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INTRODUCTION 

The evaluation of the NM87 Radar Chronograph was authorised under 
PSTC Project #3-220132. The project vea 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, la designed 
to measure the mizzle  velocity of field artillery weapons under actual 
tactical conditions. The NM87 consists of the following items: 

Doppler Radar (Figure 1) 
Chronograph (Figure 2) 
Cable Reel Assembly (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 a wavelength of 
approximately 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 a 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-dlglt 
numeric display. By means of conversion tables, the displayed 
reading is converted to velocity at the muzzle in meters/second. 

HMMMMM, _^ —  ^MliM j dM 
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EVALUATION OBJECTIVES 

The objective of the evaluation program described herein was: 

a. Evaluation of the electrical snd mechanical features of the 
NM87 Chronograph to determine whether It can be handled, operated, 
and maintained safely by operating personnel In a field artillery 
environment. 

b. Evaluation of rel'iblllty, durability, and maintainability 
of the NM87 ^ronograph under actual tactical conditions. Including 
exposure to ambient field conditions, the shock of repeated firings, 
and the ease or difficulty experienced In assembly and disassembly of 
the test Item for firing tests. 

c. Comparison with other mucsle velocity measuring devices in 
terms of advantages and disadvantages, state-of-the-art, and potential 
for savings in operation. 

RESULTS OF EVALUATION TEST PROGRAM 

The NM87 is easy to install, simple to operate, 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 musale velocity measurement devices tested with standard 
weapon projectile combinations. Test data also revealed that the NM87 
does not have the capability to reliably measure the nwssle velocity 
of 8-inch RAP projectiles fired at charge 9. 

Our results relative to the precision of the NMS? 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 analysed 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 mussle 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 was mounted on the weapon. 

-— ■ ■^ -.- L..^ 
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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 Frank*ord Arsenal personnel. 

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

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

i 

Physical Characteristics 

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

The tist item was measured and weighed. The results were compared 
with the manufacturer's specified values. The complete welghte 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 Interchange component assemblies of the NM87 
Chronograph with other radar chronograph sets. This was done during 
firing testa at Yuma Proving Ground in March 1974. 
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TABLE I. 
Radar Chronograph,   NM87 
Weights and Measurements 

to 

I 

Doppler Radar (Figure 1) 

Weight 28.5 pounds 
Diameter 8.7 inches 
Depth 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  14.4 inches 
Width 12.6 inches 
Height 15.9 inches 

Transport Case W/E 

Weight  84.0 pounds 
Length  21.0 inches 
Width- - 13.0 inches 
Height 15.0 inches 

Circuit Description 

Refer to Block Diagram Figure 4. 

The Gunn Oscillator generates a signal with a nominal frequency 
of 9525 MHE 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 
signal. The signal reflected from the projectile has Its frequency 
changed du« to the velocity of the projectile. This signal Is below 
that of the transmitted frequency and the frequency difference , fd, is 

i ■•■■-----• MiwiiittA     di   "     ni-lnfii .■■^.^..   ^ .......    -.-■..-   .^-    tW-     .,   *,.   .L.^.   .«—M^t-i^lM 
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Figure 4.    Radar Chronograph NM87,   Block Schematic Diagram 

given by Doppler's e<;uatlon: 

f d - 2V_ 
X 

where V ■ velocity of projectile 
X ■ wavelength of transmitted signal 

The reflected signal Is fed to the frequency mixer via the antenna, 
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 

10 
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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 
(MIUI8C) , Is opened and 1/4 microsecond clock pulses from the 4MHr 
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 
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g. NUMERIC (7). Presents a 5-digit reading of the registered 
tin« interval. It is activated when the READ button is pressed. 

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

1. 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 periodically 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 dopplet radar. 
Figure 1, on the 155 MM M109, the 8-inch MHO, and the 175 MM M107 in 

13 
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TABLE II. 
Radar Chronograph,   NM87 
Electrical Characteristics 

DOPPLER   RADAR 

Frequency 
Output   power 
Antenna  gain 
Antenna  bearawidth 
Antenna  polarization 
Receiver  sensitivity 

9525   MHz 
20mW 
22dB 
10° 
Vertical 
-88dBn 

CHRONOGRAPH 

Velocity  range 
Clock   frequency 
Display 

150   -   850  meter/second 
4 MHz 
5-digit (solid state) 

POWER 

Battery voltage 
Power consumption 

24 volt 
Approximately 20W 

accordance with the manufacturer's instructions constitute* a 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 awkward and unsafe position and is particularly hacardous If 
footing Is unsure. 

Firing Tests 

Firing tests were conducted at the U.S. Army Artillery Board, Fort 
Sill, 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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The NM87 was set to measure projectile velocities at 35 meters 
from the muMle. The doppler radar vas mounted on the 155 MM Howitaer, 
M109 as specified by the manufacturer. The rounds from the 105 W 
Howitrer, M102 were chronographed with the doppler radar unit mounted 
on a tripod.  To install the doppler radar on the 175 MM Gun M107 and 
the R-inch Howiteer MHO, 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, TM 11-5 840 25/20C-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 muaale 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 
which had been programmed to compute "normalized" muaale 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) muaale 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 muaale 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 
utilising the NM87, waa unaucceaaful during the week of l« March 1974 
at Yuma Proving Ground. The cauae of failure waa considered to be 
the fire ball associated with the XM650E3 projectile when fired at 
charge 9. The tube caad for firing these rounds does not have a 
muaale brake. Therefore, the fire ball, inatead of being thrown out 
sidewaya, is sucked behind the airborne projectile. The fire ball 

15 

«MMfiMMMHIM 







r1 ^ninnm tm*imm*^m i Wimi. !   i    ,II.P.»HPI 11 i.iji mi . wWWr**fm fyir^m^ßfmmimmm n 

TABLE III. 
Radar Chronograph,  NM87 
Firing Data Summary Sheet 

MEAN 
ROUNDS VELOCITY 

WEAPON ZONE FIRED RECRD (m/s) NÜ1 

105MM Howitzer, 1 22 22 184.6 

M102 4 19(1) 19 269.8 

5 20(2) 20 316.2 

7 5 5 485.2 
7(RAP) 9 2 A 

15SMM Howitzer, 1 20 20 200.1 B 

M109 3G 20 20 277.1 

4G 20 17 316.7 C 

5G 20 20 371.5 

Si 20 20 281.4 

4N 20 20 321.9 
5N 30 30 378.1 
6N 19(2) 19 463.4 

7W 19(3) 18 563.6 D 

7(RAP) 4(3) 4 E 

175MM Gun,  M107 1 25 24 501.7 F 
2 25 25 704.2 G 
3 30 30 915.6 H 

8-inch  Howitzer, 2 20 20 270.5 
MHO 3 20 20 303.9 

4 19(3) 19 346.3 
5G 20(1) 20 415.7 I 
5W 20 20 420.5 
6W 20 20 500.S 
7W 20 20 594.1 

Notes: 

The following conmente dleregerd thoee rounds **ilch were missed 
because of operator shortcomings such as; 

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

18 
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Notes - Cont'd 

A Only two rounds were acquired during the mission. These reed- 
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 mm  is capable of chronographtne 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 was deleted yfoen  It was observed 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 obtained for the four rounds acquired were so 
Inconsistent that this mission was deleted for subsequent precision 
analysla. 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 NM^7 acquired all rounds fired during thla mission, 
eight readings 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. It ha« 
been determined that the marginal performance of the equipment (22 out 
of 30 rounds) Is due to operation beyond the design specifIcatlon. 
The technical data furnished with the 1W87 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 eame weapon/anmunltlon combination. Subse- 
quent dlscuislons with the operator revealed that during the first 
ten rounds, the GAIN control could have been Incorrectly set. 
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TABLE V. 
Radar Chronograph,   NM87 

Diring Data Summary Sheet for XM650E3 Projectile 

I 

Vcioc i ty / R a n j» e 
(m/s -m) 

Round FA NM87 
Number Charge Processor Processor 

914 791.4/28 578.8/35 
915 000.0/0 794.1/35 
916 794.9/28 763.8/35 
917 789.6/140 442.5/35 
918 000.0/0 746.0/35 
919 000.0/0 442.5/35 
920 791.4/126 429.0/35 
921 793.5/28 438.8/35 
922 000.0/0 562.5/35 
923 797.1/28 789.5/35 
924 791.2/126 502.7/35 
925 000.0/0 655.5/35 
926 000.0/0 643.9/55 
927 795.4/28 770.9/35 
928 000.0/0 424.5/35 

hardware. With two men, installation on the M107, M109, and the MHO 
«as accomplished in approximately five minutes, including cable hookup 
to the chronograph. 

Chronograph 

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

The TEST, BEAD, and BESET 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 duilng 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 chronogrsph is too heavy 
to be hand held for sny length of time. It is suggested that a neck 
strap be used for hand held relief. The lower hslf of the outside 
facing edges of the rubber encasement should be rounded for greater 
palm comfort. 

J 
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Cable Reel Assembly 

This «sseBbly weighs 26.5 pounds end can be carried by one 
man. However, It Is quite awkward and should be carried by two «en. 

Mounting Set 

There appears to be no human engineering problem with regards 
to the mounting sets, particularly when the swivel head wrench Is 
utilised and since positional accuracy Is not critical. 

Transport Case 

The loaded transport case weighs 83.5 pounds end can be 
carried by two men If the lifting height does not exceed 4.5 feet. 

Technology and Methodology 

The system Is simple to operate, reliable, and capable of achieving 
the same order of preclsslon as Is poaalble with other velocity meas- 
urement methods. However, the most significant defect In the system 
Is Its failure to have Indications of possible erroneous displays. 
The operator has no assurance that the values displayed on the chrono- 
graph readout are valid muasle velocity measurements. 

The chronographlng range for this system, a maximum of 3* metera, 
will be Inadequate for weapon/projectile combinations In tha 1975 - 19«5 
time frame. Changes In the target reflectivity of projectiles currently 
being developed will require Increased range capabilities In order to 
capture the projectile In Ita trajectory. 

The component technology utilised In the MW? Is slightly behind 
the current state-of-the-art. The electronics In many areas of the 
doppler radar and chronograph assemblies, Figures 8 and 9, la such 
that the else and weight of the »187 can be reduced by replacing dis- 
crete and small/medium scale Integrated component assemblies with 
MOS/LSI (Metal oxide semiconductor/large scale Integrated) circuitry. 

---■■ ^ 

Reliability and Maintainability 

Determination of the reliability of the system existing at the 
end of the evalvatlon Is considered Impractical In this report because 
no failures were encountered during the test and evaluation phase. No 
maintenance difficulties were observed in setup or tear down of the 
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major assemblies with either the tools or mounting sets provided with 

the system. 

Ruggedness 

The NM87 Is capable 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 light conditions. 

Adaptability 

The NMR7 Is adaptable to all standard cannon artillery. It can 
be mounted on carriage to follow the atimuth and elevation of the tube 
with the mounting set sumlshed 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 permits 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, reliable, 
and capable of achieving the same order of precision as is possible 
with other doppler radar velocity measurement devices. 

25 
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RECOMMENDATIONS 

Error detecting features should be Incorporated Into the design 
to assure the operator that the values displayed on the chronograph 
readout are valid musEle velocity oeasureinents. 

The chronographlng range capability should be Increased f«» the 
present maxlmu« of 67 meters to 300 meters. Increased range caP«WU- 
ties will be required to chronograph projectiles under current develo- 

ment. 
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APPENDIX A 
Radar Chronograph Set NM87 

Evaluation Schedule - 18 September 1972 

I 

Physical Inspection and Inventory 

Conformance of Physical Characteristics 
with Test Item Specifications 

Safety Inspection 

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

Continuous Operation Test 

Firing Accuracy Test 
Howitzer, 105MM 
Howitzer, 8-inch 
Howitzer, 1SSMM 
Gun. 17SMM 

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 

M/DAYS 
 3  

5 

5 

20 
20 
5 
S 
5 
3 
4 
8 
6 
2 
S 

IS 
15 
15 
15 

4 
10 
24 

10 

5 
5 
2 
4 

20 

15 

20 

25 

20 
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APPENDIX   C ,._. 
Correspondence   -   BRL   to   FA.   AMXBR-EB-FT.   11   January   1974 

DEPARTMENT OF THE ARMYMr.O'Bryon/jm/4227 
U.S.   ARMY   BALLISTIC   RESEARCH   LABORATORIES 

ABERDEEN   PROVING   GROUND.   MARYLAND   21005 

AMXBR-KB-FT 
II January 1974 

SUBJECT-  Customer Service Test Results of Chronographs, 
Fort Sill, Oklahoma, July-August 1973 

Commander 
Frankford Arsenal 
ATTN:  SARFA-FCF-E 
Bridge § Tacony Streets 
Philadelphia, PA   19137 

1 References 

a. Frankford Arsenal (FA) Customer Service Test 
conducted at Fort Sill, July-August 1973. 

b. TeleccT?s with Mr. F. Richter, FA, during period 
June-December 1973. 

c   Letter from FA dated 19 July 1973, to BRL, subject: 
Customer Service Test of Chronographs, Fort Sill. Oklahoma. 

d   Letter to ARMCOM dated 3 July 1973. subject: 
Customer Service Test of Chronographs, Fort Sill, Oklahoma 

2. As requested by reference I.e., BRL has analyzed the 
dita of the referenced customer service test using 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 muzzle 
velocities.  STANAG 4114 and ARDC TN 12 (AD732428) provide 
the rationale for the discussion and results that follow. 

3. The data gathered at Fort Sill during this test were 
presented to the BRL in three different forms.  Fijfs^» the 

raw velocity observations were given.  These velocities 
simply reflect what numbers were found on the display 
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AMX3R-EB-FT ^ Jan"111"/ 1974 

SUBJECT:  Customer Service Test Results of Chronographs. 
Fort Sill, Oklahoma, .luly-Augnst 1973 

analyses were performed.  The first looked at possible 
outlying observations within each round fired (i.e., did 
one chronograph record a significantly different reading than 
all other chronographs simultaneously looking at the same 
round) .  This test was performed on every round from every 
weapon contained in the service test.  The second outlier 
test looked at possible outliers for each chronograph over 
each group of projectiles fixed at every initial condition 
(weapon/zone/QE combination).  These tests were performed at 
the 99 percent level of confidence and data points were 
deleted only when they were detected as outliers by both tests. 

5.  Detecting a small constant bias in velocity measurement 
has always been a problem in chronograph tests.  It is for 
this reason that the BRL, in its letter to ARMCOM on 3 July 
1973 suggested that methods independent of doppler radar be 
used to observe velocity.  Methods such as sky screens 
(optical) or coils (electromagnetic) were suggested as 
techniques which should also be used in this test since 
independent detection modes not dependent on doppler radar 
techniques would minimize the possibility of bias errors 
remaining undetected.  This suggestion was not acted upon 
due to a number of reasons, and, hence, only the doppler method 
of velocity observation is common to all six devices.  With 
no independent measurement being available, we must, therefore, 
assume that the real (unbiased true), velocity falls somewhere 
midway between all observations of the doppler radars. 

6.  The measurement related to sue 
by the same instrument, differs no 
instrumental error of the chronogr 
a considerably greater degree, by 
deviation of the velocity of each 
traditional analysis of variance t 
applied effectively to determine t 
of the instrumentation since proje 
itself, a repeatable phenomenon. 
BRL takes into account these probl 
estimates of random errors of meas 
These estimates are contained in I 
brief summary of some of the terms 

cessive shots, but produced 
t only by the value of the 
aph but, also, and often to 
the value of the random 
successive shell.  Hence, 
echniques could not be 
he accuracy and precision 
ctile velocity is not, in 
The methodciogy used by 
ems and competes unbiased 
urement for each chronograph 
nclosure 1.  Below is a 
found in these data. 
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AMXBR-üB-l T 11 January 1974 
SUBJLCT-  Customer Service Test Results of Chronographs, 

Fort Sill, Oklahoma, July-August 1973 

"Mean" - simple arithmetic mean 

"Variance" - variance of all observations in 
column appearing immediately above 
(except deleted data) 

"stnd dev" - standard deviation (square root of 
variance) 

"prob err" - .6745 of standard deviation 

"grand mean" - mean of all data considered 

"average variance" - arithmetic average of variances 
from all instruments considered 

"covariance matrix" - included simply as computational 
information 

"cov incld inst" - included simply as computational 
information 

"cov excld inst" - included simply as computational 
information 

*"est (sigma2  )•• - unbiased estiaate of variance   2 
el     in random precision error (est o | ) 

*"cst (sigma   )" - (est a     i el «V 
"precision rank" - a simple numerical ranking of 

size of each precision estimate 
with smallest being ranked 1 

"total covariance" - included simply for computational 
information 

"parameter variance" - estimate of the real round-to- 
round muzzle velocity variance 
due to propellant and tube 
influences but free of chronograph 
precision errors 
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AMXBK-LB-FT ll •,anuary 1974 

SUBJECT:  Customer Service Test Results of Chronographs, 
Fort Sill, Oklahoma, .July-August 1973 

The quantities marked with an asterisk (*) above occasionally 
are negative due to the statistical approach used.  There is 
no reason for alarm when these estimates become negative 
since (a) they are best estimates of precision and because, 
in some cases, the precisions are very small numerically, 
the estimates do occasionally fall into the negative region 
and, (b) these negative numbers are only slightly negative 
and can be treated as zero.  If more information on this is 
desired, volume 43, pp 243-264 of the June 1948 edition of 
the journal of the American Statistical Association gives a 
comprehensive explanation. 

7.  Chronograph performance is dependent upon many factors 
including 

a. velocity level being measured, 

b. quadrant elevation (QE) of weapon, 

c. shell cross-sectional area and surface irregularities, 

d. baseline length, 

e. blast and muzzle flash, 

f. weather conditions, 

g. skill of chronograph operators. 

Looking at the test in light of each of these factors, we 
can make the following observations. 

a. Although the test encompassed a velocity «pan of 
approximate 730 m/s (185 m/s to 915 m/s), a linear least 
squares fit of precision versus velocity showed significance 
in the first order term only for the 175mm gun over zones 
1, 2 and 3.  Other systems generally showed little degradation 
in precision due to changing velocity levels. 

b. Since only one true replication is included (shell, 
weapon, and zone identical with only QE altered), that being 
the 105mm howitzer, zone 7, firing both at 1077 and 1093 
mils, no conclusive statement can be made.  Past studies have 
shown that doppler radar chronographs are much less affected 
by ele/ation change than instruments dependent on optical 

techniques. 
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AMXBR-EB-FT ll   January 1974 
SUBJECT:  Customer Service Test Results of Chronographs, 

Fort Sill, Oklahoma, July-August 1973 

08635 in this case, was not as precise as the NM87 (o ^^ ■ 

'2     = .50673).  Although the 175ram gun did not exhibit vs a' 
XMR 

rhe muzzle flash that the 8-inch howitzer, zone 5W, displayed, 
the blast (shock or overpressure) from the 175mm gun zone 3 
was the maximum encountered during the test.  The effects ot 
muzzle flash caused sizeable data loss for some chronographs. 
Blast overpressure, on the other hand, although it caused 
some random data loss, caused precision to degrade also 
The pooled variance in precision error for the M36 and GL 
svstcms (the only systems in the 175mm matrix) was approximately 
3.4 m/s.  The XMR experienced a cracked wave guide as a result 
of this overpressure. 

f.  Weather conditions are often a consideration in 
chronograph operation.  No data on prevailing weather was 
submitted to BRL as part of the data package and since 
normalization (extrapolation thru prevailing weather) was 
performed on the data by means of a FADAC computer by 
Frankford Arsenal, no meaningful comment on weather influen 
can be made. 

ces 

g.  Operators familiar with their equipment were present 
at the test site.  A total of five trained soldiers were 
operating the two M36 systems.  General Electric had an 
instrumentation van with two skilled operators highly trained 
in the usage of their systems.  Frankford Arsenal had an 
instrumentation van which was manned by people familiar with 
the XMR from its inception.  The only system which did not 
have its own trained crew was the NM87 which is foreign made. 
This system was mounted on top of an excess M36 tripod. 
Past results of the NMF.7 with trained crews and developers 
operating it showed highly of the NM87 with trained crews and 
developers operating it showed highly successful and reliable 
results   (o  = .05% V). Hence, the results shown in this 

el 
test for the NM87, although not bad, are not necessarily 
representative of the system's capabilities given a crew with 
the equivalent familiarity as the other systems used in 
this test. 

8.  Inclosure 2 is a summary sheet displaying the precision 
estimates of all of the systems tested.  Two sets of data, 
155mm howitzer, zone 7 RAP (rounds 781-785) and the 8-inch 
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AMXBR-liB-rT 11 January 1974 
SUBJECT:  Customer Service Test Results of Chronographs, 

Fort Sill, Oklahoma, July-August 1973 

howitzer, zone 5W (881-890), wer 
omissions prevented a large enou 
meaningful precision estimates, 
possessed a significantly better 
others.  On the basis of the tes 
be said concerning precision is 
error of all systems for all con 
.15 percent of average velocity, 
data given to  BRL for analyses w 
since, for example, a projectile 
50 foot gate beginning 25 feet f 
located four feet laterally from 
velocity errors of the order of 
were over the same distance and 
on distance for on-off, the erro 
which would not affect precision 
baselengths vary between chronog 
gates in time (M36 and XMR), the 
are affected by parallax. 

e not computed sine 
gh data matrix to d 
Overall, no single 
or worse precision 

t data alone, all t 
that the pooled pre 
ditions was held at 

It is unfortunate 
as not corrected fo 
which is being tra 

rom the gun by a ch 
the muzzle could e 

.4 percent. If all 
triggering iependen 
rs would only be bi 
estimates, however 

raphs and some have 
precision estimate 

e data 
etermine 
system 
than the 

hat can 
cision 
approximately 
that the 

r parallax 
eked in a 
ronograph 
xperience 
gating 

t only 
as errors 
, since 
fixed 

s made 

9.  The summary to accompany this data analysis which will 
be prepared by Frankford Arsenal will hopefully elaborate 
on the specific reasons for data omissions throughout the 
test.  The conclusions of the BRL regarding this test is that 
the data gap problem, i.e., lack of obtaining a reading, was 
a more serious problem than the precision of the reading 
itself.  In the field application, consistent readings are 
of vital importance and data gaps regardless of the reason 
are intolerable. 

FOR THE DIRECTOR: 

2 Incls 
as 

CF (w/o Incl 1) 

ILES H. LEBEGERR, JR. 
Chief, Firing TaMes Branch 
Exterior Ballistics Laboratory 

RIA, Attn: Dr. k. Moore 
OCRD, Attn: LTC Ganahl 
NWL, Attn: Code EPE, Mr. L. Raymond 
RIA, Attn: AMSAR-RDT, Dr. E. J. Haug 
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