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INTRODUCTION

The evaluation of the NM87 Radar Chronograph was authorized under
PSTC Project #3-220132. The project was initiated as part of the
Foreign Materiel Program to acquire sufficient test data to evaluate
the operational performance, reliability, maintainability, and dura-
bility of the NM87 Radar Chronograph under actual tactical conditions.

DESCRIPTION OF MATERIEL

The Radar Chronograph Set, Mera Bergen Model NM87, is designed
to measure the muzzle velocity of field artillery weapona under actual
tactical conditions. The NM87 consists of the following items:

Doppler Radar (Figure 1)
Chronograph (Figure 2)

Cable Reel Agsembly (Figure 3)
Mounting Set

Transport Case

The doppler radar unit houses the transmitter/receiver, and is
normally mounted directly on the gun carriage. The chronograph unit
incorporates the logic circuits, the numeric display, the power dis-
tribution circuits, and all operational controls. The cable reel
assembly consists of two cables; one cable is used for battery
connection and one cable for power and signal transmission to the
doppler radar and the chronograph.

The mounting set consists of brackets with necessary supports and
screws to mount the doppler radar to the gun/carriage.

The transport case houses all the above mentioned items with the
exception of the cable reel assembly.

The doppler radar transmits continuous power on & wavelength of
epproximately three centimeters. The radar beam is transmitted along
the trajectory of the projectile by means of a parabolic antenna.
When the projectile leaves the muzzle and enters the radar beam, some
of the transmitted power is reflected and detected in the receiver,
By counting doppler periods between transmission and reception of re-
flected radar emissions, the position of the projectile is determined
independent of the velocity. After 2176 doppler periods (corresponding
to a trajectory of 35 meters), an electronic gate is opened for a
duration of 128 doppler periods (corresponding to & base length of
2 meters). During this time, the flight time of the projectile is
measured and is presented in 1/4 microsecond units on a 5-digit
numeric display. By means of conversion tables, the displayed
reading is converted to velocity at the muzzle in meters/second.

3
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Figure 3. Radar Chronograph NM87, Cable Reel Assembly
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EVALUATION OBJECTIVES ,

The objective of the evaluation program described herein vas:

a. Evaluation of the electrical and mechanical features of the i
NM87 Chronograph to determine whether it can be handled, operated,
and maintained sefely by operating personnel in a field artillery
environment.

b. Eveluation of rel'ability, durability, and mainteinability
of the NM87 Chronograph under actual tactical conditionms, including
exposure to ambient field conditions, the shock of repeated firings,
and the ease or difficulty experienced in assembly and disessembly of
the test item for firing tests.

c. Comparison with other muzzle velocity meesuring devices in
terms of advantages and disadvantages, state-of-the-art, end potentiel
for savings in operation.

RESULTS OF EVALUATION TEST PROGRAM

The NM87 is easy to install, simple to operete, rugged, reliable, and
requires little maintenance. Its functional performance complies with
the specification requirements furnished by the manufacturer.

It was not possible to design a firing test which would demon-
strate the accuracy of the NM87. However, a series of firing tests
were conducted which constituted an adequate performance demonstration.
From the firing test data, inferences were drawn with regards to the
precision of measurement, namely, that there is no indication of any
statistically significant differences in precision between the NM87
and the other muzzle velocity measurement devices tested with standard
weapon projectile combinations. Test data algo revealed that the NM87
does not have the capability to reliably measure the muzzle velocity
of 8-inch RAP projectiles fired at charge 9.

Our results relative to the precision of the NM87 were confirmed
by the U.S. Army Ballistic Research Laboratories. The data gathered
by Frankford Arsenal during this test were presented to the BRL for
analysis. The data were analyzed in accordance with the methodology
adopted by the U.S. and other NATO nations as the most efficient and
unbiased means of estimating and comparing relative chronograph
performance when two or more instruments are used to make simultaneous
measurements of gun muszle velocities. It must be pointed out that
the data reduction process did not include corrections for the recoil
velocity of the doppler radar when it wes mounted on the weapon.

7
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DETAILS OF EVALUATION TEST

Introduction

The NM87 Radar Chronograph Set was tested in accordance with the
evaluation schedule contained in Appendix A. Most of the criteria
shown in this report were extracted from the supporting documents
furnished by the manufacturer. Where no specific criteria were avail-
able, the ones used were based on experience and knowledge in the
testing of similar types of items.

Upon receipt of the test item in November 1972, inspection and
laboratory performance tests were conducted. At the conclusion of
the laboratory tests, trial chronographings were conducted on various
weapon ammunition combinations. Ail major adjustments, repairs,
and modifications were performed by Frankford Arsenal personnel.

Most of the environmental tests were conduct«# at Frankford
Arsenal. However, some environmental phases of the test were conducted
concurrently with the firing accuracy tests. All testing on this
program was completed in March 1974.

Discrepencies observed during the conduct of the evaluation
program were reported to Frankford Arsenal by telephone, test reports,
and equipment performance reports.

Physical Characteristics

The test item and its accessories were visually inspected for
workmanship and mechanical operability.

The tsst item was measured and weighed. The results were comparad
with the wanufacturer's specified values. The complete weights and

measurements are given in Table I.

All markings were visually inspected and found to meet the re-
quirements of Standard MIL-STD 130.

It is possible to iaterchange component assemblies of the NM87
Chronograph with othcr radar chronograph sets. This was done during
firing tests at Yuma Proving Ground in March 1974,




TABLE I,
Radar Chronograph, NM87
Weights and Measurements

s Doppler Radar (Figure 1)
Weight------------ 28.5 pounds
Diameter---------- 8.7 inches
Depth------v------ 9.0 inches
Chronograph (Figure 2)
| Weight----=-------- 8.0 pounds
Length---------=--- 10.6 inches
Width---------- =-- 7.5 inches
Height----=----=---- 4.1 inches
Cable Reel Assembly (Figure 3)
Weight-------==--- 26.5 pounds |
Length-----c------ 14.4 inches l
Width----------=--- 12.6 inches
E | Height------------ 15.9 inches :
Transport Case W/E
Weight-------=---- 84.0 pounds
Length---c-=------ 21.0 inches
Width--------cc--- 13.0 inches
Height-------c--=- 15.0 inches

Circuit Description
Refer to Block Diagram Figure 4.

The Gunn Oscillator generates & signal with a nominal frequency
of 9525 MHg and an output power of approximately 20mW. The signal is
fed via the circulator and the antenna elements to the antenna. The
: parabolic antenna directs the transmitter power in a narrow beam into
! the projectile trajectory.

" A small part of the transmitter power is reflected because of
mismatch in the antenna element and fed via the circulator to the
frequency mixer. The reflected power is thus used as a local oscillator

d signal. The signal reflected from the projectile has its frequency
changed dus to the velocity of the projectile. This signal is below
that of the transmitted frequency and the frequency difference , fd, is

9
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Figure 4, Radar Chronograph NM87, Block Schematic Diagram

given by Doppler's equation:

fd =
Y

where V = velocity of projectile
A = wvavelength of transmitted signal

The reflected signal is fed to the frequency mixer via the antenna,
3 | the antenna element, and the circulator. =

In the frequency mixer, the reflected signal is mixed with the
local oscillator signal. The output is a signal with a frequency .
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equal to the difference between the transmitted frequency and the
reflected frequency. This signal is amplified in the preamplifier
and then transmitted to the chronograph. Here, the signal is further
amplified and fed via a band-pass filter to the Schmitt Trigger. The
output of the Schmitt Trigger consists of square wave pulses with
constant amplitude.

The square wave pulses are connected to a gate and then to a
binary counter. After a preset number of pulses are counted, a gate
(MIUISC), is opened and 1/4 microsecond clock pulses from the 4MH,
oscillator are fed to the decade counter.

After a time determined by the duration of a predetermined number
of doppler pulses, the gate is closed. The number of 1/4 microsecond
pulses fed to the decade counter during this time interval, can be
read on the 5-digit numeric indicator when the READ push button is
depressed.

A control circuit is incorporated to check the operation of the
chronograph. When the TEST push button is depressed, a simulated
doppler signal is fed to the input amplifier of the chronograph. If

the radar chronograph set is functioning correctly, the control signal
generates a reading of 16348 + 1 on the numeric indicator.

Operator's Controls and Indicators

The numbers are referred to Figure 5.

a. BATTERY 24V(1)., Connector for connection of the power
cable.

b. ON-OFF (2). Combined power switch and circuit breaker.

c. DOPPLER RADAR (3). Connector for connection the signal
and power cable between the doppler radar and the chronograph units.

d. TEST (4). Push button switch which applies an internal
simulated doppler signal to the input of the chronograph.

e. READ indicator (5). Lit when information is stored in
the register and is extinguished when the RESET button is pressed.

f. READ (6). When this push button is pressed, the numeric
display will display the information stored in the register.

11




Figure 5.

Radar Chronograph NM87, Operator's
Controls and Indicators
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g. NUMERIC (7). Presents a 5-digit reading of the registered
time interval. It is activated when the READ button is pressed.

h. GAIN (8). Potentiometer for adjustment of the gain.

i. NOISE (9). Flashes. for each noise or signal pulse which
is received.

j. RESET (10). Lit to indicate that the set is ready for
operation and is extinguished when a reading is obtained or when one
or more noise pulses are received.

k. RESET (11) . Push button is pressed to make the set ready
for operation. It is pressed just before the shot is fired.

Electrical Characteristics

The electrical performance characteristics of the NM87 were
measured in accordance with the test methods and procedures delineated
in Military Specification MIL-C-14816. This specification covers
the performance requirements of the USA Standard M36 Radar Chronograph
Set. The results were compared with the specific characteristics of
the manufacturer's (NERA Bergen) documentation furnished with the

equipment.

The electrical characteristics are given in Table II.

Continuous Operation Test

The NM87 was set up in the normal operating mode. An operational
test, relative power, and frequency test of the system performance was
made and the results recorded. The chronograph was operated contin-
uously eight hours a day for a period of five days. Performance tests
were conducted periodicelly and the results compared with the initial
test results. No failures, erratic readouts, or degradation of per-
formance were observed during the continuous operation test.

Safety Inspection

As configured, the NM87 presents no electrical or mechanical
hazards to operating personnel. However, mounting the doppler radar,
Figure 1, on the 155 MM M109, the 8-inch M110, and the 175 MM M107 in

13




TABLE II,
Radar Chronograph, NM87
Electrical Characteristics

DOPPLER RADAR

Frequency 9525 MHz
Output power 20mW
Antenna gain 2298
Antenna beamwidth 107
Antenna polarization Vertical
Receiver sensitivity -88dBn
CHRONOGRAPH

Velocity range 150 - 850 meter/second

Clock frequenc 4MHz .

Display E . 5-digit (solid state)
POWER

Battery voltage 24 volF

Power consumption Approximately 20W

accordance with the manufacturer's instructions constitutes & safety
hazard to personnel (strain or rupture). This was confirmed by per-
sonnel of the Human Factors Engineering Division at Frankford Arsenal.

The doppler radar, which is removed as one unit, weighs 28.5 pounds.
Two men are required to grasp and hold the doppler radar unit when
mounting and setting up the equipment for operation. This places them
in an avkward and unsafe position and is particularly hazardous if
footing is unsure.

Firing Tests

Firing tests were conducted at the U.S. Army Artillery Board, Fort
S111, OK during July and August 1973, The primary objective of this
firing test program was to determine the capability of the NM87 to
chronograph standard cannon artillery.

14
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on a tripod. To install the doppler radar on the 175 MM Gun M107 and
the 8-inch Howitzer M110, a special mounting bracket was fabricated
at Frankford Arsenal, see Figure 6. The radar chronograph set was
mounted on these weapons as illustrated in Figure 7.

A summary of the firing data for 25 weapon/ammunition combinations
fired at Fort Sill is presented in Table III. The displayed readouts
obtained from the NUMERIC DISPLAY were converted to velocity (m/s)
through the use of the conversion tables furnished with the Operator's
Manual, ™ 11-5 840 25/200-12.

Based on the number of rounds fired (501), the usage factor and
the number of rounds successfully chronographed as shown in Table IV,
the overall performance of the set is considered satisfactory.

The evaluation of the NM87 performance was made by comparison
among three different muzsle velocity measuring systems (M36, MVR-103,
and XMR) . The instrumented technical data acquired at the test site
were recorded on magnetic tape for use in subsequent analysis and to
serve as a permanent record of the test firing.

The data used for analysis was derived from the FADAC computer
vhich had been programmed to compute "normalized" muzzle velocity.
This was accomplished by modifying the Cannon FADAC program to accept
CHRON DELAY inputs in milliseconds instead of entering the delay gate
setting as is normally done for the Radar Chronograph M36 (U.S. Army
Standard) muzzle velocity extrapolation routine. All meteorological
and ballistic data that affect the trajectory were also entered into
the computer. The program scheme uses an automatic successive approx-
imation procedure to adjust the stored muzzle velocity obtained from
the test items until the computed quadrant elevation is equal to the
input quadrant elevation.

The BRL analysis of the data is presented in Appendix B. A
summary of some of the terms found in these data is contained on pages
3 and 4 of Appendix C.

An attempt by Rock Island Arsenal personnel to measure the pro-
jectile velocity of 8-inch RAP rounds (XM650E3) when fired at charge 9
utilizing the NM87, was unsuccessful during the week of 18 March 1974
at Yuma Proving Ground. The cause of failure was considered to be
the fire ball associated with the XM650E3 projectile when fired at
charge 9. The tube vsed for firing these rounds does not have a
muszle brake. Therefore, the fire ball, instead of being thrown out
sideways, is sucked behind the airborne projectile. The fire ball

)
The NM87 was set to measure projectile velocities at 35 meters
from the muzzle. The doppler radar was mounted on the 155 MM Howitzer,
M109 as specified by the manufacturer. The rounds from the 105 MM
Howitzer, M102 were chronographed with the doppler radar unit mounted

15




Radar Chronograph NM87, Special Mounting Bracket

Figure 6.

appears as an extension to the projectile rear (the radar beam normally
reflects off the projectile rear). Therefore, until the fire ball
dissipates, the NM87 doppler radar had a very poor reflective target.

In order to investigate this theory, the doppler signal from the
NM87 was simultaneously fed to both the signal processing section of
the NM87 and to a Frankford Arsenal developed signal processing unit.
This was accomplished by sampling the doppler signal from the unit,
refer to Figure 4, and feeding it to the Frankford Arsenal processor.
Utilizing this configuration, a firing test consisting of 15 rounds of
the XM650E3 projectile, fired at charge 9, was conducted on 29 March

1974 at Yuma Proving Ground.
16
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TABLE Il
Radar Chronograph, NM87
Firing Data Summary Sheet

MEAN
ROUNDS VELOCITY
WEAPON FIRED RECRD (m/s) NOTE

105MM Howitzer, 22 22 184.6
M102 19(1) 19 269.8
20(2) 20 316.2

5 5

9 2

155MM Howitzer, 20 20
M109 20 20

20 17

20 20

20 20

20 20

30 30

19

18

4

175MM Gun, M107 24
25
30

8-inch Howitzer, 20
M110 20

19

20

Notes:

The following comments disregard those rounds which were missed
because of operator shortcomings such as:

(1) ( .IN control not adjusted before firing .
(2) Equipment not turned on or no input power.
(3) Failure to reset before firing.

18




Notes - Cont'd

A Only two rounds were acquired during the mission. These read-
outs were so obviously in error that this mission was deleted for sub-
sequent precision analysis. To date, it has not been determined if
the NM37 is capable of chronographing RAP projectiles. It is unlikely
that the problem experienced at the test site can be attributed to
improper setup of equipment and/or an inexperienced operator.

B Although the NM87 acquired all rounds fired, two of the read-
outs were deleted through a visual examination of the data. The
measurements were found to be in error when compared to measurements of
other data points of the same weapon/ammunition combination.

C On three rounds the readout display was approximately twice the
expected value (half the velocity) for this charge. The cause of the
erroneous readout is unknown. It is definitely not a recording error.

D One round vas deleted when it was ohserved that the measurement
was found to be in error when compared to measurements of other data
points of the same weapon/ammunition combination.

E The readouts ubtained for the four rounds acquired were so
inconsistent that this mission was deleted for subsequent precision
analysis. To date, it has not been conclusively determined that the
NM87 cannot chronograph RAP rounds.

F Operator neglected to record the readout, the readout display
before reset.

G Although the NM87 acquired all rounds fired, one round generated
a readout display approximately three times the expected value (1/3
the velocity) for this charge. The cause of the erroneous readout could
not be determined.

H Although the NM37 acquired all rounds fired during this mission,
eight readings were deleted through & visual examination of the data.
The measurements were found to be in error when compared to measurements
of other data points of the same weapon/ammunition combination. It hasg
been determined that the marginal performance of the equipment (22 out
of 30 rounds) is due to operation beyond the design specification.

The technical data furnished with the NM87 specifies an effective oper-
ating velocity range to 850 meters/second.

I During the first nine rounds, only six readouts were correct.
The remaining rounds were deleted because they did not compare with
other data points of the same weapon/ammunition combination. Subae-
quent discussions with the operator revealed that during the first
ten rounds, the GAIN control could have been incorrectly set.

19




TABLE IV,
Radar Chronograph, NM87
Summary of Firing Test Data

Attempts to chronograph 486

Total rounds chronographed 474

Total rounds missed 24*

Chronographing percentage (%) 92.6 b
Set usage during firing (%) 97.0 .,
NOTES :

Total rounds fired - 501.

Rounds missed because of human error have not been
considered in the calculations.

*Includes erroneous readouts determined by comparison
of measurements to other data points of the same
weapon/ammunition combination.

The round by round data for this date is presented in Appendix D. E
The results of this firing test are shown in Table V. An exawmination k.
3 of this data indicates that the NM87 correctly measured only one round
K | of 15 rounds fired. The Frankford Arsenal signal processor, utilising
the common doppler signal from the NM87, measured eight rounds out of
15. It appears that the NM87 doppler radar is marginsl relative to ]
3 its ability to provide useable doppler signal from this weapon/pro- 4
- | jectile combination. The probable cause for failure is the fire ball
I experienced with this projectile when fired at charge 9.

| Human Factors Evaluation

Doppler Radar

Because of the weight of the doppler radar (28.5 pounds),
two men should be required to install this equipment on the weapon,
one man to hold it in position, while a second man secures the mounting
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TABLE V,
Radar Chronograph, NM87
Diring Data Summary Sheet for XM650E3 Projectile

Velocity/Range

(m/s-m)

Rourd FA NM87
Number Charge Processor Processor
914 9 791.4/28 578.8/35
915 9 000.0/0 794.1/ 35
916 9 794.9/28 763.8/35
917 9 789.6/140 442.5/35
918 9 000.0/0 746 .0/ 35
919 9 000.0/0 442.5/35
920 9 791.4/126 429.0/35
921 9 793.5/28 438.8/35
922 9 000.0/0 562.5/35
923 9 797.1/28 789.5/35
924 9 791.2/126 502.7/35
925 9 000.0/0 655.5/35
926 9 000.0/0 643.9/35
927 9 795.4/28 770.9/35
928 9 000.0/0 424 ,5/ 35

hardwere. With two men, installation on the M107, M109, and the M110
was accomplished in approximately five minutes, including cable hookup
to the chronograph.

Chronograph

Controls are well placed and clearly labeled. Recepticles
are correctly positioned for right-angled cable connectors to route
cables over the chrorograph so as not to interfere with controls.

The TEST, READ, and RESET push buttons are well positioned
for thumb operation when the chronograph is hand held. However, the
push buttons should have rubber boots to prevent water entry into the
chronograph. This could result in system malfunctions duxing freezing
conditions. Further, the 5/8 inch diameter push buttons do not con-
form to MIL-STD 1472A which specifies 3/4 inch diameters.

At a weight of eight pounds, the chronograph is too heavy
to be hand held for any length of time., It is suggested that a neck
strap be used for hand held relief. The lower half of the outside
facing edges of the rubber encasement should be rounded for greater
palm comfort.
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Cable Reel Assembly

This assembly weighs 26.5 pounds end cen be carried by one
man. However, it is quite awkward and should be carried by two men.

Mounting Set

There appears to be no human engineering problem with regards
to the mounting sets, particularly when the swivel head wranch is
utilized and since positional eccuracy is not critical.

Trensport Casa

The loaded transport case weighs 83.5 pounds and can be
carried by two men if the lifting height dves not excead 4.5 feat.

Technology and Methodology

The system is simple to operete, reliable, and capabla of achiaving
the seme order of pracission as is possible with other velocity meas-
urement methods. However, the most significant defact in the system
is its failure to have indications of possible arroneous displays.

The operator has no sssurance that the values displayad on tha chrono-
graph readout are valid mussle velocity measurements.

Tha chronographing range for this system, a maximum of 35 meters,
will be inadaquate for weapon/projactile combinations in the 1975 - 1985
time frame. Changes in tha target reflectivity of projactilas currently
being developed will require increased range capabilities in order to
capture the projectile in its trajectory.

The component technology utiliged in tha NMR7 1is slightly behind
the current state-of-the-art. The electronics in meny areas of the
doppler rader and chronograph assemblies, Figuras 8 and 9, is such
that the size and weight of tha NM87 can be reduced by raplacing dis-
crete and small/medium scale integrated component assemblies with
MOS/LSI (Metal oxide semiconductor/large scale intagratad) cireuitry.

Reliability and Maintainability

Determination of the reliability of the system existing at the
end of the evalustion is considered impractical in this report bacause
no feilures were encountered during the test and evaluation phasa. WNo
maintenance difficultias were observed in satup or tear dowm of the
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Figure 8. Radar Chrcnograph Set NM87, Digital Indicator
and Voltage Regulator Assembly
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major assemblies with either the tools or mounting sets provided with
the system.

Ruggedness

The NMAR7 is cspable of withstanding exposure to the shock of
repeated firings and transportation over cross country without adverse
effects on operational performance. Further, it was not sensitive
to weather and ambient 1light conditions.

Adaptability

The NMR7 is adaptable to all standard cannon artillery. It can
be mounted on csrriage to follow the azimuth snd elevation of the tube
with the mounting set surnished with the system; or other mounting
brackets, see Figure 6, for special applications.

The system can also be mounted on a tripod with no adverse affect
on performance. This permita greater versatility in deployment and
reduces the initial set up time without any sacrifice of the required
stability.

Because of the system's low power consumption, it is capable of
being operated directly from vehicle power systems.

CONCLUSIONS

There is no indication of any statistically significant differences
in precision between the NM87 and other muzzle velocity measurement
devices tested with standard weapon/projectile combinations.

Preliminary test data indicated that the NM87 does not have the
capability to reliably measure the muzzle velocity of the XM650E3
projectile fired at charge 9 (8-inch RAP).

The NM87 is easy to install, simple to operate, rugged, relisble,
and capable of achieving the same order of precision as is possible
with other doppler radar velocity measurement devices.




RECOMMENDATIONS

Error detecting features should be incorporated into the design
to assure the operator that the values displayed on the chronograph
readout are valid mugzle velocity measurements.

The chronographing range capability should be increased from the
present maximum of 67 meters to 300 meters. Increased range capabili-
ties will be required to chronograph projectiles under current develo-
ment .




APPENDIX A
Radar Chronograph Set NM87
Evaluation Schedule - 18 September 1972

M/DAYS

Physical Inspection and Inventory

Conformance of Physical Characteristics
with Test ltem Specifications

Safety Inspection

Electrical Characteristics
Receiver Sensitivity
Doppler Frequency Response
Transmitter Frequency
Transmitter Output
Calibration
Antenna Beamwidth
Antenna Gain
Boresighting
Monitor Circuits
Power Source
Power Consumption

NN
NN BEWMUITNNNO O

o

Continuous Operation Test

Firing Accuracy Test
Howitzer, 105MM
Howitzer, 8-inch
Howitzer, 155MM
Gun, 17S5MM

Ruggedness Test
Shock
Vibration
Transport

Electromagnetic Inteference Tests

Environmental Characteristics
Low Temperature Test
High Temperature Test
Rain Test
Sand and Dust Test

Reliability Assessment
Maintainability Assesssment

Human Factors Assessment

Physical Teardown

Determination of Special Features,

Technology, and Methodology
Utilized in Test Item
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