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FOREWORD I

This research was conducted for the Directorate of Military
Programs, Office of the Chief of Engineers (OCE), under Project
4A762720A896, "Environmental Quality for Construction and Operation
of Military Facilities"; Task 03, "Pollution Control Technology";
and Work Unit 001, "Prediction of the Noise Impact Within and Adja-
cent to Army Facilities." The QCR number is 1.03.011. Mr. F. P.
Beck, DAEN-MPE-I, was the OCE Technical Monitor.

The work was performed by the Environmental Division (EN), u.S.
Army Construction Engineering Research Laboratory (CERL). Dr. R. K.
Jain is Chief of EN. Appreciation is expressed to M. L. Scala for her
assistance in writing this report.

COL J. E. Hays is Commander and Director of CERL, and Dr. L. R.
Shaffer is Technical Director.
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ACOUSTIC DIRECTIVITY i
PATTERNS FOR ARMY WEAPONS

1 INTRODUCTION

Background

The impact of noise on man is increasing!'y recognized as a major
source of annoyance. Studies of the effects of noise clearly show that
people repeatedly exposed to high noise levels exhibit increased irri-
tability and discomfort, severe nervous tension, loss of ability to con-
centrate, impaired aptitude to perform even simple tasks, and loss of
sleep. ,

U.S. Army Construction Engineering Research Laboratory (CERL) in-
vestigations into the prediction and assessment of noise impact on and
adjacent to Arply facilities have identified blast noise, rotary-wing
ali.rcraft, vehicles, and fixed sources as major noise sources, with

blasts and rotary-wing aircraft selected as the major problems.

CFRI is attempting to develop methods to predict the impact of
blast noise. Important to this prediction method is the compilation of
noise contours; these contours can be drawn to a distance scale com-
patible with a map of an installation and its surroundings, and can he
used as an overlay to graphically show the noise impact of base oper-
ations. Given the operacions, and/or types of weapons and their charges
and locations, and frequency and time of operations, noise contours can
help predict how changes in operations and different weapons and

locations will affect hlast-noise impact on installation environs.

In Predicting Community Response to Blast V'oise, CERL identified

blast statistics, human and community response, and weapons contours as
the data required to improve blast-noise impact prediction. Inl 1973,
CERL measured blast propagation at Fort Leonard Wood, MO to develop

1I

Shultz, T. J., !oise Assessment Guidelines Technical Background,

Report No. TE/NA 172 (Department of Housing and Urban Development,1972), pp 81-87.
Schomer, P. D., Predicting Community Response to Blast Voise, Tech-

nical Report E-17/AD773690 (U.S. Army Construction Engineering Re-
search Laboratory [C[RL], December 1073).

I7

me-



hi astf propagat ionl stat ist ~c s .~Psycho-acoutM 1 cal I es' s have al so heen
c ond tic t.ed ' and a con11I II;,i ity 1' t iI. uid i nil 1 surIvey i StIh nde PWay.

Chj ec t IyVe

1ho overall1 ohjecl lyve of I Iiis- stotdy i s I predic(- hl ast.-noi se
impact of art ill1ery, dernol i fion , and other h! ost operal ions w t hirn and
adj acent tfo Army fi 1 i 1iePs.

Spec if ic cal l y, the ohJecti ivs of t h is report art, lo I!) dovel op, ,pre-
cise sound- pressure level contouirs (directivity pattirns) for Army weap-
ons currently in nse, f,?) devel op tibles rel atinq the weiqht of charqer
to an equivalent weight of C7-4 plIastic explos'vo, and 1. present. these
contours and tables in d form suitable for use in manuia' and automrated
bhlast-noise prediction methods at Armly installations.

P P Pr oac h

Noise ieasurerents, of "I types of A-my heavy weapons were made in
July Pq76 a, ' ort Sill , 0'K. Charge si ze and el evat ion of the weapons
were varied. Sixtoen measurement microphones were pl.3ced in two concen-
tr~c circles at 2'50 and 5r00 r fFigure 1) aroujnd the weapons being
tesed Oe onidirectional 5-1h charge of C7-4 immediately adjacent to
the weapon being tested was detonated after every three shells fired.
Thu! purpose of these,( C-4 fi ringys wais to cor-ec' for the effects of winrd
and terrain upon blast propaqation at the site.

Data was collected at the site with an Ampex PR-??fll 14-track talpe
recorder and Nagra DJ scientific tape recorders. Subsequent data redluc-I tion was performed in the laboratory to determine, by miicrophone, posi-
tive and negative peak values for each blast, as well as frequency
weigiht and reso,,res. Pate was transcribed into a digital format and
then put into a minicomputer where weapons d~~was ctJ y C7-4
data; appropriate tables and contours were then developed.

Schomner, P. D., P. J. Goff, and L. M. Litt!(e, 'he Statistics of Ampli-
tude and Spectrum, of Blasts propagated in the Atmosphere, Voluries I
and 11, Technical Report IM-13,'APAO?.3475 and APA011611-7RL, N'ovember

4 1976).
Young, J. P., 1"easurenent of the Psychological Annoyance of Simgulated
Explosion Seq nences, PAP A 2'-74-C-flOOP (Stanford Research 'nstittpe,

SJanuary 19'5 and February 1976).
Community Pttitudes Survey, 0MB 49-POMaP 'CF(RL, April IP7,C).
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Figure 2. Iocation of measurempnt microphones.

Mode of Technology Transfer

The weapons contours and weight equivalency ta~os will he incorpo-
rated into CERL's Blast ' roise Contour program. The Blast program it-sel F

Environmental tro tein fornin in the Noise Eniomnand byr proposed7 2102R 2i ?, aster Planning.
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2 DATA C(1LLFCTIJN

Mea Sirement s were porformed at Fort Si I I in ,t esauth-Cn' al nor-
tion of Oklahoma. Fort Sill is the Army field artillery center and an
exttensive inventory of weapons is availahie there (one tdekl, the l2~~
Sheridan, was brought from Fort Hood, TX fcc the tests). The test site
-- weapons ranges in a grassy fiold -- was accessed via a paved rnad.
Becauise l ittle traininq was onqoinq at this site, it was a safe and cor-
yenioni. location fur no is cneastirrmen+.

1lest Seqiuence

Dur ing the Fort Sil I test, 13 weapons were, mea sured for hl asi
no isr. Tableo I lis ts t hese weapons , Ithe days on wh ich t est ing wa s per-
forried. and the event numbers assigrned to each particular woapon.

The ma in body of the tpst used C-4 op as i c explosive, as an
tind irectionil cal ibrat ion source. The test sequence consisted of one
blast of C-4 followed by three shells frori the weapon under test. The
sound-pressure 1 evel contou~rs emanating froni the C-4 allowed corrpct ion
for the effects of wind or terrain. 'his sequence was a corpromi se deC-
signed to place the weapon blast as close as possible to the C-4 blast
without undue expense of resources or tinne. This investigation rea-
soned, given the speed of firing and changing weather, that the contour
V;roduced by the C-4 after two weapon bilasts would nor change greatly.

Ta h I ,

Weapons Tested

aype fl last No. pay r0ame Of -tjUl Modfri

1 1-23 1?' P-in, self-propell1e d MI I M
1 5 6 9-59 2P, 8- in,. selIf -propell 1edM1IA
2 24-65 13 105-rmi tank M60

3 76-1014 14 4.1-in. mortar '
4 1 n5 -13 Id i.I31-rui mortar -

5 4W -524 27 1 06-n recoil11ess ri flIes V.4 (A 1

6 438-1,00 216 90n-m rpcoilless rifles M6 7
7 324-437 26 105-n howi tzer M02
0 12-1 I9 I155-rm howit 7er '0
9 2n0-245 20 P-in, howitzermie

10 246-291 ? I 152-rn Sheri dan (tank qiin'; M55i
1. 12-6 27 15-rnr howit*zer P-11 1

12 250-3 93 2 1 15 i-m howi tzer llA

10



MeoSurntrlt )arapptus

icrohones were deployed in two concentric rinus wi I h radii of :'r)()
and V-O0 ni, rt, spectively, around the weapon (C-4) being measured. The
inner ring had six microphones placed at 600 intervals around the firinq
point. The wicrophones were oriented so that one was directly in front
,ind one d'rectly behind the weapon, with two each on the left and right
sides of the gun. The outer rino consisted of nine microphones a' 00

intervals with d center microphone direc!ly bPhind the gun. ( No micro-
phones were placed in front, or ,h0 either side, of the fron* of the
weapon because of the possible damage to them from incoming shells and
the danqer involved in setting then up.)

Four types of microphone syst'ems were used for mPasurertuntS, the
l.VI 4921 outdoor microphone system, the PK 141-R field microphone
system, the B&K 2209 sound-level meter system, and the PEK 26' ] FM car-
rier system. With the exception of the B?.K 402], all systems were o[er-
abed with external microphone cartridges. !Figure ? shows the equipment
at each station.' The S&K 4Q21 and B&K 141 stations were powered by
lines running from a van which served as a mobile field acoustics lab.
The attended stations and the FM carrier System were self-cortained.

An accelPrometer station was also deployed; it consiste,' of three
accelerometers oriented with respect to 'hree mutually perperdicular
axes. At first, the accelerometer station was placed T-0, 6n, or On m
south of the blast site each day. However, after the first few days, it
was folnd t!Idt if the station was always placed at 10n m, it registered
the air wave almost exclusively, with little or no register of the
ground wave.

Stations 31F, 36F, 3F, OF, and 18F were the sound-level meter sta-
tions attended by field personnel. The peak sound level was measured on
the sound-level rieters at each station, dnd the flat-weighted output
recorded on the t!agra PJ tape recorder. ,r, addition, a B&K 2611 FM car-
rier system with a B&K 4145 microphone specially sealed to measure low
frequencies was used at station IPF.

Remote-controlled B&K 141 stations were placed at stations 6F and
12F, dnd operated by personnel at stations 3F and 9F, respectively. At
station 27N, a P&K 1/4-in. microphone was used to allow the measurement
of high frequencies and amplitudes.

Stations 3?N, 3N, 9N, lEN, 21N, 2IF, and iSF were R&K 4'21 micro-

phone systems powered by the monile lab. The output from these sta-
lions, the signals from the FM carrier system, and the signals fropm the
1/4-in. microphone were recorded on the 14-channel Ampex PP ?200 FM tape
recorder. Signals from the three B&K accelerometers (mounted in three
dimensions t.o a cement block); the time code generator; and the wind

11
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direction and speed apparatus were also recorded on the Ampex PR 2200
during testing.

Calibration

Calibration was performed (1) at the beginning of every new tape,
(2) at the end of each tape and/or day, (3) when changes were made in
equipment or equipment placement, or (4) when equipment malfunctioned.
The unattended stations controlled by the mobile lab were set up first
and were the first stations calibrated after setup of all stations was
completed. This allowed all stations equal warm-up time before
calibration.

The unatterded stations were calibrated with B&K 4220 pistonphones
in two groups of five and four, respectively.* A 15-sec recording of
the tone was made at a tape speed of 60 in./sec on the Ampex PR 2200.
The R&K 4921 was calibrated using 10 dB of gain in the 4921 and 0 dB of
gain in the Neff DC amplifier in the mobile lab. Adjustment, were then
made so that a 4-V peak-to-peak signal corresponded to the 1?4-dB root-
mean-square (RMS) produced by the pistonphone. For most measurements,
the B&K 4921 gain was reduced to 10 dB. This allowed measurement of
sound-pressure levels of 150 dO peak without overloading the tape
recorder. The Neff gain was increased for lower sound levels. For very
low sign.l levels, the B&K 4921 gain was increaspi to 2n dB.

The FM system was calibrated using a pistonphone and all gain ad-
justments were performed in the mobile lab. Puring testing, the system
used a 1-Hz cutoff.

The B&K 141 at station 27N was calibrated with its gain set for
40 dR and the Neff amplifier set for 0 dB. As with the B&K 4921, the
B&K 141 was adjusted to produce a 4-V peak-to-peak signal at the mobile
lab. The B&K 141 gain was decreased to 30 dR for measurements. The
mobile lab was able to decrease the BK 141 gain to 20 dB or 1n dR, if
necessary. For signals over 150 dB, the gain was reduced to 20 dB.**
The attended stations were calibrated after the unattended stations. A
pistonphone tone at least I minute in length was recorded on tape, fol-
lowed by a detailed list of calibration settings, data, and any other
information considered necessary by the investigators.

*To allow cal ibration, the R&K 4921 outdoor microphone system
windscreens and rain covers were removed and its microphone calibrated
with a normal grid; however, the rain covers and windscreens were used
during the testing.

**This station was the most difficult to calibrate because of the

problem of holding the pistonphones steady on the 1/4-in, microphone
in the wind.

15
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At the attended stations, two sound-level meters were used to
increase the dynamic range of the peak readings. The output of the 1/?

in. microphone was channeled to sound-level meter A, which was
calibrated by the ristonphone for 124 dP. The outpul of sound-level
meter A was sent simultaneous to the input of sound-!evel meter B and to
the Nagra DJ tape recorder. After sound-level meter A was calibrated,
it was set to the l!.O-dP, scale. (Sound-level meters have thp same
output range regardless of scale setting; the meters' range registers
17 dB above full scale. Since the signal at the attended station,. was
over 120 dB, the output of sound-level meter A was effectively in(reased
i0 d13. Sound-level meter R was then calibrated to read 1314 dB. This
arrangement of the two sound-level meters allowed the peak to ho raad
over a 2fl-dB range. Therefore, adjusting sound-level meter A allowed
the tipper level of the range to be varied.)

The B&K 141 stations at 6F and 12F were calibrated according to tho
following procedure: FAK 141 was set for 20 dP of gain and the alteno-
ator control at the adjacent attended station was set for 0 dB. lhP
Nagra attenuator was set for I dP and P&K 141 was adjusted so that the
meter on the Nagra measured -'0 VU. The sound-level meter was adjusted
to 124 dB. The calibration tone was rerorded into the Nagra for at
least 1 minute, followed by a list of settings and necessary infor-
mation.

16



3 DATA REDUCTION

Each event, i.e., each C-4 or gun blast, was recorded simijlta-
neously at 16 separate stations. Depending on the recording station,
data was stored on either an kpex PR-22of 14-channel FM recorder or a
Nagra DJ single-track AM recorder. Each tape channel's data was then
reduced individually.

Figure 3 is a block diagram of equipment used in data reduction.
The B&K 7502 Digital Transient Recorder, which acted as a delay line,
received information from the tape. Each time a blast registered on the
tape, the 7502 sent out a trigger signal which activated a special cir-
cuit. This circuit then relayed a trigger signal to an oscilloscope and
to two CERL Model 270 noise monitors; the signals were sent such that
the blast occurred in a preset window. This allowed the monitors to an-
alyze the complete signal. Another t.rigqer signal was sent to the noise
monitors to signal the end of the data collection. After the monitors
received the stop signal, and before another signal was relayed, a pause
was allowed to enable the noise monitors to sample the noise level on
the tape. The noise sample and the blast signal were both measured for
the same time interval. The noise moniturs then relayed this infor-
mation (in L form), and the sample-length time to a pair of Wang 6nP
calculators. At the beginning of each channel's analysis, equipment
settings for calibration and measurement were entered into the calcu-
lator's memory. The calculators then computed the sound-exposure levels
of blast noise and supplied a printout -f the sound-exposure level of
blast minus noise, and of noise level alone (all calculations were on an
energy basis). Two noise monitors and two calculators were used in

parallel so each blast could be measured with A, D, C, and flat weight-
ings.

Positive and negative peaks were measured visually on the oscil-
loscope and their values entered into the calculators. The calculators
used the previously given calibration values to compute positive, nega-
tive, and peak-to-peak values for each blast; this information, along
with the blast number, was then printed.

Signals were checked visually for any clipping due to oversized
inputs to the tape recorder. (It was not possible to overload the noise
monitors or- the calculators since none of the other equipment being us':d
in the analysis was capable of inputting an excessive signal.)

The noise monitors were originally calibrated by inputting the pis-
tonphone calibration tone from the tape recording and entering 124 dB as
the pistonphone's RMS sound-pressure level. The noise monitors then
calculated the appropriate gain constant to he used during data anal-
ysis. Any change in equipment settings from the calibration settings

17
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and any zhanges made during the measurement period were entered into the
calculators at the appropriate time. Necessary adjustments were made by
the calculators. A

Information listed on printouts produced by the Wang calculators
was punched directly onto computer cards and stored on magnetic tape for
easy retrieval by the Nova 1200 minicomputer during analysis.

This reduction, for each event at each station, produced the fol-
lowing:

4
Flat-weighted SEL Peak-to-peak
A-weighted SL* Positive peak
C-weighted SEL Negative peak
f-weighted SEL*

In addition, logbooks kept by the investigating team during the
tests described:

1. The day and time of each event.

2. Whether the event was a C-4 blast or a weapon blast.

If the event was a weapon blast, the team logged (1) the type of weapon,
(2) the type and size of the propelling charge, '3 the elevation (if
applicable), and (4) the range of the weapon's projectile (if apolica-
ble). If the event was a C-4 blast, the team described (1) the amount
of C-4 used to produce the blast (pounds), and (2) whether the blast was
on or above the ground (see Appendix A).

*Data recorded at stations using a Nagra recorder was not reduced to

A- and D-weightings because filters were not available to adjust
for the frequency shift between the Magra's original recording speed
(..5 in./sec) and the playback speed (15 in./sec).

19
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4 DATA ANALYSIS

Data reduced from recordings was first analyzed to determine the
valdes necessary to correct for the effects of weather and terrain on
ncse levels. After these correction values were estahlished, weapon-
noise directivity plots and weijht equivalency tahles were developed.

Correction Values

Five pounds of C-4, when exploded under ideal weather and terrain
ccnditions, transmits sound equally in all directions. The resulling
noise-propagation pattern is circular.6 The effect of inhomogeneous
weather and terrain conditions, therefore, can be determined by observ-
ing how propagation patterns differ from the circular.

For the purpose of this study, it was assumed that:

I. Weather and terrain effects on C-4 noise-propagation patterns
do not vary drastically over a short time (typically, 19 minutes).

2. The effects of weather and terrain on C-4 noise and gun noise
ire the same.

It was further assumed that once the effects of weather and terrai- on
(-4 blast noise were determined, they could be used to predict and cor-
rect for -- and therefore eliminate -- the effects of weather and
terrain on gun noise.

As described in Chapter 1, each weapon firing (event) occurred
within 15, minutes of a 's-lb C-4 calibration explosion. Data recordings
for each event (fl-4 and weapon, were made at 16 separate stations and
reduced (Chapter 2). To determine the correction value for each weapon-
firing event at each station, it %;as first necessary to identify the C-4
calibration explosion nearest to it in time.

Each C-4 event was analyzed to determine the difference from the
ideal caused by weather* and terrain. This difference was then used to

Schomer, P P., P. J. Goff, and L. M. Little, The Stat.stics of Ampli-

tude and Spectrun of Blasts Propagated in the Atmos here, Volumes I
ard I, Technical Report N-!3 ADA 75_ -an( ADIM3361 (CFRL, November
i976).

*Weather conditions during testing for each day (by hour) are listed in

Appendix B.

20
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correct the noise-level data for the weapon-firing event nearest in time
to the C-4 explosion.* In this manner, correction values for the ef-
fects of weather and terrain on each event at each station were deter-
mined.

Noise Contours**

Reduced noise-level data was used to plot, against time, noise
levels at each station for (1) each weapon type, and (2) each C-4 event.
Both corrected and uncorrected data were plotted. This was done to:

1. Facilitate spotting errors in data recording and/or in the
transcriptior or reduction of data.

2. Support this investigation's assumption that weather arid
terrain effects could be averaged over a short time.

These plots also showed that noise levels at all stations changed in a
consistent manner, regardless of the position of the station, the type
of weapon (C-4), or time.

Corrected, reduced noise-level data was then graphed vs angle on a
polar plot (see Figure 4 for an example). Inner-ring data (dashed line)
was plotted separately from outer-ring data (solid line).

The polar plots were not developed to determiie how loud an event
was at a point, but how noise levels varied with angle. The deviation
at each angle for each event was determined from a single reference
point (rear of the gun) and plotted. These plots are the weapon
directivity patterns.

Separately plotted inner- and outer-ring contours were then com-
pared. The comparison showed that yoth contours, for similar test
events, typically varied less than - 1.5 dB from each other. Because of
this close comparison and since the noise contours for the inner and
outer ring each contained points absent in the other (Chapter 2), the
plots of both rings were combined for identical events, i.e., events
with the same weapon (C-4), charge size or type, elevation, and range

*As a check, C-T events were analyzed and corrected using this method.

They produced nearly perfect circular patterns.

**Though analyses were done for both F- and C-weighted SEL, contours

were produced for C-weightings only to weighting recommended by
the Environmental Protection Agency (EPA) arid approved by Department
of Defense (DOD).
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Figure 4. Polar plot exampIc.
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(Appendix C). The resulting contours showed that variation in charge
s~ze, elevation, or range did not consistently or significantly
(-2 dB, typically) alter the noise contours.

Next, all contours for the same weapon IC-4) for varying events,
i.e., at varying charge sizes and types, elevations, and range, were
combined (see Appendix D). In addition, energy average* in dB and the
average differences in dS from the rear of the gun were compiled for
each station. The average difference from the rear of the gun vs angle
and the average difference from C-4 vs angle are found in Appendices C
and D.

Weight Equivalency Tables

To develop appropriate weight equivalency tables, the energy aver-
age of the reduced noise-level data from the inner-ring stations was de-
termined for each event of identical charge size and type, hut varying
elevation and range. These averages were then plotted against charge
weights. When plotted, these averages showed that there was a log-
rithmic relationship between sound level and charge weight. All further
calculations were therefore done using logorithm of weight. Appendix F
lists the resulting weight equivalency tables.

Charge weight was also plotted against F- and C-weighted SEL (Fig-
ujres 5 and 6)**. These plots show that weapons which were in the same
barrel-length group (Table 2) lie along the same line. Equation parame-
ters for indiidual weapons and for grouped weapons are shown with their
respective r in Tables 3 and 4.

*By this method, dB are converted to energy (J), averaged, and then
converted back to dB.

**A 270 oz, tive white bag charge for the 8-in. MP!O gun was not plotted
since the charge was nonstandard. The 450 oz, seven white bag charge
was not plotted because of indications of excess attenuation caused
by the C-weighting.

+The stand.-d error is a measure of the 2amount of variation of the
data about the prediction model. The r is the multiple correlation
coeffici-nt .quared; when multiplied by 100, it is the percent of the
variation in the data which is explained by the equation.

Z3



135 111 III' I I I I III I I 'I I I

0 C-4 ON GROUND
x C-4 ABOVE GROUND

130 -A 81-mm I£ 4-in jMORTAR
4) 90-mm RECOIL LESS RIFLE
0 106-mm RECOIllESS RIFLE x

125 . 152-mm SHERIDAN
1 05-mm TANK

* 155-mm SELF-PROPELLED(LONG TUBE
HOWITZER 0

12J 0 155-mm TOWED HOWITZER
OD 155-SELF PROPELLED HOWITZER
I BIN. (LONG TUBE) HOWITZER 0
8 -IN. HOWITZER x

115
-j x ,0 0J

LIJllO -- *
0 0_-

105 -or x

S0

0

I0-

40 A 0
A

900

100

hA

Figure 5. Flat-w.eighted SEL vs C-4 charge weight.
Groupings are by tube length; point re-
presenting an 8-in, gun with a 270 oz.

I charge is a nonstandard charge.
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135 I III I I III! I I I I I I

o0 C-4 ON GROUND
X C-4 ABOVE GROUND

A 81-mm MORTAR
A 4.2-in. 1
<> 90-mm RECOILLESS RIFLE
2 ) 106-mm RECOILLESS RIFLE
0 152-mm SHERIDAN
+ 105-mm TANK

120 0 155-mm SELF-PROPELLED (LONG TUBE) K
-20 HOWITZER

0 155-mm TOWED HOWITZER X
0 155-SELF-PROPELLED HOWITZER 0_1j

Li 0 8-IN.(LONG TUBE) HOWITZER
> 115 8 8-IN. HOWITZER X 0W

D X 0
V)110 00

X X
00

105
0

Aw0
Li

U
95 A A

90

85 !111111 I ,111111 I fill1
1 2 5 10 20 50 100 200 500

CHARGE WEIGHT (OZ.)

Figure 6. C-weighted SEL vs C-4 charge weight.
Groupings are by tube length; the
shift in the C-4 and 8 in. gun line
at levels in excess of about 118 dB
occurs because the C-weighting ex-
cludes the very low frequencies.
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Table 2

Barrel Lengths of Weapons Tested at Fort Sill

Very short (erylight) Model

81-mm mortar

Short tube

4.2-in. mortar M30

106-mum recoilless rifles M4OAI
90-mm recoilless rifles M67

152-mn Sheridan tank gun M551

Regular tube

105-mm howitzer MI02
155-mrm howitzer M109

8-in. howitzer Milo
155-mm howitzer M114

Long tube

155-mm howit2er M109A1
8-in. self-propelled MIIOAI
105-mm tank P.60

Table 3

Equation Parameters and Correlation Factors (r2 )
for Weapons Tested at Fort Sill (F-weighted SEL)

Equation Parameters

Weapo Model A B r
2

81-mn mortar 91.65 20.13 0.94
4.2-in. mortar M30 87.05 18.38 0.99
106-nn recoiIless rifles M40A1 N/A N/A N/A
9
0-mm recoilless rifles M57 N/A N/A N/A

152-mm Sheridan tank gun M551 N/A N/A N/A
105-mm howitzer M102 83.97 15.72 0.99
155-rn howitzer 1109 74.85 20.48 1.00
8 in. howitzer 10 88.3C 13.62 0.95
ljS-m, howitzer 1.14 84.93 15.59 0.97

155-mm howitzer M109AI 75.16 13.23 0.98
8-in. self-propelled MIlOAI 80.04 16.26 1.00
105-rnr, tank M60 N/A N/A N/A

Short tube 89.14 15.63 1.00
Regular tube 84.40 15.48 0.99

Long tube 75.07 18.35 0.99

C4 101.59 11.85 0.99

Level * A B Logle (weight of propellant)
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Tabl e 4
Equation Parameters and Correiation Factors (r2

for Weapons Tested at Fort Sill (C-weighted SEL)

Equation Parameters

Weapon Model A r2

81-rm mortar 90.27 19.57 0.94
4.2-in. mortar M?O 85.17 18.85 1.00
106-rn recoilless rifles M4OAI N/A N/A N/A
90-ran recoilless rifles M67 N/A N/A N/A
152-mm Sheridan tank gun M551 N/A N/A N/A
105-mrrn howitzer M102 83.78 1?.nl 0.98
155-rm howitzer MI09 75.74 18.51 1.00
8-in. howitzer MilO 60.11 24.49 1.00
155-rm howitzer M114 80.81 15.59 0.98
155-mm howitzer M109AI 72.08 18.11 0.99
8-in. self-propelled M110AI 76.99 15.87 1 .00
105-mm tank M60 N/A N/A N/A

Short tube 88.75 13.85 0.99
Regular tube 82.2? 14.99 0.90
Long tube 74.26 16.94 0.97

Level : A + B * Log 10 (weight of propellant)
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V]
5 R[SULTS

Prediction Method

CERL's previous noise propagation Study at Fort Leonard Wood 7 es-

tablished the noise-level standard for a 5-lb charqi' of C-4. The Fort
Sill tests descr'bed in this report use the variance in gun-noise levels
from this (-4 standard to develop cor-ection factors which allow -he
prediction of the effects of gun type, charge size, and charge type on
gun-noise levels.

The weight equivalency tables developed as a result of the study
described in this report can also he used to predict gun-noise impacts.
To do so requires that the weight equivalency plot in Figure 6 be used
to determine the charge weight/weapon correction factor.

First, select the appropriate C-4 value from the weight re-
lationship plotted in Figure 6. Second, select the appropriate inner-
ring energy average for the weapon for which noise impact is to he pre-
dicted by the equations in Table 4. Finally, select the appropriate
average difference from the rear-of-gun reference point for the weapon
under consideration from Appendix P. {See Figure 7 for an example of
this procedure.)

When the value for the C-4 plus the value of averaqe difference
from the rear-of-gun refprence point is suhtracted from the inner--ring
energy average, thc result is the charge weight/weapon correction factor
(see Figure 7).

To determine the directivity correction factor, select the appro-
priate value from the tables in Appendix D and interpolate, if necessary
(see Figure 7).

Additional Results

Figure 6 exhibits a number of interesting relationships:

I. The amplitude vs weight of the C-4 charge curve is not a
straight line, but more S-shaped. This results from the gradual shift
to lower frequencies as the weight of charge is increased. And, as the

7 Schoner, P. D., R. J. Goff, and L. M. Little, The Statistics of Am-
plitude and. ectrum of Blasts Propagated in the-AiItm ere, Vol-umes I
and If, Technical Report NI3/ PA033345 and ADf36 CFRL, November
1976).
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AI

Find correction factors,for the side (900) of a 155-mm towed how-
Itzer (MI14) for three green bags:

I
I. Three green bags x 49.4 ox of Iropellont

I

2. 49.4 oz of C-4 (C-weighted SEL from Figure 6)a 118.8dBll I

From Table 4

Short tube 89.75 13.85 0.99
Regular tube .2 4.9 0.99
Long tube 74.26 16.94 0.97 1

1 82.22 14.99 LogI0 (49.4)

From Appendix D

NAME 155 MM HOWITZER M(14
ELEVATION ALL
CHARGE SIZE ALL A

DIFFERENCE DIFFERENCE
CHANNEL ENERGY FROM REAR -'NGLE FROM REAR

I II2.57 9.80 00 14.93
2 105.84 3.41 300 12.55
3 103.24 0.00 600 IO.8 .
4 105.72 2.86 goo
5 113.15 10.71 1200 6
6 106.10 10.28 1500 1.56
7 99.41 3.09 1800 0.00
8 101 .99 6.24 2100 1.56
9 115.89 14.93 2400 3.20
10 106.87 9.83 2700 6.87 3
II 103.64 7.42 3000 10.18
12 99 .20 3.52 3300 12.55
13 97.15 1.51
14 97.45 0.00
15 97.43 l.61 AVERAGE
16 102 .14 6.32

Weight/weapon Correction .®--
-20.6 dB z 107.6 - 118.8 - 9.45
Dlrectlvity Correction _) S 6.67

Figure 7. Weight/weapon and directivity correction factor
prediction method.
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4

shift is made to lower frequencies, the C-weightling gradually attenuates
more and more of the signal. Thus, at higher charge sizes for the
larger weapons, the weapon curves move very close to th- C-4 curve.
This is because of the spectral shift operating on the C-4, but not yet
on the weapons.

2. Figure 5, which uses flat weighting, shows a straight line
for the C-4 weight relationship, and a 3.6-dB increase when C-4 weight
is doubled. Three sizes of weapons -- short, medium, and long tube --

are on this same curve. (The longer the tube, the more contained the
charge, and, therefore, the smaller the noise.)

3. The weapon curves grow at i faster rate than those of the un-
constrained C-4 curves, indicating that the bigger the charge in given
tube length, the more unconstrained it appears, and thus the more it ap-
proaches the C-4 curve.

4. The last major finding of this study was the effect of a muzzle
brake on directivity patterns. Figures P and 9 show directivity pat-
terns for a self-propelled and a towed 155-mm howitzer, respectively.
The self-propelled howitzer uses a muzzle brake, the towed howitzer does
not; the directivity pattern for the self-propelled howitzer is prac-
tically circular whereas the directivity pattern for the towed howitzer
is strongly towards tne front of the gun. This indicates that the
muzzle brake causes some of the Cases and noise which would go tow;ards
the front to be redirected toward the sides ard rear: the resilt is an
almost circular pattern. The same general relationship is true for the
other weapons; i.e., w.ith a muzzle brake, the directivity pattern is
virtudlly circular. witFout a nuzzle brake, the directivity pattern is
much stronger towards the 7ront of the yun. The exceptions, of course,
are the recoilless rifles which have a strong component both towards the
front and the rear of the weapon.
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Figure 8. Directivity pattern of a self-propelled 155-m
howizter. Each hatch mark is 1 dB. The abso-
lut& level at the rear of the gun is 100 dB.
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F+- f+-+f- I+H+ l-i- -i-H -f4-++-j-+-

Figure 9. Directivity pattern of a towed 155-mim howizter.
Each hatch mark is 1 dB. The absolute level at
the rear of the gun is 100 db.

32



6 CnNCLUSI ONS

Precise sound-pressure level contours (directivity patterns) and
weight equivalence patterns which relate weight of charge to equivalent
C-4 weight were developed for Army weapons in current use. Data and in-
formation developed as a result of this study are presented in a form
suitable for use in manual or automated blast noise-impact prediction
methods.

The following general technical conclusions can also be made from
this study:

1. Elevation has little influence on directivity patterns; there-
fore, directivity patterns can be considered as independent of
elevation. Muzzle brakes (except for recoilless rifles) are the biggest
factor affecting weapon contour shapes. Muzzle brakes cause directivity
patterns to become almost circular.

, 2. The weight equivalency tables developed are a function of tube
sze, with the longest tubes being the quietest because the charge is
most contained.

33
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APPENDIX A:

EVENT LOG
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X DAY TIME WFAPON MODEL. CHARGE SIZE miVA RANGE

51 13 12:51:16 1OS MN TANK IeO
S2 13 12:SS:46 CALIBRATION 5.e LBS.
53 13 14:01:26 CAI.IBRATiON S.00 LBS.
54 13 14:04:41 105 MM TANK M60
55 13 14:05:20 105 MM TANK M60
56 13 14:06:05 105 MM TANK )160
57 13 14:12:07 CALIBRATION 5.90 LBS.
58 13 14:15:17 105 MM TANK M60
59 13 14:15:57 lOS MM TANK M10
60 13 14:16:3G 105 MM TANK x60
61 13 14:22:37 CALIBRATION 5.00 LBS.
62 13 14:25:41 lOS 4M TANK 960
63 13 14:26:21 lOS MM TANK N60
64 13 14:27:01 105 MM TANK M60
65 13 14:38:25 CAI.I BRATION 5.00 LBS.
66 13 16:12:29 CALIBRATION 5.00 .BS.
67 13 16:2(:58 C4 ON GROUND 5.00 LBS.
68 13 16:27:12 CALIBRATION 5.00 LBS.
69 13 16:35:40 C4 ON GVIOUND 5.00 La8s.
70 13 16:43:14 CALIBRATION 5.00 LBS.
71 13 16:55:40 C4 ON GROUND 5.00 LBS.
72 13 17:02:02 CAIIBRAT ION 5.00 LBS.
73 13 17:09:00 C4 ON GROUND 5.00 LBS.
74 13 17:16:34 CAIIBRATION 5.00 LBS.
75 13 17:24:03 C4 ON GROUND 5.00 LBS.
76 14 10:45:SO CALIPRATION 5.00 LBS.
77 14 10:54:29 CALIBRATION 5.00 LBS.
78 14 10:58-59 4.2 INCH MORTAR M30 11 GREEN BAGS 900
79 14 11:04:31 4.2 INCHI MORTAR M30 1I GREEN BAGS 900
80 14 11:08:21 4.2 INCII M(IRTAR M30 11 GREEN BAGS 900
81 14 11:09:04 4.2 INCH MORTAR M30 11 GREEN BAGS 900
82 14 11:09:44 4.2 INCII MORTAR M30 11 GREEN BAGS 900
83 14 11:17:39 CALIBRATION 5.00 LBS.
84 14 11:28:04 CALIBRATION 5.00 LBS.
85 14 11:31:24 4.2 INCH MORTAR X30 24 GREEN BAG,'S -00
86 14 11:34:23 4.2 INCII MORTAR M30 24 GREEN BAGS 9lO
87 14 11:37:56 4.2 INChi MORTAR 1130 24 GREEN BAGS 900
88 14 11:38:38 4.2 INCIH MORTAR 1136 24 GREEN BAGS 900
89 14 11:39:19 4.2 INCH MORTAR M30 24 GREEN BAGS 900
90 14 11:46:56 CALIBRATION 5.00 LBS.
91 14 11:56:07 CALIBRATION 5.00 LBS.
92 14 12:00:10 4.2 INCH MORTAR M3 20 GREEN BAG% 10 ;5
93 14 12:06:03 4.2 INCI MORTAR M30 20 GREEN BAGS 1065
94 14 12:06:45 4.2 INCH MORTAR X30 20 GREEN BAGS 1065
95 14 12:07:07 4.2 INCII MORTAR M30 20 GREEN BAGS 1065
96 14 12:0S:07 4.2 INCIi MORTAR M30 20 GREEN BAGS 1065
97 14 12:13:30 CALIBRATION 5.00 LBS.
98 14 12:26:05 CALIBRATION 5.00 LBS.
99 14 12:30:11 4.2 INCH MORTAR X30 31 GREEN BAGS 1065
100 14 12:33;30 4.2 INCH MORTAR 1130 31 ORE BAGS 1065
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. DAY TIX. W.APON MODEI,. CIARGE SIZE ELEVA RANGE
101 14 12:3.1:11 4.2 INCH MORTAR X30 31 GREEN BAfN 1065102 14 12:3.4:53 4.2 INCII MORTAR 130 31 GRHI-N BAGS 106f-.03 14 12:35:36 4.2 INCH MORTAR mm 31 GRLFN BAGS 1065104 141 12:42;55 CA I' 1BR A] I ON', S.00 LI.["
105 14 14:23: 10 C.I-I IItA TION S. LOS.106 14 14:27:12 PI MM mIoRrAR . lO BM107 14 14:32:32 8 1.M .NMORTAR 

4 G I-:N BAGS 900 2400108 14 14:33: IG 8! MM )IlRTAR 4 GREEN BAGS 900 2430109 14 14: 33: SG 1 M-4 M lRAR 4 Gk.11I. BAGS 900 2400110 14 14:34:3S 8 1 MM MORTAR 4 (.;Rll'N BAGS 900) 2400III 14 14:42:Ui ('AL.IIiIA ION 5.00 1.B'.
112 14 14:52:13 (AI.I l I OIoN 5.0(1 liN.
113 14 14: sr,-is:.1 4! .1M M IAR ? ' I I'N IIAGS 90" 3700
114 14 15:44oo:39 1I MM MURIAR 7 (Rh G IIA(S 904l 3700115 14 15;01:21 8I MM MORTAR 7 G1I'.N BAGS 9014 '1700116 14 15: )2:03 RI M, MORIAR 7 (1llI-N BA(N 900 370117 14 15:62:47 JqI M4 moIpTAR 7 F I I- BAGS 9011 3700118 14 IS: 0,,,: 05 CA. H1 A' ION S.O Uil'119 14 15:15:30 (.AI.lA1,8floN 

5.00 LI.:20 14 15:19:34 8 1 M .M ORT.IR 5 GR.:E '. BAGS 1050 2525121 14 15:23:27 N1 M4 MORTAR S GRI.I;N iAGS 1050 2525
122 14 15:24:11 81 MM .'OUT,,R .5 GREEN BAGS 1054t) 2525
123 14 15:24:52 8i MM MORTAR 5 GREEN BAGS 1050 2525124 14 15:25:35 81 44 MORTAR 5 GRFEN BAGS 105) 2525.25 14 15:30:37 CAI. IlIRATION 5.00 LBAS.126 14 15:38:56 CAI1HRATION 

5.00 LBS.127 14 15:42:1S 1 MH MORTAR 
8 REFS BAGS 15.12R 14 15:45:50 81 MM ,4)IITAR 8 GREEN BAGS 1050 362512 41:(:1 81 MM MORTAR a GREECN BlAGS 1050 3625

129 14 15:4(,:31 ,'31 461 MOT~lAR 8 GR'RBAGS 10 -,A 3625%130 14 15:47: 14 81 M4 4HfAR 8 (REEN BAGS 1050 .3625131 14 15:47:5' 81 MM MORTAR 8 GREEN BAGS 105O 3625i32 14 j5:52:5! CAI.IfRP T ION 5.00 Li..33 14 'G:0o: II ClLlI RA f IRON , 00 LBS.134 19 10:11:21 CAI. IIRIT"I OS 5.00 LBs.13S 19 10:19:36 CAL,11R'AT 10N 5.00 LBS.136 19 10:25:52 155 4-M IIGIlTZER M109 3 L BAG ISO137 19 :0;29;27 155 MM IOh'ITZER I09 3 GREEN BAGS 15013S 19 10:30: 14 155 MM 11OI.'TXR M109 3 GRIE'S BAGS ISO.39 19 10:3o1:57 155 MM I0'ITZ7R M109 3 GIWEN BAGS 150140 19 10:31:40 155 MM I)WITZER fl109 3 GREEIN BAGS ISO141 19 !0:42:21 CAL.lIhAIO.N 
5.00 is.,142 19 10:48:47 CALIIIPA T ION 5.00 LBS.143 19 10:53:07 !55 MM HOWITZER M109 4 GREN BAGS 300144 19 i0:56:06 155 M- 1,4hIhTZER MI09 ." ;RI'" EN BAGS 30,14., 19 10:56.51) 155 M14 IItWITZER Wo09 4 GRIEN BAGS 300146 19 10:57:36 155 .4,4 1IOWITZER M109 4 GREEN BAGS 300147 19 10:58:-18 155 X4M HOWITZEk 14109 4 GREEN BAGS 300148 19 !1:03:58 CALIBRATION 5.00 LP'Z,149 19 11:11:53 CALIBRATION 5.00 LBS.ISO 19 11:16:02 155 Nil BOITZEJ 11109 5 GR.00 RAGS L5B0
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* DAY TIME WEAPON MODEL. CIARGE SIZ- ELEVA RAjtG
151 19 11:19:05 S55 MM II1)VITz[ER W09 S GREEN BAGS 350152 19 I1:19:47 Iss MN IIOWITZI-R 1109 S GREEN BAGS 350153 19 11:20:29 ISS IMN II0)ITZER M109 5 GRI'EN BAGS 350154 19 11:21:11 155 -III)1TZSER M109 5 GREEN BAGS 350155 19 11:35:57 CAI.IIIRAIION 5.00 I.156 19 11:40:57 CAI.IIIRATIIN 

5.00 LR.157 19 11:44;00 155 MM IIOL0WITZER 1l10 S WHITE BAGS 60ISP 19 12: 5,: 46 CALIBRATION 
5.00 L11N.159 19 13:02:09 155 MM IOWITZER N109 S WHITE BAGS 69160 19 13:02:55 15S MM I1OWIT'ER 1110 S WHITE BAGS 60161 19 13:03:39 IIS , IIMWITIZER N09 S WlliF BAG. 60162 ;9 13:04:23 .15 Mm j"WIJIT;UR Mlj9 5 WITE BAGS 60i ,3 19 1:14: 010 CAl.IIIRAI ION 5.00 [.I5.164 19 13:21:14 C4 ON (;14OtND 5.00 LII.;.165 19 13:25:1I 155 MN IlOITZER 11109 S WHIIE BAGS 350166 19 13:28:13 155 MM llOhITZER m 109 5 wIITE BAGS 3S5I67 19 13:28:59 155 MM IIOUITZER ?I139 5 WiI TE BAGS 35016I1 19 13:29:41 155 M" IIOWITIER 1019 5 WHITE BAGS 350169 19 13:30:23 155 4.4 HWITZER MiO9 5 WHITE BAGS 350!70 19 13:35:51 CAIIBRATION 
5.00 LBS.171 19 13:44:23 CALIBRATION 5.00 LBS.172 19 13:4:17 155 M.M O4HO ITZER LBS09 5 WITE AG 1275173 19 13:53:01 155 MM HOWITZER M109 5 WHITE BAGS 1275174 19 13:53:52 J55 .,M HOWITZER A1109 5 WHITE BAGS 1275175 19 13:54:34 155 NH HOWITZER M109 5 WHITE BAGS 1275176 19 13:$5:17 155 NM HOWITZER X109 5 WHITE BAGS 1275177 19 14:00:55 CALIBRATION 5.00 LBS.178 19 15:13:32 C4 
5.00 LBS.179 i9 15:19:14 C4 
0.31 LIS.180 !9 15:26:17 C4 

20.00 LBS.181 19 15:35:06 C4 
1.25 LBS.IS2 !9 15:42:46 C4 2.50 LBS.1

8
3 19 15:50:23 C4 

10.00 LBS.I&4 19 15:56:29 C4 0.62 LBS.185 19 16:02:47 C4 
5.00 LBS.IS6 19 16:09:40 C4 
0.31 LBS.187 19 16:19:52 C4 
20.00 LBS.18 19 16:26:35 C4 
120,I LBS.189 19 16:32:32 C4 
2.50 LBS.190 19 16:39:59 C4 10.00 LBS.191 19 16:47:12 C4 0.62 LBS.192 19 16:52:34 C4 
5.0 LBS.193 19 16:58:31 C4 0.31 LBS.194 19 17:05:39 C4 20.00 LBS.195 19 17:11:19 C4 
1.25 LBS.196 19 17:16:50 C4 2.50 LBS.197 19 17:24:05 C4 10.00 LBS.198 19 17:39:06 C4 0.62 LBS.199 19 17:3,5:47 C4 
S.00 LBS.200 20 9:47:53 CALIBRATION 
5.00 LBS.
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0 DAY TINE ItAPON MODEL CHARGE SIZE ELEVA RANGE

201 20 10:08:33 CA.I BRATION S.00 LBS.
202 20 10:22:05. 8 INUII 3I 0 ITM.iR 1leO - UfIT P AGS 100
203 20 0;042:00 S I(11 fI0o'IZER 1il0 5 111ITE BAGS 100
204 20 10:57:09 8 INC'II VU!1lTZER 14110 5 WHITE BAGS 100
205 20 11(3:39 CAI.I BRAT I)N 5.00 1.171-s.
206 20 11112:43 8 INH('It ItlhITZER mil 5 1311EE BAGS l0
207 20 111!7:36 8 IN-ll 11o , ITEZR 14110 5 IIITE BAGS 100
2("1 20 1 121:30 N INCH ( 11ITZER Mi1o 5 IIITE BAGS 200
2(9 20 1 1:2k:23 CAI.IIBRAT 3ION 5.00 L1s.
210 20 .1140:01 8 INCH 11ItIT/ER 1io 5 WH'IIITE BAGS 20)
211 20 11:42:4S 8 1.N(11 IIoWITVI:R Milo 5 MIITE BAGS 20,
212 20 11:4.:5. 1- 3NII IIN H lo I'Zv1 M*WO 5 Vill1 l-: BAGS 2003
213 20 I I : 50:4N (A. ,11 RAII)N 5.0( 1.1 5.
214 241 13:41:01 C\l3il .aT ION 5.0) I1TS
215 20 13:4'J: 13 I IN(H II: IJI"/ER MiIo 5 111lF BAGs 20i h
210 20 1.1:S3:53 8 INl 3301 IT/ilR Mil 7 Ull 1-: BAGS ll
217 20 14:3m:48 x INrll 6IoIh liER 14 30 7 illIE BAGS 101)
21 20 14:45:16 (AI.IIIR.fl] ION 5.00 I00
2;'1 20 IS:SLI:43 CAI IIIRATION 5.00 I.R.
2201 20 IS:SJ:22 R INCHll HOWITZER NIlo 17 WIIITI BAGS 100
22i 20 16:3I :16 8 IN(II IIOWI1IER 14110 7 tlIIIT3E BAGS I30
222 20 1-,:03:09 8 IN(HI 310ITZER mile 7 Willie BAGS 100
223 20 16:09:50 CAI, III-lATION 5. 001 11.
224 20 1C,: 18:57 8 INCH IIoVIT/IR 1ilo10 3 (;RI':I ' BAGS 20)
225 20 1f-,:21:08 8 INCII I101ITZER 14110 3 GRI.1N BA(G 200
226 20 1;:23:109 8 INCH] IIWITZER i110 3 GRI'N BAGS 200
227 20 1: 29:51 CAI. IIBRAT IO 5.00 1.0".
228 2') I,:37: 17 8 :('II IllITZI:R mile 3 GRIIN BAGS 200
2?9 20 l-,:3 9: 15 S 35II 333. ITZI-R 1430 3 (HRkI 'lI BAGS 200
230 20 16: 43: 44 , IN(3 113IOT'7ZIR NIl3 3 GhII ,N BAGS 400
231 20 16:S0:4S ('ALIIIRATION S.00 IB..
232 20 1 :30:59 C4 ON GkO 1'NI 5.00 1,.BF.
233 20 18:37: 05 S IN(H II(Il'ITER 14110 3 GRE 'N BAGS 400
234 20 1:39:0 IN0!4 S (01 WIT'R M110 3 GREEN BAGS 4(-0
235 20 18:41:05 8 INH( IIf9ITZER Mi1o 3 GREEN BAGS 400
236 20 18:46:43 CA.11RAlION 5.00 I.BS.
237 20 !S:52:24 6 I18(33 II ITZFR 1410 3 GREEN BAGS 400
238 20 18:54:23 8 I3(3 II (.ITZER 1i3o S GREEN BAGS 200
239 20 iS:56:24 S INCHII 1306ITZER )1110 5 GREEN BAGS 200
240 20 '9:01:38 CAl I BRATION 5.00) LBS.
241 20 19:07:43 * INII HOWITZER 1l30 5 GREFN BAGS 200
242 20 19:09:44 S INCH IIIITZER Milo S GREEN BAGS 200
243 20 !9:11:45 1 INCH3 HOWITZER 1410 S GREEN BAGS 2UO
244 20 19:18:23 CALIIHRATION 5.00 LBS.
2-15 20 19:25:30 ('ALIIIAT I3ON 5.00 LBS.
246 21 9:44:31 CALIBRATION 5.00 LBS.
247 21 9:51:01 CALIBRATION 5.00 LBS.
248 21 9:55:58 152 4M SHERIDAN TANK 59 3095
249 21 10:00:21 152 MM1 SHERIDAN TANK 59 3095
2S 21 10:03:17 352 141 SHERIDAN TANK 59 3095
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0 DAY TINE WEAPON MODEL. CHARGE SIZE EWEVA RANGE

251 21 10:02:21 152 MA SIIERIDAN TANK 59 "'9s
252 21 10:09:10 CA.IBRATION S.ee LBS.
253 2! 10:13:35 152 MM IIERIDAN TANK 59 3095
254 21 tO: 17;21 152 NM SIIIEHIDAN TANK 59 3095
255 21 I0:lq:13 152 MM SIIl'RIIAN TANK 59 3095
256 21 10:26:34 152 M NSIIRIDAN TANK 59 3095
257 21 10:35:09 CALIBRATION 5.ee LBS.
258 21 10:41:07 152 MM SIIIRID.N TANK 59 309S
259 21 10:41:49 15? MM SIIRIDAN TANK 59 3095
260 21 10:42:30 15? MN S'III.:IIDAN TANK S 2900
261 21 10:46:21 352 MM S1IIIIIDAN TANK 50 2900
262 21 10:51:36 CA.IIRATION 5.00 LBS.
263 21 10:54:35 152 MM S Il I3II)AN TANK 50 2900
264 21 3 :15:15 152 MM SIII-3II3AN TANK 50 2900
2165 21 10:55:55 152 MN SillIIII)AN TANK 50 2900
266 21 !0:56:36 152 MM NIlI:RIDAN TANK 50 2900
267 21 11:02:29 CALIBRATION 5.00 LBS.
268 21 11: 05:36 152 MN SIIIlIDAN TANK 50 2900
269 21 11:06:17 152 M. .1SI3IIDAN TANK 50 2900
270 21 11:06:57 152 M SIII'RII),AN TANK 50 2900
271 21 11:07:36 152 MM SII.EIDAN TANK S0 2900
272 21 11:13:59 CALIBRATION 5.00 LBS.
273 21 I1:46:55 CAi.IBRAT ION 5.00 LBS.
274 21 11:53:36 152 NM qIEIRIDAN TANK 45 2750
275 21 11:54:17 152 XNM S'IIRIDAN TANK 45 2750
276 21 11:54:59 352 MM SIII-RIDAN TANK 45 2750
277 21 11:55:43 152 M4 SIIERIIDAN TANK 45 2750
278 21 12:01:09 CALIBRATION 5.00 LBS.
279 21 12:04:03 152 M SNII:HIRDAN TANK 45 2750
2qO 21 12:04:45 152 M4 SIERIDAN TANK 45 2750
281 21 12:05:28 152 M4 SlERIDAN TANK 45 2750
212 21 12:06:13 152 M S IIERI)AN TANK 45 2750
283 21 12:13:54 CALIBRATION 5.00 LBS.
284 21 12:15:55 152 MM SIHFRIDAN TANK 45 2750
2pS 21 !2:!6:10 152 MY 'IlIIJAN TANk 45 2750
2;6 21 12: i7:19 352 4M SRIDIlAN TANK 40 2600
287 21 12:!8:03 152 MN SHERIDAN TANK 40 2600
288 21 12:23:25 CALIBIYATION 5.00 LBS.
28,9 21 12:26:28 152 XM SHERIDAN TANK 40 2600
290 21 12:27:13 1-,2 NM SIIr:.1DAN TANK 40 2600
291 21 12:27:56 152 MN ;&iERIDAN TANK 40 2600
292 21 12:28:38 152 MM 5I11IIDAN TANK 40 2600
293 21 12:34:30 CALIBRATION 5.00 LBS.
294 21 12:3":21 152 N SlI'RIDAN TANK 40 2600
295 21 12:38:01 152 MN SIIERIDAIN TANK 40 26'40
296 21 12:38:44 152 MN SHERIDAN TANK 40 2600
297 21 12:39:28 152 NM SHERIDAN TANK 40 260e
299 21 12:45;17 CALIBRATION 5.00 LBS.
299 21 13:58:40 C4 5.00 LBS.
300 21 14:07;1S C4 0.62 LBS.
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0 DAY TIME WEAPON MODEL. CHARGE SIZE KLEVA RANGE

301 21 14:14:25 C-1 20.00 LS.
302 21 14:19:$3 C-3 1.25 I.Is.
303 21 14:26:14 CA 2,5 LIIS.
304 21 14:34:19 C.1 10.00 .
305 21 14:40:29 C4 0.31 L-S.
306 21 14:46:03 C4 5.00 HIS.
307 21 14:51:06 C4 0.62 1-11S.
30,S 21 14:57:09 C4 20.00 IS.
309 21 15:02:35 C4 1.25 LHS.
310 21 15:07:49 C4 2.50 LBS.
311 Z 1 15:14:24 C4 10.00 LBS.
312 21 15:20:07 C4 0.31 LBS.
313 21 15:26:19 C4 5.00 I.lS.
314 22 9:24:09 C.I 5,)0 1 .I(.
315 22 9:4?:21 C4 0.3) 1.11, .
316 22 9:49:47 C4) 20.18) LJIN.
3.,7 22 9: 5,:03 C4 1.25 LIIS.
318 22 10:01:51 C4 2.541 IlS.
319 22 10:07:45 C.1 10.0o INlS,
320 22 10: 11:03 C4 0.62 LBS.
321 22 10:2.1:55 C4 5.00 HIS.
322 22 10:3o:47 C4 0.31 .bS.
323 22 10:3S:20 C4 20.00 IllS.
324 22 10:44:34 C4 1.25 LsS.
325 22 10:50:07 C4 2.50 LBS.
326 22 10:$6:23 C4 10.00 LBS.
327 22 11:04:20 C4 0.62 LBS.
328 22 12:31:24 C4 5.00 I.BS.
329 22 12:35:43 C4 0.31 LBS.
330 22 12:41:50 C4 20.00 LIBS.
331 22 12:46:10 (4 1.25 1IS.
332 22 12:49:53 C4 2.SA I.Bs.
333 22 12:54:49 C4 10.00 l. IS
33-1 22 13:03:11 C4 0.62 LBS.
335 22 13:08:30 C4 S.00 I.B8
336 22 13:12:28 C4 0.31 IBS.
337 22 13:17:39 C4 20.00 LB..
338 22 13:21:57 C4 1.25 I.BS.
339 22 13:26:37 C4 2 50 LBS.
340 22 13:31:25 C4 10.00 LBS.
341 22 13:39:24 C4 0.62 LBS.
342 22 13-43:48 C4 5.00 LBS.
343 22 13:4R:14 C4 0.31 LBS.
344 22 13:53:42 C4 20.00 LBS.
345 22 13:55:09 C4 1.25 LBS.
346 22 14:02:18 C4 2.50 LBS.
347 22 14:fl7:14 C4 0.00 LBS.
38 22 14:11:35 C4 0.62 LBS.
349 22 14:21:55 C4 5.00 LBS.
350 23 10:i3:26 CALIBRATION 5.00 LBS.
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0 DAY TIME WEAPON MODEL. CHARGE SIZE ELEVA RANGE

35;1 23 10: 18:4G (.AI.IBRATION 5.00 I.R.S.
3S2 23 10:24:15 15S MM HOWITZER MII4AI 3 (;Rl'.I-.N BAGS 200 2SNI
253 23 10:29:15 155 M4 HOWITZER M114AI 3 (RE-N BAGS 200 2800
354 23 10:29:58 155 MM HOWITZER I 14AI 3 GIN BArCS 200 2S0
355 23 10:34:30 CAI.IIHATION S.e4) Lil.
356 23 10:37:55 155 M4 HOWITZER WII4AI 3 GREEN BAGS 200 2800
357 23 10:40:45 I55 M)l II(IITZER I 14AI 3 (;RIN-N BAGS 200 2800
3SS 23 10:41:30 155 X4 IO1WITZER MII4AI 3 GREEN BAGS 500 5600
359 23 10:46:39 CAI. IBRAT ION 5.00 I.BS.
360 23 10:49:57 155 M14 HOWITZER I 14AI 3 GREEN BAGS 500 5600
361 23 10:50:40 155 MM IIOWITZER N114A1 3 GRIEEN BAGS 500 5600
362 23 10:51:26 155 M.l HOWITZER M114AI 3 GREEN BAGS 500 S640
363 23 10:56:42 CALIBRATION 5.00 I.S.
364 23 11:00:03 155 MM II(IIWIIZER 114AI 3 GREEN BAGS 500 500
265 23 11:00:43 !55 MM 1106ITZER )114A1 S GREEN BAGS 200 4300
366 23 11:03-13 155 M% IlOWITZER MII4AI S GREEN BAGS 200 4300
367 23 11:07:41 CAILIBRATION4 5.00 LBS.
368 23 11:17:34 155 M1 IlWlUITZER M114AI 5 GREEN BAGS 200 4300
369 23 I:18:19 155 hOWITZER 11I4AI 5 GREEN BAGS 200 4300
370 23 11:19:03 15,MM HOWITZER M114A1 5 WIITE BAGS 200
371 23 11:25:56 CALIBRATION 5.00 LBS.
372 23 12:09:44 CALIBRATION S.00 LBS.
373 23 12:12:51 155 MM HOWITZER )1114AI 5 GREEN BAGS 185 7000
374 23 12:13:33 155MM IIOWITZER M114AI 5 WHITE BAGS 185 7000
375 23 12: 14:16 155M HM IO1TZER M114AI 5 WIIITE BAGS 185 7000
376 23 12: 19:08 CALIBRATION 5.00 LBS.
377 23 12:23:10 155 M. HOWITZER 1114AI 5 /IIITF BAGS 185 4200
378 23 12:23:51 155 4 IIOWITZER )1114A1 5 WHITE BAGS 185 4200
379 23 12:24:34 155 M.m HOWIfZER MI!4AI S WHITE BAGS 348 7000
3f-0 23 12:29:59 CAIIBRATION 5.00 i.11S.
3M1 23 12:31:52 155 PI IIOWITZER 1114AI S lHITE BAGS 349 7000
382 23 12:32:34 155 M1 IOWITZER M114AI 5 WHITE BAGS 348 7000
383 23 12:33:17 ISS MM HOWITZER MI14A1 5 WHITE BAGS 348 7000
384 23 12:29:27 CALIBRATION 5.00 LKiS.
385 23 12:42:55 Iss mm IIOWITZER NII4AI 5 WHITE BAGS 348 7000
386 23 12.43:39 155 4M HOWITZER M114AI 7 WHITE BAGS 185 7000
3-7 23 12:.44:22 155 MM HOWITZER 1114AI 7 tlITE BAGS 185 7000
38, 23 12:48:29 CALIBRATION 5.00 LBS.
3R9 23 12:51:32 155 MM HOWITZER 114A1 7 WHITE BAGS 185 7000
390 23 12:52:16 155 mm IIOI/ITZER XI 14A1 7 WIIITE BAGS 185 7000
391 23 12:52:58 1S5 MM IIOTWIER M114AI 7 WHITE BAGS 185 7000
392 23 12:58:09 CAIIBRAIION 5.00 LBS.
393 23 13:02:45 CALIBRATION 5.00 LBS.
394 26 9:31 12 CALIBRATION 5.00 LBS.
395 26 9:35:51 CALIBRATION 5.00 LBS.
396 26 9:42:06 105 MM HOWITZER M102 3 WHITE BAGS 250 2700
397 26 9:46:48 105 MN HOWITZER M102 3 WHITE BAGS 250 2?00
398 26 9:47:30 105 M HOW ITZR Me2 3 WHITE BAGS 250 2700
399 26 9:52:20 CALIBRATION 5.00 LBS.
400 26 9:55:54 105 MM HOWITZER 102 3 WHITE BAGS 250 2700

43



I DAY TIME VIMON N0DEL CHARGE SIZE MEVA RANGE

401 2f, 9:SC:52 115 NM4 IIOWITER At102 3 VlIITEI BAGS 250 2700
402 26 '3.57;34 IOS MM II17.I/Elt ,102 4 ,,ll S BAGS.S 250 3400
403 26 10:02:3S CAI.IIINkATION 5.00 I,S.
404 26 10:Of):40 Jos .4. I ITZI'RN M102 4 lIII1E BAGS 25,) 3400
405 26 10:07:22 105 ) IIOIITZER M102 4 WIIITE BAGS 250 3400
406 26 1(t:1t0:O3 141S Ml IIUWITZ.LR 1102 4 VII1ITE BAGS 250 3400
407 26 10:12:23 CAI.IBRATION 5.00 LBS.
408 26 10:15:53 10; MM IIOWIT'.ER M102 4 WIIITE BAGS 250 3400
40) 26 10: 16:3" 105 M.4 HOWITZER X102 4 WIHITE BA GS 450 5200
410 26 10:17:19 1)5 .4 IIlTZ-:R M102 4 WIIITE- BAG.S 450 5200
411 26 10:21:46 CALIIIRAIIOh 5.00 IA.S.
412 26 10:24:42 1115 M4 II06ITZER 1102 4 UIIITE BAGS 450 5200
413 26 10:25:24 105 mm IIO1.I.ER 11102 4 W1ITE AGS 450 5200
414 26 10:26:06 l()S M Illot;'IZER M102 4 WHITE BAGS 450 5200
415 26 10:30:21 CAI.IIIRAI ION 5.00 iI4Z.
416 26 iM:34:27 I1s MM II<)VITZI:k N102 5 WHITE BAG'S 250 4000
417 26 10:3S:06 iI11, M4 IhoITZER N11X2 5 61IIIE BAGS 250 4000
4 0R 26 10:.-IS:4 II'S MM IlOITZE-R M1102 5 WIIE BAGS 250 4000
419 26 10:41:50 CAI.IllI(A ION 5.00 1.11S.
420 26 11 :0.;:22 CAIIIIRA IOS 5,00) I.s".
421 2f, 11: 1?:14 IOS M4 IIot-ITZER N102 5 WHITE 5ACS 250 400
422 26 1: 12:53 !0S M.4 IIOITZI: 1102 5 Wi IIT: BAGS 25') 4000
423 26 I: 13: 35 105 MI IIlulTZER 102 5 WIIIE BAGS 45'0 6700
424 26 11:17:39 CALIIRATION 5,00 LILS
425 26 11:20:57 It5 .M IIIITZER N102 5 WIITE BAGS 450 6700
426 26 11:21:41 10( MM Il0lT.lll1 M102 5 UIIITE BAGS 450 6700
427 26 11:22:23 !05 MM 110.IT/-R M102 5 WHITE BAG----, 450 6700
428 26 1I :2":0l CAI.III hAT I ON 5.00 13S.
42'_ 26 1:111:02 10-S 8I8 IIOI; 'ZI:R M!02 5 1II1TE BAGS 450 671)0
430 26 1 :3t):45 1{15 .4 IOITZLR M!02 6 WhITE BAGS 250 5200
431 26 11:31:27 105 .4 IIcItITZER M102 6 II1TE BAGS 2

5
, 5200

432 26 11:34.47 CAIIRI(ATION 5.00 LBS.
433 26 1 :38:(0 105 M'1 Ilt.LITZER 1102 6 WIIITI RAGS 250 5200
424 26 I;3:.-: i 1"5 Mi4 iMIiI - 102 6 'IIITE BAGS 250 5200
435 26 11:39:25 I15s H IIOWITZI'R M102 6 IITE BAGS 250 5200
436 26 1143:55 CA.I11.AT ION 5.00 LBS.
437 26 11:4S:01 CAI. I I;lIATI 10.1 5.00 LBS.
43k 26 13:52:34 CAI.IBI1A1ION 5.00 LBS.
439 26 13:58:00 9() . RI:0OI.I-.ES RE1.E M67
440 26 14:02:32 9) .M IIECOLI.ESS RIFLE M67
441 26 14:03:23 90 MM Rl'OI.I.ESS RIFLE M67
442 26 14: 10: :8 CA IB.IBRAT10.1 5.00 LBS.
443 26 14: 14;10 ')) l RI'COILI.ESS RIFLE M67
444 26 14;16:58 91) M11 RLCOIL..E S RIFLE M67
445 26 14:17:41 90 MM RIUOILLLS'Z RIFLE )67
446 26 14:21:59 CALIBRATION 5.00 LBS.
447 26 14:26:06 90 MM RECOILLES RIFLE )(67
448 26 14:26:49 90 M1s R EC OILLkLS RizLE X67
449 26 14:27:40 90 1Il RECOILLESZ RIFLE M67
450 26 14:31:54 CALIBRATION 5.00 LBS.
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451 26 15.26:51 CALIBRATION 5.00 IJS.
452 26 15:n30:24 90 .m4,, RECOILLESS RIFLE 1467
453 26 15:31:08 901W4E1 ( 1M IOI.E.SS R IFLE 1467
454 26 15:31:53 90 M.4 RECOIL.LESS RIFLE M467
455 26 15:35:46 CAIBR~ATION 5.00 LBS.
456 26 15:39:05 901 MM PEC0II.11%-S RIFLE 1467
457 26 15:39:47 90) Mm 8I.C0Ii.I-SS RIFLE *467 -
458 26 ;5:40:29 90 Mm RLLCUILLLN.'S RIFLE 1467 -
459 26 15:4-l:ii CALIIINA1ION S.00 LBS.
460 26 15:47:33 Oil Mg RFCOILLME- RIFLE 1167
461 26 15:4,: 14 w0mm ICOII.IESS R I FLX N67
462 26 15! 4P:.'6 90 Mm NECOII.JISS RIFLE M467
463 26 15:53:0)9 CAIIIIRATION 5.00 LBS.
464 26 !5:56: 56 90 MN NH('II)ILFSS RIFLE 1467
465 26 1S: S7: 41 90 MN NICII.!-Ss R IFLE M467
466 26 15:58:28 90 MNMJ I LLFIS~ RIFLE 1461
4 G7 26 1G: 02: 1r CALIBRATION 5.00 LBS.
468 26 16: 10:31 90 MM 141C0ILESS RIFLE 1467
4G9 26 !6:11:14 90 Mm KiCC0ILFI.E' RIFLE 1467
470 26 16:11:55 90) MM RECOILLE-SS RIFLE 1467
471 26 16:16:54 CAI. I BRATI1ON 5.00 LES.
472 26 16:19:54 96~ MN RECOILLESS RIFLE 1467
473 26 16:20:35 90 )IM RECOILLISS RIFLE M467
474 26 16:21:18 90 4M RECOILES RIFLE 1467
475 26 16:27:05 CAL.IBRATION 5.00 LBS.
476 26 16:29:59 90 M.M RFCOILLEFS;S RIFLE 1467
477 26 16:30:44 90 MM1 RECOILLESS RIFLE 1467
,17S 26 16:31:28 90 MM RICOILLE-SS RIFLE 1467
479 26 16:35:34 CAI. IBRAT 10,1 5.00 LBS.
4S)O 26 16:39:36 CALIBRATION 5.00 LBS.
481 27 9:15:23 CALIB1RATION 5.00 LBS. -
482 27 9:19:56 CALIRATION 5.00 LBS.
483 27 9-23:43 106 MM IEC0ILESS RIFLE 1440A 1 I1200
484 27 9:34:52 !06 NM RECl)ILRSS RIFLE 1440A11 1203
4S5 27 9:3S;05 10C, HMM kL(.oII.S kIFLE 1440A1' 1200
4.16 27 9:44:25 CAIBIIRATION 5.00 LBS.
487 27 9:47:20) 106 MM RECOILFESS RIFLE M40AI 1200
'188 27 9:48: 13 106 MM RECOII.ESS RIFLE M40AI 1200
489 27 9-48:58 106 XM REiCOILESS RIFLE M40AI 1200
490 27 9:59;40 CALIBRATION 5.00 LBS.
491 27 10:03:40 106 MM RECOILESS RIFLE 1440AI 1500
492 27 10:04:21 106 )IM RECOILESS RIFLE 1440AI 1500
493 27 10: 05!:03 106 MM RIX.OILESS RIFLE 1440AI 1500
494 27 10!37:47 CALIBRATION 5.00 LBS.
495 27 10:4!:14 106 MM RE'CoILESS RIFLE 1440A1 1500
496 27 10:41:55 10G M41 RFCOILESS RIFLE 1440AI 1500
497 27 10:42:38 106 9M1 RECOILESS RIFLE 140A1 1500
498 21 10:48:31 CALIBRATION 5.00 LBS.
499 27 10:51:21 106 MA RECOILFSS RIFLE 147AI 2000
500 27 1052:01 106 1., RECOILES RIFLE M4AI 20W

'
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0 DAY TIME WEAPON MODEL. CHARGE SIZE ELEVA RANGE

01 27 10:52:43 106 MM REC'OILES RIFLE M4OAI 2000
502 27 10:56:42 CALIB.1RATION 5.00 LBS.
503 27 10:59:35 IOG MM RECOILESS RIFLE M4OAI 2000
504 27 1I:00:IR JOG MM RHOII.L.1 RIFLE M4OAI 2000SOS 27 11:01:00 1)(; MIM HI COILESS RIFLE M4OAI 2000
506 27 11:05:33 CAI.IBRATION' 5.00 LBS.
507 27 11:09:27 106 Mi RI'(OILFSS RIFLE N4OA! 2500
508 27 11:09:14 106 MM RECOIIE, SS RIFLE N40AI 2500
509 27 11:10:01 lG NM RICOILESS RIFLE 140AI 25005.0 27 11:15:09 CALIIIRATION 5.00 LBS.
511 27 11:19:12 1O6 M.4 HIICOII.L;SS RIFLE M40AI 2500
512 27 11:19:54 1(6 Mm HEI-COILFSS RIFLE M4OAl 2500
513 27 11:20:34 1116 144 RECOILESS RIFLE M40AI 2500
514 27 11:25:35 CALIRA TIO *5 .00 LBS.
515 27 11:53:48 CALIBRACION 5.80 LBS.516 27 11:56:.11 106 MM 1I)(OILESS RIFLE M40AI 3000
517 27 11:57:22 106 .4 RIt.OII.ESS RIFLE M40AI 3000
518 27 1:5,8:)3 106 m! II(XOILESS RIFLE M4OAI 3000
519 27 12:o2:04 CALI IIRAT ION 5.80 LBS.
520 27 12:04:52 IW MM IIECOII.ESS RIFLE M40AI 3000
521 27 12:05:34 1id, Mm RI'COILESS RIFLE M40A1 1  

3000
522 27 12:0*3:15 1)6 Ml RI.COILESS RIFLE X40A1 3000
523 27 12:10:23 CAlIIHRAr'::s 5.00 LBS.
524 27 12:14.27 C.IISHA'II)N, 5.00 LBs.
525 27 12:35:19 CALIDR %TION 5.00 LBS.
526 27 12:39:37 CAI.IIRATI ON 5.00 LBS.
527 27 13: 45: 54 IS5 NM HOWITZER MI14 4 GREEN BAGS 200 3450
528 27 13:50:39 155 NM hI(fITZER 1I414 4 GREEN BAGS 200 3450
529 27 13;53:50 155 mm HOWITZER M114 4 GREEN BAGS 200 3450530 2" 13:58:25 UAI.IIRATIO\ 5.00 L. .

531 27 14:04:19 IS JM IIOwITZER M114 4 GREEN BAGS 200 3450
532 27 14:05:00 1.55 MM IIoITZFR M114 4 GREEN BAGS 200 34S
533 27 I.:05:43 155 MH IOW'ITZER N114 4 GREEN BAGS 400 5900
534 27 14:10;14 CALIIRATION 5.00 LBS.
535 27 14:14:09 I1S MM 1IOl.ITZER M114 4 GREEN BAGS 4lO 5900
536 27 14:14;50 155 M4 HOWITZER M114 4 GREI-N BAGS 40 59
537 27 14:15:32 I!S MM ho1WITZER M114 4 GREEN BAGS 400 5900539 27 14:19:34 CALIBRATION 5.00 LBS.
539 27 14:23:14 155 IM IOWITZER M114 4 GREEN BAGS 400 5900
540 27 14:23:58 15,N5 MM HOWITZER M114 5 GREEN BAGS 200 4300
541 27 14:24:41 155 MM IIOWITZER N114 S GREEN BAGS 200 4300
542 27 14:30:05 CAI.II3RATION 5.00 LBS.
543 27 15:25:09 CAI.I1RATION 5.00 LBS.
544 27 15:28:30 155 MM IIOWITZER W114 5 GREEN BAGS 200 4300
545 27 15:29:12 15 5MM HOWITZER N a4 5 GRFEN BAGS 200 4300546 27 15:29:54 155 MM HOWITZER P114 S GREEN BAGS 200 4300
547 27 15:34:35 CALIBRATION 5.00 LBS.
548 27 15:37:44 155 MN HOUITZER M114 5 WHITE BAGS 200 43005-49 27 15:38:27 155 A4 HOWITZER X114 S WHITE BAGS 200 4300550 27 15:39:19 155 MM HOWITZFJ M114 S WHITE BAGS 200 4300
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x DAY TIME WEAPON MODEL CHARGE SIZE ELEVA RANGE

551 27 15:43:48 CALIBRATION 5.00 Il.
552 27 15:47:11 15S NM IIOWITZER MII4 5 WHITE BAGS 200 4300553 27 15:47:52 155 NKl HOWITZER M114 5 WHIITE BAGS 24X3 4300

554 27 15:4R:35 155 NM HOWITZER NLI4 5 WHITE BAGS 350 6700
5S5 27 15:52:31 CALIBRATION 5.00 LBS.
5SF 27 1:55:37 155 NN HOWITZER N114 S WHITE BAGS 350 6700
557 27 15:56:20 155 MM IIOWItZER N114 5 WHITE BAGS 350 6700
5S 27 15:57:02 155 MM HOWITZER M114 5 WHITE BAGS 350 6700
559 27 16;01:07 CALIBRATION 5.00 LBS.
560 27 16:04:11 155 M HOWITZER M114 5 WHITE BAGS 35 6700
561 27 16:04:54 155 MR HOWITZER 1i4 6 WHITE BAGS 200 5700
562 27 16:05:34 15.5 MM HOWITZER X114 6 WHITE BAGS 200 5700
563 27 16:09:56 CALIBRATION 5.00 LBS.
564 27 16:12:58 155 MN IIOWITZER M114 6 WHITE BAGS 200 5700
565 27 16:13:47 155 MM IIOWITZER XIl4 6 WHITE BAGS 200 5700
5(-6 27 16:14:30 155 MA1 HOWITZER M114 6 WHITE BAGS 200 5700
567 27 16: 11S:33 CALIRIIATION 5.00 LBS.
568 27 16:22:42 CALIBRATION 5.00 LBS.
5f69 28 13:30:34 CALIBRATION 5.00 LBS.
570 28 13;35:53 8 INCH SELF PROPELLED NIOAI 3 GRFEN BAGS 200
571 28 13:43:19 8 INCH SELF PROPELLED N110AI 3 GREEN BAGS 200
572 28 13:44:50 8 INCA SEILF PROPELLED NIIOAl 3 GREEN BAGS 200
573 28 13:46:23 8 INCH SEF PROPELLED MIIOAI 3 GREEN BAGS 200
574 28 13:S1:06 CALIRIATIO' 5.00 LBS.
575 28 13:54:08 8 INCH SEL:- PROPELLED MIIOAI 3 GREEN BAGS 200
576 28 13:55:11 8 INCII SELF PROPELLED NIIOAI 3 GREEN BAGS 350
577 28 13:56:iS 8 INCH SELF PROPELLED MIIOAl 3 GREEN BAGS 350
578 28 13:57:17 8 INCII SF.'I.F PROPELLED .NlIOA1 3 GREEN BAGS 350
579 28 14:04:01 CALIBRATION 5.00 LBS.
580 28 14:07:04 8 INCH SELF PROPELLED NIIOAI 3 GRFEN BAGS 350
581 28 14:08:04 8 INCH SELF PROPELLED NIIOAI 5 GREEN BAGS 200
582 28 14:09:06 8 INCII SEILF PROPELLED MIIOAI 5 GRELN BAGS 200
52 28 14:10:08 8 INCH SEIF PROPELLED NIIOAI 5 GREEN BAGS 200
584 28 14:15:03 CALIRRATION 5.00 LBS.
585 28 14:18:30 8 INCii SiiF PROPE.LED NIlOAI 5 GREEN BAGS 200
586 28 14:19:50 8 INCH SELF PROPEI.LED I I0Al 5 GREEUN BAGS 2do
587 28 14:31:S1 8 INCii SE.F PROPELLED MIIOAI 5 WHITE BAGS 200
588 28 14:32:52 8 INCII %ELF PROPELLED MIIOAI 5 WHITE BAGS 200
5.99 28 14:37:19 CAI.IBRATION 5.00 LBS.
590 28 15:34:08 8 INCH SELF PROPELLED NIIOAI 5 WHITE BAGS 200
591 28 15:35:10 8 INCH SELF PROPELLED MIIOAI 5 WHITE BAGS 200
592 28 15:36:10 8 INCH SELF PROPELLED N11OAl 5 WHITE BAGS 200
593 28 15:37:10 8 INCH SELF PROPELLED lIIOAI 5 WHITE BAGS 300
594 28 15:41:43 CALIBRATION 5.00 LB.
595 28 15:44:28 8 INCH SELF PROPELLED NIlOAI 5 WHITE BAGS 300
596 28 15:45:31 8 INCH SELF PROPELLED MIIOAI 5 WHITE BAGS 300
597 28 15:46:32 8 INCH SELF PROPELLED MIIOAI 5 WlITE BAGS 380
598 28 15:47:37 8 INCH SELF PROPELLED MIllAI 5 WHITE BAGS 300
599 28 15:52:12 CALIBRATION 5.00 Les.
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APPENDIX 8:

WEATHER CONDITIONS FOR JUNE 12 TO 28, 1976,
FORT SILL, OK
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DE1W RELATIVE 1 i N D
DAY HOUR TEP(F) POINT HUMIDITY DIREC SPEED GUST

-----------------------------------------------

28 09 82 69 65 190 13

28 10 8.4 70 63 200 16

28 11 84 69 60 200 18
28 12 87 70 57 200 08

28 13 91 70 51 190 13

28 14 97 69 40 190 10
28 15 96 70 43 220 09

28 16 95 68 41 160 08
28 17 96 61 31 180 06
28 18 93 66 41 130 06

28 19 mISS mISS NA 090 10
28 20 74 73 97 030 14

28 21 70 70 100 130 i2
27 09 80 65 60 220 06
27 10 87 67 51 230 10

27 11 88 66 48 240 06
27 12 87 67 51 250 12
27 13 92 66 42 220 11
27 14 95 65 37 180 16

27 is 96 64 35 190 14
27 16 95 64 36 190 10
27 17 95 64 36 160 10
27 18 94 62 35 170 10

27 19 94 66 40 15 14

27 20 91 63 39 160 12
27 21 88 63 43 160 10
26 09 79 64 60 220 06

26 10 83 65 54 220 06
26 1t 85 66 53 220 04

26 12 89 64 43 220 10
26 13 93 67 42 220 10
26 14 94 65 39 180 07
26 I5 94 63 36 ISO 05 18
26 16 96 62 33 190 10
26 17 95 64 36 120 10 17

26 18 94 61 33 160 11
26 19 93 61 34 180 10

26 20 90 62 39 180 09
26 21 87 63 44 170 09
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DEW RELATIVE W I N D
DAY HOUR TEMP(F) POINT HUMIDITY DIREC SPEED GUST

25 09 87 65 48 240 06
25 10 89 63 42 CALM
25 11 92 61 35 220 02
25 12 95 61 33 330 04
25 13 97 60 29 160 10
25 14 97 64 34 220 10
25 15 95 61 32 130 08
25 16 91 65 42 160 e8
2.5 17 88 66 48 170 16
25 18 87 67 51 200 12 18
25 19 83 67 58 230 10
25 20 82 67 60 200 06
25 21 82 66 58 250 02
24 09 82 66 58 190 06
24 10 85 66 53 160 08
24 11 88 66 48 CALM
24 12 90 62 39 190 04
24 13 93 58 31 130 04
24 14 95 61 33 120 10
24 Is 97 58 27 070 10
24 16 96 60 30 090 06
24 17 95 61 32 080 07
24 18 94 62 35 090 08
24 19 93 68 44 100 05
24 20 89 66 46 090 06
24 21 86 67 53 CALM
23 09 80 68 66 220 0
23 10 84 65 53 230 06
23 11 86 62 45 190 08
23 L2 91 64 41 220 13
23 13 90 63 41 200 07
23 14 93 62 36 10 11
23 15 93 61 34 210 07
23 16 93 62 36 130 07
23 17 92 62 37 140 12
23 18 91 63 39 140 13
23 19 90 63 40 150 13
23 20 87 61 42 140 08
23 21 84 61 46 150 05
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DEW RELATIVE W I N D
DAY HOUR TEMPF) POINT HUMIDITY DIREC SPEED GUST

22 09 81 64 56 210 is
22 1* 83 64 53 210 08 18
22 11 85 62 46 220 II 18
22 12 88 63 43 210 13 19
22 13 90 63 41 210 08 23
22 14 90 60 37 190 10
22 15 90 62 39 220 07
22 16 90 61 38 I1O 11
22 17 90 62 39 1SO 12
22 18 87 60 40 160 18
22 19 87 60 49 190 16
22 20 84 60 44 170 06
22 21 83 62 49 160 12
21 09 82 63 52 210 12 16
21 10 84 63 49 210 !o
21 11 86 61 43 200 11
21 12 89 61 39 210 08 18
21 13 91 61 37 210 08 24
21 14 92 63 38 180 14 21
21 is 92 61 35 180 11 18
21 16 92 59 33 190 12 20
21 17 92 60 34 140 11
21 18 91 66 43 190 15 20
21 19 89 66 41 160 10
21 20 84 62 47 140 14
21 21 83 64 52 1SO 12
Zo 09 82 68 62 200 14
20o 10 86 68 55 200 i 20
20 11 88 65 46 200 15 18
20 12 90 64 42 210 16 24
20 13 93 63 37 190 13 24
20 14 95 64 36 180 17 24
20 15 96 61 31 210 1s 28
20 16 98 61 30 200 13 23
20 17 95 61 32 190 20 32
20 18 93 60 33 180 16 25
20 19 90 60 36 170 15
20 2 87 61 41 170 14 23
20 21 85 64 49 170 13
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DEW RELATIVE W I N D
DAY HOUR TEP(F) POINT HUMIDITY DIREC SPEED aUS

19 09 78 71 79 160 13
19 10 81 71 71 160 12
19 11 85 71 63 150 11 16
19 12 87 70 57 160 12 18
19 13 87 70 57 130 16 20
19 14 89 70 54 140 15 22
19 15 91 65 42 180 16 20
19 16 94 57 41 180 12 20 -
19 17 92 62 37 170 13 22 .
19 18 91 61 36 160 i5 26
19 19 88 63 43 160 13 22
19 20 85 65 SO 150 13 20
19 21 82 66 58 150 14
18 09 79 72 79 180 05
18 10 83 73 72 130 04
18 11 86 72 63 180 OS
18 12 86 69 57 130 06
18 13 88 69 53 130 08 14
18 14 90 69 50 150 12
18 15 90 68 48 150 18
18 16 90 66 45 160 16 25
18 17 8k6 67 52 180 14
18 18 87 66 49 160 14
18 19 84 68 58 1-0 18
18 20 81 69 67 160 08
18 21 80 69 69 170 02
17 09 79 69 71 120 06
17 10 80 68 66 160 10
17 11 83 68 60 130 08 13
17 12 8. 68 59 150 06
17 13 86 68 55 120 05
17 14 96 66 51 130 09 IS
17 15 88 66 48 110 09 18
17 16 88 64 45 120 06
17 17 88 64 45 110 08
17 18 87 63 45 170 08
17 19 86 63 46 130 07
17 20 81 64 55 100 04
17 21 78 64 62 120 04
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DEW RELATIVE W I N DDAY HOUR TEXP(F) POINT HUMIDITY DIREC SPEED GUST

16 09 75 69 81 CALM16 10 76 69 79 010 0216 II 79 70 82 040 OS16 12 81 71 71 050 0316 13 84 69 60 07e 0516 14 86 69 57 070 1116 15 87 69 55 030 0616 16 8" 66 48 050 1@16 17 87 66 49 OS 0816 18 87 66 50 070 08
16 19 85 66 53 070 0516 20 80 67 64 080 0416 21 78 67 68 090 04is 09 71 69 93 200 08Is 10 72 70 93 190 10Is 11 73 70 90 220 12 20is 12 77 72 84 200 0815 13 77 72 84 210 OSIs 14 81 70 69 200 1215 IS 82 70 67 180 0415 16 85 70 60 170 06is 17 87 69 5s 160 08is 18 86 67 53 190 0415 19 8S 68 56 CALM
15 20 82 70 67 CALM15 21 81 69 67 150 0614 09 78 67 68 210 1014 10 80 67 64 178 0414 11 $1 66 60 150 1014 12 83 65 54 190 1014 13 85 64 49 170 14 2214 14 85 65 51 160 14 2314 is 87 67 S1 170 1014 16 87 64 46 180 1014 17 86 65 49 200 08 1514 1s 78 65 64 130 10 IS14 19 82 67 60 150 0814 20 80 68 66 140 0414 21 78 69 73 140 07
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DEW RELATIVE W I N D
DAY HOUR TEMP(F) POINT HUMIDITY DIREC SPEED OUST

13 09 82 69 64 190 08
13 10 84 68 59 180 12
13 11 86 65 49 170 12
13 12 87 64 46 180 08
13 13 88 65 46 140 10 17
13 14 87 65 48 180 08
13 is 88 64 45 190 10
13 16 87 64 46 170 12 19
13 17 83 68 60 120 12 19
13 18 78 67 68 160 18 25
13 19 76 66 71 160 06
13 20 75 66 ?3 160 03
13 21 74 67 78 140 05
12 09 78 69 73 180 12
12 10 82 67 60 180 12
12 II 83 67 58 180 16
12 12 86 64 48 200 16
12 13 88 65 46 190 10 23
12 14 90 63 41 210 10
12 15 92 62 37 200 10 18
12 16 89 63 47 190 07 19
12 17 90 65 43 220 10
12 18 89 64 43 160 14 18
12 19 81 67 62 200 09 17
12 20 78 65 64 160 04
12 21 76 65 68 150 04
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APPENDIx c:

DIRECTIVITY PATTERNS
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1 =1
[++ + H ''+ H+i++-H-f$-H 1-H-i-H ++1 -+4-H-i- +41-+H-

NAME CALIBRATION
ELEVATIOR 0
CHARGE SIZE 5.00 LBS.

DIFFERtNCE DIFTERENCE D I FFERENCE
CHANNEL ENERGY FROM REAR ANGLE FROM REAR "ROM C4

1 118.62 -0.17 0 -0.33 -0.24
2 118.7S -0.09 30: -0.27 -0.17
3 118.78 0.00 60" -0.20 -0.10
4 118.93 0.08 90 -0.09 -0.00
5 119.22 -0.11 120* -0.00 0.09
G 112.5 -0.29 150 -0.16 -0.05
7 113.16 0.10 ISO, 0.00 0.09
8 113.14 -0.25 210* -0.16 -0.06
9 118.56 -0.33 240* -0.00 0.09

10 112.65 -0.25 270* -0.09 -0.00
II 112.95 .19 300: -0.20 -0. 10
12 12.58 -0. 13 330 -0.27 -0.17
13 112.81 0.02
14 113.00 0.00
15 112.60 --0.35 AVERAGE -0.15 -0.05
16 112.77 -0.44
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4
- -

JI

"144

E:LVAT ION 900

CHARGE SIZE 4 GEMN BAGS
D I FFERrENCE DIFFRENCE DIP RFCJ ICHANNa ENJ.1GY FRO0 REAR ANGLE FRON REAR FRON CA" 

9525 9.3 
11.71 -21.42

2 91.5, 5.20 30' 9.17 -23.96
3 86.40 0.00 60" 6.63 -26.504 87.12 1.06 90. 5.6s -27,4991.35 5.10 90 5.23 -27.496 82.81 3.40 ISO* 3.37 -29.79717.291'0J V 3.27 -23.14
8 81.69 3.40 210 3.34 -29.799 9$.4S 11.71 240* 3.27 -9. 810 86.85 7.69 27 " . -2 '7.49

87. II 7.90 300 6.63 -26.s012 85.16 6.15 330" 9.17 -23.96

13 80.76 3. ,4 
-: .

14 80.29 e.00Is 03.63 3 34 4VMrER 6.8e -26.3316 83.69 3 40
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H+4 -H -4 4-H- H-- +H-+++++ -i -H H41 H- + iH-H-H 1-HL- H-H-I

CHARGE SIZE 7 GREEN RAGS

DIF-FERENCE DIFFERENCE DIFFERECE
CHANNEL ENT 16 Y YEOM REAR ANGLE FROMI REAR FROM C4

1 100. 42 6.41 0. 9.44 -16.91
2 98.73 4.72 -4.7.64 -18.71

3 94.04 0.00 6 5.85 -20.50
4 96.73 2.58 9W~ 5.11 -21.25.1s 97. 67 :3.67 1200 ?.89 -22.47
6 W0. f2 5.34 [so, 3.47 -122.8
7 87. r.1 2.08 ISO* 0.00 -26.36
8 ". .93 3. 30 210* 3.47 -22.E8
9 103.51 9.44 240* 3.88 -22.47
10 93.43 7.96 270' 5.11 -21.25

II 92.34 63.92 300, 5.85 -20.50
112 91.61 6.16 3301 7.64 -18.71
1 3 "8.9ci 3.48
14 85.61 0.00
is 89.09 3.47 AVERAGE 5.73 -20.61
16 88.93 3.30
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NAME 81 102 MORTAR
ELEVATION 1050
CHARGE SIZE 5 GREEN BAGS

DIFERECEDIFFERENCE DIFFERENCECHANNEL ENERGY FROM REAR ANGLE FROM REAR FROM C4
98.59 7.01 0.7.93 -20.75

2 95.95 4.55 30# 6.25 -22.43
3 91.54 0.00 60. 4.57 -24.124 90.86 -0.90 0 2.89 -25.01
5 94.29 2.55 120* 1.50 -27.18
6 86.53 2.77 ISO, 1.43 -27.25? 81.47 -2.64 ISO' 0.00 -28.69a 84.33 0.12 210* 2.43 -27.759 99.38 7.93 240* 1.50 -27.18

20 89.98 5.82 270* 2.89 -25.0111 89.57 5.65 300 4I.57 -24.1212 r8. 71 4.85 336 6.25 -22.43
13 86.75 2.80
14 84.64 0.00
Is 84. 12t -4.00 AVERAGE 4.120 -24.5816 84.33 0.12
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%, AXE 81 MM MORTAR
ELEVAT ION 1050
CHARGE SIZE 8 GREEN BAGS

DIFFERENCE DIFFERENCE DIFFERENCE
CHANNEL ENERGY FROM REAR ANGLE FROJI REAR FROM C4

I I0 1.1'4 3.96 0o 4.10 -18.08
2 98.9'1 1.74 300 2.81 -19.36
3 97.3.1 0.00 60. 1.53 -20.64
4 96.33 -1.0S 90* 3.82 -18.36
5 97.02 -0.46 120* 0.44 -21.73
6 88.42 -1.71 150' 3.00 -19.18
7 91 .04 -0.09 180: 0.00 -22. 18
8 94.09 4.28 210' 3.00 -19.18
9 101,36 4,10 240 °  

0.44 -21.73
10 93.90 4.34 270" 3.82 -18.36
it 93.36 3.82 300& 1.53 ..20.64
12 90.71 1.20 330" 2.81 -19.36
13 91.63 1.9$

14 90.26 0.00
15 94.30 4.27 AVERAGE 2.48 -19.69
16 0.00 -1.79
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NA-IfE 4.2 INCH MORTAR M30
ELEVAT ION 900
CHJARGE SIZE 11I GREEN BAGS

DIFFERENCE D IFFERENICE DIFFERENCECHANNEL ENER.,Y FROM REAR AINGIX FROMk REAR FROM C41 96.20 7.38 E) 8.30 -22.792 912.70 3.8 30 6.33 -24.763 88.82 oleo 60: 4.36 -26.724 90.06 1.17 go. 4.50 -26.S95 91.36 2.05 120 2.55 -28.546 83.60 -0.10 ISO* 2.50 -28.59
8 84.46 2.93 210* 2.50 -28.599 97.84 8.30 240* 2.55 -28.5410 88.90 7.66 270* 4.50 -26.S9If12 8's-30 3.P2 330 6.31 247

Is 87.49 6.07 AVEAG 4.6 -26.72



-H + Il-i H--44 4 -

NAME 4.2 INCIH MORTAR M30

ELEVAT ION 90
CHARGE SIZE 24 GREEN BAG;S ,

D IFFERFINCE DIFFERENCE DIFFERENCE
CHANN ,EL EN'ERGY FROMHREAR AN GLE FROM REAR FROM C4

I M0. 48 7.02 O
°  ! 1.2 1 -14.94

2 98.65 5. 24 31
° 9.22 - 1 . 93

3 93.36 0.00 60
°  7.23 "'18.91

4 95.18 L.70 9W. 4.76 -21.9s
5 99.94 6. S8 1200 2.85 -23.30

92W.58 "7.01 so*0 2- $9 -23.5 6
7 85.76 -0.12 I8O" 0.00 --2;. 16

8 88.52 2.85 21!00 2.59 -23.S6
9 1(o,.61 1 1.21 240* 2.85 -23.30

I 0 93.92 8. 34 270" 4.76 -21 .95

l 1 92.42 6.665 100* 7.23 -18.91
12 90.04 4.6e 330" 9.22 - 16.93
13 97.68 2. 18

14 95.61 O.00
is 88.69 2.99 AVERAGE 6.61 - 19.60

16 88.52 2.85
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N'AME 4.2 IN CH NORT.R )M30
FLEVAT I ON 1065
CHARGE SIZE 20 GREEN BAGS

D 1IFFEREN/CE D IFFERENCE DI1FFERENCE
CRANNEL E \T.R GY FROM REAR ANGLE FROMI REAR FRUM C4

1 100.51 5.94 0. 7.39 -17.08
2 98. 13 3.47 300 4.69 -19.77
3 94.72 0.00 6eo 2.00 -22.47
4 94.8"6 -0.23 go. 1. 80 -2"2.46
5 95.69 0. 92 1209 -0.02 -24.49
6 85.93 -2.89 ISO* -0.4 1 -24.88
7 83. 12 -5.4e ISO* 0.60 -24.48
8 88.30 -0.2 ! 210" -0.41 -24.8
9 102. 12 7.39 240 °  -0.02 -24.49
10 92.42 4.03 270" 1. 80 -22.46
it W. 943 3.80 300. 2.00 -22.47
12 90.67 2.07 330" 4.69 - 19q.77
13 89J. 3 1.39
14 88.97 0.00
is 87.70 -2.21 A VERGilE 2.71 -21.73

88 .30 -0.21
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NAME 4.2 INCH MORTAR M30
ELEVATION 1065
CHARGE SIZE 31 GREEN SAGS

1)1 FERENCE 1) I FERENCE DI FFERENCE
CHANNEL ENERGY FROM REAR ANGLE FEOM REAR FROM C4

2 !04-76 6.28 6.77 -14.70
2 1)01.53 3.08 30- 6.10 -15.38

3 98.59 0.00 60' 5.42 -16.05
4 98.63 0.28 900 3.18 -18.31
5 10e.37 3.73 2200 2.27 -19.21
6 95.83 5.21 ISO* 1.92 -19.56
7 91.77 2.09 Ig0* 0.00 -21.49
8 92.49 2.01 210, 1.92 -19.56
9 105.24 6.77 2'40* 2.27 -19.21

10 96.75 6.47 270* 3.18 -18.31
12 94.79 4.35 300* 5.42 -16.05
12 94.94 4.63 330# 6.20 -15.38
13 92.45 1.97
14 91.19 0.00
1I5 92.35 1.87 AVERAGE 4.19 -17.29
16 92.49 2.01
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!I

i]

NAME 9 01 RECOILLESS RIFLE M67
ELEV/AT ION 0A

IFFEMECE DIFFERENCE DIFFERENCE
CtIANI, ENERGY FROM4 REAR ANGLE FROM REAR FROM C4

1 1012.66 -8.894 O* -9.51 -16.51
2 107.71 -3.71 :30. -9.75 -16.75
3 111 I.26 0.00 CA. -9.98 -16.99
,4 1 09.44 -2.81 9" -7.18 -14. 194
5 100.66 -10.59 1200 -3. 17 -10. 18
6 94.20 -11I.68 1.50" -0.49 -7.50
'7 102.80 -3.37 190, 0.00 -7.00
a 97.30 -8.45 21 O" -0.49 -7.50
9 102.01 -9.5I 240* -3. 17 -10.18
10 98.65 -8.80O 270* -7. 18 -14. 19
if! 98.97 -6.6.8 300" -9.98 -16.99
12 102-80 -3.00 m3" -97 -67
13 105.64 0.04 -. 5 -67

1 4 105.56 0.00
is 104.57 -1.01 AVERPAGE -4.1I1 -11. 11
16 99.33 -7.65
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NAXE 106 XX RECOILESS RIFLE M40AI
ELEVATION ALI,

DIFFERENCE DIFFERENCE DIFFERENCE
CHANNEL ENTECY FROM REAR ANGLE FRO4 REAR FROM C4

1 115.09 -4.06 02.28 3.40
2 116.01 -3.41 30o -0.87 e.24
3 119.17 0.00 60* -4.02 -2.91
4 117.23 -1.91 go. -4.?7 -3.66
s 115.44 -3.79 12eo -2. A0 -1. 28
6 108.98 -4.02 lie* -0.07 1.03
7 111.31 -2.40 ISO, 0.00 1.11
8 108.75 -4.77 2I0* -0.07 1.03
9 120.73 2.513 2440 -2.40 -1.28

10 108.51 -4.02 770 * -4.77 -3.66
11 107.40 -4.77 3000 -4.e2 -2.91
12 109.81 -2.40 3rW* -0.97 0.24
13 ~12-64 -0.07
14 i 0.00

-0.s AVEAG -.9 -0.18
16 108.81 --4.08
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NAM, E 105 X01 TANK M60

ELEVATION e

DIFFERENCE DIFFERENCE DIFFERENCECIHANNEL ENERGY FROMI REAR ANGLE FROM REAR FROM4 C4
1 113.04 13.09 0

°  
15.35 -3.96

2 05. 87 5.98 30' 14.04 -S.27
3 100.07 0.00 60 12.73 -6.58
4 104.39 4.24 98" 7.61 -11.70
5 113.07 12.68 120 4.81 -14.56
6 106.63 12.81 150, ].P9 -18.22
7 97.68 3.36 180 0.00 -19.31
8 99.98 5.55 210* 1.09 -18.22
9 115.47 15.35 240* 4.81 -14.50

18 106.29 12.28 270* 7.61 -11.70
11 103.08 9.06 300 12.13 -6.58
12 99.70 5.66 330* 14.04 -5.27
13 96.08 I .97
14 94.70 0.00Is 94.43 0.33 AVERAGE 10.78 -8.53
16 108.19 5.92
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-H-- i14 +i. fl--4-f- ft f- 0- 1-4---HH4H-- --- H +H- -

NAXE 152 MM SEERIDAN TAN'K
ELEVATION 59 J

DIFFERENCE DIFFERENCE DIFFERENCE
CHANNEL ENTRGY FROM1 REAH ANGL.E FROM HEAR FROM C4

1 0.00 12.is 0. -/.22 -1.14
2 11 1.89 1.86 30' 6.66 -1.70
3 110.07 0.00 60, 6.10 -2.26
4 109.94 -0.08 W. 1.27 -7.09
S 1115.21 5.26 I20. 0.57 -7.79
6 112.39 7.37 1500 -1.1I -9.48
7 104.05 -0.85 ISO, 0.00 -8.36

14 105.97 0.00 1*-.1 94

13 10,4.53 -1.41 AEAE 40 43

16 105.98 lAY?
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NAME 152 M SHRIDA TANELEVAION 5
PIFFREN E DI FER NCE DIFF REN E-CRANEL NERG rRM RAR AGIX FRO REA FRM C

I e.0 12 18 .00 0.4

2 11 .46 .6230. .93 1.5
3 10 .96 .0060. .86 2.6

9AN 128 9.0 SUER 0.96 TAN50

2 10.46 0.62 3800 7.93 -1.533 109.96 0.006' .6 26

74 103.84 3.910 0.00-.6
8s 106.8 20.3 AVEAG -0.13 -4.32e

16 106.82 23010'68 26

32 14.56 0.77330'7.93-1.5



H--44H-.I-- +-H- +4--- - 4-+ H H-- -I----4-44-- -$-H-

NAME 152 MM SHERIDAN TANK
ELEVATION 45

DIFFERENCE DIFFERENCE DIFFERENCE
CUANNEL ENERGY FROM REAR ANGLE FROM REAR FROM C4

1 120.91 9.92 0o 5.17 -5.46
2 114.59 3.62 30, 7.28 -3.35
3 110.79 0.00 60. 9.39 -1.24
4 10.:.62 -0.28 90 4.32 -0.31
5 119.68 8. 7 120' 2.39 -8.246 110.51 9.09 150 0.65 -9.98
7 103.38 2.31 180 °  

0.00 -10.63
8 !02.08 -1.37 2I0 0.65 -9.98
9 115.19 5.17 240* 2.39 -8.24

10 111.74 10.48 270' 4.32 -6.31
11 106.93 5.R2 300

°  
9.39 -1.24

12 104.91 3.92 330' 7.28 -3.35
13 102.56 1.45
14 101.23 0.00
Is 101.21 -0.13 AVERAGE 5 (0 -5.03
16 104.53 2.83
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NAME MIDA TAN
ELEVAION 4

D I FER NCED I F E F.CE D FFE ENI

C H A N E L E G Y R O M E A RA N G L F R O R E R F R M C1 11631 694 I
2 11 .16 .68 .89 0.57.49 -1.9

7AW 11' J ~ SURIA TAN1 K0.0.0-9
ELEVTIO 407-91

10 110.46 6.83 20 2.85-67
2 101.16 1.67 30 7.48 -1.913 10.57 -10.6.0

1 10 .70 .30is 10.95 -1.27 AVEAG 4.76) -467
19 108.34 1.8920 

. 7791
10 118 46 6.83 7 . 5-67
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NAME 105 MlM HOWITZER N0
ELEVATION 250 -
CHANGE SIZE 3 WHITE BG

DIFFER ENCE DIFEFERENCE 1) 1 FFERENCEChIANNEL ENERGY FROX HEAR ANGL-E FROM HEAR FROM C4
1 9753 10.77 00 !9.12 -13.19

2 90.53 3.76 30* 14.86 -1?.45
3 86.80 0.03 60' 10.F61 -21.70
4 8-8.31 1.52 goo ?.65 -24.66
5 95.40 8.56 1200 2.60 -29.71
6 "~. 81 10.65 ISO' -0.58 -32.90
7 80.19 2.05s 1SO* 0.00f -32.32

f, 84.32 6.19 210'* -0.58 -32.909 10S.90~ 19.12 240W 2.60 -"29.71
:0 90.52 !2.45 270* 7.65 -24.66

11 87.22 9.13 -300. 10.61 -21.7012 81.16 3.0 7 .330* 14.86 -17.45
13 77.74 -0.34
14 78.11 0.00
1s 77.00 -0.90 AVERAGE 11.85 -20.46
26 8.4.27 5.79
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NAME 105 Mllo HOWTZER M0
ELEVAT ION 250
CHARGE- SIZE 4 W/HITE BAGS

DIFFERENCE DIFFERENCE DIFFRECE
L UANN'EL N.' ERGY FRO)l REAR ANGLE FROM REAR FROM C

I 100. 08 10.44 0. 18.54 -11.20
2 93.28 3.67 30# 14.29 -15.46

3 8l9.52 0.00 60* 10.04 -19.71
4 90.35 0,79 9()* 5.8G -23.88
5 97.67 8. 12 1201 2.08 -27.66
6 89.97 8.67 1ISO, 0.21 -29.53

7 81. 14 -0,.12 ISO* 0.00 -29.7S
18 86.34 4.82 210' 0.21 -29..53
9 108.11 18.54 240* 2.08 -27.66

10 93.35 12.3"J 270" 5.86 -23.99
11I 8d. 58 7.49 300" 10.04 - 19.71
12 84.62 3.61 330* 14.29 - 15.46
13 81.95 0.97
14 81.09 0.00
is 80.48 -0.54 AVERAGE 11.23 -18.51
16 85.31 4.23
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I

I

EL'VAT ION 450
CIL4FGE SIZE 4 SIIlITE BAGS

7I

1D-FFERENCE DIlFFERENCE D I FFERE ,sCE
CH:ANN'EL ENERGY FREOM REAR ANGLE FRtOM REAR FRiOM C4

I 9 8 69 9. |1 0 :6.30 -13.15
2 93.35 3.75 3 12.64 -16.81
3 89.59 0.0O0 60 °  8.99 -20.47
4 90.93 1.35 go. 5.80 -23.65
5 97.03 7.45 12W" 2-91 -26.54
6 910.62 9.5 1 150: 0.95 -218.49
7 83.43 2.:3? 180 0. 00 -29.45
8 86.43 5.02 2 10' 0.95 -28.49
9 105.9r, 16.30 240* 2.91 -26.S4
I1O 92.07 10.-99 2-70: 5.80 -23.65
I 1 87.77 6.70 300 °  

8.98 - 20.47

1 7 85. 15 4. 16 330* 12.64 - 16.81
1:5 82.6 2 1.57
14 81.06 0.00
i s 8 . 36 O. 33 AVERAGE 9.63 - 19.82
16 85."9 4.90
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NAHE. 105 MMq HOWlITZER N 102

DI[FFERENCE D IFFERENCE D IFFERENCEMIANSTL E);ERGY FROMl REAR ANGLE FROM REAR FROM C41 1O11.66 11.17 01" 18.74 -c fr-2 95.03 4.47 30. 14.:30 -13.593 90.53 0.00 1w. 9.86 -18.034 91.36 0.77 900 5.36 -22.5$25 99.92 9.22 120
°  

2.93 -24.966 91.12 7.65S ISO, 0.27 -27.627 85.05 1 .94 !see 0.00 -27.90
8 87. 13 3).91 21e* 0.27 -27.629 109. 17 18.74 240* 2.93 -24.9610 94.43 11 .25 270' 5.36 -Z2.5211I 90.24 7.07 :e"9.86 -18.0312 8"7.66 4.33 :3"14.30 -13.S9

13 8.5.13 1 .99
14 83.18 0.00
is 81.78 - 1.44 AVERGE 11.0 -16.59
16 86.85 3.66
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NAMIE 105 IM HOW/ITZER 0102
ELEVATI1ON 450--CHARGE SIZE 5 WHIITE BAGS

13 1FFERENCE DIFFERENCE DIFFERENCECHAKNEL ENEFRGY FROM REAR ANGLE FROMI REAR FR{OM C4
to10.85 10.43 0. 16.45 -I 1.31

2 94.97 4.49 30
°  

13. 19 -14.57
3 90.41 o.eO 60* 9.93 -17.8"3
4 93.06 2.5S? 90"* ?. 48 -20.28
5 103.41 10.01 120

°  
3.41I -24.35

6 92.71 9.49 ISO* 1.48 -26.7
7 gS.88 2.66 180* 0.00 -2"7.778 92 10 8.44 210 

°  
1.48 -26'.27

9 106.87 16.45 240
°  

3.41I -24.3510 92.64 9.72 270
°  

7.48 -20.28 :If 90.23 ?.16 300, 9.93 -17.83
12 87.01 3.9! 33 - 13. 19 - 14.57
13 85.68 2.61
14 8"3.07 0.00
Is 83.47 0. 35 AVERAGE 10. 18 -1|7.58
16 91.53 7.80
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NAME 105 HOWITZER XN102ELEVAT IGN 250
CARGE SIZE 6 HITE BAGS

D IFFERENCE DIFFERENCE DIFFERENCE ]CTIAN'NEL ENERGY FROMq REAR ANGLE FROM REAR FROM C41 104.60 12.36 0. 0.00 -25.432 97.78 5.-% 30* 5.32 -20.1i03 92.20 0.00 60- 10.65 - 14.774 95.29 3.03 90. 65.73 - 18.695 102.22 9.77 120* 3.7.5 -21.67
6 94 ..5 8.47 ISO* 0. 73 -24.697 8"7.87 1.8:8 ISO* 0.00 -25.43
8 90.71 4.70 210, e.73 -24.69

9 0 out 16.45 240" 3.75 -1.6710 9'8.75 12.60 270" 6.73 - 18.69
1 I 9c4.7 8.77 3eO" 10.65 -14.7712 90.49 4.2 330* 5.32 -2.10
13 ss.01 2.02
14 85.9"3 5.95is 8.46 -0.56 AVERAGE I 1.63 -13.016 90.71 4.68
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NAE 155 X HOWIT'ER M114
FLEVATION 200
CHARGE SIZE 4 GRELN BAGS

DIF-,RENCE DIFFERENCE DIFFERENCE

CIHANNEL ENRGY FROM REAR ANGLE FROM REAR FROM C4

1 108.09 8.49 0
o  14.81 --4.0'7

2 103 66 3.95 30 12. is -6.72

3 99.70 0.00 60 9.50 -9.13S
4 102.44 2.S6 900 5.06 -13.S2

0j5 110.63 10.95 122.80 -16.08

6 102.08 9-50 15W -0.22 -19.31
7 94.76 2.80 180" 0.00 -18.8,
8 96.29 5.06 210

o  
-0.22 -19.31

9 114.50 4 Q? 2400 2.80 -16.08
10 0.00 9.50 270

°  5.06 -13.82

11 99.27 5.06 300' 9.59 -9.38
12 96. 19 2.80 330* 12.15 -6.72
13 92.90 -0.22
14 0.00 0.00
is 93.63 -0.22 AVERAGE 8.94 -9.94
16 97.64 5.06
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NAME 153 X HOITZE M11ELEVATON 40
CHARE SI ZE 4 GUU24RAG

DIFFRENC DIFERECE IFFEENC
CHANEL NERG FRM RAR AGLF FRO REA FRM C1 104.58 10.9 06 5.96-4.I

2 10 .49 .94 0, 1.8S 6.23 97S4 000 6* 11175 8.341 10 -24 .6S .24 14.8
5 11 .49 -. -K 1 0, 4 91 -5.16 10 -12 1 .IO* 166 -8.4
? 9724 491 10, 000 -0.0
a 9670 524 20* 166 -8.4

9 11 .55 400 .91 15.1

le 12.12 11.5 27 0 524 -4.8

96.45 5.243 *' 1-75-8.3
12 9 -22 .tl330013.t;5 6.213 93.89 i.6
14 91.S 0.0is 9 .15 -66 VERAE 10 -c

i s 1 9 .2 4 3 . 6 5 ' 98 1. 
2 4 8
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NAME 155 MN HOWI'I'E"R )114 "
EL.EVAT ION 20
CHARGE SIZE S GREEN BAGS

DIFFTRENCE D I FVER ECE DIFFERENCE
CHANNEL FENRGY FRO.4 HEAR ANGLE FROA REAR FR04 C4

I 112.23 13.22 0 °  
0.00 -19.61

2 104.66 5.68 30* 6.32 -13.283 99.30 0.00 60. 12.6S -6.96
4 103.03 4.08 90, 8.23 -11.37
5 111.74 12.74 1200 4.91 -14.706 104.07 11.23 ISO* 2.23 -17.38
7 96.54 4.19 ISO, 0.00 -19.61
8 99.23 6.59 210" 2.23 -17.38
9 0.00 16.07 240' 4.91 -14.70
10 105.88 12.96 270' 8.23 -11.37
11 101.89 9.56 300. 12.65 -6.9612 98.17 5.73 330" 6.32 -13.28
13 96.72 4.66
14 93.06 0.00
is 92.95 -0.20 AVERAGE 11.15 -8.S1
16 99.06 6.89
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NAME 155 KM BOWITZER 114
ELEVATION 200
CHARGE SIZE 5 WHITE BAGS

DIFFERENCE DIFFERENCE DIFFERENCE
CLHUNNEL ENEERGY FROM REAR ANGLE FROM REAR FROM C4

1 113.34 8.40 0. 0.00 -14.50
2 106.27 1.3v 30 °  

4.89 -9.61
3 10.4.89 0.00 CA. 9.78 -4.714 107.92 2.87 90 6.67 -7.82
S 115.45 10.52 12e °  2.85 -11.65
6 109.05 11.83 150 1.73 -12.77
7 102.34 3.74 180 0.00 -14.50
8 103.95 6.65 2100 1.73 -12.77
9 0.00 16.07 240* 2.85 -11.65
30 105.49 8.39 270* 6.67 -7.82
1I 103.65 6.52 30" 9.78 -4.71
12 100.58 3.39 330" 4.89 -9.61
13 97.90 0.79
14 97.26 0.00
is 99.87 2.67 AVERAGE 8.85 -5.89
16 104.08 6.83
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14+-H-i- +4-4+H4-- ,-t--H-4-4 H-A-iH -4 ++-iH44-f4+-A 4. H-

NAME !55 KMHOIrIERXI1
F:LFVATIOJ 350
CHARGE SIZE S I4IITE BAGS

DIFFERENCE DIFFERENCE DIFFERENCE
CHA INa FNERGY FROM REAR ANXGLE FROM REAR FROM C4

I 112.76 8.79 0 ~ 13.89 -8.96
2 106.62 2.66 300 11.90 -2.96
3 103.98 0.00 600 9.91 -4.95
4 107.18 3.13 go. 7.90 -7.06
5 113.08 9.11 120* 3.61 -11.25
6 107.47 11.58 1500 2.28 -12.58
7 100.85 4.74 Is() 0,00 -14.86
8 104.75 8.50 "210- 2.28 -12.58
9 117.77 13.89 240' 3.61 -11.2S
10 i05.94 10.14 270* 7/.30 -7.06
11 103.13 7.26 300* 9.91 -4.95
12 99.83 3.91 330' 11.90 -2.96
13 97.24 1.38
14 95.81 0.00
I5 99.01 3.18 AVERAGE 9.03 -5.83
16 104.S6 8.34
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NA.E 155 X IOWITZER N114
ELEVATION 200
CHARGE SIZE 6 WIITE BAGS

DIFFERENCE DIFFERENCE DIFFERENCECRA.'iN'EL ENERGY FROM REAR ANGLE FROM REAR FROM C41 115.76 R.93 0. 0.00 -12.0
2 108.5s5 1.84 30 4.13 -7.873 106.76 0.00 60* 8.27 -3.734 107.71 0.90 90* 5.33 -6.66
5 114.91 8.17 120' 1.19 -10.806 107.03 6.87 150 0.25 -11.747 100.12 0.11 180* 0.00 -12.008 103.29 3.42 210" 0.25 -11.749 e.co 13.89 240* ..19 -10.80

10 108.88 9.!0 270' 5.35 -6.6611 107.44 7.22 300 8.2"7 -3.7312 101.70 1.93 330 4.13 -?.8713 100.24 0.45
14 99.86 0.00
is 99.97 0.06 AVERAGE 7.60 -4.40
16 )03.36 3.45
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NAM E 155 )14 HOW ITZER 110
ELEVAT ION ISO
Cfb'IE SIZE 3 G(TR EEli BAGS

I'M

D I FFER ENC"E D lI :E R 1-,:XT D I FF'.,R ENc-EC'IIA'OL. ENERGY FROM HEAR ANGLE FRO.M EAR FRO. C4
1 0q.1is 1.95 0. -f). 01 -13.08

f . ... ,5 2.41I 30. 6.05 - 13.(11
3 1 .2 0.0() 60" 0. 1, -12.94
4 107.20 0.92 W. . 1!5

5 105.37 -1I.04 120 " I . -11# -11I.50
6 97.06 -1I.44 ISO* 0.83 - 12.23

7 98.75 0.27 180
°  

0.4)() - 13.06
99. -H 0. 74 2 10' 0.83 -12.23

19 lOr. 1 -0.01 114 0, 1 . 56 -J1 .50
|0 9 9 .5 1 I ,1 - IZ70 " 1.49 - 1I . 57II 10.'0.73 2.26 a 00 " 0. 12 -12.94

12 I01 .17 2.. 33e," 0.05 - 13.01
13 91j . 349 O .
14 98.48 jOOis 99-35 U. 78 AVM-AGE 0.72 - 12,34
16 99.72 0.7/2

86
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NAME 55 HWITZE M10
ELEVATON 30
CHARE SIE 4 RZENBAG

DITTXENC DIFERECE IFFEENC
CHANEL XERG FRll RAR NGLE FPO REA FRM C

1 110.2, 2.2 0. .80 10.3
2 11 .64 .SS 0- 082 -0.33 10 .01 .00 0. 085 -0.34 10 .91 0.1490. .46 10.I
5 10 .15 .06129*0.9
6 102 53 052 ]o* -. 19 11.3

7 91. 56 -1.4 18 , 0 00 -1,1
100.7 -153 2 0' - .19 11.3
1". 7 o~o 20* 095 -o~t

14 10 .27 .2 0.88 -I.

Is 100.01 -1.18 AVEAC 0.56 -10.698

16 100.46 -1.53 2e-.9 -13

108.8 0.8 240 .95 10.1

Lb 10.73 052 27 0.4=-10.6
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i i ++! 1 i iH1 .f +--f++-i14H-+- -444-i I +-H- I i --i -1- .+--1 --

I ,
NAXE 155 )N hOWil0ZER W!09
ELEVATION 3.,0
CHARGE SIZE 5 GREEN' BAGS

D I FFERENCE DIFFERENCE D I FFrE-NCE
CHANEL FNERGY FROM REAR ANGLE FROM REAR FROA C4

1 111.72 1.52 O. 2.74 -6.48
2 112.77 2.52 30: 1. 59 -7.62
3 II0.22 0.00 60' 0.45 -8.76
4 112.33 2.02 90 2.40 -6.81
5 21i.15 -0-11 120' 2.57 -6.64

6 101.72 -1.09 1SO, 1.2 -7.99
7 105.34 2.36 180 0. 0 -9.22

8 iOlc.06 3.20 210' 1.22 -7.99

9 112.94 2.14 240* 2.57 -6.64

10 I04.24 1.52 270' 2.40 -6.81
II 104.52 I.8I 300' 0.45 -8.16
12 106.05 -4.40 330' 1.59 -7.62
13 104.53 1.88
14 102.76 0.00
1 103-22 O.5b AVERAGE 1.69 -7.52
26 105.86 3.00

88
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NAMIE I55 )I H:OWITZER M 10
EI.EV AT ION 60
CHlARGE SIZE 5 VHITE BAGS

DIFFERENCE DIFFERENCE D IFFEtRENCE
CHANNEL. ENERGY F"ROMI REAR ANGLE FROMI REAR FROM4 C4

1 113.53 1.31 0 °
0.48 -5.64

2 114. 12 !.91 30* 0.29 -5.84
3 112.145 d.00 W." 0.09 -6.03J
4 113.59 1.20 go. 1.34 -4.79
5 1 12.57 0.30 120, 0.81 -S.31
6 104.83 -1.72 150 °  

-1I.86 -7.99
7 1O5. 78 -1.02 ISO* 0.00 --6. 12
8 113.33 6.1I0 210* -1.86 -'7.99
9 112.63 0.48 240* 0.81 -5.31
I10 106.98 0. 49 270" 1. 34 -4.78

I I 0'7.03 0.67 300- 0.09 -6.03
12 107.93 I. 16 3300 0.29 -5.84
13 105. 78 -0.67
14 106.51 0.00
is 103.•52 -3.05S AV ERIAGE 6.26 -5 .961
16 108.55 2.01
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NAME 155 KM HOWIT717R X109
E LEVATION 350
CHARGE SIZE 5 WNITE BAGS ,

D IFF'ER-. C D IFFEEE. DIFFFRn-hCECRANN.I. ENERGY FROAq HEAR AN%'G. FROM, REAR FROM C4
1 113.52 .48 0 

°  
0.48 52 114.38 2.34 30* 0.1 -6. 13

3 120 00 C. -0.18 -6.474 114.09 2.02 90. 0.1.5 -6. 125 113.22 1 .09 120" 1. 17 -5.1I0
6 J04.68 -2.36 150, 0.01 -6.267 105,51 -I .51 1ldo" U.00 -6.28
8 107, S6 0.1I, 210* 0.0) -6.269 112,63 0.,.8 240* .) -5. 1010 105,82 -0-97 2 70 " .15 -6.1211 107.18 0.46 30" -0.18 -6.47

12 1 M. 57 I1.86S 3'30 0. 4 -6. 1313 107/.98 1. 28
14 106.74 0.00
15 105.S5 -1I.25 AVERAGEI 0.27 -6.00
16 107.16 -0.1IS

90
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NAME 155 MM HOWITZERi MI1.9
FLEVATION 1275
CHARGE SIZE 5 WHITE BAGS

D I FFE ENCE D I F'FLREN E DIFFERENCECHANNEL ENERGY FROM REAR ANGLE FRO.M REAR FROM C4I 114.68 1.70 0. -I.20 -8.212 116.42 3.40 30 -0.36 -7.373 113.05 0.00 60 9.4F -6.544 112.27 -1.92 9o .. 16 -6.85S 113. I0 0.04 1200 1.63 -5.376 105.48 -0.53 150* 2.39 -4.627 106.91 I 14 IS0 000 -7.018 103.10 -2.65 210* 2.39 -4.629 111.77 -1.20 240* 1.63 -5.3710 106.36 0.82 270* 0.16 -6.85II 108.65 3.04 30 0.46 -6.5412 109. 14 3.58 330" -0.36 -7.37
13 108.85 3.36
14 105.60 0.00is 107.07 1.41 AVERAGE 0.75 -6.2516 103.01 -2.71
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NAME 155 MM HOWITZEZR XIO9AI
ELEVAT I 0,N 200
CHA RGE SIZE 3 GUEE, 3AGS

D IFFERENCE D IFFEREN CE D IFFRECE
CII/A "'EL EN'ERGY FROM REAR ANGLE FROM REAR FROM.C

! 03.82 O.5S O -I .00 - 17.26
2 05. 17 41.15 3 -1,26 -17..52

3 101.51I 0.00 60* - 1.53 - 17.79
4 102.49 -0.27 90

°  
-2.27 - 18.5$3

5 101.63 -2.57 120' 0. 40 - 15.85
6 95.90 -4.18 150" -1.91 -18.17
7 96.00 -0.92 ISO, 0.00 - 16.26
8 94.48 -3.72 210"' -1 .91 -18. 179 101.16 - I. - 240 0.40 -I.8-
10 97 '09 I. 50 270' -2.2"/ - 18.'s3
I ! 97.24 -0.90 300:" - I .53 - 1 7.79

S12 98.09 0.87 330 -! .26 -17..S2
1 3 96.45 -1.52
4 97.69 0.00
5S 95.:56 -2.30 AVERAGE -1I.07/ - 17.34

16 95.24 -3.65
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NAME 155 MM HOW/ITZER )M109AI
EILEVAT ION see
CHARGE S17E 3 GREEN BAGS

DI FFERENCE D IFFERECE D I FFERENCE
CHANNEL ENERGY FROM REAR ANGLE FROMI REAR FROM C4

I- I2 1 -. 04 0. -2.59 - 19.1I0
2 104.0 1.)S0 -1.65 -19.16

3 102.35 0.00 60- -0.70 -17.21
4 103.38 0.72 9(). 0.47 - 16.02
5 101.84 - 1.11 120* 1.00 - 15.50
6 95.86 -7 150: 0.64 -15.86
7 97.1t6 1.0s 180" 0.00 -16.51
8 C06, 0 0.0'7 210" 0.64 - 15.96
9) 9%..),44 -2.59 240' 1 .0, - 15.50o
10 95."77 0. 29 270 * 0.47 - 16.02
11 95.28 -0.27 30" -0.70 - 17.21
12 95.83 0.33 3-30. -1.65 -18.16
13 96.87 I1.24
14 95.9 eO0.eO
is 96.34 -0.1I0 AVERAG-E -0. 11 -16.62
16 99,.I1 1.23
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NAMIE 155 MPI HOWITZER M 109A I
ELEVAT ION 200
CHARGE SIZE 5 GREEN BAGS

DIFFERENCE DIFFERENCE DIFFERENCEChJANNE-L ENERGY FROM REAR ANGLE FROM REAR~ FROM C41 106.89 -0.44 0. 0.00 -10.S22 109.35 1.10 30. -1.13 -12.061 107.13 0.00 -2.27 -13.194 108.31 1.07 9' -0.57 -11.505 103.82 -3.44 120' 1.13 -9.786 96.72 -4.37 ISO* 0.52 -037 102.49 1.30 180* 0.00 -10.92p 99.52 -1.72 210' 0.52 -039 0.00 -2.59 240' 1.13 -9.78
1 0 100.55 -0.82 270* -0.57 -11.5011 102.28 0.87 300 -2.27 -13.19
12 102.45 1.07 338' -1.13 -2013 102.19 0.8S4
1 4 101.17 0.00
is 100.65 0.10 AVERAGE -0.40 -11.31
16 99.21 -2.02
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NAME 155 N OWITZER MIOgAI
ELEVATION 348
CHARGE SIZE 5 WHITE BAGS

DIFFERENCE DIFFERENCE DIFFERENCE
CHANNEI. ENERGY FROM RF%R ANGLE FROM REAR FROM C4

I 110.49 1.e4 00 0.00 -8.51
2 110.31 I.3G 30" -0.69 -9.21
3 108.96 ).00 60. -1.39 -9.91
4 110.63 1.63 90* -0.80 -9.32
5 106.S6 -2.74 !20

°  
0.86 -7.65

6 100.43 -3.22 150 -1.64 -I0.16
7 103.77 0.14 180 °  

0.00 -8.51
8 103.18 -1.09 21e, -1.64 -10.16
9 0.00 -2.59 240 0.86 -7,65
10 103.29 -0.04 270" -0.80 -9.32
) 1 103.38 -0.05 300 -1.39 -9.91
12 103.72 0.30 330 -0.69 -9.2t
13 102.12 -1.21
14 103.34 0.00
Is 101.32 -2.07 AVERAGE -0.69 -9.20
16 le2.82 -1.55
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NA.ME 155 M4 HOWITZEr M9AI
LEVArION 185
CHARGE SIZE 7 WHITE BAGS

DIFFERECE DIFFERENCE DIFFERENCE
CHANNEL ENERGY FROM REAR ANGLE FRO41 REAR FRON C4

I 112.02 -2.62 0
°  

0.00 -3.68
2 114.39 -0.28 30. -1.23 -4.92
3 114.57 0.00 60* -2.46 -6.15
4 115.39 0.80 90. -0.40 -4.09
5 112.73 -1.92 !-20

°  
0.56 -3.11

6 106.53 -I.55 150 -0.25 -3.94
7 110.72 2.39 ISO, 0.00 -3.68
8 107.29 -1.28 210

°  
-0.25 -3.94

9 0.00 -2.59 2400  0.56 -3.11
10 104.53 -3.76 270* -0.40 -4.09
I1 108.76 0.55 3001 -2.46 -6.15
12 107.43 -0.63 330" -1.23 -4.92
13 107.14 -1.2
14 108.02 0.00
is 109.00 0.71 AVFRAGE -0.68 -4.36
16 107.20 -1.36
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NAME 8 INCHI HOIO TZER111
ELEVAT JIN JoeHil
CHARGE SIZE 5 UITE BAGS

DIFFERENCE DIFFERENCE DIFFERENCECAN,,NEL ENERGY FROM4 EAR AGLE FRO4 REAR FROMI C4I 21.36 2.79 O*0.859
2 18.60 -0. 0 r2 30, £ 28 4.303 118.59 0 00 W . 3 6 2 6

4 118.3 -, I)*-0.78 -1.77S 123.44 4.53 120* -0.29 -1.2'76 117.78 4.48 ISO, -1. 11 -2. 10A
111- I 93 -1.1 ISO 18 " .00 -0.988 112.82 -0.09 210* -1.11 -2.1l09 125. 47 6.8 8 2401 -0.28 -1.2"710 11S.80 2.93 270" -0.78 -1.77it 11 I 1.72 -1.25 3'00. 3.68 2.6912 113.88 0.56 33e" 5.28 4313 111.19 -1.84 4.3

14 112.97 o.0
is 112.65 -0.3'7 AVERAGE 2.71 1.72
16 112.67 -O.1q2
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--+- H--t i-++-i- - -I - i+-1--f-3 + t 1-

NAME 8 INCII IIOWITZER Milo
ELEVATION 2O0
CHARGE SIZE 5 WHITE BAGS

DIFFERENCE D I FFERENCE DIFFERENCECANNEL ENERGY FROM REAR ANGLE FROM REAR FROM C4I 1:9.90 0.97 0
° 3.45 4.062 118.00 -1.07 30* 2.85 2.463 19.02 0.00 60' 1.25 0.854 138.58 -0.65 90. 0.59 0.i95 120.14 1.22 120' -1.07 -1.466 113.76 0.25 150* -0.85 -1.257 113.50 0.32 380, 0.00 -0.398 115.44 2.32 210* -0.85 -1.259 123.47 4.45 240
°  

-1.07 -1.4610 115.21 2.31 270' 0.59 0.1911 1
I
1,66 -1.21 30 

°  
1.2-5 0.8532 110.32 -2.51 330* 2.85 2.46

33 111.55 -1.21
14 112.79 0.00
15 12.72 -0.49 AVERAGE 1.20 0.80
16 15.55 2.40
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CHARGE SIZE 7 1UHITE BAGS

D I FIERENCE 1)I1FFER ENCE DIFFERENCE
CRAKNEL ENRGY FROM REAR ANGLE FROM REAR FROM C4

1 119.93 8.00 0. 11.75 3.56
2 1 1-1.03 2.20 30* 10.15 1.96
3 1 11.6,2 U.00 60, 8.5s 0.36
4 114.26 2.00 90. 5.56 -2.62
5 119.36 7.65 120. 2.78 -5.40
6 113.27 8.36 ISO* -1.15 -9.34
7 1 08.53 3.20 180* 0.00 -8.18
8 109.98 4.96 2I0* -1.15 -9.34
9 123.2S 11-75 2400 2.78 -5.40
10 113.130 9.42 2?8* 5.56 -2.62
11 112.33 7.96 300* 8.55 0.36
12 107.53 3.08 33e* 10.15 1.96
13 103.30 -1.15
14 104.55 0.0e
is 104.24 -1.16 AVERAGE 7.23 -0.95
16 108.88 3.16
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I++ -+ +i+ + I1+t-H--i I++-t1-l

CHIARGE SIZE 3 GFEEN BAGS

DIFFERENCE DIFFERENCE D I IFTERENCEC!AIAEL ENERGY FTOM REAR ANGI.E IR0O1 REAR FROM C41 111.56 6.40 0. 11.89 -2.832 107.02 2.33 300 8.54 -6.183 104.74 0.00 60" 5.19 -9.534 101.78 -3.43 90* S.42 -9.305 108.21 4.03 120, - 1 -15.826 I ). 32 2.22 I"* -1.9.. -16.667 92.73 -5.07 18e 0.00 -14.73
8 99.22 1 -2? 2100 -1.92 - 16.669 116.81 11.89 240

°  
-1.09 -15.82

10 104.64 7.54 270' 5.42 -9.30II 103.-03 5.8 o 300* 5.19 -9.5312 98.73 1.44 330* 8.54 -6.18
13 94.69 -2.53
14 97.76 0. w
IS 96. 17 -1.31 AVERAGE 5.94 -8.78
16 105.35 4.80

] OU



DIFFEFYCEDI FFERE14CE D IFFERENCE
CHANNEL ENE R GY FROM REAR ANGLE FROM REAR FROM C4

1 110.71 8.42 0. 16.20 -1.78
1 06.33 4.230* 12.84 -5.14

3 1W2.44 e.00 60. 9.48 -8.50
4 104.43 1.94 990 3.37 - 14. 60
5 1111.05 7.95 120* 2.7G -15.22
6 106.64 10j.97 ISO, -0.27 -18.26
7 97.25 1.66 ISO* 0.00 -17.98
9 97.72 1.77 210' -0.27 -18.26
9 118.57 16.20 240' 2.76 -15.22
le 105.98 10.35 270' 3.37 -14.60
11 101.56 5. R7 3000 9.48 -8. SO
12 <98.73 3.06 3300 12.84 -5.14
13 9C.99 1.30
14 95.63 0.00
is 93.92 -1.85 AVERAGE 9.57 -8.40
16 S6.14 0.25
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/ I

-I -+-- .-4--H+t4 14H -- t+i- - H-H-+ -- + 4+-H---I--H-+H- -I- -

NA14E 8 INCH HOWITZER h110
ELLVAT lOI 200

CIARGE SIZE 5 GREEN BAC,,
D FrERFNC DIFFERENCE DIFFERENCE

CHASVEL E.ERGY FROAq REAR ANGLE FROMI REAR FROM C4

1 116.8 12.18 0
o  19.41 2.47

2 108.85 4.18 30 6.05 -0.89
3 104.73 0.00 60c 12.69 -4.24

4 109.08 4.44 900 10.13 -6.80

5 115.42 10./2 1200 5.24 -11.69

6 208.43 12.64 150
O  2.00 -14.93

7 101.47 5.44 180 0.00 -16.94
8 106.41 10.18 210* 2.00 -14.93
9 124.14 19.41 240* 5.24 -11.69

t0 111.15 15,24 270 13 -6.8

It 106.42 10)2 300 12.69 -4.24

12 I02.63 6.90 330' 16,05 -0.9

13 98.60 3.46
14 95.80 0.00
15 97.00 1.12 AVERAGE 12.9.5 -3.99

16 106.3-4 9.98

Ii
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NA.ME 8 INCH SELF PROPELLED NIle.
ELEVATION 215
CHARGE SIZE 3 GREEN BAGS

DIFFERENCE DIFFERENCE D I FFERENCECHANNEL EWELRGY FROM REAR ANGLE FROM REAR FROM C41 109.SS 7.03 0 13.93 -3.412 104.35 1.69 30 °  
9.77 -7.58

3 102.56 0.00 60, 5.60 -11.754 99.77 -3.02 90 -0.62 -17.985 !06. 15 3.31 120* -0.26 -17.626 97.26 3.28 150" 0.20 -17.167 92.48 -2.3,O 180 0.00 -17.368 91.03 -3.13 210* 0.20 -17.169 116.72 13.93 240* -0.26 -17.6210 102.89 8.78 270' -0.62 -17.9SII 97.77 4.30 300. 5.60 -11.7512 97.51 3.32 330" 9.77 -7.5813 94.72 0.60
14 '4.23 0.W
is 94.04 -0.19 AVERAGE 6.82 -10.S316 92.01 -2.26
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H4HtH -- '- -4 4 -+4+ f ++--H fi +i4 -H 1i -- +

NA.E 8 INCH SELF PROPELLED HII0AI
ELEVATION 418
CHARGE SIZE 3 GREEN BAGS

DIFFEREINCE D I FFERENCE DIFFERLNCE
CHANNEL ENER;Y IROI REAR ANGLE FRO.M REAR FROM C4

I 109.39 9.40 0. 16.36 -3.70
2 102.61 2.56 30" 12.6A -7.42
3 100. 18 0.00 60" 8.92 -11.14
4 100.98 0.58 90 3.50 -16.57
5 108.12 7.30 1200 1.78 -18.28
6 102.60 8.47 ISO, 0.70 -19.36
7 97.80 2.46 180* 0.00 -20.07
a 95.54 2.62 2100 0.70 -19.36
9 1i6.44 16.36 2400 1.78 -18.28

10 102.77 10.42 270' 3.50 -16.57
11 96.77 4.30 3001 8.92 -11.14
i2 94.35 1.66 330' 12.64 7.42
13 93.24
14 92.47 0.00
Is 94.11 -0.19 AVERAGE 9.43 -10.58
16 95.51 2.70
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NAME 8 INCH SELF PROPELLED M110AI-j
ELEVATION 2m
CHARGE SIZE 5 GREEN BAGS

DIFFERENCE DIFFERENCE DIFFERENCE
CHANNEL ENERGY FROM HEAR ANGLE FROM REAR FROM C4

'' 13.71 13.49 0. 17.99 -0.57
2 105.43 5.23 30a 15.38 -3.31
3 100.31 0.00 60. 12.77 -6.06
4 105.33 5.09 90# 7.71 -11.12
S ;12.68 12.45 120* 5.50 -13.34
6 105.72 12.08 ]so* 0.98 -17.86
7 100.76 6.66 ISO* 0.00 -18.84
a 100.48 6.76 210* 0.98 -17.86
9 118.30 17.99 240* 5.50 -13.34

10 106.81 !3.06 2701 7.71 -11.12
1I 104.12 11.40 3eO0 12.77 -6.06
12 98.71 5.01 330- 15.38 -3.31
13 95.56 1.69
14 93.84 0.00
113 94.66 0.17 AVERAGE 12.05 -6.64

16 100.73 6.9I 105



H--Il f---f-- f -I H 4-i i-f-Hf i- H-t--t --I-- -4Hi-- +4I-I-H-H-j+-* H ±1-f -flf 1--4-i+-4-4--

NAME 8 INCH SELF PROPELLED 1 IOAI
ELEVAT ION 200
CHARGE SIZE 3 GREEN BAGS

DIFFERENCE DIFFFRENCE D I FFERENCE
CHANNEL ENERGY FROM REAR ANGLE FROM REAR FROM C4

1 107.38 8.81 0. 17.99 -2.57
2 101.45 4.77 30 13.35 -7.21
3 98.72 0.00 60, 8.70 -11.85
4 V9.90 0.99 90" 4.20 - 16. 6
5 105.11 6.55 120' 2.74 -17.82
6 97.93 7.39 I50

°  
0.62 -19.94

7 92.11 1.37 180* 0.00 -20.57
8 91.65 1.44 2100 0.62 -19.94
9 116.80 17.99 2400 2.74 -17.82
10 102.62 12.05 270

°  
4.20 -16.36

I I 96.55 6.55 300* 8.70 -11.8S
12 94.01 3.83 330* 13.35 -7.21
13 92.38 2. 16
14 90.48 0.00E
15 89.37 -0.92 AVERAGE 10.46 -10,10
16 91.86 1.85

106



NAME 8 IU SELF PROPELL1- X I 1A I
ELEVATION, 3,50 X
CHARGE SIZE 3 GREEN BAGS

DIFFERENCE DIFFERENCE D IFFERENCECHANNYS'L ENERGY FROM4 REAR ANGLE FROM REAR FROM C4
I 07.52 9.39 O°  

17.22 -3.162 103. 29 5.19 3" 12.71 -7.663 98.21 0.00 6,"8.21 -12.174 99.86 1.72 0"3.73 -16.655 105.22 6.64 ! 20* 2.53 -17.95
6 99.56 6.36 ISO* -0.25 -20.637 91.03 -0.66 ISO* 0.00 -20.388 90.8"9 -I. 83 210O" -0. 25 -20.63
'9 11,5.41 17.2"2 240' 2.53 -17.85le 101.84 10.,56 770* 3.73 -16.6511 95.44 3.73 300* 8.21 -12. 1712 94.62 3.26 33" 12.71 -'7.66
13 92.S6 1.53
14 91 .5o o.oo
Is 89.30 -2.03J AVEW 9.80 -10.50
16 93.50 I .85
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NAM1E 8 INCII SELF PROPELLED XIIOAI
EL-VAT ION 200
CHAHGE SIZE 5 WHIITE BAGS

DIFFEREN'CE DIFFERENCE D I FFER ENCECHANNEL NFERGY FROM REAR ANGLE FROM REAR FROM C4I !15.90 15.20 0^ 0.00 -17.40
2 105.53 4.85 30. 7.22 -10.173 100.62 0.00 60. 14.45 -2.944 103.79 3.20 900 9.34 -8.05
5 113.70 13.10 120* 4.23 -13.166 0.00 6.36 1500 0.62 -16.77
7 97.32 2.99 1800 0.00 -17.40
8 101.94 7.65 210* 0.62 -16.77
9 0.00 17.22 240" 4.23 -13.1610 109.34 15.04 270" 9.34 -8.05II 105.55 11.29 3000 14.45 -2.94
12 100.17 5.89 330" 7.22 -10.17
13 94.85 0.59
14 94.26 0.00Is 94.90 0.6.4 AVERAGE 13.28 -3.79
16 IOI.69 7.39

108



NAME 6 INCH SELF PROPELLED XlIIAIELUVAT ION 30e

CHARGE SIZE 5 WHITE BAGS

DIFFERENCE DIFFERENCE DI FFERENCECHXA"EL ENERGY FROM REAR ANGLE FROM REAR FROM C41 114.95 11.43 0 °  
0.00 -14.682 107. 12 3.70 30, 5.40 -9.283 103.54 0. Pi 60°  10.80 -3.884 106.26 2.88 900 6.56 -8.115 113.56 10.16 120' 3.04 -I1.646 0.00 6.36 1500 -0.26 -14.957 98.73 I.85 180 0.00 -14.688 102.77 5.92 210* -0.26 -14.959 0.00 17.22 2400 3.04 -11.6410 107.88 10.-2 270 6.56 -8.11I1 104.37 7.33 300* 10.80 -3.8812 100.53 3.74 330* 5.40 -9.2813 96.91 . 1214 96.83 0.00

15 96.00 -0.75 AVERAGE 1092 -3.7616 102.6 1 5.79
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APPENDIX 0:

COMPOSITE DIRECTIVITY PATTERNS



+ +
/

f I i 4

SAK E CALI BRAT ION
ELEVAT ION ALL
CIIARGE SIZE ALL

DIFFEENCE D I FVEFRP.NCECHANNEL ENERGY F1ROM RFAH ANGLE FROt 'FEAR
I 18.62 -.. 17 0. -0.33
2 1 8.75 -0.08 30

°  
-1).27

3 IIs. 78 0. 0 c U) -0.20
4 1 ;. 93 (. 0O <101 -0.09
5 119.22 -0.11 120* -0. 0
6 112. S -0.29 150

°  
-0. !G

7 113. i6 .I0( I40
°  

t0.00
8 113. 14 -0.25 210, -0. 1r9 iIH. 5 -0.33 240' -0.04)
10 12.65 -0.25 270' -0 v9
II 112.95 0.19 3000 -0.2012 112. 5,s -0. 13 330* -0.27
13 12.S 0.02
14 1 3.v0 0.00
15 112.6:. -0.35 AV-R';E -0.1s
16 112.77 -0.44
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NAXE 8 1 XM MORTAR
ELEVATION ALL
CHARGE SIZE ALL

DIFFERENCE DIrTERENCE
CHANE L ENEEGY FROM RFAN ANGLE FROM REAR

1 99.39 6.60 0.8.29)
2 97.15 4.05 10. 6.39
3 93.90 0.00 60*48
4 9'1.?9 0.42 190. 5.75
S 95.72 2.71 120* 2.20)
6 88.19 2.25 ISO* 2.88
7 87.96 -0.11 ISO, 0.00
8 90.81 2.74 210* 2.88
9 101.12 8.29 240* 2.20
10 91.86 6.26 270' 5.75
If 91-22 5.75 30'P 4.48
12 89.66 4.29 3301 6.39
13 83.8R3 2.82
14 87.26 0.00
15 92.00 3.00 AVrRAGF 4.86
Is 0.00 5.92
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- f t F- -H-- ----- I +-- -,-+-f-+4---H

NAME 4.2 I.NCH MORTAR M30
LLEIVAT IUN ALL
CIIARGE SIZE ALL

DIFFERENCE D I 'F'RENCE
CHANNEL EERK( Y FROM REAR ANGLE FROM REAR

I lof.5O 6.65 0' 8 1,
9. 7J 3.92 30 6.6!I

3 95.16 ().0 60- 4.78
4 95.74 0.73 on. 5.17
5 99.06 3.32 120' i.b0
6 92 13 2.57 150" 1.58
7 87.61 -o.89 140 0.00
A 89.50 1.78 2100 1.59
9 103.97 S.45 2400 1.89
t0 94.01 6.51 270" 5.17
11 92.47 5.17 300 4.78
12 91.49 3.78 330' 6.61
13 89.45 I .9
14 88.31 0.00
15 89.24 1.16 AVERAGE 4.74
16 0.00 5.92

114



AYNE 90 MI' RECILLFSS RIFLE )167ELEUVAT ION ALL
CHARGE SIZE ALL

DIFFERENCE DIFFERE
CHANNEL ENERGY FROM REAR ANGLE FKX REAR

1 )02.6,6 -8.84 Oe -9.51
2 107.71 -3.71 30. -9.75
3 '11.26 0.00 W. -9.98
4 108.44 -2.81 90. -?.is
S 100.66 -10.59 120' -3.17
6 94.20 -11.68 154* -e.49
7 102.80 -3.37 ISO* 0.00
8 97.34) -8.4S 210' -0.49
9 102.01 -9.51 240' -3.17
le 93.65 -8.140 270' -7.18
1! 98.97 -G.68 300* -9.98
Le 102.80 - 3.00E 330* .75
13 105.64 e.04
14 105.56 0.00
15 104.57 -1.01 AVERAGE -4.11
16 99.3 -7.65
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H- 14+- ( + f+ 11 ~++ i i-i+++. 4 +++ ~++++ -1 ±++4- * +-+

IJ

NAME JOS )0 TANK 160
LYVAT ON ALL

CHARGE SI/E ALL

Il IFFERENCE DI FFERENCE
CHANNEL FNERGY fROM HEAR ANGLE FRO.4 NEAR

1 113.04 13.09 0. 15.35
2 1 05.S7 5.9-3 301 14.04
3 I10.07 0.00 60. 12.73
4 104.39 4.24 90 7.61
5 l13.07 12.6S 120 °  

4.81
6 106.03 12.81 150* 1.09
7 97.68 3.36 180, 0.00
8 99.9%; 5.55 210' 1.09
9 115.47 15.35 240* 4.81

10 106.29 12.28 270' 7.61
II 10 3. S 9.06 300 12.73
12 99.70 5.66 330' 14.04
13 96.08 1.97
14 94.70 0.00
IS 94.43 0.33 AVERAGE 10.78
16 100.19 5.32
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NAME 106 lEN R ECI0Lm RI Fu M48AIELEATION ALL

CHANM¢ IE~nGy F'ROMl MAN~q AY'MXl r"REAR.
2 11.091 -3.41 . -4.
3 19.27 0.e0 60" -4.e24 117.23 -. 9313 -4.77S 125.4.4 -. 79 -2.46
6 1as.9 -U4p.02 150* -e.077 212.31 -. 40 20* 0.0OS 106.75 -4.77 210" -0.079 120.73 2.60 2419 -2.40!0 108.51 -4.07 270" -4.7711 107.40 -4.77 300" -4.e212 1098 . -2,40 330 -e.87
13 2-f4 -8.07
14 1 .. 0.00

to 19969 -4 . VJA -12
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rA

NA 4E 152 MN' SHERIDA, TANK
ELEVAT ION ALl
CHARGE SIZE ALL

DI FFERENCE 
D I FFERFNCE

CHANNEL ENRG'Y F9O4 REAR ANGI.E F1O4_ REARI 119. IV 8.43 0•  
7.S62 112.33 1.94 200 7.383 110.09 0.00 0 7. 194 1r9,99 0.13 900 2.735 116.73 595 120" 1.056 11.29 7 42 159" -0.397 103.73 0.19 t80" 0.008 305.41 1.03 2'0'9 117.G6 7.56 241" 1.0510 11 0.U 7.59 270' 2.731) 107.02 3.60 3)0* 7.1912 105.46 3.93 330 7.3813 103.83 0.38

4 103.62 0.00VA1 5 102.3,4 - 1. 16 AVERAGE 4.R"0
16 105.57 1.87



tLVA IOIL

DIFFERENCE DIFER~ENCE
CHAN~NEL ENERGY FROM RPAR ANGLE F-ROM RE-AR

1 101.22 10.73 0. 17.80
2 94.75 4.31 3013.91
3 90.14 0.00 6'10.021
4 92.17? 1.1 0 6.465 99.24 8.84 120' 2.97
6 91.77 9.10 ISO* 0.53
7 84.79 1.8$ 180" 0.00
8 88.65 5.45 210* 0.539 107.36 17.80 240' 2.97

10 94.22 11.62 27o" 6.46
it 90.68 7.72 3010.0212 86.92 3.93 338' 13.91
13 84.59 1.47
1 4 82.72 0.00is 82.42 -0.44 AVERAGE 10.84
16 8842 5.1S
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~~~~A

F-+ +

72

4

NA4E 155 4 HOITZE MLi

ELEVATON ALCHARE SIE AL
D I MF.%CE IFFEFYCCHANEL ST G FRO RVR ANL E FHO4REA

1 11 .S7 980 0'14.9

2 10 .84 .4130, 2-5
3 10324 0.0 60,10.1

4 10572 286 90 6.8

5 13 15 1 71
1 120'3.206 10S-1 10.4-8]so*1.5

1 101.97 6.24 20' 24.93

21 105.84 7.42 30' 2.5
3 J.2 .0 0 10.18

99-20.1 3.571 20' 32.2S
6 1096.1050 2 ~ IO 1.56
74 97.45 .9iO 0.00
Is 97.43 14.93 240RAG 3.20

11 103.614 7.42 30 01
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r. I

NAME 155 XM HOWITZER 9109
ELEVATION ALL
CUARGE SIZE ALL

Cl PTE IFE'KCU DI FTERENtE
CHANNEL ENERGY FRO.A REAR ANGLE FROA REAR

1 112.39 1.71 0 0.63
2 113.37 2.50 30" 0.463 110.80 0.00 60

°  
0.29

4 111.93 0.77 90" 1.00
S It1.16 0.05 120* 1.45
6 103.46 -1.10 150 °  

0.397 104.60 -0.es 180 0.00
8 107.t9 1.00 210' 0.39
9 1I1.11 0.63 240" 1.45
10 104.R1 0.56 270* .00
! 105.98 1.74 3W- 0.29
12 106.95 2.63 330, 0.46
13 105.85 1.25
14 104,46 0.00
15 103.95 -0.45 AVERAGE 0.67
16 105.28 0.26

121



-

I
NAME 155 XM HOWITZER 1109AI
ELEVATION ALL
CHARGE SIZE ALL

DI FFERENCE DIFFERENCECHANNEL ENERGY FROM REAR ANGLE FROM REARI 108.66 -0.42 00 - .8A
2 110.13 I.12 300 -1.71r 3 109.70 0.00 60' -1.53
4 110.73 1.02 90* -0.49
S 107.96 -1.97 120" 0.94
6 101.36 -2.S0 I50* -0.52" 7 105.42 1.08 ISO* 0.00
8 102.81 -1.31 210" -0.52
9 100.38 -1.8 240' 0.94
10 101.81 -0.73 2'700 -0.49
11 104.01 0.15 300' -1.53
12 103.44 0.53 330' --1.7113 102.80 -0.29
14 103.33 0.00
IS 103.57 -0.77 AVERAGE -0.60
16 102.83 -1.14
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NAME S INCH nOWITZER mileE~LEVAT ION ALL
CHARGE SIZE ALL

DIFFERENCE DIFFERENCECHANEL ENERGY FROM REAR ANGLE FRO)l REAR
I 118.37 6.42 0. 13.772 114.72 1.91 300 10.293 215.08 0.00 60* 6.824 114.73 0.79 90 4.01S 119.09 6.10 120* 1.42

6 113. IS 6.58 ]so* -0.647 109.17 0.72 180 0.00
8 110.69 3.47 210" -0.64
9 119.55 13.77 240' 1.4210 112.79 7.91 270* 4.01II 109.58 4.57 300* 6.82
12 108.67 2.08 330" 10.2913 107.41 -0.60
14 108.51 0.00
Is 108.34 -0.68 AVERAGE 7.36
16 111.05 3.38
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NAM E 8 INCH SELF PROPELLED MI IOAI
ELEVATION ALL
CHARGE SIZE ALL

D)I FFER ENC" D I1FFERENCE
CleAN'EL ENERGY I'RO.4 REAR ANGLE FROM REAR

1 112.21 10.65 0
°

16.33
2 104 .34 ,4.03 30

°  
13.08

3 100.9's 0.00 6W
°  

9.84
-4 103.39 1. 89 W. 5.41

5 11I0.69 9.61 120* 3.e3
6 102.70 8.27 ISO 05". 50

7 97.73 2.37 ISO* 0.0
8 9S. 76 2.98 210* 0.50
9 !116.42 16.313 240* 3.03

10 10S. 55 !1I.46 270* 5.41I

1 1 102. 19 7.28 3001 9.84
12 97.79 3.82 330" 13.08
13 9,4.74 1. 17
1,4 93.8" 0.00
I s 93.67 -0.48 AVERAGE 9.90
16 99.49 4.28
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APPENDIX E:

WEIGHT EQUIVALENCY TABLES
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F 7

Charqe
Size & Wriqht C-weiqhted F-weiq gh dWeapon Model yp (oz) __[L SF

81-nin mortar __
4 CZ 1.56 93. n5.2
5 CZ 1.95 96.2
7 CZ 2.72 99.5
8 C7 3.10 99.2 100.9

4.2-in. mortar Min

11 CZ 2.9? 041
20 CZ .0.6 1L1(.
24 CZ 6.36 1no.? I I1 .,q
31 C 7 8.?2 102.6 104.

90-rnf recoilless rifles M67
NA 20.0 107.1 lfnn.p

106-imi recoilless rifles M4OAI
NA 12.0 117.8 121.?

152-mm Sheridan tank qun M551
NA 96.0 115.0 120.1

10!)-m howitzer M102
3 WR 12 5 99.2 10I .,
4 WB 16.1 100.6 102.,
5 WR 22.] 102.0 I4.2
6 WB 30X8 104.8 107.P

155-nm howitzer M114
4 GB 64.4 109.1 1
5 G p 87.5 110. P 115.4
5 WB 109.7 113.0 '17.1
6 W 154.6 114.8 11R.6

155-rm howitzer M109

3 GP 49.4 107.1 109.7
4 GB 64.4 1,9.1

Key: GB = green bag
WB = white bag
CZ = charge zone
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Charge
Size & Weight C-weiqhted F-weighted

Model SEL SEL

5 GB 87.5 111.8 114.6
5 WB 109.7 1P.4 116.7

8-in. howitzer Milo
3 GB 120.3 111.8 116.0
5 GB 210.5 117.S 121.05 WB 270.9 119.? 127.4
7 WB 450.2 118.9 124,0

155-m howitzer M10AI
3 GB 49.4 102,.7 106.1
5 GB 87.5 106.9 1n9.9
5 WB 109.7 10o.7 113.1
7 WB 210.4 113.9 117.?

8-in. self-propelled MIlOA]
3 GB 120. ,  110.0 113. n
5 GB 210.5 113.9 117.7
5 WB 270.9 115.7 lln.6

105-nym tank M60
NA 102.0 111.4 114.5

C-4 plastic explosive NA

5.0 107.7 109.5
10.0 110.6 112.9
20.0 114.6 117.7
40.0 118.3 121.5
80.0 119.2 124.0
160.0 121.3 127.1
320.0 125.1 131.2

Key: GB = green bag
WB = white bag
CZ = charge zone
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