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SECTION 1.  EXECUTIVE DIGEST 

1.1  SUMMARY 

Environmental tests and post-test inspections were conducted on ten M456A2 
test cartridges in accordance with existing Military Standards (MIL-STD) and 
International Test Operating Procedures (ITOP). The ten factory-fresh test 
cartridges (section 2.1) were subjected to vibration (section 2.2), temperature 
and humidity cycling (section 2.3), salt-fog (section 2.4), and physical 
teardown (section 2.5) according to Figure 1-1, Environmental Test Flow 
Chart. Physical teardown of each test cartridge included collecting propellant 
and benite samples from the top, middle, and bottom areas of each test 
cartridge. 

All ten test cartridges were subjected to the initial 4-hour vibration 
test. Post-vibration visual inspections revealed only abrasions and no 
corrosion. These ten test cartridges were split into two groups: one group 
consisting of test cartridges 1 through 4 and the second group consisting of 
test cartridges 5 through 10. 

Test cartridges 1 through 4 were subjected to a 14-day temperature and 
humidity cycle and post-test visual inspection. No visual damage was observed 
during the inspection. Test cartridges 3 and 4 were held for physical teardown. 
Cartridges 1 and 2 were subjected to a 4-hour vibration test and post-vibration 
visual inspection which revealed additional and more-severe abrasions. These 
cartridges were further subjected to 14 days of temperature and humidity 
cycling and post-test visual inspection which revealed no further damage. These 
cartridges were then held for physical teardown. 

The second group of test cartridges (5 through 10) were subjected to a 
48-hour salt-fog test and post-test visual inspections after 24- and 48-hour 
time periods. Light exterior oxidation and salt deposits were observed after 
the 24 hours and more severe exterior oxidation and heavier deposits observed 
after the 48-hour period. Cartridges 9 and 10 were held for teardown. Test 
cartridges 5 through 8 were split again into two groups: one group consisting 
of cartridges 7 and 8. Cartridges 5 and 6 were subjected to 8 hours vibration 
and a post visual inspection that revealed more severe abrasions. Cartridges 5 
and 6 were held for physical tear down. Test cartridges 7 and 8 were subjected 
to another 4-hour vibration test and 14-day temperature and humidity cycling 
with visual inspection after each test. Inspection revealed additional, severe 
abrasions.  Physical tear downs were then performed on these test cartridges. 

Physical tear downs and final post-test inspections are summarized in 
Table 1-1. Test cartridges 1 through 4 had the least corrosion deposits, while 
test cartridges 5 through 10 had the heaviest corrosion deposits. Minimum 
moisture deviation, when compared to specifications, was observed in cartridges 
1 through 4 and maximum deviation in cartridges 5 through 10. 

Table 1-1 also shows that four of five primers functioned after the 
teardown in the primer functioning tests conducted in the APG primer functioning 
device.  The primer from cartridge 10 did not function after several attempts. 

1-1 
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The U.S. Army Armament, Munitions and Chemical Command (AMCCOM) of 
Picatinny Arsenal is conducting the remaining two parts of this investigation 
and will write the final report. 

All raw data were sent to the sponsor for final analysis and assessment. 

1.2 TEST OBJECTIVES 

The environmental test was part of a three-part investigation to determine 
the cause of primer corrosion in the 105-mm, HEAT-MP-T, M456A1 tank ammunition. 
Figure 1-1, Environmental Test Flow Chart, has been developed as a guide for the 
sequence of testing for vibration, temperature and humidity, salt-fog, and 
teardown. Teardown consists of conducting disassembly of the M456A1 test 
cartridges for bullet-pull, electrical continuity, visual and documented 
observation of any corrosion deposits or buildup, and moisture content of 
propellant and benite strands. Ten factory-fresh test cartridges were selected 
for this test to determine if any of the problems were the results of 
manufacturing deficiencies. 

1.3 TESTING AUTHORITY 

This project was assigned to U.S. Army Combat Systems Test Activity 
(USACSTA) under TECOM Project No. l-MU-001-456-075 to be tested in accordance 
with Test Program Request DSM-AB-3496-1A. 

1.4 SYSTEM DESCRIPTION 

The M456A2 cartridges subjected to the tests contained in this report were 
tested unpackaged.  Each cartridge consists of the following: 

a. Projectile high-explosive antitank multipurpose with tracer. The 
projectile contains 1.9 kg (4.28 lb) of Composition B. 

b. Fuze:  Piezoelectric element attached to a base detonating fuze. 

c. Tracer: M13 consisting of 1.8 grams of igniter composition and 
5.7 grams of tracer composition contained in a steel cup in the projectile tail 
assembly. 

d. Propellant:  5.7 kg (12.5 lb) of M30. 

e. Primer:  Electric. 

f. Additional information:  lot No. MA83L140-026. 

1-4 



SECTION 2.  SUBTESTS 

2.1 INITIAL INSPECTION AND MEASUREMENTS 

2.1.1 Objective 

The objective of this test was to inspect and measure the ten initial 
production samples and compare the results wich the applicable standards and 
specifications. 

2.1.2 Test Procedure 

Initial inspection and measurement data were provided by the sponsor 
(AMCCOM) upon the arrival of the ten test cartridges at the USACSTA test 
facility. The data from the government inspector at the Milan Army Ammo Plant 
were documented on ammunition data cards and DA FORM 3022-R, 1 May 1976 
(fig. A-l through A-4). These documented data were compared with the standard 
specifications for a pass/fail decision or waiver. 

2.1.3 Test Results 

Each production M456A2 test cartridge was accepted for the environmental 
and physical teardown phase. 

2.1-1 
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2.2  INSTALLED-EQUIPMENT (RACK) VIBRATION 

2.2.1 Objective 

The objective was to subject the cartridges to the vibration environment 
which simulates normal operation, then check for primer corrosion as a result of 
the exposure. 

2.2.2 Test Procedure 

a. Temperature. Ten cartridges, 105-mm, HEAT-T-MP, M456A2 (No. 1 
through 10) were not temperature-conditioned rarior to or during testing. All 
testing was conducted at ambient temperature which ranged between 14 and 34 °C 
(57 and 93 °F). 

b. Test Setup. The unpackaged cartridges were placed in the 8-tube hull 
rack for the Ml tank and subjected to the rack vibration simulation in each of 
their three orthogonal axes (vertical, transverse, and longitudinal). The bare 
cartridges were placed horizontally in an Ml hull rack that had been removed 
from the hull of a tank and mounted into an aluminum fixture in the same manner 
and orientation as it is mounted in the vehicle. The test cartridges were 
placed in the lowest tube location within the rack. The number of test 
cartridges for each load varied according to the flow chart in Figure 1-1. 
Testing was conducted on top of the vibration table for the vertical axis and on 
the slip-table for the transverse and longitudinal axes. For vibration in the 
vertical direction (fig. B-l), the longitudinal axis of the cartridges was 
perpendicular to the axis of applied force. For the longitudinal vibration, 
(fig. B-2), the longitudinal axis of the cartridges was parallel to the axis of 
applied force. For the transverse axis (fig. B-3), the longitudinal axis of the 
cartridges was again perpendicular to the axis of the applied force. 

The shaker-amplifier systems used for all testing were the Unhoitz-Dickie 
TA460W400 systems which utilize 18,144-kg (40,000-lb-force) exciters. Control 
of these systems was accomplished using Spectral Dynamics SD1201 Digital 
Vibration Controllers (illustrated in app A, A-4). Two calibrated control 
accelerometers were positioned on the front of the fixture at the attachment 
points, one on the left side and one on the right side. 

c. Test Parameters. The bare cartridges were subjected to the rack 
vibration test in accordance with ITOP 1-2-601 (app C, ref 5). The vibration 
spectra used are defined in Table A-l and illustrated in Figures A-5 
through A-19. 

The vibrations represented the environment of the Ml tank ammunition hull 
rack. These spectra were derived from measurements on the vehicle while 
operating at various speeds on paved roads. Excitation was applied sequentially 
through the three major axes of the test items. The cartridges were subjected 
to the schedules consisting of a flat, low-level, broad band, random excitation 
across the total frequency spectrum (5 to 500 Hz), with higher level, narrow 
bands of random excitation superimposed on the broad band environment. The 
narrow bands of random energy were formed by the track-laying patterns and are 
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vehicle-speed related. These were swept simultaneously across the total 
frequency bandwidth of the applicable narrow band at the specified sweeping 
bandwidth and sweep rate. This instailed-equipment (rack) vibration environment 
was conducted in five phases (per orientation) for 45 minutes per phase for a 
total test time of 225 minutes per axis. This environment represented 8000 km 
(5000 mi) of tank transport per axis. These test schedules were developed using 
an exaggeration factor of 2.0. 

d. Inspections. The cartridges were visually inspected prior to and at 
the completion of each axis of vibration. At the completion of all three axis 
of vibration, the cartridges were again visually inspected for damage prior to 
being subjected to the next environmental tests. The cartridges then went 
through additional rack vibration and environmental tests (fig. 1-1). All rack 
vibration testing was conducted using the same test procedure and equipment as 
previously mentioned. Following the required sequential tests, the cartridges 
were returned for physical teardown. 

2.2.3 Test Results 

The cartridges sustained no visible evidence of damage; however, the steel 
cartridge cases had minor abrasions which are typical for this type of test. 
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2.3 TEMPERATURE AND HUMIDITY 

2.3.1 Objective 

The objective of this test was to subject the M4S6A2 cartridge to the 
adverse conditions of temperature and humidity, then check the primer for 
corrosion or deterioration as a result of these accelerated exposures. 

2.3.2 Test Procedure 

A total of four cartridges, No. 1 through 4, were subjected to the first of 
two 14-day temperature-and-humidity environmental exposures. Testing was in 
accordance with MIL-STD-331A (ref 3), Test 105.1 (as modified by the sponsor's 
test plan), Procedure 2, single chamber cycling method. The modifications to 
Test 105.1 specified by the test sponsor were because the minimum and maximum 
temperature storage limits for the M456A1 are -54 and 63 °C (-65 and 145 °F), 
respectively.  The modifications specified by the sponsor were as follows: 

a. Change all reference to the bare fuze to read the complete round. 

b. Where -54 °C is required, using -32 °C (-25 °F). 

c. Where -62 °C (-80 °F) is required, using -40 °C (-40 °F). 

d. Where 74 °C (165 °F) is required, using 63 °C. 

The M456A2 cartridges subjected to this test previously went through 
installed equipment, (rack) vibration. The bare cartridges were positioned 
horizontally, on teflon cutouts, in a manner similar to which they are 
positioned in the tank rack, and subjected to the 14-day temperature and 
humidity cycle. They were visually inspected for any anomalities as they were 
being removed from the containers. The cartridges were placed in the center of 
the chamber and were separated by about 9 cm (4 in.) from each other and 5 cm 
(2 in.) from the chamber floor. The unobstructed usable chamber space was 
3 meters long by 2.4 meters wide by 2.1 meters high (10 ft long by 8 ft wide by 
7 ft high). 

The relative humidity was controlled (fig. A-20) during those portions of 
the cycle that were above 21 °C (70 °F). The relative humidity and temperature 
were programmed to gradually increase from 75 to 95 percent and 21 to 63 °C, 
respectively. The relative humidity was maintained at 95 + 5 percent when the 
internal chamber temperature was 63 °C. When the internal chamber temperature 
decreased from 63 to 21 °C, the relative humidity also gradually decreased from 
95 to 75 percent. At this point, the chamber humidification system was turned 
off and the humidity within the chamber was uncontrolled while the chamber 
temperature was below 21 °C. 

The chamber temperature was maintained within +1.7 °C (+3 °F) except during 
the increasing and decreasing temperature portions of the diurnal cycles. The 
chamber temperature-humidity was programmed and controlled using a calibrated 
microprocessor-based,  multi-looped controller  with   time-versus-set-point 
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programming and proportional, integral, and derivative (PID) control 
capabilities. The temperature was monitored throughout the testing using four 
type-T thermocouples. The relative humidity was also monitored throughout the 
test using two calibrated sensors and electronic indicators. These analog 
signal inputs (temperature and relative humidity (voltage)) were recorded using 
a Doric 245 data logger. This information was also recorded on a MEMTEC 2500 
digital recorder. These data were recorded every 15 minutes throughout the 
test. 

The cartridges were visually inspected at the completion of the 14-day 
exposure. Two cartridges, No. 1 and 2, then went through the 
installed-equipment (rack) vibration and the remaining two cartridges, 
No. 3 and 4, were returned for physical teardown. After rack vibration testing, 
four cartridges, No. 1, 2, 7, and 8 were subjected to the second 14-day 
temperature-and-humidity exposure using the same procedure and equipment as 
previously mentioned. Following the second 14-day exposure, cartridges 
No. 1 and 2 were returned for physical teardown and cartridges No. 7 and 8 were 
returned for rack vibration. Prior to the second 14-day temperature-humidity 
exposure, cartridges No. 7 and 8 had been exposed to the salt-fog environment 
described in paragraph 2.4 of this report. 

2.3.3 Test Results 

No damage was observed to the cartridges following the first 14-day 
temperature-and-humidity exposure. 

Following the second 14-day temperature-and-humidity exposure, a light to 
medium oxidation was observed on the exterior surfaces of cartridge case, 
projectile, and the fuze piezoelectric element cap. 
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2.4 SALT-FOG 

2.4.1 Objective 

The objective of this test was to subject the M456A2 cartridge to an 
aqueous salt-fog environment, then check the primer for corrosion or 
deterioration as a result of this accelerated exposure. 

2.4.2 Test Procedure 

A total of six cartridges, No. 5 through 10, were subjected to the salt-fog 
environment. Testing was in accordance with MIL-STD-810-D (ref 2), 
Method 509.2, Procedure 1 - Aggravated Screening (Cyclic). 

The H456A2 cartridges subjected to this test previously went through 
installed equipment (rack) vibration. The cartridges were preconditioned at 
35 + 1.7 °C (95 + 3 °F) for about 21 hours prior to the start of the salt-fog 
exposure. The cartridges were visually inspected for any anomalities as they 
were being removed from their containers. The cartridges were placed in the 
center of the chamber and were separated about 9 cm (4 in.) from each other and 
5 cm (2 in.) from the chamber floor. The unobstructed usable chamber space is 
3 meters long by 3 meters wide by 3.6 meters high (10 ft long by 10 ft wide by 
12 ft high). For the first 8 hours of exposure, the cartridges, in specially 
designed nylon cutouts, were placed nose down with the primer facing the spray 
nozzles. For the next 8 hours of exposure, the cartridges were placed 
horizontally with the projectile ogive facing the spray nozzles. For the last 
8 hours, the cartridges were placed base down on rubber mesh mats with the fuze 
piezoelectric element facing the spray nozzles. Following this 24-hour 
exposure, the cartridges were removed from the chamber and dried at a prevailing 
room temperature which ranged from 19 to 25 °C (66 to 77 °F). The cartridges 
were then exposed to a second 24-hour aqueous salt-fog environment and drying 
period using the same procedure as previously described. 

The salt-fog was generated from a 5 ± 1 percent saline (NaCl) solution 
prepared by dissolving five parts, by weight, of salt in 95 parts, by weight, of 
distilled water. The salt used to prepare the solution was sodium chloride 
containing (on a dry basis) not more than 0.1 percent sodium iodine and not more 
than 0.5 percent total impurities. The chamber temperature was maintained at 
35+1.7 °C and was monitored and recorded on a standard, calibrated, 
circular-chart, recording controller utilizing a type-T thermocouple positioned 
in close proximity to the test items. Four glass receptacles with a 9.3-cm 
(3.7-in.) diameter opening were placed around the test items to collect the 
condensate. This condensate was used to determine the collection rate and the 
chemical contents of the fog. At the completion of the salt-fog exposures and 
drying periods, the cartridges were visually inspected for any evidence of 
damage or material deterioration. 

2.4.3 Test Results 

No damage or irregularities were observed during the pretest visual 
inspection of the cartridges. 
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2.4.3 (Cont'd) 
AC the completion of the first 24-hour drying period, moderate oxidation 

and salt deposits were found on the exterior surfaces of the cartridges. The 
oxidation and salt deposits on the exterior surfaces of the cartridges 
were more extensive following the second 24-hour drying period. 

The  distilled  water used to make  the salt solution had a measured 
resistance of 533,115 ohms at 25 °C (75 °F) and a pH of 6.7.  The specific 
gravity and pH measurements of the salt-fog atmosphere are presented in Table 
2.4-1 below. 

TABLE 2.4-1.  SALT-FOG ATMOSPHERE ANALYSIS 

Collection      Total 
Rate/Receptacle Condensate, Specific pH 

Test Phase      Hour. ml         ml  Gravity Content 

Pretest               -             - 5.4 6.9 
First 24 hours       1.64         157.7 5.3 7.0 
Second 48 hours      1.73          166.3 5.4 6.9 

2.4-2 



2.5 PHYSICAL TEARDOWN OF SELECTED CARTRIDGES 

2.5.1 Objective 

The objective of this test was to conduct physical teardown of ten M456A2 
cartridges which have been subjected to various environmental conditions, then 
inspect for primer corrosion and collect samples of propellant and strand benite 
for moisture content analysis. 

2.5.2 Test Procedure 

Each M456A2 test cartridge was disassembled as it was received from its 
final previous environmental test. Photographs and physical observations were 
documented before, during, and after significant teardown progress. Propellant 
samples were collected from the top, middle, and bottom areas of the cartridge 
case for each M456A2 test cartridge. Included in the teardown documentation 
were bullet-pull force, electrical continuity, propellant-sample moisture, and 
primer benite-sample moisture. Also conducted was a functioning test of the 
primer, done in the APG primer function device. Five primers were disassembled 
for strand benite sampling and the remaining five primers were subjected to the 
functioning test. All propellant and strand benite samples were submitted to 
the USACSTA Chemistry Branch for moisture content analysis. Details of the 
procedures used are in Appendix A, pages A-24 through A-27. One black powder 
sample from base of the primer from cartridge 10 was collected at the sponsor's 
request but not analyzed due to the small sample size provided. 

2.5.3 Test Results 

The results are summarized in Table 1-1. Detailed moisture content data 
are in Tables A-2 and A-3. Table A-2 shows the moisture content of 30 samples 
of propellant (10 grams minimum weight) subjected to moisture content analysis. 
The analytical method (pages A 24 and A-25) was based on analysis of pure 
standard components separate from the sample. The moisture content of these 
30 samples, with the exception of A90-0818, -0820, -08953, -1010, and -1011 was 
within the specification on the propellant description sheet (fig. A-3) of 
0.5 percent maximum. Likewise, the moisture content of the 15 samples of benite 
was within that specified by section 3.4 of the Military Specification for 
benite strands (1.00 percent maximum) with the exception of 
samples A90-1015, -1016, and -1017. The absence of control rounds precludes 
USACSTA from making valuative statements as to the effects of salt-fog and 
temperature/humidity environments on the moisture content of propellant in the 
M456A2 cartridge. 

2.5-1 
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SECTION 3.  APPENDICES 

APPENDIX A.  TEST DATA 
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TEST CONTROL OF VIBRATION SCHEDULES 

The vibration schedules and controller parameters associated with this type 
of test are typed into a digitial controller with the use of an interactive 
computer program residing within the digitial controller.  The vibration 
spe  rum information and control parameters are manipulated by the computer to 
form the control reference.  After the controller estimates the transfer 
function of the control reference.  After the controller estimates the transfer 
function of the entire system by sending out a signal and monitoring the return 
signal, the computer in the controller then convolves the transfer function and 
the reference to form a control signal. 

The control signal is then passed to the power amplified which, in turn, 
powers the electrodynamic shaker.  The test items experience the corresponding 
vibration through the table which is the mechanical interface between the test 
item and the moving element of the shaker.  The accelerometers mounted near the 
test items were used to measure and control the acceleration input levels to the 
test items. 

The acceleration measurements were made with combinations of the following 
types of piezoelectric accelerometers: Endevco 2233E, 2217E, 2272, 7703-50 and 
7704-50. The change output from the accelerometer goes into an Unholtz-Dickie 
Model 122P charge amplifier which is set to convert the current signal to a 
voltage signal, and then automatically amplifies it to the appropriate level for 
input to an encoder. The encoder combines each analog signal into a single 
pulse code modulated signal which is transmitted through a long coaxial cable 
from the test cell to a Loral ADS 100 in the control room which decodes the 
single PCM signal into individual analog signals for input into a built-in 
multiplexer system (up to 16 channels) where the channels are sequentially time 
sampled and this composite signal is inputted as one signal into the digital 
controller. The resident software within the controller makes the comparison of 
this signal to the reference. The controller makes any necessary changes to the 
generated output control signal to maintain the acceleration levels within the 
prescribed limits of the reference. 

The control of the vibration exciter, based on the acceleration 
measurement, was continuously maintained within +3 dB of the specified 
requirements by the digital vibration controller. If an error was to occur, or 
the computer controller could not maintain control within the limits of the 
specified spectrum acceleration levels, the computer would halt the test until 
the problem was corrected. Figure A-5 contains a simplified block diagram of 
the vibration control system. 
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RESULTS OF MOISTURE CONTENT ANALYSIS 

MEMORANDUM FOR:  Chief, Armament Materials Branch 

SUBJECT:  Moisture content of M30 Propellant Samples For Corrosion Investigation 

1. References: MIL-STD-286C, Method T103.5.2 Total Volatiles (Gas 
Chromatography Method). 

2. USACSTA is currently testing the 105-mm, HEAT-T-MP, M456A2 cartridge 
with M30 propellent (lot No. MA83L140-026). Thirty samples of M30 propellant 
and fifteen samples of Benite primer were analyzed for moisture in the 
laboratory.  Quantitative analysis of the moisture content is reported below. 

3. The samples were analyzed by MIL-STD-286C method T103.5.2 for moisture. 
This method uses gas chromatography (see A-25 for an explanation of gas 
chromatography). Method T103.5.2 calls for 10 grams of propellant to be used in 
the analysis. Of the fifteen benite primer samples submitted to the laboratory, 
only sample A90-0825 contained 10 grams of sample; the benite sample sizes 
ranged from 4.4 to 10.0 grams. The moisture in the multi-base M30 propellent 
samples, containing nitrocellulose of approximately 12.60 percent nitrogen, was 
extracted with 20 percent methyl ethyl ketone (MEK)/80 percent sec-butanol. The 
multi base M30 propellant samples were analyzed using a 0.6-meter (2-ft) 
Poropak Q column at 125 °C (257 °F), helium flow rate of 60 cm3/min, injector at 
140 °C (284 °F), and thermal conductivity detector (TCD) at 140 °C. The 
moisture in the single base benite primer samples, containing nitrocellulose of 
approximately 13.15 percent nitrogen, was extracted with 25 percent 
MEK/75 pecent sec-butanol. The single-base benite samples were analyzed using 
an 2.4-meter (8-ft) Poropak Q column at 150 °C (302 °F), helium flow rate of 
60 cm3/min, injector at 170 °C (338 °F), and TCD at 180 °C (302 °F). 
Tables A-2 and A-3 give a description of the samples and the moisture content. 

4. The moisture content of the propellent samples, with the exception of 
samples A90-0818, -0820, -0953, -1010, and -1011 was within the specification 
for total volatiles on the propellant description sheet (0.5 percent maximum). 
The moisture content of the primer samples, with exception of samples A90-1015, 
-1016 and -1017, was within the measured value for moisture (1.00 percent 
maximum) found in section 3.4 of the Military Specification for Benite Strands. 

5. The composition break down of Samples A90-1047, black powder from base 
of shot No. 10 primer was not analyzed due to insufficient quantity. 

A-24 



Analytical Method: Gas Chromatography 

Gas chromatography is a chemical analysis technique used for 
separation and guantitation of gases and liquids. The 
instrumentation used to do gas chromatography is a gas Chromatograph. 
A typical gas Chromatograph consists of four main parts: 

1. Sample introduction system (injector) 
2. Separation column 
3. Detection system (detector) 
4. Data collection and reduction system (computer) 

(See Figure 1). 

The sample is usually injected into a gas Chromatograph by a 
syringe. Only  small amounts of sample are used (typically less than 
10 microLiters for liquids, 1 cc for gases) for each analysis. The 
sample is moved from the injection system to the separation column 
by a flow of helium gas. As the sample moves through the column, it 
is separated into its component parts 

The separated components are then moved by the helium gas from 
the separation column to the detection system. The detector "sees" 
the components by responding to their thermal conductivity, ability 
to be ionized, or by their infrared absorption patterns. The response 
from the detector is usually printed out as peaks where each peak 
represents a unique compound. The area or height of the peaks can be 
used to determine the amount of each component present in the sample. 

To quantitate a component a pure standard is needed. Standards 
are analyzed separately from the sample. Injection of standards that 
are above and below the concentration of the sample are needed for 
accurate quantitation. 

References: Basic Relationships of Gas Chromatography by L.S.Ettre 
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TABLE A-2. RESULTS OF PROPELLANT ANALYSIS 

Cartrldge 
No. and 

Date, Location Percent 
Sanrole No 1990 of Sample Moisture 

A90-0809 4 Sep 3 Top 0.32 
A90-0810 4 Sep 3 Middle .29 
A90-0811 4 Sep 3 Bottom .27 
A90-0812 4 Sep 4 Top .35 
A90-0813 4 Sep 4 Middle .35 
A90-0814 4 Sep 4 Bottom .32 
A90-0815 4 Sep 9 Top .37 
A90-0816 4 Sep 9 Middle .31 
A90-0817 4 Sep 9 Bottom .27 
A90-0818 4 Sep 10 Top .55 
A90-0819 4 Sep 10 Middle .48 
A90-0820 4 Sep 10 Bottom .52 
A90-0951 12 Sep 5 Top .27 
A90-0952 12 Sep 5 Middle .32 
A90-0953 12 Sep 5 Bottom .68 
A90-0954 12 Sep 6 Top .20 
A90-0955 12 Sep 6 Middle .15 
A90-0956 12 Sep 6 Bottom .19 
A90-0988 1 Oct 1 Top .28 
A90-0989 1 Oct 1 Middle .28 
A90-0990 1 Oct 1 Bottom .31 
A90-0991 1 Oct 2 Top .31 
A90-0992 1 Oct 2 Middle .31 
A90-0993 1 Oct 2 Bottom .31 
A90-1009 9 Oct 7 Top .47 
A90-1010 9 Oct 7 Middle .57 
A90-1011 9 Oct 7 Bottom .61 
A90-1012 9 Oct 8 Top .41 
A90-1013 9 Oct 8 Middle .39 
A90-1014 9 Oct 
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TABLE A-3.  RESULTS OF STRAND BENITE ANALYSIS 

Date,  Cartridge No. and  Percent 
Sample No. It 

12 

)9Q 

Sep 

Location of Sample Moisture 

A90-0957 5 Top primer 0.95 
A90-09S8 12 Sep 5 Middle primer 0.99 
A90-0959 12 Sep 5 Bottom primer 0.97 
A90-0994 1 Oct 2 Top primer 0.89 
A90-0995 1 Oct Middle primer 1.00 
A90-0996 1 Oct 2 Bottom primer 0.80 
A90-0821 5 Sep 3 Top primer 0.76 
A90-0822 5 Sep 3 Middle primer 0.83 
A90-0823 5 Sep 3 Bottom primer 0.86 
A90-0824 5 Sep 9 Top primer 0.94 
A90-0825 5 Sep 9 Middle primer 0.94 
A90-0826 5 Sep 9 Bottom primer 0.84 
A90-1015 1 Oct 7 Top primer 1.30 
A90-1016 1 Oct 7 Middle primer 1.55 
A90-1017 1 Oct 7 Bottom primer 1.62 
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APPENDIX B.  PHOTOGRAPHS 

Figure B-l.  General view of the vertical instailed-equipment (rack) test setup. 
Arrow indicates visible control accelerometer location. 
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Figure B-2. General view of the longitudinal instailed-equipment (rack) test 
setup. Arrows indicates visible control accelerometer location. 
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Figure B-3.  General view of the transverse installed-equipment (rack) test 
setup. Arrows indicates visible control accelerometer location. 
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Figure B-4. M456A2 test cartridge No. 1 and 2 after environmental tests with no 
corrosion buildup. 
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Figure B-5.  M456A2 cartridge before teardovm. 
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APPENDIX E.  DISTRIBUTION LIST 

Addressee 
No. of 
Cooies 

1 

Commander 
U.S. Army Test and Evaluation Command 
ATTN: AMSTE-TA-R (Mr. R. Yowell) 
Aberdeen Proving Ground, MD 21005-5055 

Commander 
U.S. Army Armament Research, Development and 

Engineering Center 
ATTN:  SMCAR-CCH-V (Mr. T. Mazzaway) 
Picatinny Arsenal, NJ 07806-5000 

1 

Commander 
U.S. Army Armament, Munitions and 
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APPENDIX C.  REFERENCES 
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APPENDIX D.  ABBREVIATIONS 

HEAT-T-MP - high explosive, antitank, munition with tracer, multipurpose 
HOP - International Test Operations Procedures 
MIL-STD - Military Standard 
MP - multipurpose 
NSN - national stock number 
T - tracer 
TPR - test program request 
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