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SUMMARY

Documentation in this report was provided by the Instrumenta-
tion Division, Technical Services Directorate for a Jjungle penetra-
tion fuge program. The Fuze Research Engineering Division of Pica-
tinny Arsenal required height-of-burst (HOB) measurements in a
Jungle environment for an electronic fuze incorporated in a super-
sonic rocket,

A sound-renging system, successfully developed and fabricated
in 1967 by the Technical Services Directorate at Picatinny Arsenal,
was utilized with some modifications of acoustic sensors and ampli-
fiers. The accuracy of the HOB data received by this system can
optimally be + 5% based on evaluations at Picatinny Arsenal and
Abverdeen Proving Ground. This accuracy depends on precise opera-
tion measurements in system setup and data reduction procedures,
monitoring meteorological conditions in real time and monitoring
sound velocity in real time,

The details of a successful approach to HOB of supersonic
rockete as determined by these fuze tests are included in this re-
port together with the HOB test date and results. In these tests
two electronic timing fuzes were compared in a Jungle environment;
no discernable difference between their performance was measured.

For classification purposes the rocket and fuze nomenclature
and specific operational details of the system under test have been
omitted from this report. Persons with the proper clearance and
the need to know may obtain this information from the author.



CONCLUSIONS

The HOB sound renging system as modified for & supersonic
rocket proved to be successful in providing accurate HOB and posi-
tion coordinate data in the presence of sonic boom and rocket noise.

The unique hardware and array arrangement required for this
test emphasizes the necessity for design evaluation preceding each
HOB mission. A universal sound ranging system concept cannot be
applied, as proven by past performance. Previous failures in
attempting to measure HOB of supersonic rockets resulted direct-
ly from inflexible use of conventional sound ranging hardware,
techniques and data reduction methods.

To insure maximun benefit from this system, the poles should
be placed in line with the trajectory and the distance between
poles not less than two or more than four times the height of the

pole.




RECOMMENDATIONS

The Sound Ranging System for HOB meacurements has been field-
proven for various types of ordnance items. This system should
continue to be developed for future HOB and Sound Ranging Programs
requiring greater accuracies.

The instrumentation system to measure HOB varies with each
application to the extent that a universal concept cannot be employ-
ed. Each program must be evaluated to determine the correct arrange-
ment to be used.

Although, for a helicopter-fired supersonic rocket, a dual pole
system provided accurate HOB data, an automated data reduction
system should be ¢ -igned and developed.

Emphasis should be placed on the development of real time
meteorological and sound velocity instrumentation; an estimated in-
crease in accuracy of one to three times can be expected with these
developments.



', THE SOUND RANGING SYSTEM

Deve nt

The HOB Sound Ranging System was developed at Picatinny Arsenal
by TSL's Instrumentation Section in 1966. The results of this de-
velopment can be found in (Reference 1).

Design - Three Transducer System

A typical sound renging Trensducer System layout is shown be-
low and in Drewing 1 (Appendix C). For this Trensducer System, the
mathematical solution can be obtained from the geometry:

m=c (t2 - t)
ng= ¢ (t3 - ¢)
vhere c= velocity of sound

| (1)
(R+n,P =22+ (L -y (2)
(R+n)P =22+ (2L - yP (3)
expanding (2) and (3) and substituting (1) for x,
R2+2Rn1+n21-R2+y2+L2-21w+y2 (%)
324-2&;24-;;22-1%2-#324»&1.2-&124-32 (5)
vhich reduces to
. 2Rn, + 05y = 12 - 21¥ (6)
oRn, + nop = 12 - LY (1)
solving for R from (6)
R-L"’-g_nx-nla (8)
2n1 .



substituting in (7)

2 12

- 2Ly -r?  my + 2, = P - by
n
1
solving for y

= If (Unq - np) + ( ) (ny -
y n) - np ;L t&n_:a- n;n np) ©)

Substituting this value of y in (8) ylelds a value for R.

Having measured the velocity of sound (c) and the microphone
time differentials, the height-of-burst, y, and redial horizontal
distance, x, can be computed. If horizontal coordinates are re-
Quired with this system, two additional horizontal microphones are
needed, preferably positioned at a mutual angle of 90°, or, a sec-
ond pole is required.

Sound Ranging Dual Pole layout

A typical layout of transducers is shown in Figure 1 and Drew-
ing 1. Accrracy during the measurement of the distance between
poles and the height of transducers is essential, since the overall
accuracy of Height of Burst data depends on these measurements.

The advantage of the second pole is that it yields a redundant
cross check as well as three dimensional position coordinates.

Data Acquisition Technigue:

Each sensor is an IC-13 Blast Pressure Transducer. The output
of each transducer is amplified by an integreated circuit, dattery-
povered (12 volts DC), autogain control amplifier.

The electrical signal from the transducers, located at the im-
pact area, is transmitted to the instrumentation van over vinyl-
covered, multi-conductor cable.

The length of trensmission line Adcpends on the location of the
instrumentation van with respect to the input area. The extremely
low output impedance of the electronics permit transmission of sig-
nals over upwards of 5000 feet of cable.

The electrical signals are then recorded on magnetic tape;
each signal is recorded on a separate channel of a seven-track
I.R.I.G. tape recorder.




A time reference of one hlohertz, sinewave, is superimposed on a
recording channel. Voice commentary for labeling and identifica-
tion is superimposed on another channel.

The data 18 recorded at 15 inches per second (ips).

Data Reduction Technique

The test data is reproduced from the magnetic tape recorder
at & playback speed of 1-7/8 in/sec, thereby expanding time by a
factor of eight. A permanent visual record of the sound impulse
from each round is produced by treasferring these signals from mag-
netic tape during playback while recording the signals on % record-
ing oscillogreaph. Ti ‘s reproduction technique provides crne milli-
second time markers approximately 4 inch apart; therefore it is
possible to measure time intervals with an accuracy of + 0.0001
seconds.

Figure 2 is a representation of a typicel oscillograph record
obtained from test firings. The differential time measurements are
referenced to the transducer located at the bottom of the pole, this
sets the sign convention for all time measurements.

If, for example, the top transducer receives the sound first,
the reading, with respect to tre top transducer, is considered a
negative time measurement. Thus, the differential times Tl and T2
are measured, by hand, by data reduction personnel. Where;

'1‘1- differential tim¢ between dottom transducer and middle
transducer.,

To= differential time between bottom transducer and top trens-
ducer. '

An Olivetti-Underwood Programme 101, desk top computer has been pro-
grammed to yield the solution to the above derived equations from
the differential times, velocity of sound and transducer arrsy
dimensions. A nomogreph figure 3, derived via an IIM 360 allows

e good approximation for field data reduction for "first look" data.

Calibration and Field Check-Out

The velocity of sound for a test area has been determined by
exploding an M8C Simulator (fire crecker) below and in line with
any three transducers mounicd on & pole. 8ince the distances bet-
ween transducers are knowm, measurement of the time of propagation
between transducers allowe the calculation of the velocity of sound.



The M80 Simulator can also be used as an impulsive sound source
to check the accuracy of the Height of Burst system. An M8O 1s
attached to a tree at known coorulnates with respect to the pole
system. The M80 is detonated and the sound impulses are recorded.
The differential arrival times provide a height measurement direct-
ly from the field nomogreph. This is compared with the known height
of burst. A maximum of 3% error between calculated and mesasured
heights 18 acceptable. Errors greater then 3% can be directly
attributed to wind and temperature gradients.

10




. THE ELECTRONIC SOUND RANGING DATA ACQUISITION SYSTEM

The electronic system is shown in block diegvam form in figure
L., The complete system can be resolved into i%{s essential sub-
assemblies as follows:

Tnnldgcir
‘ The trensducer utiliged in this system conforms to the follow-
ing specifications:

Operating temperature range from -U° to +150°F
Piegzoelectric active element

Ability to measure shock fronts in excess of Mach 2
Sensitivity -107db re lv/ubar

Resonant frequency greater than 120 kis

Waterproof

Omnidirectional

Dynamic renge: 60db

Standard stock availability Model LC-13 or egual

lifier (SRA-1), Sound Transducer

Each trensducer is connected to a corresponding SRA-1, amplif-
ier (figure 5). This amplifier was designed and fabricated by the
TED, it conforms to these specifications:

Voltage Requirement, + 12 Volts DC, single ended

Current Requirement, + 12 milliamps

Voltage Gain, + Llab.

Frequency Response, 15 Hs to 100 kHs + 1.5 ab.

Input Impedance, 1 Megohm

Output Impedance, 0.2 ohms

Automatic OGain Control Range, 2k db

Distortion before AGC action - less than 0.6% (2 volts PP
output)

S8hock Proof & unaffected by dust, dirt, or moisture

Field J ion

This module (Drewing 2), fabricated at Picatinny Arsenal, cou-
ples each amplifier power source, & 12 volt battery, to its corres-
ponding amplifier; by locating this module in the field, the dis-
tance from the power sources to the amplifiers can be held to & min-
imm. This prevents undue redio interference and avoids powver waste
from long lines. Power can be applied remotely from the instru-
mentation van.



Van Junction Box

This moaule (Drawing 3), also fabricated at Picatinny Arsensl,
couples the microphone amplifier output to the magnetic tape re-
corder for permanent data storage, interconnects the one kHs Time
Mark Generator to the tape recorder in parellel with a microphone
amplifier output for the recording of a time base for data re-
duction, provides & 28-volt power source to the field Junction
box relays that in turn provides the remote power source capa-
bility for the microrhone-amplifier units, provides outputs to
the loudspeaker speaker monitor, and finslly, connects the tape
recorder to the Visicorder,

Teape Recorder

The Tape Recorder utilised for this system (photograph 1) con-
forms to the following specifications:

Seven channel, # inch tape IRIG format

Tape Bpeeds: 15 1nches/£:c, 7.5, 3.75, 1.875
Nominal input level: 0.5-10 volts r.m.s.

Nominal output level: 1 volt re OVU

Input impedence: 10,000 ochms unbalanced

Output impedence: 100 ohms unbalanced

Frequency response: 50-10,000 HZ + 3db @ 15 1.p.s.
Operating tempersture: 30° - 100°F

Wow & Flutter: less than .15% @ 15 1i.p.s.

Standard Stock Availability:

Motdel 8p-300 PM-Direct Recorder/Reproducer or equal

Time Mark Generator

The Time Mark Generator utilized for this system should be a
very stable sine wave oscillator that will supply 1 volt r.m.s.
into 50 ohms @ 1000 HZ with a stability of 10 parts per million
error in frequency in 24 hours.

Visicorder and Associsted Amplifier

The oscillograph recorder utilized for this system (Photogreph
2) conforms to these minimum specifications:

Seven recording channels

8ix inch chart width

50 inches per second chart speed

8,000 HZ glavonometer frequency response
30° - 100° operating temperature renge

Standard Stock Availability: direct recording Visicorder oscillo-
graph.

12




Bntn Requi rements

The moet stringent requirement for this system is the ability
to record & accurately measure the differential times arriving
at the microphones vhen & source of impulsive sound is present.

13
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DEVELOPMENT TESTING FOR AN ELECTRONIC FUZE PROGRAM

Advantages of Pole System

Utilizing a pole system allows the operator to obtain "first
look" Height of Burst data immediately at the test site once
differential times are read from the oscillograph recording. The
Height of Burst can be read directly from a nomograph. A nomo-
graph for a 100-foot pole system can be seen in Figure 3. Al-
though' this nomograph eliminates the time delay required for
translating and processing recorded data from the test site on a
laboratory computer, the field reduced data should only be consid-
ered first look and the laboratory reduction is still necessary.

The Sound Ranging Pole System is limited in vertical range
only by & multiple of the height of the pole. Since impact or
ground burst monitoring is highly desirable for most ammunition
test evaluation, the Pole System is a most practical system.

Test Evaluation - Picatinny Arsenal

This test evaluation was performed at Picatinny Arsenal util-
izing & 50-foot pole system to determine sensitivity and satura-
tion recovery time of transducers due to:

1. Rocket motor noise

2. Fregments
3. Excessive db level from item function

The following configurations of trensducers and amplifiers
were evaluated in all test conditions:

1, AJ1342 Microphone/MA-100 Amplifier
2. IC-50 Hydrephone/SRA-1 Amplifier
3. L1C-13 Blast Pressure Transducer/SRA-1 Amplifier

Testing was performed systematically at distances from 10 feet to
greater than 300 feet from the pole at heights of -10 to + 75 feet.

Test 1: A composition charge was initiated as a sound source. Mic-
rophone and trensducer subsystems were evaluated for sensitivity,
saturation and recovery time.

The db level of the C-U charge when initiated was comparable
to a supersonic rocket loaded with a supplemental booster charge.

15



Test 2: A supersonic rocket motor was fired in a static test
stand, Microphone and transducer subsystems were evaluated
for sensitivity and saturation recovery time.

Test 3: A supersonic rocket motor was fired in a static test
stand., While the rocket motor was burning, a composition charge
was fired. Microphones and transducer subsystems were evaluated
for sensitivity and saturation recovery time.

Test 4: A rifle was fired, the bullet aimed to pass close to the
pole system. This test was repeated for varying distance, azimuth
angles and elevations with respect to the pole. Evaluations

were made for sensitivity and saturation recovery time due to the
simulation of fragmentation.

Results of Picatinny Testing
Configuration I: AJ-1342 Microphone/MA-100 Amplifier

This configuration proved unsatisfactory. The rocket
motor noise level saturated the microphone, as did the shock fronts
induced by the fregments and a composition charge initiated near
a microphone. Recovery time of the sensors was unacceptable for
obtaining the data acquisition rates anticipated. Migure 6 de-
picts a typical record of saturation due to rocket motor noise;
Figure 7 shows a typical record resulting from fragmentation.

Configuretion 2: LC-50 Hydraphone /SRA-1 Amplifier

Although some usable data was obtained, problems simi-
lar to Configuration 1 were observed. Therefore, Configuration 2
was also deemed unacceptable.

Configuration 3: IC-13 Blast Pressure Treansducer/SRA-1 Amp-
lifier

This configuration proved acceptable for Tests 1-4, In-
creased dynamic range eliminated the rocket motor noise problem.
If the sensor saturated from a shock front, the recovery time,
aoproximately 10 milliseconds, was sufficiently fast to obtain
accurate data. Figure 8 1s a typical record of static firing of
& supersonic rocket motor and a composition charge simultaneously;
the charge is clearly dissernable.

Recommendations from Picatinny Testing

As a result of the testing at Picatinny Arsenal, it was

16




recommended that additional testing be conducted at Aberdeen Prov-
ing Ground employing a duel 50-foot pole system, LC-13/SRA-1
Sensors and helicopter launched supersonic rockets.

Testing Aberdecn Proving Ground

A dual 50-foot Sound Ranging Pole System was erected in an
open field. The poles were in line with the directicn of fire and
placed 200 feet apart. IC-13 transducers and SRA-1 amplifiers were
used throughout. A helicopter was employed to air launch the
supersonic rockets which were loaded with a supplemental booster
charge. The rockets were fired into the {upact area from an alti-
tude of 500 feet at an angle of 159 with respect to the horizontal;
the total range to impact was 2,000 feet. The velocity of each of
the 26 rounds fired was approximately Mach 2 or twice the speed of
sound. Figure 2 shows a typical record of a test round.

Results of Aberdeen Testing

Evaluation of the oscillograph recording revealed the presence
of shock fronts and their ground refle. ons, the shock front
caused by the supersonic velocity of the projectile; this was
followed by the burst data, as depicted in Figure 2. By inter-
preting the presence of the shock fronts and their reflections
with respect to the direction of flight and pole location, this
system proved 90% reliable generating errors no greater than + 5%.

‘ Recommendations from Aberdeen Testing

From the results of the testing conducted at Picatinny Arsenal
and Aberdeen Proving Ground, it was recommended that the Height of
Burst Sound Ranging System be utilized for testing electronic
timing fuzes on supersonic rockets in a jungle environment such as
the Tropic Test Center in the Canal Zone, Panama.

17




iV}PANAMA TESTING

Procedure

A dusl pole sound ranging system was erected in a pre-select-
ed high jungle canopy area., Due to the location of the impact area
and the varying sizes of the trees, it was necessary to erect pole
systems of different heights, 100 and 75 feet. The poles were
in line with the line of fire and 152 feét apart. IC-13 trens-
ducers and SRA-1 amplifiers were used throughout. Again, a tact-
ical helicopter was employed to air launch supersonic rockets
vhich were loaded with supplemental booster charges and type C-1
spotting charges.

258 rounds were fired from an altitude of 800 feet and at an
angle of 15° with respect to the horizontal for a total range to
burst of 1,500 feet. The velocity of each round, at the burst
point, was approximately Mach 2. Approximately half the rounds
were equipped with Fuze A and half Fuze B.

Results

Of the total of 258 rounds fired, 160 rounds functioned within
the reliable operational range of the sound ranging system. Of
these 160 rounds, 65 rounds were considered excellent Height of
Burst data, 78 rounds were considered good Height of Burst data,
and 17 rounds were considered moderately reliable Height of Burst
data.

The criteria fcr the quality of the data was as follows: Ex-
cellent, vhere two pole data correlated and fell within the range
of 5% expected error deviation, such that the position coordinates
can be considered accurate within & maximum 20% deviation with a
95% confidence level; Good, where one pole data fell within the
range of 10% expected error deviation, such that the position
coordinates can be considered accurate within a maximum 30% devi-
ation with a 90% confidence level; Moderately Reliable, where one
pole data fell within the range of greater than 10% error devia-
tion, such that the position coordinates can be considered accurate
within a maximum 30% devietion with a decreasing confidence level
with reported renge. Data that was not reported due to the fact
that the round fell out of the operational range of the array,
functioned at slant renges exceeding 300 feet.

Of the 65 rounds considered excellent data, 45 were selected

for statistical comparison; the position coordinates of these
rounds are accurate within & maximum deviation of 10% with a 95%

19



confidence level. 21 of these rounds were fired with fuze A and
2 of these rounds were fired with fuge B.

For the A fuze group, the mean height of burst (HOB) equaled
59.6, the median 54 ft, the standard deviation 25.2 ft. For the
B fuze group, the mean HOB equaled 61.5 €t, the median 53.k4 £t
and the standard deviation 24.7 f£t. The mweans of the two fugze
groups were equal vithin 3.1%, the medians within 1.1% and the
standard deviation within 2.0%. A typical burst distribution is
shown in Figure 9,

In & comparison of all 160 rounds, Figure 10 shows & plot of
burst height verses frequency of burst height; 80 of these 160
rounds were equipped with the type A fuze and 80 with the type
B fuze. BPased on the above, there was no dissernable difference
between the burst height performance of 'the two fuzes.

The remaining 98 rounds were not reported ana cun be put into
two groups: 55 rounds either landed outside the operational
range of the arrsy, did not function or were ripple fired; 43
rounds were not recorded due to either system transmission line
breaks or instrumentation failure. Also, of the 160 reported
rounds, 35 were reported as one pole data when, in fact, these
particular rounds where fired when undected faults in the trans-
mission lines where present.

A complete summary of the data is supplied in appendix.

20



1.

5.

REFERENCES

Leo L. Beranek, Acoustics, McGraw-Hill Book Company, Inc.,
New York, 195k.

Lawrence P. Huelsman, Theory and Design of Active RC Circuits,
McGraw-Hill Book Company, Inc., New York, 1968.

David N. Keast, Measurements in Mechanical Dynamics, McGraw-
Hi1l Book Compeny, Inc., New York, 1967T.

Jacob Millman and Herbert Taub, Pulse, Digital and Switching
Waveforms, McGraw-Hill Book Company, Inc., New York, 1965.

Peter Roumes, A Height-of-Burst Sound Ranging System Technical
Manual Jeep Program, Picatinny Arsenal Technical Report 3605,
July 1%7 .

21



APPENDIX A

Panama Test Results




! \. PANAMA TEST RESULTS

v ROUND | FUZE | HEIGHT OF BURST IN FEET l DISTANCE FROM
NUMBER )] TYPE [ POLE 1 |
5. A 75 A o
(Y A 1 =3 ——
T A 107 - =
“& A ; 26 -
10% A 5 ’2 120
¥ A B & 73
12 A T g'r o
1? A 90 0 10
1 A -- 69 3—
1 A = 91 —_
1% B = 35 -
1T B - .
18 B 70 s
19 B e
21 —E ﬁ.a.; e
s :
B 91
2 B e pasi
Tg_—g B 68
27 1 B e =
. =
1 A ") T
% 16{ -
5 o=
B o =i
B 25 =
A A e =
ﬁg =S -- |
-- -- i
I Y S =1
55 B - --
55 B = -
T -- 13 =
18 B — 3 s
= = |
%} A o )N =
A 5 T 107 ic ]




IN

STANCE FROM PO

+oh
-01
«118

«1T7T

=191

]

B
ah| BRI 1 Rjs
ol I
25 Hallsil=lala ekl R
=
mm ABTTEEAAAAAE??W
]
£ bbbt

61

24



HEIGHT OF BURST IN FEET

=
T
15,

g

4%
g6
90
15

FUZE

YPE [~ POIE 1 |

YA e PR s R RS

ROUND
NUMBER § T

8=k ok
31W!1AA
B R B

=141

—20
104

&k 9%%2& SrRisRlls

Aﬂm_ﬂ_nn““un
i i et

—-
%28

iﬁ
?b

] A
I A
A
F

0 D 2

25



26



#Thege sre the U5 round selected for statistical analysis,

27



APPENDIX B




4n0AYT 3704 TWNA

N3LsiNd “N°r 69-5-6
AQ 3lve IS1 *ND1L133S NOILVINIWAULSNI
A 401
ASIA 301S
Y EIPIR L7 asSNVY
e s S vauy Lovawi
W ¥
304 1531 304 1531
- W \#
37104 1531 3704 1531
Ty »)- —() 1# -

e O  aty— g —

(=2}
N

wS*0 ¥ SLNMIUNSYIW
JINVLASIA N0 IINWNIT0L

-:S310N
ST -0
15T =2

002 - 8
4002 - ¥
“IWVI WIsI0




SNIGYOIN H4WN0TTIISO TVIIdAL

uve

L ‘NDILIIS NOLLVLIGHINASNG

¢ NI

ViVa LSVI8 90H -)

ANONd XIOHS WONd NOI1MD31J3Y -9

4NO¥4 YOOHS JINOSY3dNS -V $S310N

A5VE WL [ # 1A

A e S T T L . SR R U T R . S A (R W N N N R T SN

9 # TN

S # 130D

iy # TINNVHD

E # TINMVHD

)\ﬁ.\l( T # TINNHD

1 # T30

VH‘HJEL
1531

Vh‘ddﬂt
1531

30



sl o |

\Vi

4
' i i [
~=| 1 t ' P 0 I A2 17 11" ~~_ | |
-— - - t
% - = h 1 ’ - v\l 3 - .. |
— '
- T O ¥ : 1ELE A AT — -
3 : VAV q
o ] . ;. /] | =
=HEL ) i S |- i V4
t ? 7' ' T
- - =] ~— - + t FES -
o N WEEEE | (1104
—— o ﬁ ; 4 C.IM . s Y w - % p\&.lw-L = A
' 4 ] | T T / -
— 0 g g ’ L _ 4 ] V. . o2
. R T T 1Y :
*+ t T T g T Qg
| ;M.l R | — - + i - o3 I .
4 ﬂ M 1 &
® uulj (I BRI
- -— - Avlo.rl‘!llx - id .. I Z - 3 - - 4
4 —
il .PI U ) ﬂ J-‘ H H 8 W e
= BN RN =
R + e = |
— Y = e £ 'l‘lc.ﬁ - Av‘|lvlu.1.|o r + g»‘ ar : /! B M t
_ . L3N I N (R ']l | | SR -
- | 1 f ¥ } ] T 4 NS gt
M 1 ] A S e Y I =T
v ww .« w ; t N /M“/./
2 - - N e e e A
14 /, /,. P
g | S } M J/(H/ Bl I O DO I
3 — 1 T n N
- S Seranl e >
= . = o T ks ! w w T /» //
-
3E 25 2 \\NEBRS
é . . .
T - -
2 P G . 4!”.'11 Sk + 1 L I - 7/ 5
M ) > il e
- va\ —— OATI'M .AT R s el e o - + 1 —+—4 - t— //nv o -
A4 1 T H e T T T v
ald ! 4 4 . -
[ N i T T v
ST N BN 20 3 A 7
W —— — t + - -
A m v v
: H : w H M ¥ B s S e o
' 1 —
4L T[T 111 H RN N P
> ] v I I ! I 1
R * | T M * SE SV S S - =
! ] | ! } K L . L
DS 4 (S PN (WP N LD L B N 10 T O 3 O .
I IS NS RSN I ;
: 1t ' + M M ’
- + + -— v|A|-|
>4 N ! I M 1§ M ! f M 5€ 1
; + . T T M
-> s L S e + < — 4+ 4 « S LIy T g 5 Af! 3 4
—— —r ——r - .
- - — : S T (e -
T » . : 4~ 1 : 1
i — - . M ‘_I b —— 4 —
U i i
v * T :
+ B G | + i — — 1LL - g i
ol ! B, 4 1€ i
| 12 i I8 [ (G T
lblﬂ T M i | 1
e 2 g 1 N B 717 M
uqr : p T e : ]
g . $- + A
4 : ! R S 118 i +
- A 5% — L e i l
R ! ! = 1 ! m P
P — -
SiRERENESEN 1 ) i B W
- t I
i i a_lom ) + : L
)l T B o | T , H . CoT




e

it

i N T T
| ) } — +* v ‘Ol‘h b — -
. —T— T e
—— - — i 1o 7 g § i [ $ - uq 4~ +4-1L + -~ 4—— 1 A LI S (PEES
i i =il
H ; H + T ~T t
- 4 + — g + - T |o|..4. —t— - —- - -
id |
1 T 1 T T v +
- —p—t 1 T -——,— S - ltuﬁ; + - -~ -~ - -4 +
T 1 T 4 T T
4 . BN N T e ! ] B R % (o I
feat] SIS T Ot
T Y T t 2 T
1 R SR .- —t et - + - — -
< e
= T T v T 1 1
S SR - ¥ SRS ST . * + 1_1#4 ”1 YAﬁ -+ o =
T + t t T t
b * ~ . —— uu e R o + 4 -t 4 - * - @ =
T T T T =
| k« o ’ 55 S S S SO . + ;Yﬁ%-q S e 4
' T 5 1 0 - i T ~ G
JV'AKCIA —— - e - T —y = < s w’ ~ - — + + + f’xylflv*; -+ 4
[ ! l ¥ +~ T w . - h
4 T T
i
—t - - -_. 4 ﬂ W 1 M m! « +—t—1 ¢t +r =
b
(L R : I NRE q
! - ~ - ITrJ + d i —— — H|7L — -
m | i T T T ~ H T
- . i i i 4 i It 4 —fg -t i
+ +
L] _ N LS SN 0 R i
v : i 1 R 0 N
|M. 1— -— —r + + - + 4 4+ -
1€ + 4 + I 'y ol 2/
T T T ¥ B " T Y 1 i
ey om — ———— —+ m w‘.ﬁuﬂ o e e S S SN B AN (SR G
by )4 ! ’
R T 3
L. 1 =< T
F—+—4——1— S0 i Y1 !
M ™
- - o y ‘ LS G F L =l & . .
+ . \ ] r_m '

— s sl e

e

+ +
— : 4t -+ | . 1 -+ 1

t
e
1 +-—4
{
1
i
; 1
’ '
- 4 l
y,
n-:r:kﬁ*
.
. 44
t
TR W
Bl

WL

\

S

_t-.
NaNANEA
|

an ‘ [
] &
4 -t | 3 —
{ T T Va -
b - $ - - - — 4 -« -
T M v m
— - o= W
J N 1 <4 f—r—f— prn
2/ T T
- oam — - - _ - e =5
1] v LA
T T - T
- - . - —— - - —_ 4 = ——4 <+ 4 - —4—
o —
I SO § - e 4
; 11
L 4 T
i ok ; » T
I 5 |
S

rieme »
:!1' v [dy
:P
m
L B £ ol

4 =g
-4

'
i

ﬁ;— - -
7

ljl

/]




33

W31SAS MO LLVANIWRULSHI 40 WV¥OVIO YOO8
Y3ASINY ¥ P 69/5/6
AS 3uve ISL *NOILIIS MO ILVANIMAYASHY
WOLVNINID i
sve W
B ML 22104
—
Sdl Si “mu_ 8/t sdl 08
y LW | LW
i 9 M _ 9 ‘W
iy S S°W
oa..::usa.aﬁ&L e = L - m_m L= HV¥d
s £ ' _M €' -0M1s0
- U M
\ Lo _ LW 9N 10¥0I3Y
]
WINETLL Biaewy | ¥30w0) ]
Tens s34 MmN dl!h-xw»&um
L 19
1 Y3Nesvel



¥3141dNY |-vus

CEL I 69-5-6 WWSVIO %3018
A8 slva ISL ND 1L23S NOILVLNIWNYLSNG
1ndino
(@]
'ETRIF]
any dwv 4| dWy dWY
¥3141493y 39v170A

¥amod 39VLT0A

dWV3INd
134
T0YLNOD
NIVD
J1AwW0LNY

fe—————

YIINASNIL

INSSIYd
¥0 JIW

34



¥31sivd “¥'r

69-5-6

NOLLVMRAVS INIAOHS - INIGWOIIY HdVNOITIIISO

AS

3lva

ISL ‘N0 LLI3S NO 1 AVANIWAYLSNI

© 34n914

“NOILVILINI YOLOW 13X0¥ -V
$S3ILON

v ¥ TINNWHD

v I# TINNWD

"

35



¥aisivd “w°r 69-5-6 NOLAVANIWOVYS ONIMOHS SNIGNOIIM HeWN90111IS0 TWII1dAL

AS 3lva ISL “NOILIIS NOILVLNIWAWLSNI

L 3unsld

“NO |LVAN3WOVYY -8
"NOILVILINI WOlOW L3INJOY -V
*S310N

— 3ISVE INIL n# TINNVHD

L

Py
£# 1INNWH)

v

'] ¥ 13INVHI

e v
I# TINHVHD

36



M-—-— wec -

i3ied ‘v 9-5-6 WIIRESIVIL LSV €1 37 WLIA SNIGWOINN NIVEOTTIISO

A uwve %1 ‘wIILs I.E_.l.sﬁu..:

8 Jundid

‘ViVE 1SV 43 -9
“HBILVILINI WOLON L13)D0W -V

37




G L TN Urerrve: TR TN

FIGURE 9

GUN LOCA

foo T

o ||

®

B
Z =

-_\-\\\ — 'l &
\ } \\“ | '\\\\\\ —f—-
NOTES: -

R-Fyze 8-]. SCALE:- NCH -




- = el

FIGURE 9
b4

100 T G? ] Hé.@a
%@E&” & E@

®

1 !
[ A\

SCALE:- 50 FT ﬁg ;NC/I

X '\\Y\\x —

|

D SCAL L= 5O T FER INCHN ——— S

J

INSTRUMENTAT/ON SECT/ON, TSD | DATE By

HO.8. - X, Y COORDINATES,
ELECTRONIC FUZE /-9~TOM.R.FRISTER]
PROGRAM

w a | ) | mﬁ | < 39




Ly 3 S ik o
" 2 -~ " A RTS

2 2

| &

FIGURE 10

o
[n e
§Q|'-
h%
|<T
- 1 I\ 1 i L
OF_ = : { : T T T T —
-10 10 20 30 40 50 60 70 - 80
MECHANICAL UNLESS OTHERWISE SPECIFIED ORIGINAL DATE
PROPERTIES DIMENSIONS ARE IN INCHES
YpP TOLERANCES ON DECIMALS = DRAFTSMAN ¢
gfz FRACTIONS = ANGLES = ENGR i
MATER'AL
NEXT ASSY USED ON RA ENGR E
BH SUBMITTED
APFLICATION HEAT TREATMENT '
DO NOT APPLY PART NO. | py .
FINAL PROTECTIVE FINISH APPROVED
Ino AS_SPECIFIED
" “AMC 1030-4-R *
1 JAN 63



PR T T T N e .

FIGURE 10

REVISIONS

SYM DESCR'PTION DATE

FUZE A
COMPOSITE FUZE A 4B

) 1 [
50 60 70

BURST HEIGHT(FEET)

PART NO.

PICATINNY ARSENAL DOVER, NEW JERSEY

BURST HEIGHT DENSITY

ELECTRONC FUZE PROGRAM

SIZE | CODE IDENT NO.

OTHERWISE SPECIFIED ORIGINAL DATE OF DRAWING
IONS ARE IN INCHES
| DECIMALS = DRAFTSMAN CHECKER
ANGLES = ENGR ENGR
ENGR ENGR
SUBMITTED
T
VE FINISH APPROVED

B| 19203

SCALE | uNIT wr.

| SHEET

)



C‘T AREA

ORAZ1G 1
[
|
TIME MARK
i bl
i i
L
(/]

NOTES :-
/-REMOVE FROM INPUT AND PLACE
IN OUTPUT CHANNELS OF TAPRPE
RECORDER; FOR PLAYBACK.

/4



DRAYI'G 1

ag
J
IR
RELAY Fongh TAPE RECORDER
VIS/ICORDER
SO Fi Frl
B0 .y )

w2/

[l

i

L)

weo w9 wis W7
[ N W ¢

l
S —

b d

—
|
!
miU=E
il 2 |
‘—l|||| 3 s
—djifi—+
I |
i€,
PART NO.
| MECHAMCAL DO NOT SCALE DRAWING | omomal oatt or s UL ARMY MUNTINNS CONMANS
4 - FROPERTHS UMESS OTHRWTSE SPECKHD SELPT (’69 ARSENAL, DOVER, NEW JERSEY 07801
i s on s+ g OUAL POLE HOB SYSTEM
WERT ABSY uBED ow = \'&ro\‘ ’)\_,( F 19203 P 925/965
AEAToN ieae A~ Jumr wr [ssseer 43




ws, I-m e

1-MILSTD- 15 AND ASA-Y 3216 1965 APPLY,

Vi

| | . | ) } .
CRAWING 2
Jt 10 J6 (SPOOSP-i12-10P
JI-\ J?\ JB\ JO\ J5\ Jé
C [as co|] [as ¢ o] [a s ¢ o] asco] [amc
|
J8 "'\
-
| ) 3 4 4 56 » 7 8 16 9 1017 1" o128
. L
2
3
4
5
6
4
8
9
0
H
12
20 { IBLU
5-WAY-BINDING POSTS
2 BLK
% 5 5 5 5
21 %]
24 24 3 3 3
2t 25
- — Kl i xzﬁl KSi mi KS k6 § T K22
S TR T TR TR T 8 8 8
NOTES: -

e fe J00¢ W T



et o o g

RAVING 2

'0 J6 (SPOOSP - 12 -10P

J—
J7
0 [a & ¢ 0] as co] |aeco /p_ror-u-szp
Lz w61 ., e
z K5 ! J
1 K4, N .
4 K3-) | £
L K+ — | -
7 q Ki-t N A
7 8 16 9 10 17 in2\ /
K
H
F
D
]
5 'L 9{ CHASSIS euggus-s
Jt TO J6 SPOOSP-12 - I0P
3 HED.Bo 7] J7- PTO7-18- 32P
K! TO K6 WIRING DIAGRAM JB-DB-25P
K5 K6 = K22 ALL CONNECTOR EQUALLY SPACED FROM
CENTER LINES
8 IR 8
PART NO.
MECHANICAL 00 NOT SCALE DRAWING | omcimai Late o omawmc US. ARMY MUNTIONS CONMANS
PROPERTIES UNLESS OTHERWISE SPECHHRD T 10, 196 PICATINNY ARSENAL, DOVER, NEW JERSEY 07801
w e o et s gr—p—— FIELD JUNCTION 5OX
Ty FAACTIONS + ANGLES ¢ W W'RlNC_ D'AGRAM
[ ] Szt COOE WDENT NO
T T bdbeeo-x 1| “lgp03 | P9220256
iilal ol aLf Tomt wr ];u 4
r Y,



: HE
Eg! L filgl:
dy B i
L ' % gg g
! ;“% ' .
AT I
{|Lqe =y e
‘ el &[S 1S T !4" | ;,
m’é—i}-@@ & I

! | |5 at—%‘—%’—%,—: !

] (oot BT i
FEY | v S8 i 'l
it e aaial
g




[

APPENDIX D

Photographs



P SRR N PRI

. I 7 | 6 5 !
P8-DB—25P

/ DRAU
(1] BLUE
2 BLACK
= GREEN
4 BLACK
5 WHITE
a BLACK ;
7] RED
D BLACK
9] BROWN
i0] BLACK i
11 ] YELLOW L
12 BLACK : ‘
|
5 |
16
7
e

. rLe-
19|
29 BLACK ] —
21] ORANGE —
22 GREEN
23) RED ‘
24 WHITE _
2 RED

W8 500 FT 10 REQ—/

NOTES:-
I-MIL- STD-I5, ASA 32.6-1965 APPLY,

Plo|jojo|m Mol x|~z

P7- PTO6-18-325

T

NEXT A!

TMUPA Form 1081 7T9 67 T



5 l 4 3 I 2 1
REVISIONS
svu | DESCRIPTION |  oare
PI0O-DB-25S
DRAUING 4
|
2
3
q
5
6
7
8
9
10
1
12
13
/ |4
’ 15
16
(7]
18
5
2!
22
23]
24]
25
)"/ r—— 5" —
SPADE LUGS
0 REQ i ) BLK
; L] RED
K] BLK
V] RED
H]| BLK
.—G— RED
L BLK
E RED
D] BLK:
C] RED
B BLK
A \’<— RED
P7- PTOG—IS—BZSf W7
PART NO.
NECTUN : ORIGINAL DATE OF DRAWING Y
— o [—otorscur o | BCT 10,1966 PACATIWY ARSENAL, COVER, NEW JeRSEY 0T
v ARE IN INCHES [ CHECKER
1) TOLER, CIMALS 2 NGR (7
B2 Nl ]zm% LE W7W8 CABLE DIAGRAM
[ SIZE | CODE IDENT NO
NEXT ASSY USED ON " \/ h*\w\?\{ D 19203 P 92 2 02 56
APPLICATION SCALE lumr w7 ISH(E'I

! B



d4304033d idvl
L _.Eﬁ_wo.—o_.a

51






