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ABSTRACT (U) 

This report presents the results of flight tests of twenty-one T20Ó0 
proximity ftizes aboard Bird Dog rockets at the U. S. Naval Ordnance 
Test Station, Inyokern, California, during the period 9 March to 

Id July 1955. These tests were part of a program to determine the 
feasibility of the Bird Dog rocket as a weapon system. 

1. INTRODUCTION ^ 

Twenty-one Bird Dog rockets with T206o proximity fuzes were 
flight tested as part of a program to determine the feasibility of 

Bird Dog as an effective, practicable weapon system for interception 
of enemy bombers. The first 17 of these flight tests (15 with 
spotting charges and 2 with high-explosive warheads) were made with 
standard T20ò0 fuzes on Bird Dog rockets which were fired singly in 

a tail or beam attack against a QB-I7 target drone. In four research 

tests Bird Dog rockets with special fuzes were used, and three of the 

fuzed rockets were fired in salvo with nonfuzed rockets. The twenty- 

one tests were preceded by flight tests of rounds carrying safety end 
arming devices (s and A's) and dummy fuzes. Informationen the 
early tests is given in Reference [l]*. 

The purpose of this report is to present an analysis of the 

twenty-one tests from data available at the East Coast Field Operations 
Section of DOFL/DC [8]. 

For each flight test, the data is tabulated according to a "Fuze 
Test, Bird Dog (FTBD)" number. The numbering sequence provides an in¬ 
dication of the order of testing, as shown by the dates in Table I. 

With only twenty-one flight tests, no detailed statistical analyses were 

Bird Dog is a nonguided, proximity-fuzed missile intended for air- 
to-air interception of enemy bombers. The rocket is launched at a 

range of approximately 2,500 to 4,500 feet, and accelerates to the 
target. The primary function of the fuze is to detonate the rocket 

warhead at the instant of optimum-kill probability for all angles of 

attack. The fuze is a fixed-angle, frequency-modulated, microwave, 

proximity type. For a further description of the Bird Dog rocket and 
the fuze system, see references [2] and [3]. 

2. FLIGHT-TEST OBJECTIVES 

The complete T2060 fuze system was under test in this group. This 

fuze system consists of the electronic target-detecting device (TDD) and 
the safety and arming device (S and A). The fuze system test objectives 
were to determine flight performance of the fuze as a unit, and as an 

Numbers in brackets iuiiicato references at the end 01 tnis report. 
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integrated part of the weapon system. Test ob/jectives of other 

agencies were related to performance of the rocket, launchers, war¬ 
head, and fire-control systems. 

For the special fuzes, additional test objectives included test¬ 
ing fuzes with a larger search angle and extended range, studying 

operation of the fuze when it passed by nonfuzed rounds, and 
gathering flight-vibration data. 

3. DESCRIPTION OF THE FLIGHT TESTS 

3-1 Freflight Fuze-Handling Procedure 

Each fuze was laboratory tested at DOFL/DC and then shipped 
to the West Coast Field Station located at the Naval Air Missile Test 

Center (NAMTC) Point Mugu, California, for final acceptance, calibra¬ 

tion, and mating to the fuze power supply and inert warhead containing 

telemeter equipment. The fuze, power supply, and inert warhead sec¬ 

tions were shipped to Edwards Air Force Base where a final Go-No-Go 

acceptance test was performed prior to mating to a rocket for the 
flight tests at The Naval Ordnance Test Station ('NOTS). 

3-3 Rocket Launch Data 

The interceptor aircraft approached the type QB-17 drone 
target aircraft in an approximately level tail or level team attack. 

All tail attacks were made with an F-86E aircraft using a type A-k 
airborne fire-control system. The beam attacks were made with an 

F-86d aircraft using an E-t airborne fire-control system. The fire- 
control systems wehe modified for use with Bird Dog rockets. Each 
fighter could carry four rockets. 

Range instrumentation was similar to that of the nonfuzed 
rounds [l], except for equipment added to telemeter fuze-system func¬ 
tions. An FM-FM telemeter unit with three subcarriers and a TM 

power supply were installed in the warhead section. The TM packs, 

which normally occupy the warheaa section, were not used on the high- 
explosive tests. Except for these HE tests, kinescore-type, 

intercept-target optical recorder (ITOK) systems were installed on the 
drones . 

Launch conditions are summarized in Table I.* All rounds 
prior to Round 34 contained durmy fuzes. Round numbers are not con¬ 
secutive due to overlapping of the nonfuzed and fuzed rocket groups. 

* The launch altitudes were obtained from launch aircraft instrumenta-* . m. 

Launch air speeds were obtained from airborne instrumentation. Drone n: ■ 
speeds were obtained via the remote-control television link. As a test 

data correspondence the drone velocities of FTBD 1-13 were compared te 
4-v.oo<= of ground 1^+ vn A 'fTV, ^ f} «»*■*»*»#* /-+/*> 4 A 4 * rj 1. 1 ^ ^ ) * 4* ¢+ 

. C> ¿ * ----- -- - w* * WA w* j»**sã*. * ^ sa *w* * ■*, 4 V. 4 - 

enees is 12.4 knots, or approximately 7 percent. 
Tables are at the end of this report. 
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For launching the four rockets containing special iuzes, 

a one-hundred-foot-elevation miss bias was set into the airborne 

fire-control systems to reduce the probability of rocket-drone 

collision. The rockets of FTBD 19 and FTBD 20 were each launched 

in separate salvos with two nonfuzed rockets. In each salvo e 
nonfuzed rockets were launched shortly after the fuzed rocke . ° 
effect passing of the fuzed rounds by inert rounds, the latter were . 

launched using rocket motors of a higher temperature to increase em 
acceleration. Motors of the inert rounds were temperature condi¬ 

tioned at 120 F for 2k hours prior to loading on the aircrait, w . e 

motors of the fuzed rounds were conditionedfor the same time ^ l'¬ 

in the other two special tests (FTBD 17 and l8) the fuzed roc e s 
were each launched in salvo with one inert rocket. For these aunc 

ings passing was not intended, and all the motors were condi lone 

at the usual 70F. 

3.3 Equipment Data 

The target-detecting device used was a modified i3002Ei 

fuze. The S and A device was a MK 502-A mechanism with interim mo - 
Ifications for initial tests. A separate power pack for both the ze 
and the TM equipment allowed for interchangeability between a TM pacK 

and a high-explosive warhead. Serial numbers of the rocket equipmen 

used in the respective flight tests are listed in Taule lx* 

The fuze radiation field, or beam, is snapea roughly as s, 

hollow cone, symmetrical about the rocket axis. The leading e Se 0 
this beam is considered to be a conical surface 6l from the roc e 
vertex. At this angle the signal return is approximately 10 dec e 0 

below that at the beam center. The fuze is designed to have an e 

fective range out to approximately 75 feet. 

The three special fuzes used had been modified to Improve 

weapon-system kill probability. The modified fuzes^ad a ^range 0 

approximately I60 feet and a larger beam angle of 78 • c 
were made in the TM equipment except for a modified 40-kc channel 1 

FTBD 19. A fourth special fuze was instrumented to yield flrgh 

vibration data. 

k. FLIGHT TEST RESULTS 

k.l Fuze-Target Intercept Distances 

Basic flight performance of the fuze system is summarized 
in Tables III, IV, and V. Items of primary importance are iuze loca¬ 

tions relative to the aircraft at "triggering" and at firing , tne 

arming distance, and the self-destruct time. Triggering 8 co^ 
to occur at the instant the fuze recognizes the signal as a eg ma e 

target. Firing of the fuze occurs a specified time later an was n 

cated by smokepuffs in these tests. 

Thli document contilri Information affactlna th. national d«f*n»» of th# Unlt»d Statt» «fithln *îPprohtÇittVby i* *! 
1« U. S.C.. 793 and 79*. It» tran.mU.lon orlha rtvtlatlon of tta «entant» In any mann»rto»wi unauthorliad p*r»oi. Ofonio.t.o or 
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Because the fuze is the proximity type, spatial relation¬ 
ships of the target and fuze are •'important. The distances desig¬ 

nated "triggering distance" in Table III which are pertinent from an 

electronics standpoint, are meásured from the rocket to the nearest 

extremity of the illuminated portion of the aircraft at triggering. 

Although the nominal cutoff range is 75 feet., it is to he noted that 
the maximum triggering distance is 125 feet. Intercept plots are 
shown in Figures 1 to 9- 

In all tests the aircraft-rocket system carried the fuze 
within operating range of the target. The closest approach dis¬ 
tances of Table III are measured from rocket c.g. to target c.g. 

On certain indicated rounds ground-camera data,which was referenced 
to the apparent intersection of the trailing edge of the wing and 
fuselage, was used in absence of ITOR data. 

^■ 2 Safety and Arming Device Perfoiinance 

The S and A device should not arm the fuze until it is a 
safe distance from the launch aircraft but should arm in sufficient 

time to ensure firing at intercept. This allowable arming distance, as 
specified by USAF, is 700 to 1,200 feet under all tactical condi¬ 

tions. In addition, the S and A device contains provisions ion 

affecting self-destruction of the rocket in the event tint the target 
is not intercepted. However, in these tests the self-destruct func¬ 
tion was indicated only by telemetering, and the rockets were not 

destroyed. (Figure 10 shows a typical 1¾ record.) Self-destruct 
time, as specified by USAF, is 8.5 - 1-5 seconds. 

S and A performance is summarized in Table III. The arming 

and self-destruct times were measured from rocket first motion. Aver¬ 

age arming time was 1.46 seconds, and average self-destruct time was 
7-90 seconds. 

The arming distance of all rounds, except one, was within 
specifications; the average arming distance was 84l feet. The stand¬ 

ard deviation was 72-7 feet. Because arming distance depends upon 

rocket acceleration, this deviation is due not only to the inherent 

variations of design tolerances in the device but also to variations 
of rocket acceleration that occurred in these tests. 

The last column of Table III lists the times from rocket first 
motion to triggering of the fuze. If no triggering occurred, the times 
are measured to the beginning of a target-signal return. 

4.5 Analyses of Fuze System Performance 

Criteria for performance rating are consistent with those of 
related fuze projects. If the S and A device did not arm or produce 

Th!« doeuiTi»nt 
I8U.8.C., 761 
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the self-destruct function within the specified limits, the respec- 

*:ve function was considered improper. If the fuze armed and J.i 
not fire for triggering distances within the nor:inal cutoff ra.iure if 

fe^t, operation of tie TDD was considered improper. Beyond 
feet firing or nonfiring of the fuze was considered proper. Althou ■. 

operative fuze cutoff range is desired to prevent triggering on 

;.3tant ob'ects, no criterion has yet been established for ,iud -ii..* d 
ant firings as improper. 

The flight-test performance of the fuze is summarized in 
Table IV. Details of the results listed in Table IV with respect to 

no tests," 'impropers," and performance which could not be categorized 
are given below. 

FTBD 3 

The fuze functioned properly. The self-destruct function 

was not simulated because of an inadvertent omission of a ground lead 
in the fuze. No intercept plot is presented because of a failure of 
the ITOR system. 

FTBD 4 

The fuze was electrically disarmed prior to intercept and 
the self-destruct function was not indicated. Laboratory investiga¬ 

tion showed that the trouble was probably due to improper mating of 

the connector pins which connect the S and A with the fuze electronics 

section (TDD). Mating difficulty resulted from a pin material change 
by the plug manufacturer. 

TM records indicate that the TDD operated properly, and the 
tuze should have fired if arming had been maintained. 

FTBD 5 

The fuze fired early, approximately 0.27 second after arming 
and 2,26o feet from the target aircraft. Analysis indicated that 

tiring resulted from extreme voltage variations caused by a malfunction 

in the high-frequency circuits. Smokepuff operation was observed but 
was beyond the range of the ITOR cameras. 

FTBD 6 

The fuze aid not fire. Later laboratory tests showed that the 
failure was due to an experimental change in the firing circuit (see 

page 24). All other fuze components functioned properly, as shown by a 
satisfactory target-detection signal on the TM record. 
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yay have been cmuMNl by either eu. S aa4 A mlñiiK-tion cr the os.! as ion 
of a ground lead as In the case of FTBD 5. 

FTBD 8 

A relative trajectory plot could not be made because of fail¬ 
ure of the ITOR system. 

FTBD 9 

The TDD operated properly, but arming failed to occur. T*ip 
failure may have been due to the electrical plug difficulty which ocr.rr 

in FTBD 4, rather than to a malfunction of the S and A device. art 
failure prevented simulation of the self-destruct fur.:".ion. 

FTBD 11 

The TDD failed to operate because of a lack of filament, vol" 
age. This was determined later by bench tests simulating the TM rec'-rî. 
lo explanation could be found for the f.lament-voltage failure. 1:.e 

presence of B+ voltage in the fuze indicated that the power supply ni 

been properly switched to internal fuze power. Records of checkout te * 

were satisfactory on filament circuitry, which extends from the fuze power 
supply to the TDD and the TM power supply. Because the preheating fila- 

ment voltage obtained from the launch aircraft prior to the switch to Hk 

fuze power supply was missing, the trouble was probably in fuse circuit,- 
common to both voltage sources. 

Arming distance could not be determined because of insufficie; 4 
correlation between TM records and trajectory data. 

FTBD l4 

The firing pulso was delivered to a short circuit instead of 

to toe spotting-charge decollators, precluding spotting-charge operation. 
-t was not possible to determine where the short occurred. It could have 

..... in any one of the following: the TDD, the S and A, the fuze power 
■uppiy, the TM pack, or the separate conductor which is wired from the TM 
pack to the detonator during rocket assembly. No short was found during 
the fuze checkout tests. 

The ITOR pods were inadvertently jettisoned just prior to 
the test. 
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FTBD X 

Pute opemtlon wma proper. Rocket impact with the drone 
caused loas of teienetering 19 »illieeconda after triggering. 
(See Figure 11.) With the trigger!ng-to-firing interval set at a 

nominal value of 26 »1 111 seconds, impact occurred approximately 7 

millisecond* prior to the expected time of fute firing. It is possi¬ 
ble that the spotting chargee detonated inside the drone. 

The approximate center of the fuselage waa struck by the 
rocket, resulting in loss of control and crashing of the drone. Ho 

intercept plot is presented because the camera pods were inadvertently 

Jettisoned just prior to FTBD l1*. Arming distance could not be computed 
because data on the down-range position of the drone was not available. 

FTBD 16 

Proper fute operation is indicated by the eventual destruc¬ 
tion of the target and by the location of the high-explosive burst 

relative to the target as shown in Figures 7 and I3. Photos of the 

Hi- bursts were enlarged fron film fron tne ground camera system. 
The two views were obtained from successive frames separated by an 
interval of approximately 15 milliseconds. 

FTBD 17 

The inert round, launched in salvo with the fuzed round, was 
not close enough tc create a fuze-signal return. 

FTBD 18 

Fuze-test objectives were not attained. A probable malfunction 
in the power supply for the special instrumentation amplifiers prevented 
obtaining the desired vibration information. 

FTBD 19 

Although fuze operations were proper, not all of the test 
objectives were accomplished. The fuzed rocket was not passed by the 
inert rockets until approximately one second after drone intercept. The 

rockets were launched in the order intended, with the fuzed round first, 

followed by two inert rounds approximately one-tenth second later. 

TM records indicate a fuze signal return which was apparently 
caused by the passing inert rockets. Even If the fuze had not fired at 

intercept, it theoretically would not have fired on signal return from 

the rockets because of the signal amplitude and frequency characteristics. 

Detector signal return varied up to 2.5 volts peak-to-peak at 500 to 600 
nyrr* 1 -3 
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Numerals are FTBD designations 
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7- 

TIME SCALE 
( MILLISECONDS) 

0 2C -10 6C 80 !C 

]'-u: 1. C -kc t r . c 3 ^ ibo.t firing puise. 
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ÏM -rf ; *1 • - ' ' . 7Di> W 1 •• . • 

t no.-raal vi: * raille Í r Tat it") ; vo. t. 'l1 '■ i s vo31 iv.e varied at 
tî'Ur í 1 • rr.. Tr.e i . Lrcuit Ltag< 

.houici reprererjt ir per* ttie app:*3x'i).' ce intégrai of the detector 
wh.' a..-o ib;, xah- ii . [’ •■•■u't- • i~ value and s1 oved ar abncr/cal 

: o ggwî í A.' : . fuze normally trigg- r. v 
'** " vfe gouig . igual, '.V r :-.-c;- ;nc 'c 1. that triggering occurred while 

* i goal vau pos i ti ve-gol - r*,. 

this 
velo'- 
t€oa 

A signai rt t-ie.-’,, p-rar-uinabl, 4\om pass lag inert "•octet, bege - 
■ o; i prior ve ’cov ng i -.m extenúen ,:.rough tiring. The frequency o’ 
r turc is . omparable to that whic" would le produced by the relative 
ity of the inert rocket. rp 
-''■‘ßes way trlggeriai uia not 

! hi s LynuJ triggered t.he fuze, the f, jt 
oc • j. on the aimil-.r signal just after 

.rmiug. 

Discrepar •,es ir the instrumentation records prevent a posit * ve 
one cusion as to t.he reason for fuze triggering. Some discrepancie . art 

evidert in the playback TM oscillograph, of figure 12 when it is comr ire.; to 
‘--■ó t;vT>icai TM recor'i of .Figure 1:... 

i^'BD 21 

Proper fuze operation is indicated by the location of the high, ex¬ 
plosive warhead relative to the target as showr in Figure and by the ever - 
tuaJ. dest ruction of the target. No ’ 'teroept plot is presented for this 
test because of difficulties in reconciling rocket trajectory dntn with the 
spec fled miss distance, 

Franges Consensúe; tiaj to Pi lg! I Tests 

Several changer, la the fuze system whio.. were made as a i vet . - 
.-¡u:' or the prior flight tests are listed la the follow! rig paragraph. . 

■in order to Insure against the type of self-destruct fa;lure ttc.t 
' - --’red in JTBD 3, a pin in the power plug of each of the subsequent fuze: 

wan grounded. 
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*>n ZH 
1¾ input ci 

» öi.1? 1 ^ WÄ 

the ui^bilAc 

0« 

la the first three tent 

rtta av1tïhes in the TM 

PTBD throu^i II* 

for indication of first 

r PTBD s ana subsequent 

Failure of the fuse to fire on fTBD i* resulted in the 

,e ! *°o *° replace plug Inserts.' on the regaining l\ízec. Labora- 

• -ry tests showed the original inserta were sufficiently incompatl- 

tle to produce an 'oper1 from flight vibrations. 

Vibration tests were included as standard checkout pro¬ 
cedure on fuzes for FTBD 6 and above. This was a result of the 1e- 
proper operations of the fuzes of FTBD U and 5, and of TM indications 

o* abnormal residual voltage variation; cn other tests. 

In FTBD 6, the firing circuit was altered experimentally by 
replacing one of the capacitor, with a capacitor of different value. 
Ihe failure was attributed to this change because units with the 

sane change tested later would not fire under certain tests more 

rigorous than those used in standard checkout procedure. Because the 

fuze failed to fire, the original capacitor value was used in subse¬ 
quent fuzes. 

Intercept Trajectories 

Rocket trajectories relative to the target aircrafts are 

blown in Figures 1 through 9- The shaded portion of the aircraft 

indicates target illumination by the fuze-radiation field at trigge.- 

."g. Some tests lack illustrations due to improper operation oí' 

e1ther the fuze or the drone cameras. 

Positioning of the rocket c.g. along the relative trajectory 

B instants of fuze functions depended upon an assumed two millisecond 

delay between fuze firing and detection of the smokepuff. (See 

paragraph 5.1., "Instrumenting with Smokepuffs" for further details.) 

The relative trajectories do not normally indicate rocket 

heading because these trajectories are relative to the moving target 

rather than to the surround!n_ air mass. True headings are indicated 

separately in the figures. Because Bird Dog is a nonguided rocket, not 

subject to guidance control deviations, the attitude is assumed to be 

along the true rocket trajectory. This trajectory was determined by 

vector addition of the relative rocket velocity and the drone velocity 

VTAS). Fuze information from TM record and the drone aircraft velocities 

are combined with ITOR data. This data is then refined graphically by 

the processes of analytic geometry at DOFL/dC to produce the results 
illustrated. 
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i# V .sei.leí ñ t%ï ¿Ia' - > T* 
I t&r3u0£2 9* «í!4Íe" ar«1 rrf 

««k*a V14PV» %rlth cln^iví »€ 1 
# ralat.** r^m** it.e<> te*#»- 
*8^» * -S • 

POe.lMst tudes oí* 
,tC'i t.*' tfee íiron© hç%*l~ 
ei siris. I^iepe aagle*?, 
Uded fv probable 

' ’. -• f 

A ei»® d«I«y vi» - . e* tn *. i n Tire slgpal a+ a pr<:- 
•*' —..'' i interval after ^se trigg^rl•>• T^.c reading, ari neaa- 

■! r»f these delay, are »r^rjvrir..-d 1. ,*'avl.ï VI. is sujsuafc.: 
* .* *differerceo . the t*r. .- 1-iv b*- '.jrei a4- ÎIAtfTC; eonpar* •. to 
r---1- --.-«cert« • ■ - . • --...- - "»ie. 7 
le lays were measured froct the T!# puli* ï '• • 10» 

Variation of Ir.tcgra* 13. 

Several œillisemrids -.tlapse ' 
r-cturr is first ev.ae- 'ea -it the ’ll* . 
f.se triggering. T: 1 s p¿rl ' i, arMtr 

(_ - interval if n »t r-luted to tV ] .- 
ar:i firing.) 

w«c: the instai, u that a signal 
:^r ;ult lnp.:t sml the .n.-ta-.” 
::. • tl' - . V s intégrât". ■>: j 
re* _r as a legitimate target. 
* "fine delay I '-tv e- trigger'...! 

In these tests this p:*r'/>l *'-¿- 
Tidf- period depends on rr.ary flight par:. 

variables -rj f: as the strength 
résiliai voltages in the frze-el.rvrOii 
flight test results are in Seetis 6, 

..--., -. ..r. 1 anr s r.-.. ^-i • 

and ^n so.newfcst . -. ..- r 
f the radar ef o v-i th-r j’ . - 
~ jc-îtion. Couili: ions fro*. 

7JZE n^rn ■ riT rtf' 
-vv y-^X uriU — Uv j 

5.1 Instrumenting vit'.: Sr.oker.iuffs 

of the charges vlih: 
mark the position of ihe rocket at fuse firl.ag. The spotting ühurges, 
located close to the ro;ket c.g. vs re detonat ed by a f:r.c- firing ,-ignal. 
The puff, visible in IT1R films, was then located on the intercept curve 
by film-data analysis, The stated-error tolerance for für dat; 
than 10 percent out to 200 feet [4 J. Hocket locations for other fuse 
functions, such as triggering and detection, had to depend on a precise 
location of this smoke-puff; the lo.: it ions were obtained by using the fete 
record and "working back" timewise from the cnüepuff along the relative 
t -ajeetory. 

The interval between the instant of fuse firing, as clearly 
indicated on TM records, and the instant of photographic detection v' 
the smokepuffs could oe significant wtie:: locating t'use functions wit;.. 
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high relative rocket intercept velocititd around 2, yOO feet per 
second. An interval of tiro ai Hi seconda vas Judged to be reasonable 
on the basis of available data. 

Two factors contribute toward this interval - the ignition 
delay and the photographic delay. Ground tests on new spotting charges 

of siallar type have shown that an ignition delay of approximately one- 

half millisecond occurs between electrical detonation and first visibil¬ 
ity of the smoke puff (5], The delay may be longer and les* consistent 

)n older spotting charges and the photographic delay may also vary. 

The drone cameras operate at approximately 200 frames per second, and use 
a rotary shutter opening of 72 degrees [6], which produces an exposure 
from each camera of about 1 millisecond every fifth millisecond. The 

random-time relationship between frame exposures and amokepuff ignition 
could produce, under poorest conditions, a delay of approximately U.5 
milliseconds. 

5.2 Time Correlation Between Instrumentation Systems 

Obviously it is desirable to time-correlate records from all 

flight-test instrumentation systems. From the standpoint of fuze in¬ 

strumentation, a precise con elation (±.002 second ) of TM records and 

ITOR data is very useful. Such correlation was not successful in these 
tests. This correlation would have enabled critical determination of the 

rocket locations for various fuze functions independent of the amokepuff 
The correlation would provide a double check on the amokepuff instrumentation 
and would have nade practical the inclusion at intercept plots for FTBD 4, 5, 

6, and 9* Id these tests, smokepuffs did not occur at intercept. A 
second correlation is desirable between fuze TM records and ground-camera 
trajectory data to relate fu^.e functions to rocket locations. This could 

be effected by specification of rocket-first motion on the time scale of the 

trajectory data. This correlation was not possible except for special 
data which enabled determination of first motion for FTBD 6, 8, 9, and 10. 
A partial correlation was achieved, but only within any quarter-second inter¬ 
val. These intervals were indicated on the trace of NOTS binary timing on 
fuze TM records (see Figure 11.) The beginning of the 25-millisecond 

pulse marking each quarter-second Interval indicates the simultaneous 

occurrence of some entry in the trajectory tables, for this pulse also 

synchronizes the shutters of the range-theodolite cameras which are used to 
produce the trajectory data, 

5.3 Measurement of Arming Distance 

Compared to the nonfuzed rounds, accuracy in measuring arming 

distances was probably improved because TM pulses Instead of smokepuffs 

were used to detect arming. However, the lack of complete fuze TM corre¬ 

lation with NOTS trajectory data necessitated correlation by a circuitous 

method. An assumption was made 'chat fuze firing occurred at the instant 
the rocket erd tnrcret vr- - * the name S4n+.ence rlnun-■».«»!(-,« n a ahm.rm fvta lee+ory 

VW w - M V 

curves. The instant of arming could then be located on the curves using the 

TM records. Arming distance was measured at this point. 
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The 40-ke channel vas 
icated by the leve] shifts. 1 
;gher frequency response, was 
It age levels of the ñize-firí 
ring pulses.) The i4.5-kc 
tze-sigrial return. 

.nan 
>ee rig 

t hl» 

JLi 
!i: : 

The 1*4.5-kc channel shows a signal return freo the target aire r 

»et “f? als° Bhcws a return approximately 190 to 250 aillisecr.' 
" fr fî.,rst motion- This additional return is caused mostly by the eff 

°r: Uie ^re-“Qtrol-system radar on the lick lobe of the fuze-rad 1 at ion 
1 ' • ^16 70-kc channel also indicates this Influence. 

^ Z"! trafe at the t0p °f the is a measure of the received 
TM-signal strength. It is normally constant for a particular fhcàit ex 

aircraft phy^Ca;;radiati°n interference caused by the launch and target 
aircraft The Mnary-timing traces provide a correlation of fu: jne- 
tions to the NOTS timing system. A "orre.ation-timing system va . ed : 
the prune contractor. 1 

5•5 Indications of Rocket-First Motlon 

on no. metí,xis Provi<ied accurate indication of rocket-first moll r 
M 1 i caî îeC°HdS' raethod dePended upon shearing of the rocket um- 
in ™ ? a second method used the closing of an inertia switch 

TO Tfmhi?-' *1 4- ~tface del lections from both methods appear In Figure 

“'the TO-ke ch^el! 8 1,1 ^ Chamiel “d rloeing 

Qn the six records indicating first motion by both methods, 

ílosíS e^ere n°iOVer eight billiseconds apart with the inertia switch 
closing earlier. The inertia-switch indication was used for time measu— 
ments when a cnoice existed. measu^ 

hiirh Ide self-locking inertia switches were set at a seemingT 
- igh value of .1 g (±2 g), they were closed properly by the high accélérât’ 

ow ng rocke.-motor ignition. (Average accelerations for the Bird Dog 

above \c cele rat (n ,g)- . "he Value 0f 11 « x« «t to provide a safe mfrf 
^ ove accelerations due to rocket-handling and launch-aircraft maneuvers. 

chantres durltThe ^ °n tr =e ls assumed to result from circuit 
-langes during shearing. The knife-action shearing was caused by a shea.- 
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'Hie l&rge pulse and the saialler pulses following the firing 
pulse ire caused by reelstor-capacitor action with ¿as tubes in the 

fuze-firing circuit. This pulse was originally thought to be a 

result of shock of the spotting-charge explosion on fuze or telemeter¬ 

ing circuitry. Laboratory tests at DOFL/DC showed that the firing 
traces, especially those on the kO-kc channel, could be closely du¬ 
plicated with certain electrical loading of the firing circuit, inde¬ 

pendent of any physical shock. This explanation is supported by 

observations that the time between firing pulse and the large pulse 

appears related to the delay between triggering and firing, which is 
an r-c function in the same circuit. 

6. CONCLUSIONS 

■6.1 Fuze Performance 

Except for circuit malfunctions in FTBD 11 and 20, apparently 

all of the targets were detected properly, as indicated by smokepuffs 
or by normal intercept signals on TM records. Lack of spotting-charge 

detonation was due to a disarmed fuze in two tests, an unsuccessful 
design change in the firing circuit in one test, and a shorted spotting- 

charge circuit in a fourth test. Two early 1 Ti&S occurred. The 

improper operations resulted from miscellaneous causes commensurate 
with an initial flight-test program. No improper operations, except 

self-destruct, appeared to be a result of Inherent design limitations. 
Improvements were made during the test program which remedied some of 
the consequences of the rapid schedule of the feasibility program. 

6.2 Instrumentation 

Instrumentation was sufficient to derive conclusions on fuze- 
system performance. The availability of information from several 

sources proved extremely valuable for decisive performance evaluation. 
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7. HBCOHMS^ÎfDAl 

H^CQMBeod&i, <> a ^- *hin th<? #cop« of this report are those 
regarding test x i^tnaientation and evaluation. 

(1) EstablJ h a precise time correlition between ITC» and 

fuze IX equipment. This could be accompli shed during 
intercept by exposing the flash of an event lamp on the 

drone-camera fila, and sychronizing the flash with a signal 
fed into the fuze IX equipment. 

(2) Incorporate an exact time correlation between fuze functions 

and trajectory data. This could be accomplished by the 

specification of rocket-first motion in terms of the tra¬ 

jectory -data-time base, to an accuracy of within ± .01 second 

(3) Continue the use of back-up instrumentation. 

(4) Conduct further studies for the determination and the improve 
ment of test-data accuracies. 

( ) In range data refer miss distance and rocket positions to a 

common point on the target aircraft. This will facilitate 
construction of intercept plots when ITOR data is not avail¬ 
able. 

(6) Due to the inconclusive results of the tests involving pass¬ 
ing, it is recommended that more tests of the same nature be 

conducted. Such tests should be instrumented to obtain an 
accurate time correlation of fuze operation and rocket posi¬ 
tions . 
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TABLE I. LAUNCH DATA 

Round 

Number 

34 

35 
36 

51 
52 

53 
56 
62 
63 
66 
69 
72 
73 
79 
80 
81 
82 
84 

87 
90 
100 

Fuze Test 
(FTBD) 

Number 

1 
2 
3 
k 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 

Test 
Date 

19^5 

9 Mar 
l6 Mar 

l6 Mar 

29 Mar 

29 Mar 
8 Apr 
12 Apr 
21 Apr 
21 Apr 
29 Apr 

20 May 
25 May- 
25 May 
l4 June 
14 June 

25 June 
1 July 
1 July 
8 July 
8 July 

lo July 

Altitude 
(Ft above 
m.s.l) 

12,830 

18,000 
18,41+0 

8,360 
8,460 

18,460 
13,350 
8,280 
7,400 

28,560 
14,220 
18,540 
18,610 
18,510 
18,470 
8,690 

11,310 
11,500 
18,750 
18,540 
18,320 

Launch Aircraft 
True Air Speed 

(Knots) 

485 

505 
510 

520 
525 
1+1+8 
490 
477 
510 
503 

517 

479 
479 
1+79 
479 
532 

453 
467 

503 
470 
500 

Target Aircraft 
True Air Speed 

(Knots) 

! 

172 

185 
187 
161 
162 
188 
190 
161 
156 
216 
181 
192 
192 
192 
192 
161) 

172 
172 
194 
194 
193 

Type 
of 

Atta 

Tail 

Tail 

Tail 

Tail 

Tail 

Bean 
Bean 
Tail 
Tail 
Tail 
Tail 

Bearn 
Beam 

Beam 
Beam 
Tail 

Bean 
Bean 
Tail 

Beam 
Beam 

«S 
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::.. fuze systsh perfowíaíice 

* t)ata fi'om ground cameras. 

° Less 100 feet in elevation, 
o Burst to target c.g. 

mm 
i ■** * •*• CW, 

t « 1. «M 
V»* tttwtfM (H* Mtionsi »# «V» UnltM 8t»t<N> wltwln ttk« nwanln« 

" v***'* tn anr to an timuiiwKi«»/j 
th* 99plm*m law«, ff««, 

tt prohibit*'! by law. 
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TABLE IV. FLIGHT-TEST PERFORMANCE OF FUZE 

Fuze Test 

(FTBD) 

Number 

1 
2 
3 

5 
6 

7 

8 
9 

10 
11 
12 

13 
1¿+ 

15 

16 
17 
18 

19 
20 

21 

Visible 
Snoke 

Puff 

Yes 

Yes 
Yes 

No 

Yes 
No 

Yes 

Yes 
No 

Yes 

No 

Yes 

Yes 
No 

HE burst 

Yes 
None used 

Yes 

Yes 

¡HE burst 

Fuze 

Electronics 

Section 
(TDD) 

S and A 

Arming ; Self'-Destrufet 

Proper 

Proper 

Proper 

Proper 

Improper 
Improper 

Proper 

Proper 
Proper 

Proper 

Improper 

Proper 
Proper 

Proper 

Proper 

Proper 
No test 

Proper 

Improper 

Proper 

Proper 

Proper 

Proper 

Improper 

Proper 
Proper 

Proper 

Proper 

Improper 

Proper 

Proper 
Proper 

Proper 
Proper 

Improper 

No Test 

Proper 
Proper 

Impropei 

Proper 
No Test 

Proper 

Proper 
Proper 

Proper I Proper 
Proper Proper 

Proper 

Proper 

Proper 

None used 

Proper 

Proper 

Proper 

No Test 

No Test 

Proper 
None used 

Proper 

No Test 

No Test 

Remarks 

No self-destruct 
indication 

Disarming prior 

to intercept 
Early firing 

No firing due to 

experimental change 
ÍVQ indication of 

self-destruct 

No arming or 

self-destruct 

No filament voltage 

Shorted Smokepuff 

detonator circuit 
Rocket struck drone 

after fuze triggering 
Target destroyed 

Special fuze 
Special fuze 

Special fuze 

Special fuze 
early firing 

Target destroyed 

3Ö 
TM* documsm .onuln« lnform*tlon iff, 

U. $. C., 791 tiMi 79*. I» tr*n«rnlj*lan 
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•Ml«* ÖV» 4*tJ*n*i of th* Unlfcrt «ato* within tho moanlns 
¡w or th* r*v*U!ten «f », «¡Mont» In any mannor to *n unouthorls*/¡ 

of lh» **»lon«n t,wt. ntta. 
h*f*®n I« prohfWd by Uw. 
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TABLE V. ROCKET ATTITUDES AND RELATIVE VELOCITIES AT FUZE FIRING 

• 

Fuze Test 

(ftbd) 
Number 1 2 7 10 12 

1 

15 l6 17 

: 

19 

-—--- 
Velocity 
relative 

to target 

(ft per sec) 

— 

2,500 2,000 2,400 2,200 2,500 2,400 2,100 2,570 2,00(, 

Attitude 
(in plan view) -6.0 0 -4? -1 -51 -65 -4 -99 -2 

Í—-—. ■ -- 
i 

Attitude 

(in side view) 0 0 -4 -1 -1 -4 -4 -174 

i 

-4 
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TABLE VI. FUZE TIME DELAYS 

40 
TW» *«•« 
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1. 
2. 
3- 
k. 
5. 
6. 
n 

I • 

8. 

9- 
10. 

11. 
12. 

13. 
14. 

15. 
16. 

17. 
18. 

19- 
20. 
21. 
22. 

26-27. 

28-32. 
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