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US ARMY TEST AND EVALUATION COMDIMND
TEST OPERATION PROCEDURE

DRSTE-RP-702-103
*Test Operations Procedure 4-2-808 1 June 1981

AD NO.

FUNCTIONING TIME OF AIR-BURST FUZES
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C. REFERENCES .......... .................. .. C-I

I. SCOPE. This TOP describes procedures for measuring the elaps:d time
between the instant of firing (time zero) and the air-burst of a fuzed
warhead. Weapon firing conditions such as elevation, zone, temperatture,
and sample size are covered in TOP 4-2-055.1*

2. FACILITIES AND INSTRUMENTATION.

2.1 Facilities.

ITEM REQUIREMENT

Test site include suitable weapons and
observation points

Loading plar.t high explosive and inert filler

*Th4.s TOP supersedes TOP/ITP 4-2-808, 30 April 1968. 4

"**Footnote numbers correspond to reference numbers in Appendix C; k2" _O P

Approved for public release; distribution Linlimited. 4 "

L-oi

Reproduced From
Best Available Copy

!/



TOP 4-2-80F 1 June 19PI

2.2 Instrumentation.
MAXIMUM PERMISSIBLE

ITEM ERROR OF MEASUREMENT*

Infrared (IR) chronograph 0.0001 second
system. (including IR detector
pickup unit and amplifier,
counter, power supply, and
starter switch)

Stopwatches + 0.1 second

Projectile velocity-mea.uring + 0.1%

equipUent (TOP 4-2-805)-

Weapon nressure-sensing + 2%
device (TOP 3-2-810)3

3. PREPA~AiI9XO:S FOR TEST.

3.1 Planning .

a. Review the test requirements, and determine the number atid types
of rounds to assemble for the test.

b. Design data-collection sheets for recording round-by-round data
;,s requirec by the particular test [see Appendix B for example].)

3.2 Weapon.

a. Se2 : it wveapon(s) for 0hich the projectilc(s) i..; standard 'n(
which has -it, least 75%. of its service life rcr.aining, unless otherwis,'
specified in the requirements docunents.

b. Stargagc th. tube as specified in TOP 3-2-802.
.Firny mount a starting switch (e.g., an inertia switch) on a

recoiling coL'ponenL of tie weapon to obtain zero time.

3.3 ',mnmunition.

a. Load service-type projectiles with inert material so that they
have the sameŽ weight and density as the standard high-explosive filler.

b. Dr-• 1 a cavity into the inert filler to accept one APG-2 spot-
ting charge (see Figure 1). All testing to determine functioning time of
air-burst fuzes should be conducted with an APG-2 spotting charge to en-
sure hih•. visible and infrared light indications of in-flight function-

ing. (T1e T-2 clharge has limitations since it may may not produce radi. -

tion levels sufficient to ensure reliable opei ation of the IR
chronograph.)

*Values may Le assuvked to represent + 2 standard deviations; thus, Lhc

stated tolerances should not be exceeded in more than 1 measurement or
20.
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TOP .4.--.8 1Junle )9"I

3.4 Instrumentation. Install instruirentation to measure the follow-ing
in accordance with the listed reference:

a. Iuzzle velocity as described in TOP 4-2-805.
b. Weapon chamber pressure as described in TOP 3-2-810.

4. TEST CON:TROLS. Do not test when atmospheric cond.:tions would prevent
visual observation.

5. PERFORINANCE TESTS.

5.1 :Method.

a. Lay the weapon system to be tested in azimuth and elevation.
b. Set thc fuze on the test system for the desired air-burst.

(FLuze setting must be verified by a photograph or an observer.)
c. Lay four IR chronographs, as required, to sense detonation of

the fuze. (Record the values for informational purposes only.) NOOTE:

Th1c TR chrono r,• Ipli 1ay , ofl s [ et, andl t.h ;Ifll [If ilthl; and c I c] v;. L i Ot.!; cort-
pulted to co're:;pond Lo the spatiaIi position of th1 al r-burst; or, a spot -

ter round that air-bursts the same as the test rounds may be used. The
latter method requires that the IR chronograph be physically (manually)
aimed to acquire the air-burst signature. NOTE: Azimuth and elevation
settings for the IR chronographs may be computed, or if available, taken
from records of previous firings. Orientation of the IR chronographs is

critical, as the :field of view of the lead sulfide coil is about 8
degrees in both azimuth and elevation.

d. Position observers with stopwatches to provide backup data to
include verification of fuze functioning. Stopwatch functioning, timc,.
are used to verify that nothing has spuriously triggered the
chronographs. Stopwatch readings must not replace chronograph rendi:'gs
sinca their accuracy is not adequate for precise measurement.

e. onergize test equipment, and verify proper operation of

components.
f. Fire the w:eapon, and record the time of firing.
g. Usilig the IR detectors, measure and record the tine- to-burst.
h. Repeat steps a through g for various fuze settings, zone charg-

es, projectile types, elevations, and temperatures (see TOP 4-2-055).

5.2 Data Required. Instrumentation personnel will record the following
on data sheets as shown on pages B-2 and B-3:

a. Date of test
b. Round number

c. Test location
d. Chronograph readings (usually four) and average of readin<,s
e. Stopwatch times
f. I:strumentation used
g. Gun switch number
h. Counter manufacLurer, model, and serial au;ber
i. Total number of rounds fired

3 Reproduced From
Best Available Copy



TOP 4-2-808 1 June 1981

recorded to four decimal places. The recorded time values for -each round
will be averaged, and the average rounded to the nearest 0.001 second,
using the method prescribeg by the American Society for Testing Materials
(see ATP F-105H/55H/811-IJ)

The test director will record the following data:

a. Azimuth and elevation of weapon system being used chronographs
(in degrees)

b. Meteorological conditions:

(1) Ambient temperature
(2) Relative humidity

c. Fuze type and lot number
d. Fuze setting
e. Time of firing of each test round
f. Weapon and barrel used
g. Zone charge of propellant
h. Temperature of ammunition
i. Pre-treatment of fuze/projectile (e.g., vibration>
j. Muzzle velocity*
k. Chamber pressure*

6. DATA REDUCTION AND PRESENTATION.

a. Using the data obtained by chronograph, determine the fuze time-
to-burst to the nearest millisecond for each round. NOTE: The IR
chronograph computes time-to-burst for all fuzes automatically from
recorded data.

b. Compare time-to-burst data with the actual fuze settings, and
determine whether times-to-burst occur within acceptable limits.

c. Determine mean of chronograph readings for each projectile
firing. From these values, determine the mean and standard deviation of
fuze functioning time for each condition of fuze setting, zone charge,
fuze temperature, elevation, and weapon, as shown on page B-1.

*NOTE: These items are taken only when specifically requested to gain

additional information.

Recommended changes of this publication should be
forwarded to Commander, US Army Test and Evaluation
Command, ATTN: DRSTE-AD-M, Aberdeen Proving Ground,
Md. 21005. Technical information may be obtained
from the preparing activity: Commander, US Army
A;7erdeen Proving Ground, ATTN: STEAP-MT-M, Aberdeen
Proving Ground, Md. 21005. Additional copies are
available from the Defense Technical Information
Center, Cameron Station, Alexandria, Va. 22314. This
document is identified by the accession number (AD
No.) printed on the first page.
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APPENDIX A

INSTRUMENTATION

IR Fuze Chronograph.

Time of flight of air-burst fuzes may be obtained with several types of
instrumentation. Of these, the infrared (IR) fuze chronograph system is
preferred for fuze timing because of its accuracy, simplicity of opera-
tion, and immnediate data availability. The IR fuze chronograph system is
a heat /light-sensitive device that detects burst flashes from artillery
and rocket ammunition at short and extremely long slant ranges, and con-
verts these flashes into a signal suitable for a time counter recording.
The IR chronograph system consists of four basic components (see Figure
A-1):

1. The power supply for use with the IR chronograph operates from a
115-volt, AC source.

2. Thc starting switch, the means of identlfying the instant of
firing (time zero), is an inertia-type switch mounted (strapped or clamp-
ed) on the weapon.

3. The IR detector or pickup unit is an 8- by 8-mm lead sulfide
photoconductor (cell) mounted in the focal plane of a 15-cm parabolic
reflector, both supported within a tubular housing. The housing, in
turn, is mounted between trunnions on a traversing base to permit 90'
elevation and 360' traverse. The entire assembly can be ,ounted on a
rigid permnanent mount or on a suitable tripod for portable operation.
The output of the detector cell is fed into the amplifier that operates
the counter.

4. The counter on which the times are read is a standard commnrcial
unit. It is mainly an automatic recording counter consisting of a series
of counting circuits with an inherent accuracy of + 10 microseconds.
When the weapon is fired, the circuit is energized, starting the counter,
and the elapsed time is recorded on the counting circuits. One advantage
of the timer is the speed with which the fuze functioning time interval
can be reported.

The IR system is known to be effective for a slant range of 15,000 meters
for daylight firing. With a portable IR system down range, the range can
be effectively extended to far greater ranges from the weapon. The IR
system is of optimal effectiveness in the daytime, when projectiles are
loaded with charges especially developed for recording air-burst fuze
times. The IR system sensing equipment can be adjusted to preclude er-
roneous triggering by spurious background signals. A typical fuze
chronograph system is shown in Figure A-2.

Other Methods.

Other means c f obtaining time-to-burst data include a photographic method
and telemetry. These are costly and involve a considerable amount of in-
strumentation. For tests that do not require a high degree of accuracy,
stopwatches or a system of electric clocks with a good time resolution of

A- 1
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TOP 4-2-808 1 June 1981

0,01 second may be 11-sed. The clocks are stilrtc-d ond stopped minually by
observers.

A-2 Reproduced From

Best Available Copy
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o9.

FACILITY WEAPON

BB
-FIE-LD 0oF V ''-- W1ov. AC ,C "V. -8,o-,; C ,I ov. Ac

\ 1 /

IflOV. AC 1IOV. AC

Figure A-2. Schematic Diagram of Infrared Fuze Chronograph
System (Dual Arrangement)

A and A' Inertial-Tyne Switch: Actuated on recoil of facility weapor, to

start counter.

B and B' ?owcr Pack: 24-volt d-c unit adjacent to counter.

C and C' Chronograph Counter

D and D' IF Detector Unit: Actuated by projectile burs3t to ýtop counter.

E and El Amplifier: Integral part of detector unit

Reproduced From
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APPENDIX B

SUMMARY OF DATA (EXAMPLES)
SUMHARY OF FUNCTIONING TIME PRECISIOi'

Group TICTTj.,, N', .'L . :

1 4.2 morCt, " - Ito0 ]0 i1 14.0 14 .C04 .t

2 S-in. how -1..110 - .4 i3 10 25.0 24. 9 .02'
3 8-in. how, Lgtft -70 10 23.0 203..^•',. 710 a O Y-. . 0...
4 :155 howI M]0C?.•• . + 70 C 0 a 9 25.0 25 02 .017
5 1-55 how, ;I!09A•.t + 70 10 10 25.0 25.0"1 .094

155 how, N.1 0 A1 b 9 - 25 01 .035
J 3.55 how, 1 1.09. - 40 0 1.0 25.0 25.0-3 .125
155 how, MIOSA] b 9 - 24.99 .03.:

6 155 how, 20O9Ai +145 1.0 10 25.0 25.04 *32
7 1OS h0w, .102 + 70 211. all , 0 50.00 .322
7 105 how, 1 .- 02 - 1 i0 a 9 50.0 4.95 .i ' ' • ", , .. 0 a. f 0

105 how, `10 +145 10 50.0 50.00
8 155 1- .j, M•1 09A 1 70 10 .10 33.0 32.99 3-
8 1.55 ..c. 71,MI09 -3 0 10 10 33.0 32.9 .037
0 1155 how , I., I14l 10 I0 33 0 33.2 9" .....155 ho;., 1..... -) 90-. 3 ..00 .023
9 1 5 5 h ,,w..... 1.1 .0OjA 3 . 7 0 10 1" ,1,0 • .1 0 3. . ..0' .••

1 5 ',5 h o t .. 1 0 i 9 !%. ] 0 . 0.

10 155 how, Ni 05I - 40 10 a 8 5A.0 49.93 .037
10 155 liow, >10'A1 +145 10 a n 56.0 56.7 ] .027
i1 1.55 how;, MIO1A1 + 70 20 a1 7 72.0 71.97 0 2
12 155 how, IMO,;I + 70 10 10 57.0 57.01 . 35-

155 how, MIG9AL b 9 - 56.98 .027
13 155 how, .109A1 No ir times obtainable
14 155 how, ,IOJA1 - 70 12 a 9 50.0 50.G3 .031
i11 155 how, MJ.,.09A.l + 70 7 a 5 55.0 55.00 .033
15 155 hica, '09 A1 + 70 20 a 1 7  55.3 54.97 .031
iG 105 ho.r, .102 + 70 3.0 a 8 50.3 49.99 .031
1U 105 how, ,I'02 + 70 8 8 50.0 49.98 .015
1.6 105 how, M1.02 - 40 8 a 7 50.3 49.99 .19

1 I0,5 how, M1.02 b 6 - 49.92 035
16 105 , " .].02 +145 8 a 6 50.0 50.01 .03,
17 105 how, Xq20!4 t 70 5 5 45.0 144.99 .034
17 1.05 how, XM2oil + 70 5 5 46.5 46. 47 .011
1.7 105 1-o4., X,.,204 1 145 10 a 0 46.5 1.6 57 3
17 105 ,X1, XM2OLI b 8 - 16.51 .037

UTime mni,;e. on remaining rourid(f).

brmitting oneŽ round.
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DATA Si1l1 ET

T !.TLC: (SOP 12-1-7) Date:
7/15/80 1he': 1

FUZE rUNCTION 4. ruze 't No. 5. rup
TIME MEASUREMENTS (in seconds) 11A0OEO0Oi t ,

7. Weanon: 8,. IorLi L

Test Director: - 35_____6_9_-
"f0. 11. 12. 13. 24. a15.v q.

#I 95 8 i# 2 average_ _

No.-uze Chron Fuzo Chron uze Chron ruze Chron Fuze Chron Sto-) ,;a-ch
II

181 --- 8.5941 8.594 8.55
J 9.1810 -- 9.1975 9.1620 1 9 180oj 9.19 I,.

-1 8.7151 8.7152 --- 8.7151 8.715 8.70 _ _ _

5 ,8,3431 834-- 8.3427 8.343 8.33

5 - 2.6856 2.6881 2.6894 2.688 2.71

7 -- --- 8.8881 --- 8.888 8.92

S9.1700 9.1695 9.1695 9.1694 9.170 9.20 1
9 --- 1.5573 1.5621 --- 1.560 1.60 j
10 9.1350 9.1347 9.1351 9.1352 9.135 9.14

11 8.9601 8.9611 8.9281 8.99271 8.960 9.90

12 I --- .... --- 9.0997 9.100 9.20 _ _ _

13 8.8651 8.8468 8.8472 8.9000 8.865 9.15 NF2

14 ..... ---- N-- FS-,

15 6.9550 6.9383 6.9653 6.9624 6.955 7.0

I 8.4872 8,A835 8,4861 8.4901 8.487 8.75 1
17Z 8, 5621 8.5618 8.5617 8,5617 Q.5E2- 8.57 •

2 ... ,---- 3.1917 3.192 3.27

19 9.2530 9.2521 9.2540 9.2525 9.253 9.34

N0 8.9551 8.9304 8.9378 8.9971 8.955 9.5E_____

2i 9.1840 9.1802 9.1824 9.1900 9.184 9.29 " IL

2 2 ---- . . " N--

23 7.6220 7.6089 7.6060 7.6504 7.622 7.85

24 ~ -- - -- - --- -- --- P

25. 8.8040 8.8068 8.8040 8.8020 ,.,-, 8.92

Torn 10131, 5 reb 64, (Rpisces S"aP Form 620, 29 Aug 46) B-2



, ,, _ . ... . :_ nATA_.I , .. .. .

1 * TI':L" R- . EN,,. SOP 10-1-7B DATE

", ," WFUNCTION
Z.QU:•-,,., UTlLIZATION 3. WEAPON

+...ST D •CO•R: 5. LOCuTION

A. B. C. D.

INS TRIM.INTAT ION USED NO, NO. ,0. 10.

._ __ __ __ __ __ __ __ __I___ __� FUZE C1{RON MJ E CHR, ON iiZZ. r__-

C OC t 2 KSER A L .N. U I" ER "_ 

_ _ _

OC C hE2._2 MODEL ___________ _____ _____

CCOU7..R SE.RIAL NUMYBER I

S- i I i__________-

T' 7

Best~ Avilbl.Cp

_______*1__ _ I__ __

________________. '__

--
Bet AvialeCp



TOP 4-2-808 1 June 1981
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