maps of residual errors will be
constructed and analyzed showing the horizontal variation in residual errors. Since the
ballistic coefficients which were used in the original study introduced a bias in range
error, only the deflection component of the residual error will be considered. If new
coefficients are derived by BRL, the range errors can also be analyzed.

Another use of the firing data will be to classify residual errors derived from
stations according to the prevailing flow (i.e., is the station upstream, downstream,

from the firing position, ete.).




2.2,3 _Task 3—Withheld Data Experiments

The primary objective of this task is to estimate the loss of accuracy in ballistic
wind specification when rawinsonde obscrvations are unavailable over a large geogra-
phical area, such as might be the case in a field combat situation in which the territory
down-range from the artillery location is controlled by enemy forces. Ballistic winds
based on the entire observational network will be compared with ballistic winds computed

from a set of stations which are all “up-range’” from the target location,

2,2,4 Task 4—Stability Experiments

This task was proposed to consider the effects of atmospheric stability on the
circulation in the low levels. Soundings will be constructed from the rawinsonde data
and the lapse rates will be used to classify situations as “stable” or “unstable.” At
the same time the trajectories of the balloons will be plotted on maps and their behavior
in the vicinity of topographical features will be studied both for stable as well as
unstable situations to determine whether the trajectories possess different character-
istics which are related to stability. Also, time and space variability will be investigated

by stratifying the data on the basis of stability.

2.2.5 Task 5—Prediction Techniques

Time variability studies conducted i;x the previous contract indicated that the
variability in the low levels was much smaller than in the high levels. This suggests
that the prediction technique of extrapolating the entire integrated ballistic wind may
not be the best. One experiment is planned to predict the individual zones separately,
with the predicted ballistic wind then computed from the predicted zone winds., Other
prediction experiments will be designed from consideration of other time and space
variability characteristics which are found from the other tasks to contribute useful

information.

2,3 Allocation of Resources

The following percentage of resource allocation represents a best estimate of

what is needed to satisfactorily perform the five tasks of the contract. Unforseen

developments along the way, if they occur, could dictate some shifts in emphasis among

the tasks. It should also be pointed out that the tacks are inter-related in many respects




and that the estimations of percentages were made within such an inter-related frame-

workv. The percentages are as follows:

Task Percent
1 CRAM Modifications and Tests 20
2 Ballistic Winds Evaluation 30
3 Withheld Data Experiments 10
4 Stability Criteria Studies 20
5 Prediction Techniques 20




3.0 STATUS OF TASKS
3.1 Task 1—CRAM Modifications and Tests

The Conditional Relaxation Analysis Method (CRAM) computer program has been
modified to accept input of Zone 11 and 12 data and use these additional zones in the
two- and three- dimensional analysis routines.

After the initial CRAM program was written, a change in EDP equipment (from
IBM-7094 to UNIVAC-1108) took place at the computer installation being used for this
research. Since this change would provide greater efficiency for our computer require-
ments, it was decided to perform the necessary minor modifications, such as input/output
revisions, tape conversions, etc., to be able to take advantage of this potential,

An additional program change being made to CRAM is one which will allow the
observed station values to be printed on the analysis output in their approximate
geographical locations. This will permit casier visual reference in evaluating the
accuracy of the analyses.

Another phase of this task which is in progress is the formulation of a “fine mesh”
version of the CRAM program, When completed, it will be possible to analyze a portion
of the grid using a grid spacing of 5 km rather than 10 km.

3.2 Task 2—Ballistic Winds Evaluation

One phase of this task as mentioned in Section 2.2 is concerned with the compu-
tation of residual errors from other stations in the network in addition to Ft. Huachuca,
Accordingly, Line 10 ballistic information has been employed to compute residual
deflection errors for each station reporting (range errors are not shown because of
the bias in the range data) for the 24 time periods for which 8-inch Howitzer firings
were conducted. Maps of residual deflection errors are shown in Figs. 1 through 24,
The minimum deflection error is generally not in the vicinity of the firing area
(Ft. Huachuca) as can be seen from the figures. The minimum error is at Ft, Huachuca
on only two occasions: 1000 MST 27 January and 1400 MST 6 February. On the other
hand, the minimum error can be found at Nogales 8 times. The maximum deflection
error is located at Ft. Huachuca on one map (1400 MST 16 January). The maximum

error can be found at Douglas and Tombstone on five occasions each.




3.3 Task 3—Withheld Data Experiments

Inactive—later start.

3.4 ' Task 4—Stability Experiments
This task is still in the initial stages. Soundings have been plotted for all stations

~.ad will be used to compute low-level lapse rates which will be used to establish

stability criteria. The plotting of radiosonde balloon trajectories will be initiated

shortly.

3,5 Task 5—Prediction Techniques

\ Inactive—later étart.




830119 3y} Jo apmIUBEW 3y} Joj axe syjajdos] °saajawr uy payold aae 81011y
*cogT Axenuepr 9T LSIN 0001 81 ouwry) Sujapy 8I0IIS UOIOAJop Tenpisoy T °Sig

01
/ a¢

om\




810119 91} JO pmyruiew Ay} IO axE syajdos] °sIajeW Ul payold are sioaxy
‘c9eT Axenuep 9T LSIW 0071 St awr) Surlry 830139 UOROIIP [enpisay  °g *314

. 4m<48 ® _ . .
[¥] ¢ K = 3

- ; + s . .-

itets
N
Y L

. M/ . - WL Ixey nmut

M\/L\A /\, e G S o
WwIN

~

+ . ?/ . .
./\‘
N )
{

XM ©

-

+

£re |

.,




810119 oY} Jo SpmuBew 9y} J0) oI sy3o[dos] °s1ajdw uj payjold a1 sIoaay
*g96T Arenuer g1 LS 0001 8} owp Bupajj (810133 UOpOL]Jap [enpisday ‘¢ “31d

[RpeE Y




810130 9y} JO opmIudew 9y} J10] ale syajdos] °sasjowr uy pyjold aae sIoaxHY
*¢96T Axenuep ST LS 00FT 81 surf} 3uinr} {SI0IXd UONJOI[Jap [enpIsdy °F "3rq

F4 4

e
N -
(A.x? u),cs
. “8re
e 3 h
LA -1 6
S S
-
2
“CSE
-, (
A\ w;. PN NS {5¢
_—1 )
ot N /\“
= 20 A
oo 7 8
J.,ﬁ AN P F449
2 3 . -
S A o 7,
S Senow
ne o .
Sy K __m |
7 ¥&L

L e
S - W
(L0 TR 19

IVGTE - Y6

R N : . est




830119 oY) Jo apMIudew 2y3 J0J aae syjajdos] °sIa)aw uf panold aie siolayg
‘6961 Axenuep 0z LS 0001 ST 8wy} Suyaly (810139 UOPO[Jap TenpIsay g "31d

Cs.+

ViNOS ®

peail W J




*SJI0139 9Y3 JOo SpnjIUFEW 9y} I0J axe syjajdos] ‘siajeuwt ur papold axe sI0IIY
"6961 Axenuepr 0Z LSI 00%1 sI awr Suriyy 810119 UOKOIOp [enpIsay 9 "91g

9 9 €9 z9 9 o9 65 8¢ LS 314 Ly
+ + + + nete o + + + %Afy W - Lre
L1 I st Tt S g > - - n Iﬂ \'\'.WJJ M
i et P © Cuann § TN i
+ ¢ ¢ ﬁ”x + 7 \.)\I\Wﬂ. + + i -\.\y ,mvm )
-
. ‘.
e -, T T o~ m/w A
( N S Vi
+ oo o B2, + .m . + - . BN £
oo G ooms [T -
ogor <
+ + + + + y + - J/mam
ENL © w : ~
. +a NSy . ﬁf m./\\v, SPERS ,.,. a(~ ot |
+ + + - p t ~ . o & - ' RPN >
/ 0 ~ R iy /2&&%\% 3 o |
H.&. 3 M/\ -’ g .\
T ~ o \\ I
~ -
< N T o
N < \ 14 S S e i PN B
b, | Ny v,,.m v { UL
- + +II- + + ) 3 + \\w . A - ,T\ﬁ»f S " - /dwv Po- gse
M. R \ 7 e W. S \ ,/ ¢ D
\

NGN38® - s ) \\ , DY
/ R P
+ - + “ 4 N . . ; . +f . A . . 7 rse

5/ A




*8101J9 9} .«o oprjJugden oy 10} ale syja(dos] °*siojow uf pejjold v siolay
"696T Axenuer gz LS 000T s owyy Supyy 810110 UOHO9[Jap [enpisey 2 *S1d

17




‘810139 9y} JO SpMIUSEW Y} O] 9IE §
. I yiordos] °sasjawr ut oid
6961 Axenuep gz LSIN 00%1 s aury} 3ulllj {SIOJIX3 UOI}O3JaP ~«.=Mwumm mwm.wm .MMM.EM

18




T R T L T

*8I0XID 3Y) JO 003@ ¥Wl oY) JoJ ox® syjajdos] ‘siejawr uj poyo[d axe sIoXxy
*96T Axenuep 57 LSW 000T 8} 9w} ULl $830110 UOOIAP Tenpisay  “6 “31d

C Cmiam
RS

19

ey o -
{ A7 Y \.7(«. \\\\(l\\()\w\m\w\w‘s{ ~
TRUN pﬂ N o P N AN . L EstE
.; N K\n\\u W\, L .vé rf%/m\./\/.ﬂkfwf\\v. T

o N N \.v.lr//\) ./7\/h_ \.7\1\ —

NN




810119 9y} Jo IpMIUEW JY) J0] 3Ie sy3a|dos] ‘sadjawr ul panold a1e sxoaay
‘c96T Arenuep ¢z LSIV 00FT SI 9wl SulIyy (SI013d uoloayap [enpisay 01 313

20




*g§J0aJ0 9y} JO Spmjuseul 9y} J0] aIe syja[dos] ‘8IIW U} panoqd aae sioxxy
96T Lxenuep .2 LSIN 0001 8i durj} 3ulayj $8I01I3 UOROIPSP Jenpisay “11 31a

21




T -
LML -
oK -
NCANYS mPaTs -
AT -
SYTCs -

L E P
CuCimm -
Sawtunag -
S¥ICS -
IR % -
~.alg -

*8J0119 9Y) Jo IpMyjuieul 9y} I0j aIe sy}ajdos] ‘sIsjew Uy poyold oxe sIoxxy
*G96T Axenuer LZ LS 00%T 81 wr} 3urdl} {8I01I9 UCPOS[JOP [EnPISay “ZT “B14

F44>

e @

UM
158y
s
Tiams
edive
5790M -2
e
-
LT

8 d . y.“ . g 7 g / )
.mum‘. w/,») . . ; _ . . . . ) ) T /mmn

22




*S10419 9Y) Jo opmjusew ay) I0J axe syjojdos] ‘sisyaw ul pajpold aae sIodxy
‘G961 Axenuep ¢z LS 000T ST 9wy Sulal} (810139 UONOS[JAP [enpisay g1 314




-8J01Jd5 9y} JO SpNJTUSEW 9y} I0J dIe sy3d[dos] °sajaux ul panold aae sioxay
*g9gT A1enuep ¢z LS 00%1 81 owl) SuLIl} {8I01I0 UOHOA[JAP [ENPISAY §1 "314

V44"

65t

24




*8J01J9 3y} JO

spnjusSew oy I0) axv sy3a[dos] "8I uf vaﬁoi axe 810313

*c961 A1enaqed Z LSW 000T 81 oury Sulay) (810119 UOIOIIAP TenpIsay “S1 314

[ 1Y -]




*8J0119 9y} Jo ov:ﬁﬂmﬁ ayy Joj aJae syjojdos] °saajowt ul pajold are sioaxyg
696 T Arenaqad g LS 00%1 81 aury 3uldlj 810119 UOIOSYJop [enpIsay ‘91 *B1g

0c1

L[R2
LEANYS wTwrw - Gives
YUY - WY
YV - 40N
INWII Ly - e
SuSad b -y

L 152 T P
TG - Svoe
2N - rree
LS ST

&v I44

V4 4"

26




‘830130 9y} Jo IpMUBEUW oy JoJ axe syiedos] ‘SasewW uy pajjold are sI01IY
"g96T A1eniqad ¥ LSW 0001 SI owh Supapy ¢810139 UOKOAAP [enpIsey L1 "3

L3

- 65t




ATV -
SRIAC] -
DY -
[

-810110 oy} Jo SpmIUSEW 9y} I0} o€ sy3ddos] °sIjaW uf papold axe sIoixyg

-g96T A1Eniqed ¥ LSIN 001 ST awar} Buialy ¢810119 UOO3Y3P TeNpISy "81 811




-c961 .MMMMMm 9y} Jjo spmjudew 9y} o} a3e sy3a[dos] °sSINOW ul panoyd oxe sioax
qod 9 IS 0001 SI owryy SurIyj {8I0IXd UOTIO3IIP [enpisey 61 814 <

e~

LT ——

29




e . A R S\ P o]

b s o

830139 oY} JO opMTUsEU Y} I0J 3IE syjajdos] °saajouwr ur pepoid aye s8I0I1Y
‘c9g A1enigad 9 LSW 00%T s1 aurr) Surayj $8J01I9 UOKOAIP [ENPISAY "02 g

30




*8J0119 3Y] JO owﬁmmmnﬁ oy} JoJ axe syjojdos] °sIajowr Ul vmﬁo__a aJe 8J0JXH
*¢96T A1enaqed 0T LSIN 0007 81 ouxpy Supapy (830130 UOHIAIP TeupIsay °12 “31A

31




810418 9y} Jo SpnjjuBew ay) Joj aae syjaldos] ‘sxajow ur papord axe SI0aXY
‘¢96T Lxenaqed 01 LSIN 00%T ST aury} 3uldl] {810aI9 UOIDA[Jop [enpIsay ‘zz *Sid

+

+

b

+
S8Ni ©

%

o

* +

T +
NSN3IG5

T T gy
Nm. : : 10
G 1 ¢
X ks N
P el Lol
0BT L - g e
- 2 P
' .(Q)/_ S MY
A “
3 = S
2! W\W@ SN Merer
I o S
;.?4.
- <72 - \0s€
G N
/
. . t»nv -ase
+ N -
N\ ; 5 €
-~ oy

L5

32




830439 9y} Jo 9pNJIUITW 9y} IO} axe syjo(dos] °sasjowr uy pajold aIe 8I01IY
"G96T Axeniqeg 3T LS 0001 8§ our) 3upayy ”muoﬁno uonoayep [enpIsey gz “31d

s

*

MMM - 8re

s LA
& SYLS R
7 A% LAY 5
Lot N . fown
«F L
ﬂ,\mtl., /;U
an.r,.., ~
. g ose
Rk /Hv
* RS 1
\\\H
. LoTse
‘ LY
i ’.,
\mnn 1
/
7 orse
.\\ -
\‘i\\\
ZF - + §SE
[
- - 9s¢
£,
a2
P 5S¢
Lo
oy B
~T
N Y

os .14 :
0+ - - . ot
am._uoznV WQ MN%/(
Y A

33




+gJ019 9y} Jo SpMIUSEW 9y} I0] axe syjafdos] °sIsau ul panoid axe sJoxay
‘¢96T Areniged ZT LSIW 00FT ST aw} Bulil} 810119 UOHOIAP [ENPISAY V¢ 311

14
VO
-
4
A
1,.)\, «
N YT
L
wre - 0 N

WILNARGL - LRy

V.CNOL - WINCT

NANT) oTurn < Qiske

oYM - R

+ STV - U0 ¢
PAVIVTA 4y - HXTE

A G
Y e e i avles No./,

SN
&

SO P~ Susme

- nI3niE - wSNGe

34




UNCLASSI¥FIED

- Security Classification

DOCUMENT CONTROL DATA - R&D

(SOCIH'“‘Y classification of titlo, body of abatract and indexing annotation must be entered when the overall report is classified)

| ORIGINATING ACTIVITY (Colpol’lf. author) . i 28. REPORT SECURITY C LASSIFICATION
‘‘he Travelers Research Center, Inc. Unclassified

250 Constitution Plaza 2b. aROUP

Hartford, Connecticut 06103 N/A

3. REPORT TITLE

BALLISTIC WINDS STUDY

4. DESCRIPTIVE NOTES (Type of report and Inclusive dates)

Quarterly Report No. 1, March 1, 1967 through May 31 1967

5. AUTHOR(S) (Last name, first name, Initial)

Ostby, Frederick P, Jr,

6. REPORT DATE ’ 78. TOTAL NO. OF PAGES 7b. NO. OF REFS

June 1967 42 + iii 1

8a. CONTRACT OR GRANT NO. 98. ORIGINATOR'S REPORT NUMBER(S)

DAABO07-67~C0296 . 7486-259

5. PROJECT NO.

9b. OTHER REPORT NO(S) (Any other numbere that may be assigned
s repo
Sis report)

IVO-25001-A126-01-14

‘. ECOM-C0296-1
10. AVAIL A!lLITY/LlMlTATION NOTICES
Distribution of this document is unlimited,
11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
None : U.S. Army Electronics Command,
AMSEL~-BL-MA
’ | Fort Monmouth, New Jersey 07703

13. ‘Ai'ﬁ’mc'r

‘The overall objective of this study is to continue work begun under-Centraet-DAABOT-
67-C0296~1, To investigate the improvement of an integrated ballistic message from
multiple stations and the effects of mountainous terrain on space and time variability of
meteorological measurements,

One of the initial steps carried out during this reporting interval was the preparation of
a detailed work plan for the contract year. The plan divides the technical work into five
tasks: (1) CRAM modifications and tests; (2) ballistic winds evaluation; (3) withheld data
experiments; (4) stability experiments; and (5) prediction techniques. The plan is contained
in this report.

During the first year of study urder-thiscontract an objective analysis program, the
Conditional Relaxation Analysis Method (CRAM), was developed and applied as a tool for
investigation. Under the first task, modifications and improvements to CRAM are presently
being carried out.

As a part of the second task (ballistic wind evaluation) residual errors (deflection)
based on station observations slong with those from Ft, Huachuca have been derived and are
contained herein,

In general, one does not find residual errors increasing as distance increases. The
minimum residual error occurred only 2 times in 24 test firings at the station closest to
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