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SECTION I

SCOPE

f
i

1.1 INTRODUCTION

The purpose of this test report is to document results
of the Effective Simulation, Range and Alignment Tolerance Demon-
stration. This report of test results is based on the MAGLAD
Effective Simulation, Range and Alignment Tolerance Demonstration
Test Plan, Report N61339-76C-0116-2, hereafter referred to as the
Demonstrat Test Plan.

1.2 TEST DURATION

The demonstration commenced on 14 February and was con-
ducted over a period of days ending with the static moving target
tests on 15 March 1977. A total demonstration time of seven days
yielded the test results reported herein.

1.3 TEST DATES

The five demonstration tests as outlined in the Demon-
stration Test Plan, were conducted on the following dates:

e Demonstration of Accuracy of Alignment Tolerance -~ test were
conducted on 14 and 15 February 1977;

e Effective Simulation of Firing with Service Ammunition at
Minimum, Maximum and Intermediate Ranges -- tests began on
22 February and concluded on 23 February 1977;

e Operation Under Ambient Light Conditions -- tests were con-
ducted on 25 February 1977;

e Effective Simulation of Firing with Service Ammunition at
Scaled Record Fire Range -- Scale range tests were started
on 16 February, but were discontinued when eye safety power
measurements made in the afternoon indicated low laser
transmitter power. An alternate laser diode was installed
and aligned and the scale record fire range demonstration was
conducted on 28 February and 1 March 1977. ’

Moving Target Lead Angle Simulation Demdhsfration, Static --
test was conducted on 15.March 1977. '

I
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1.4 TEST SITE LOCATIONS

The demonstration tests were conducted at three test
site locations; they were as follows:

e The demonstration of accuracy of alignment at 25 m using the
Rifle Sight/Laser Alignment Kit and laser transmitter was
conducted at a semi-isolated area adjacent to the contractor
facility in Orlando, Fla.;

e The 150 and 300 m demonstration of accuracy of alignment and
the Effective Simulation of Firing with Service Ammunition
at Minimum, Maximum and Intermediate Ranges demonstrations
were conducted on a range located on city property, Orlando,
Fla.; and

e The Operation Under Ambient Light Conditions, the Scaled
Record Fire Range demonstration and the Static Moving Target
Lead Angle Simulation demonstration were conducted at the
contractor's facility at Orlando, Fla.

1.5 TEST SPECIMENS

The specimens demonstrated were breadboard models of the

following:
e Laser Rifle Marksmanship Trainer Device/A3F77 (CLIN 0003);
e Laser Radiation Detectors (CLIN 0003AA);
e Rifle Sight/Laser Alignment Kit (CLIN 0003AB);
e Laser Hit Indicator with Test Target Kit (CLIN 0003AC); and
® Scaled Record Range Targets and Radiation Detector

(CLIN 0003AD).
1.6 TEST FIRING

All test firing, during the effective simulation demon-
stration, were conducted with laser pulses only. Blank firing
of the M16Al was not required.

1.7 SUPPORT CONCEPT

-

The contractor supplied the personnel and test equipment
needed to support the demorStration. The government supplied
the necessary GFE M16Al rifles, two marksmen and test operating
personnel in support of the demonstration.
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1.8 APPLICABLE DOCUMENTS

Applicable documents are the MAGLAD Demonstration Test
Plan Report N61339-76C-0116-2 and the trainer specifications de-
tailed in Appendix A, Section 2.0. -

1.9 GENERAL REQUIREMENTS _

1.9.1 PERSONNEL. All test personnel were cognizant of MAGLAD
Effective Simulation Demonstration Test Plan N61339~76C-0116-2.

1.9.2 DOCUMENTATION. The results of all tests were recorded
on reproducible data sheets.

LTI VARL P B o fote R
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SECTION II

DESCRIPTION OF THE TEST RESULTS

2.1 - GENERAL

The tésts and results are described in the order in
which they were conducted.

2.2 DEMONSTRATION OF ACCURACY OF ALIGNMENT

The initial Demonstration of Accuracy of Alignment was
conducted on 14 February 1977 at the contractor's facility. Two
GFE M16Al rifles of Colt manufacture were provided by the con-
tractor and two Ml6Al rifles, one each GMC and H&R, were pro-
vided by the government for the alignment demonstration. The
test setup and procedure was as described in paragraph 2.1 of
the Demonstration Test Plan. Laser transmitter power had pre-
viously been set to 375 MW for engineering field test. :

2.2.1 25 METER ALIGNMENT TOLERANCE DEMONSTRATION. A 25 m
zeroing target was prepared with a 3/8 in. diameter opening
displaced downward 1-3/8 in. from the target aim point to com-
pensate for rifle sight/transmitcer parallax. The zeroing tar-
get was attached to the test detector with the opening located
over the detector active area.

Various marksmen aligned the rifle sights using the
Rifle Sight/Laser Alignment Kit and aimed the machine rest
mounted rifle at the 25 m zeroing target. The beam centroid was
determined and recorded on the alignment tolerance test forms
along with other pertinent data. The data is recorded on test
forms in the following format: i

Column Description
Start Reference X-Y positioner location in inches
Left Endpoint Left hand extreme location of

beam detection in inches

Right endpoint Right hand extreme location of
beam detection in inches

Up Endpoint Upward extreme location of beam
detection in inches
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Column Description

Down Endpoint Downward extreme location of beam
. detection in inches

Left/Right Centroid lst no. center point between left/
' right extremity in inches.
LEFT < 8.5 in. < RIGHT
2nd no. displacement from start
reference in cm

Up/Down Centroid lst no. center point between up/
down extremity in inches.
DOWN < 8.5 in. < UP
2nd no. displacement from start
reference in cm

The beam centroid determined above is plotted with a "+"
on the Test Record Chart (on reverse side of the test form). A
1.4 cm radius circle is shown on the chart indicating the two
sight-click acceptance criteria for the 25 m alignment tolerance.

In going from the rifle-mounted 25 m to the scope/sight
transmitter adapter for the 150 and 300 m alignment tolerance
demonstration, it was discovered that an incorrect value had
been used for sight/transmitter parallax. A value of 1.115 in.
should have been used instead of the 1.375 in. used on the test
detector zeroing target. As this discrepancy is a knowh value
amounting to 0.66 cm in elevation, the beam centroid has been
shown replotted as a "A" on the Test Record Chart.

2.2.1.1 Test Group Results. Results of this test group are
shown on test data sheets for test 1 through 8 at 25 m and as
detailed in the following descriptions.

Test #1, 2, 3, conducted by SFC Mondon using H&R and two dif-
ferent Colt weapons, provided alignment accuracy within one
sight click resolution.

Test #4, conducted by SFC Mondon using GMC weapon proved out of
tolerance on the first try. The rifle was re-aimed at the
zeroing target, again resulting in an out of tolerance condition.
The rifle sights were then re-aligned using the sight alignment
kit which provided alignment accuracy equivalent to the previous
three tests.
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Test #5, 6, 7, conducted by SGT Batt using one each Colt, H&R
and GMC wcapons, provided alignment accuracy within the accep-
tance criteria.

Test #8, conducted by SGT Batt using & Colt weapon proved to be
margimal in alignment tolerance on the first try. The rifle was
re-aimed at the zeroiné’target which Fesulted in an out of
tolerance condition. The rifle sights were than re-aligned
using the sight alignment kit and again proved to be marginal.
Re-aiming the rifle (without sight adjustment) resulted in a
larger discrepancy.

Test #9 - The laser transmitter was rotated about the rifle
barrel, to the extreme allowed by the front sight post indexing,
while attempting to hold the sight aimpoint on the test target.
Transmitter beam centroid shifted by approximately 1/2 cm in
elevation and windage from one extreme to the other.
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TYPE TEST ALIGNMENT TOLERANCE TEST % /

TARGET RANGE 2§ /M TYPE =) ¢/)G DATE 2 /£ /77
TEMPERATURE ~— A2- 6 HUMIDITY TIMé7/3c7§t
TRANSMITTER S/N /Il o7o7y 76 DETECTOR S/N 752377"Q9éﬁf'
RIFLE S/N 2 |/ 197 MFG. AH AR

SCOPE SIGHT/LASER TRANSMITTER ADAPTER
MARKSMAN < £ C€ /970/\)00/\/ TEST OPERATOR LJo e
ATMOSPHERIC CONDITIONS/EST VISIBILITY OVERCHHs7™

o¥-7306 73 /—-;//; 10t

TRANSMITTER MOUNTING TIME_ - v/ ALIGNMENT TIME (IRON SIGHTS) -/ b3,
SIGHT SETTING, RANGE OF CLICKS LEFT AFTER ALIGNMENT: SEVEAL TS

WINDAGE £ /4% AR, &35 ELEVATION V&EXY &0 /S Jay e

) - - _ ' J ol H
Y Cliets LEFT OF Ftw Pioh™ Fxrt Eopn
TEST DETECTOR X-Y POSITION
. START ENDPOINT CENTROID
REFERENCE | LEFT | RIGHT | UP | DOWN | LEFT/RIGHT | UP/DOWN
. > A
l - ¥ N / }\ - z (-
¥ 9 2.96 170, 2050 sW N 7.095 5. 7708 52 | 5.6707 .95

2

3

4

5

6

7

8

9

10 )

AVERAGE )

Test Form
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ACCEPTANCE CIRCLES OF FOLLOWING RADIIS: 1.4 cm FOR 25m
8.4 cm FOR 150m
16.8 c¢cm FOR 300m

Al POINT

et

0.3 2 3 456 7 8 910111213141516 171819 20

ISCALE: 1 SQUARE = 1 cm
- - i P3443

Test Record Chart

-~

TEST CONDUCTED BY: })/7 L) -,.»—,

TEST WITNESSED BY: g,///f[%/&

APPROVAL BY:
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TYPE TEST ALIGNMENT TOLERAMNCE TEST # )
. TARGET RANGE 2 C 4 TYPE Yo DATE 7 //%/77
TEMPERATURE lo-f.< HUMIDITY §0°), TIME /520

TRANSMITTER S/N [RuTo7V/%4  DETECTOR S/N T&57 DET
RIFLE S/N_+f 637/1F _ mrc. ColT—

SCOPE SIGHT/LASER TRANSMITTER ADAPTER

MARKSMAN__ 2 C. Mo NDon TEST OPERATOR (J/C DS
ATMOSPHERIC CONDITIONS/EST VISIBILITY ) <)o AST

144

4
TRANSMITTER MOUNTING TIME ///D/ ALIGNMENT TIME (IRON SIGHTS)2—17O

SIGHT SETTING, RANGE OF CLICKS LEFT AFTER ALIGNMENT: , o
)y = Pt TRAGR
WINDAGE e 7 ELEVATION M/ H et Ny 5
5—Culciﬂ LEFT oF FAn RIGHT FN1rEmE f
TEST DETECTOR X-Y POSITION
y START ENDPOINT CENTROID
REFERENCE | LEFT | RIGHT | UP | DOWN | LEFT/RIGHT | UP/DOWN
R _
_ .S 2691 9.2%9 2% 157
2 S a— - ) Y T\ o o g\ Vl
Y. 7,208 1/0.0 90 0, 4497 0] .69y o3 %.%7 .93
3
4
5
6
7
8
9
10 C .
AVERAGE ;

Test Form
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ACCEPTANCE CIRCLES OF FOLLOWING RADIIS: 1.4 cm FOR 25m

8.4 cm FOR 150m
16.8 cm FOR 300m
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TYPE TEST__ ALIGNMENT TOLERANCE TEST # >

- TARGET RANGE QY M TYPE ZF/) /6 DATE &//%ﬁ7
TEMPERATURE /4J - © 5 HUMIDITY TIME /3 SO
TRANSMITTER S/N PRy1)7 10/ DETECTOR S/N T EST NET
RIFLE S/N 47,53 oo LY wmrG. ot
SCOPE SIGHT/LASER TRANSMITTER ADAPTER
MARKSMAN £FC Moy Do TEST OPERATOR  AonpS
ATMOSPHERIC CONDITIONS/EST VISIBILITY CUEN CAST

1

TRANSMITTER MOUNTING TIME Q7 sFec, ALIGNMENT TIME(IRON SIGHTS) 1 24
SIGHT SETTING, RANGE OF CLICKS LEFT AFTER ALIGNMENT:
WINDAGE QIG5 H+— ELEVATION M/6 4 B piirs: to,0 ),

i

LG01L104) LEFY of FAR R'S5e" 7o tipsr

TEST DETECTOR X-Y POSITION
START ENDPOINT CENTROID
REFERENCE LEFT RIGHT Up DOWN LEFT/RIGHT UP/DOWN

» K U
1 5.¢ 7.0 B0, 1o 1026017113 |7.636 .2%1*14‘6,(?,_4-- LAY

9

10 -
AVERAGE -

Test Form

- - - e L R 2 %
S Autard ST T LT I I e e




ACCEPTANCE .CIRCLES OF FOLLOWING RADIIS: 1.4 cm FOR 25m : |

20

19
18
17
16
15
14

3

12
N

o

O o RN W A O N W

0.1 2 3456 7 8 9101112134 151617 1819 20

T PO € RN LR LRRREs

NAVTRAEQUIPCEN N61339-76C-0116-1

© 8.4 cm FOR 150m
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TYPE TEST ALIGNMENT TOLERANCE TEST # o

TARGET RANGE 23 /1 TYPE Zf, /4’5 _DATE S - /Y- )
TEMPERATURE 7, - ¢ )~ HUMIDITY 0> TIME / J!5°
TRANSMITTER S/N /€ > pupk DETECTOR S/N TES7 DY
RIFLE S/N_7p4{2%9  wrc. Gt Nc

SCOPE SIGHT/LASER TRANSMITTER ADAPTER
MARKSMAN S FC M psina p)  TEST OPERATOR  Weop s
ATMOSPHERTC CONDITIONS/EST VISIBILITY  Ju /00 Af 7
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WINDAGE 2/ v 477+ o fps 41 .= £120r; ;JELEVATION ) ¢ (11! ppiy” £y, 54

TEST DETECTOR X-Y POSITION
" START ENDPOINT CENTROID
BEFERENCE LEFT RIGHT UP DOWN LEFT/RIGHT UP/DOWN

' L U
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»

2.2.2 150 AND 300 M ALIGNMENT TOLERANCE DEMONSTRATION. The
laser transmitter was mounted on the Scope Siuht/Laser Transmit-
ter Adapter during the balance of the demonstration. The test
procedure was as described in paragraph 2.1 of the Demonstration
Test Plan and as described in the previous section of this report.

Corrections were made for the parallax discrepancy on the
zeroling target/test detector arrangement prior to this test.

2.2.2.1 Test Group Results. Results of this test group are
shown on test data sheets for tests 1 through 5 at 300 m,

6 through 9 at 150 m and as detailed in the following descrip-
tions.

Test #1 (300 m) - Boresight of the rifle scope to the transmitter
was accomplished indoors, prior to the field demonstration, using
a 10 m lens procedure representative of the sight alignment kit.

Test #2, 3, 4, 5 (300 m) - Boresighted using the Rifle Sight/
Transmitter Alignment Kit.

Test #6, 7, 8, 9 (150 m) - Boresighted using the Rifle Sight/
Transmitter Alignment Kit.
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. 2.3 EYE SAFPETY TEST

A representative of Aberdeen Proving Ground conducted
eye safety mecasurements on the MAGLAD breadboard transmitter fol-
lowing a preliminary demonstration of the Scaled Record Fire
Range. Output power of the transmitter was found to be approxi-
mately 100 MW, down by necarly a factor of four from the 375 MW
expected. This power reduction was verified using contractor
cquipment.

Additional demonstrations were postponed until the laser
diode could be replaced in the transmitter and performance
verified.

2.4 EFFECTIVE SIMULATION OF FIRING WI1TH SERVICE AMMUNITION
AT MINIMUM, MAXIMUM AND INTERMEDIATE RANGES

The laser transmitter power was measured cach day and

- remained constant at approximately 409 MW during the balance of
E the Effective Simulation Demonstration. Detector sensitivity
was set and measured to be nominally 15.3 uW/cm2 for all ranges
except 25 m where 8.5 pW/cm? was selected.

The test sctup was as described in paragraph 2.2 of the
test plan. However, the test procedure was modified, by the !
NTEC MAGLAD project manager, to perform target profiling rather
than fire at selected aim points per the Demonstration Test Plan.

2.4.1 EFFECTIVE SIMULATION DEMONSTRATION. All detectors except
the head were masked off for boresighting. Boresighting was
accomplished by aligning the transmitter sighting scope cross-
hairs on the head detector and scanning the test target to
determine the beam centroid. The test target was then positioned

with the head detector at the beam centroid and the scope cross- T
hairs adjusted to center on the detector, resulting in boresight .
at the test range. 1

Remaining detectors were unmasked and the transmitter
scanned upward until detection ceased, then downward until detec-
tion resumed; thereby defining the target edge. The aim co-
ordinate is then read on the test target grid scale and plotted
as an "*" on E-Target and F~Target Test Record Charts. The
transmitter was subsequently aimed at consecutive rows on the
test target grid and scanned left/right to determine target edge
profile. )
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’

Following profiling, airmoints woere sclected on the !

taract grid and single shots woere fired to verify the taract

cdue resulting from the above procedurce. "Hite" are plotted oo
: ] !

the Test Record Chart as an "H" and "miss"” as an "!N". Detector

"

locations are plotted as a "e". The test form, on the reverse
side of E-Taraget and F-Targct Test Record Charts, records data
pertinent to that test.

2.4.1.1 Test Group Results (E-Target, 300 to 200 m). Results
of this test group are shown on test data sheets for tests 1
through 3 at 300 m, 4 through 6 at 250 m and 7 through 10 at

200 m and as detailed 1in the following descriptions.

Test £1 (300 m) - Full visibility.

Test #2 (300 m) - Reduced visibility by 8 dB, noted boresight
error due to ND filter wedye beam steering.

Test 23 (300 m) -~ Reduced visibility by 12 dB (ref. only, not
part of acceptance criteria), noted boresight error.

Test 4 (250 m) - Full visibility.

Test #5 (250 m) - Reduced visibility by 6.7 dB.

Test #6 (250 m) - Reduced visibility by 10.5 dB (ref. only, nct
part of acceptance criteria).

Test #7 (200 m) Full visibility, unacceptable results.

Test #8 (200 m)
target.

Full visibility, repositioned detector on test

Test #9 (200 m) Reduced visibility by 5.3 dB.

Test 310 (200 m) - Reduced visibility by 8 dB (ref. only, not

part of acceptance criteria).
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.

.40 1.2 Test v Begalta (HaE T et 150 Yo 10 ), Fesults

A othis Lost groupy are shown on test diata shoets for tests 1
throuagh 3 at 150 m, 4 through 7 at 100 m, 8 through 12 at 75 m,
13 and 14 at 50 m, 1% at 25 m, 16 at 15 m and as detailed in the
tollowing deoscriptions.

Test #1 (150 m) ~ Full visibility.

Test 22 (150 m) - Reduced visibility by 4 dB.

Tost 3 (150 m) - Reduced visibility by 6.6 dB (ref. only, not

part of acceptance criteria).

Teost 84 (100 m) - Full visibility.

Test #5 (100 m) - Reduced visibility by 2.6 dB.

Test 26 — Omitted.

Tost 47 (100 m) - Reduced visibility by 4 dB (ref. only, not
part of acceptance criteria).

Test #8 (75 m) - Full visibility, unacceptable results.

cst 9 (75 m) - !Moved detectors and retested, full visibility.

Test #10 (75 m)

i

Reduced visibility by 2 dB, unacceptable results.

Test 211 (75 m) - New detector locations, reduced visibility by 2 dB.

Test #12 (75 m) - Full visibility.

Test £#13 (50 m) - Full visibility.

Test %14 (50 m) - Reduced visibility by 1.3 dB.

Test #15 (25 m) - Full visibility.

Test 216 (15 m) - Not part of program requirements.
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2.5 OPERATION UNDER AMBIFENT LIGHT CONDITIONS

The test sctup and procedure was as described 1in para-

2

graph 2.3 of the Demonstration Test Plan.

2.5.1 SYSTEM OPERATION UNDER VARYING AMBIENT LIGHT COMNDITIONS
(ORJECTIVE A). System operation under varying ambient 1liaht
conditions was cffectively demonstrated during the Effective
Simulation bDemonstration, paragraph 2.4.1 of this report,

2.5.1.1 Test Results (Objective A). Results of this test are
documentcd in the test data sheets of paragraph 2.4.1 of this
report, Effective Simulation Demonstration.

2.5.2 SYSTEM INVULNERABILITY TO AMBIENT LIGHT IMNDUCED FALSE

ALARMS (OZJECTIVE B). The test taraget, with detectors mounted
and hit counter connected was placed outdoors in clear bright

sunlight and was operated continuously for five hours and five
minutes.

2.5.2.1 Test Results (Objective B). No ambient light induced
false alarms were recorded (see test form).
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0 PERRCTIVED SEMULATION OF FIRING WITH SPRVICD AniiITiIon
AT SCALED RUCORD FIRLE RANGE

The test scetup was as described in paragraph 2.5 of the
Domonstration Test Dlan. However, the test procedure was modi-
fied, by the NTEC MACLAD Project Manager, to perform taraet pro-
tiling rather than fire at seclected aim points per the Demon-
stration Test Plan.

2,001 DPFECTIVE SIMULATION DEMONSTRATION, SCALL. The scale
target mechanism was mounted on the x-y positioner, along with
the test detector and indicator used during the alignmoent
tolerance demenstration. After determining the laser beam con-
troid and centering the test detcctor, the transmitter sighting
scope crosshairs were adjusted to center on the parallax dis-
placed aim point attached to the test detector.

This procedure was repeated at cach ranae, to ensure
parallel sight alignment, after focusing the sighting scope on
the target.

The target was profiled in the same fashion as in the
full scale demonstration except the target rather than the
transmitter was scanned.

2.6.1.1 Test Group Reosults, Scale. Results of this test aroup
are shown on subscguent test data sheets and arce detailed in
the following descriptions.

Test 21, 25 Feb 77 (E-Target, Scale 300 m) - Target profile
assuming symmetry.

Test #1, 2, 3, 28 Feb 77 (F-Targect, Scale 50 and 100 m) - Target
profile assuming symmetry.

A comparison of E-target eduge profiles assuming symmetry
with selected aim points indicated that the target was asymmetrical.
All following target profiles are based on a test grid coordinate
starting point,
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2.6.1.2 Taract Maskinag, Scale. HMasking of tarcets was
accomplished as follows:

g F-Taryet - The scale F-target required no masking other than
shaping the Fresnel lens to conform to the target shape.

E-Taraet - Target masking is as shown in Figure 1 for the 100 to
250 m scale target and in Fiqure 2 for the 300 m target. Actual
target masking will be done by simply cutting the Fresnel lens
to the correct configuration.

>
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Figure 1.
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2.7 MOVING TARGET LEAD ANGLE SIMULATION DEMONSTRATION, STATIC

The test sctup and procedures was as described in para-
graph 2.4 of the Demonstration Test Plan with the exception of
Target Pop-up and Fall (paragraph 2.4.6.1) which was modified
to not include the pivot arrangement. Additionally, target
speed input was not attained by a velocity function generator but
was achieved by applying a voltage representing the RETS tachom-
eter output to the lead angle servo system, and observing dis-
placement of the detector array support.

2.7.1 TARGET LEAD, MOVING TARGET DEMONSTRATION. Lead displace-
ments were demonstrated for ranges from 25 to 200 m (in 25 m

increments) and simulated target velocities of 1.25, 1.88, 3.75
and 5 m/sec.

2.7.1.1 Test Results. Results of the test are shown in the

following three test data sheets.
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Test Record Form, Moving Target
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