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1" Cartridge (Bowb Ejector) Mt 1 Mod 1 -
Design-Proof Tests of (Project AM-161).

Abstracts A pre-production lot of 100 subject cartsidges was
made at NOL and submitted to the Technical Evaluation
Department for design evaivaition. A Douglas Homb
Ejector was mcunted vertically on a specially-
designed tower in the White Oak explosives aresa and
shots were wade with instrumentation to rTecord
pressure, accelerzitlon, firing vimes, hook-opaning
times, ejecticen wveloeity, proeohable propeiler slear-
ance, ete, #Host of the experiments wers made with
the 2000-ib bomb which representad the greatest
icad for the carZyidge and The ejector. Froem an
operational standpoint (the storage charccteristics
of the cartridge vers nst established since no sur-
veillance tests wevre run op these unsealed samples)
the design is fount to bz acceptable with a maximum
firing delay lems than one-tenth that of its prede-
cessor, the Alreraft Starter Cartriilge. On 2jection
the average clezrance between the 200C-1b bowmo and
the "propellexr tip" cirale was about three £t which
is 104 to 15% more clearance than that obtained
with the starter csriridge.

Forewords The data and conclusions pregented herein are pre-
pared by the Technleal Evaluation Daparitaznt and
represent the preseni opinion of tha Waval Ordpance
iaboratory.

Ref: {a) DBE Asgewbly - Douglas Alverafit Dwg. #5256285.,

: fb) BuGrd Speci¥ication #1120 - Alccralt engine-
atarter cartridge.

{e) Budrd unel iuvr EN6-26/378(Re2e) to 1T0L did

) 7 Sept 1945 [HOL File E?EG»‘&?/F’M«-@{(1-:597}%o

{¢) Drawings on 1" Cartridge - Listed on SX 166557.
ie NOLY 9282.- Primer Compound XC-9, Propertles of.
(f) TSS 4311,

\£: O8X 59161,

in} 8X 95023, 8K gh0ek,

:'(i§ SX 84589, sr Ahno5, SK sk,

(d; 5% Hotebook $0226.



. e p—— - o R . b i T T - s - s e 7 S - R

P

“J'_'
¥
(k) Douglas Kirversit (o. Repors #ES-G734.
{1} Douglas Airevaft Co, Dwg. #2252404,
» m) Douglas Aircralt Co. Lwg. #2252414,
'n) Dougles Alrveraft Co. Dug. #2252408.
{0) WOLR 884 - ROL Recording Acceleromater,
v Tyrne 1A and Type ZA.
ip) ROLM 88560 - Standard (Laboratory) Transportation
Vibration Tests and Special Deslgn Vibration
i Tesits 28 used for HOL Crdnance. _
i) NOL conf itr to BuOrd dtd 14 May 1947
) {NOL File ENG6-27/FLi-6{1-702)].
(r) NOLM 9206 - Bomb EjJector Cartridge Mk 1 Hod 1,
- Report of Test of. i
R |
Encl: {A) (HW) Tebles I through IIX. i
'B) (HW) Plates 1 thrcugh 22. !
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INTRODUCTION

1. Modern dive-bombing techniques call for {full wing-
flap brakirg while the bomb 18 being released during an attaecic.
Since the bomb itsell is more or liess stireamlined and has no
air brekes of its own, 1ts veloeity (relative to that of the
plane) will increase and consequently it will "fall"” ahead of
the plsne. Many of the newer bombers have large propellers
which st be c¢leared by the bumb in its forward flight.

2. A combination bomb-rack and displacing gear éevice,
called the Douglas Bomb Ejector [Heference (a)]nﬁrlates 2, 3,
4 and 5), had been developed which, at the instant of release,
propels tne bomb free and clear of the propeliler, even when
the plane 18 in a 90° or vertical diva,

3. The athwartship force is produced when an explosive:
cartridge is fired against a plston which 1s mechanically
linked to the bomb by a pressure i'oot. Through ariother mechanl-
¢al linkage, the pressure build-up in the firing chamber causes
the bowmb-rack hooks to open at the time force is epplled,

4, This ejector was designed o accommodate the standurd
ailreraft-starter cartridge [Reference {(b)] waich proved to be
unsatisfactory ior this parcticular use because of the exlistence
and variableness of an appreclable f'iring delay (svz 211 wmilli-
seconde). Consequently the Naval Ordnance Laboratory was
requested [Reference {c)] to develop a new cartriége for this
purpose. This new cartridgze ie called the 1" Cartridge {Beub
EJector) Mk 1 Mod 1 (Plate 1). In December 1946, it was sub-
mitted to the Technlcal Ewaluation Department for evaluation.

DESCRIPTION OF CARIRIDGE

5, The 1" Cartridge (Bomb EJector) Mk 1 Mcd 1 (which
looks like an oversgized shotgunm shell) is approxiwately one--iii.
in diaweter and 3.175 in. long [Reference (d)]. 'The shell
ease 1s eztruded aluminum and has a biass alectrical firing
contaet in the center of the breescn end, in place of the per-
cussion cap usually found in ammunition of this scrt., The
initiaticn of the cartridge 1s accompliished by elecirie
current filowing through a double bridge wire whiel: i esbeddec
in the semsitive )XC-9 primer mix [Reference {(e)].

6, Starting at the primer end, the powder charge econ-
siyts of 2.2 gms of FFG Blaeck powder, 2.0 gms of "small”
(0710 x C712) smokeless powder, bthe final comparteent ccntain.
ing smckeiess powder wixiture of 2.4 gas of "mediwmm” (0925 x
0725) and 22.0 gwa of Mlarge” {73:i2 x 7312) pellets. A
eellulicse--acetate dise i3 placed afier the bleck powder sub-
booster and after the "sw2li" sworelens powder boczier. A
similar dlsc 1s used in thes weezls end te retzin the maln
smokeless -powder charge,

e HOLM 9010

—n

7




RS T NI

LY

S B S e

cans
P2

PURPOSE. OF' EXFERIMENTS

i The purpose [see Refarence (f)] of the experiments
reported herein was to:

a. determine the effect of normal hancling and

aircraft vibration on the reliabllity and perioriance
~ of this design.

b. determine the effect of tomperature on the
reliability and performance of this desilgn.

¢. determine the firlng energy and ignition time.

d. determine the pressure-time relaticonship in
the firing chawber during the firing cycle including the
instant of application of firing voltage znd the instant
of hook opening.

e. obtain acceleration-time curves of the bonb
during projection.

f. obtain high-speed motion pictures of ihe bomb
trajectory. :

g. compare chamber-fouling with that produced
by the Mk 1 Mod 0 cartridge.

8. All of this information was to be obtained using
a BT2D-1 Bomb Ejector mounted to simulate a BT2D-1 Dive
Bomber in 90° or vertical dive,

PRELIMINARY ACTIONS '

S. Obtained Bomb Ejector - A Douglas Bomb Ejector I
{BT2D-1, serial #8; was obtalned from the Bureau cf Aeronautics
Armament Divislon for carrying out the abocve experiments.
Since the laboratory had no previcus experlence with this de-
vice 1t was necessary to siudy its nermal operaticn and to
become familiar with 1lts componnnts so that irnstrumentation
could be applied in obtaining tie requested inforkation.

10. Built Bomb Ejector Tower - Sinee the ejecter was to
be mounted in a vertical position, it was necessary (o design
a tower which would withstand the repeated shocks of firing.
It was diacovered by the Haval Proving Ground at Dahigren,
that when the 2000-1b homb was e jected, this thrust was suf-
ficient to displace two 127 x 12" wooden uprights set in
concrete. <Consequently fcr our usge a relnforced-concrete ,
tower (see Reference (g) and Plate 6) 19-ft high was con- i
structed on a 14 cu yd reinforced concrete base which extenden
to a depth of eight Pt below ground Jevei. A 12-in. "I" beam
equipped with a pulley was bolted to the top and a gasolene-
driven winch was mounted 100 £t in front of the tcduer tc serve
88 a hoist, Two shorter 12-in. beams were imbedded n the
concrete ¢ support the hHomb ejector and its load.

~6- RCLYM 90¢0
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11. The tower and ejector nmount wera desligned o
simulate closely the BT2D-1 Dive Bowber in a 90° or vertical
dive. The weasuremerts used (Plate 10) were obtained from a
plane at Patuxent Alr Base. Since we wanted %o maaaure the
clearance obtained betwescn the bouwb trajsctory and tae civels
described by the propeller tips, it was decided that the eartih's
surface should represeat the plane of prcpeller rotation and

the ejector was therefore mounted at the proper heigiht (Plate 10)

to esteblish this.

12. Designed and Constructed Ejecter Mount - A mount was
designed whieh would accommucdats the ejector stud bolts and
which would fit the two 12-in. chonnels imbedded in the face of
the tower. Eight-in. standard steel angles and hzlf-in. steel
plate wer2 welded together to form a rectangular helliow hox

[Reference (h)], whose inside faces were drilled znd tapped to
fit the bomb ejector. (See Plate T7.)

13. Designed and Built Phofographic @Grld - In order to
facilitate the frape-by-Trame scudy o’ the proposed motion
picture records, a large white back-board was constructed and
painted with regularly spaced orthogonail nlack lines., Each
photographic frame would therefore include this black-and-white

grid to serve as a cartesian coordinate system in the plotting
and study of bomb trajectory.

1k, Degigned and Built Slip-Stream Simulator - Since our
experixents with the bomb e Jestor were to be static and not
dynamic as would be experienced in an actual dive-bomber
operation, it was reasoned that some device shoulé bhe devised to
simulate that upward drag force (approximately 50C 1bs on the
2000-1b bomb) produced on the bomb by the slip stream. (In the
BT2D-1 Typs Dive Bomher, the Lomb is carried under the fuselage
and 1s slways exposed to the slip-siream force.; To supply
this upward forece {only until the bomb leaves the hooks) we de-
signed the slip-stream simulator whose force link consists ol
a stout spring, a tura-buckle and a dynamometer, and fastens te

the bomb #ail with a slide-fork arrangement. [See Reference (1)
and Plate 6.]

15, In practilee, ter the bomb 18 in place, the fork-
end of the slide arm is so plaeced that the slide bar (fastened
to the bomb tall} is between the prongs with the upper {plate)
end@ of the bar resting on the fork. 7The turn-buckle is then
tightened until the upward force applied by trhe spring is seer
to be 500 ibs as indicated by the dyncmometer. On «jection,
after the bowb has moved a horizontal distance of approximately
one in., the alide bar is withdrawn from the fork at which tire
the upwarc force is discontinued. This device was used on only
thrze shots because camera studies showed no apprecliadle change
in trajeetories when rthe simulator was not used. Another reacon
for 1ts beling discardz2d on subsequent sheots was that the tiwme
consumed in The =2xtra rigging resuvlited in 2 fieiang schedule which
was not aceeptable to the Burean of Oxdnancs,

T HOLM 9Cc0
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DIFFICULTIES ENCOUNTERED

16. Premature Hook Opening - On Friday, 31 January 1G47,
the ejector was bolied To 1Ifs vertical mount and the 2000-1b
bomh was placed in the hooks preparatory to firing the first
shot. The first cartridze was inserted, and as the breech was
being screwed down, the upper (aft) hooks opened zllowing the

bomb to rip out the bottom heoks as it fell to the ground
[Reference (J)].

17. A visit to the Armament Division of the Bureau of
Aeronautics (Mr. Broad, Bldg. W, Room 1W36) uncovered a Douglas
Aircraft Company Report [Reference (k)] published in April 1945,
in which a similar incident was reported during the design
testing of this ejector. It was their experience also that
the same hooks were torn out on seating the treech {they were
testing an ejector of identical design).

18. To avoid this difficulty, it was recommended in the
Douglas report that the pull-rosd nuts be loosened until a
positive clearance 1ls obtained between them and the retainer
plate, while the release and upper slieeves are in the "down"
or non-release position. However, a careful study of the bomb
ejector by the writer, showed that with this adjustment, the
hooks would not open even when the relecase and upper sleeves
were in the retracted or relecase position.

19. It was therefore concluded that soue intermediate
adJustment of the pull-rod nuts was necessary. Since the
critical governing factor was the movement of the sear-bar and
rod during the tightening operaticn of the breech, a method
of detecting tne slightest movement of this sear-rod was needed.
A simple electrical screw contact wau installed near the upper
(aft) sear rod so thaw. the slightest movement of thils rod

would light an indicator lamp, calling for a readjustment of
the pull-r6¢d nuts.

20.  Details of the Adjusting Cperation - With the
2000-1b bomb In place, and with the ractory setting of the.
pull-rod nuts (see Plate 3), the indicater-contact screw was
set so that the lamp woulild signal the beginning of sear-rod
movement. The breech 1s equipped with a ball-ratchet device
so the "notch~count"” served as a vernier indication of seatins
proximity when sear-rod movement began. With this initial
(factory) setting, the indicator lamp went on when the breech
was screwed in 12 notches. Since the breech was far from bhelrg
seated, the pull-rod nuts were both loosened one turn. With
this adJjustment, the breecih could be advanced to 23 mniches
but was still not seated. Loosening the nuts agzin, 28 notches
resulted znd the final adjustnent allowed 37 notches without
producing movement of the sear-rod. With this setting, the
breech was completely closed and was ready for Ciring. However,
since the pull-rod nucs were now Iin such a position to prevent

-8~ NOLM 90¢0
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the insertion of the cotter pins (see Platz 4), and since the
final adjustment was not kxnown to »e =table over a series of
shots, the tecehniqus of using the indicator lamp was employed
on &ll subsaequent shots during tha breech-sszcuring ocperation.

21, Pressure-Foot Efjected with Bomb - On shot no. 6 the
piston and Toot assexbiy Iollowed the bomb in flignt for a
short distance but was saved from damsge bty the strain-gauge

wires which retarded its flight. Examination revealed that the
piston head [Reference (1)] had beccimae unscrewed from the piston

{[Reference {m)]. The piston-head gasket [Reference (n)] was

badly deformed and it is probable thui the shock of preceding
shots had loosened the stake to the piston and allowed the piston-
head to unscrew. After this shot, the gasket was re-formed and
the firing was resumed. This old gasket was used on two more
shots but for shot no. 9 and subsequent firings a new gasket

was furnished by the Aviation Ordnance Division of the Raval

Gun Factory.

22. Cartridge Extraction Difficult - In every instance
we found it difficulf to remove the empty shell case froam the
powder retalnexr after iring. The extruded aluminus case would
swell under firing pressure and teumperature and would have to
be removed by using a leng thin ramrod inserted through a hole
in the muzzle-end of the retainer. During the cowrse of the
tests two other retainers {Plate 8) were triled in an effort to
overcon2 this trouble but without success. One of these re-
talners wss almost identical to the production model but was
coated inside with a thin layer of chrome {retainer E) supposed
to prevent adhesion. The other retairer {(C) had a chamfered
shoulder znd a slot milled across the face at right angles to
the axis to allow *he use of a screvw driver as an extractor.
When this retalner was used however, consilderable gas leakage
was observed, indicating that the slot was milled toc deeply.

e HOLH 9090
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INSTRUMENTATION

23. Firing Energy and Ignition Time - To obtain the
minimum firIng energy and the trus ignition time for the
priming mix, the TM-1 method outlined i NOLM 863€ was used.
In this method a resistance-time curve for the bridgewire 1s
obtained and the change of slope of this curve indicates the
point at which much additional heazt is applled to the bridge
wire by combustion of the priming mix and therefore represents
the true ignition point. By integrating the power-time curve
(E1dt) from t equals O to t equals ignitlon value, the actual
firing energy 1s obtained.

The values of £, I and t were measured with the
NOL eix-trace CRO (Plate 14).
24, Pressure-Time Relation -~ The best known method for
obtaining the pressure-time curves in the explosion chamber calls
for the insertion of a plug-type strain-gauge, in which resistance

wire is non-inductively wound around a ferrule having one end
exposed to the unkncwn pressure. To use this gauge it would be
necessary to drill a half-in. hole through the chamber wall.

Due to the relative sliding motion of the piston and 1ts sleeves,
no perforation was possible except through the center of the
ejector foot. It was concluded that such a hole woudid matericlly
weaken the foot, so the best alternate was the use of two
Baldwin-Southwark SR-4 Type C-7 gauges which were cemented to

the inside of the foot (see Plate 5?. These two gauges were
connected in two arms of a bridge circuit (see Plate 15) whose
output was fed to one element of the six-trace oscillloscope.

25. The foot was calibrateé in 1lbs (see Plate 17) =o
the strain-gauge output gave us the force-time curve during
ejection. Since pressure equals force per unit area, (using
the area cof the piston head) we calculated the pressure 2t
regular time intervals to obtain very satisfactory precsure.
time curves.

26, Hook-Opening Time - This measurement 18 herein de-
fined as that Interval Irom the beginning of pressure rise until
the instant at which the hooks begin to opsn. On the upper (aft)
hook of each set, we placed a narrow copper strip which was Iin-
sulated from the hook by masking tape and was held in place by
a stout rubber band. When the hooks were closed, an ele2cirical
connection was therefore made between thils stirip and the lower
Jaw (see Plate 7). The current flowing through these two con-
tacts produced a deflection on twc adjacent traces of the
oscllloscope which gave an immediate sharp signal when the hocks
began to open.

7. Acceleration-Time Relation - Two types of acceleroweters
were used (a) NOL Plezo-Liectric Accelerometer Plclkup, Serial
#39, natural frequency 6500 cycles per sec [Reference {c)! anc

L W
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(b) the Statham or strain-gauge type {Waugh Laboratories Catzlog
R-10-240, Serial #194%, natural frequency 270 cycles per ssc.,
range + 10 g).

28. The first acceleration neasurements were made with
the piezo-electric accelerometer méunted ixi the 2000-1b dbomb
(both pilckups were mounted at the bomb's center of gravity on
a woodan support wedged tightly inside the sand-filled case)
te give accelerations along a line perpendicular to the axis
of the bomb through the center-of-gravity and in the plane of
the C.G. and the bomb lugs. Since this device was of the high-
impedence type, it was necessary to use a cathode-follower
pre-ampliifier to match the ecircuit impedance. (It is highly
desirable to use low impedance cable circuits to minimtze
mutual inductive reactance which produces spurious signals.)

29. Firl Circuit - To obtain the apecgified firing
potential volfs at the cartridge end ¢6f the long firing
leads all cartridges were fired by applying 30 volts (from
heavy duty storage batteries) to a circuit {Plate 15) contairning
a total resistance of approximately one ohm (varied with each
cartridge and with temperature of firing leads). This reading
was taken before each shot and included total circult resistance
with the exception of the batteries whese internal resistance
was assumed to be very low even at ecurrents as high as 30 amps.
The potential-time curves were recorded by one eleuent of the
aix-trace oascilloscope conmnected directly (as near bridgawire
as practicable) across the ejector firing plug.

30, The current-time curves were also recorded by one
element of the elx-trace which measured the IR dirrop across one

leg of the firing cable whose resistance was carefully obtained
each time with a wheatstone bridge.

31. The Statham Aceceleromneter was wmounted 1ia the bomb
in line with the Piezo-Electric pickup and was connected to
the oscillograph as shown in Plate 15. Although this device
was of tihe low-1impedance type and was consequently easier to

use than the other pieckup, it appeared to overshoot the peaks
because of a low natural frequency.

32. High-Speed Hotlon Pilctures -~ Two types of pilctures
were takern durlng the testss

a. 35mm Fastax recording at 2000 pilctures per sec,
madle enly on a few of the early shots to ovserve any
irregularities of hock openings, ete.

b. 16mm movies at 6% pictures per sec {from which eaech
firing trajectory was plotted (Platz 10),
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Since the latier recording included a synchronous timer in tha
fleld of view, the horizontal velocity of tae bomb after ejectlon
was obtained on a sufficient number of shots to check the values
cbtalned by integratlieon of the acceleration-time curves.

33. Fastax-Six-Trace Automatic Synchronizsr - Thls auto-
matlc device (Plates 12 and 13) was developed by THH-1 to
accomplish in correct sequence:

a. Six-Trace starting,

b. Six-Trace callbration,
¢. Fastax starting,

d. Firing,

e, Fastax stopping,

f. Slx-Trace stopping.

The proper timing was obtained with Western Electric stepper

swltches whose step frequency was accurateiy controlled by an
RC circuit.

CALIBRATION

34, The voltage and current traces of tne CRO were
automatically calibrated during each shot, As the six-trace
f1lm reached normal operating speed, a stepper ccntact in the
syncaronlzer circult operated a relay which momentarily connected
these twce channzsls to ths calibration circult as shown 1n Plate
15. V¥hile this momentary connection was made, a falling weight
was automatlcally released whicn quickly removed resistances
successively from this circult to apply a known stair-step
signal tc¢ each element. Thils calibration relay dropped out
before the stepper firing contact was made.

35, Immediately after each shot, the strain-gauge and
acceleroreter citannels were calibrated manually. In the case
of the straln-gauge and Statham circults, a potential-divider
was used to produce a known voltage which was applied at the
pilckup end of each chanrel.

3G, The plezo-electrilc accelerometer channel was call-
brated by cpnlylng a known a-c¢ veltage to the pre-amplifier
Input thus eliiminating the necessity of determiniang 1ts ampli-
fication.

37. The calibration of the plezo-electrle »nickup and the
Statham pickup were obtalned frrom curves furnished by TH-2.
The force calibration of the pressure-foot strain gauges was
accomplished by THM-3 whe furnished the curve shown in Plate 17.
Tals oot calibratlon was repeated at intervals during the test,

aad identical curwves were obtained attesting the ruggedness of
the asystem.
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TYPICAL EXPERIMENTAL PROCEDURE
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38. The typlcal sequence of evente for each shot 1s
as follows:

a. Hoist tomb into position, snap snut the
- ejJector hooks after insertion of bomb lugs, release
hoist cable and secure the foot against the bomb {contact .
points of foot against bomb are well lubricateé so as to
duplicate conditions under which foot was calibrated).
. Check insulation resistance of piezo-electric
cable conductors.
¢c. Make all cabie connectlons at six-trace CRO
and accelerometer pre-amplifier, and check all connections
on connector strip at the ejector end.
d. Warm up the six-trace, pre-amplifier, and
pulse generator (if Fastax 1s used).
e. Set up cameras and connect associzted cables.
f. Make final sccelerometer and strain-gauge
connections at the bomb and make visual check for de-
flections in the six-trace.
g. Check continuity of hcok switches by observiag
six-trace deflections as battery 1is applied.
n., Insert cartridge and confainer assembly in
the ejector and seat the breech using the indicator-lamp i
procedure outlined in paragraph 22.
1. Connect firing leads and check contlnuity of
i firing circuit with the indicator lamp (Mazda #313). !
1w J. Measure the resistance of firing circuit with
e wheatstone bridge.

k. Start the syncnroncus timing motor for camera !
recording. !

1. Fire witn automatlc syachronizer circuit
(Plate 13). '

m. Measure horlzontal projection distance of
bomb from nose imprint in earth.

n. Calibrate straln-gauge and accelierometer
channels,

! 0. Remove cartridge shell and weigh the unbnrned

paeuder.

p. Develop six-trace records, and study to obtain ;
the times, pressures, accelerations, etc.

. Develop the movie records to obtain trajectory,
velocity and earth-impaci angie-

r. From trajecztory-plot, measure the propeller
tip cliearance.

.
.
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SAMPLE DISTRIBUTION

38. The followlng table the p.an of cartridge
distribution and indicates conditionirg and disposition.
Cart. No. Storage Flring Mech., Treatment Disposition
Temp . Temp.

1-7 -65°F -65°F Vibrated Fired

8 -65°F ambient Vibrated Fired+

9-17 o°F 0°F Vibrated Fired

18 O°F ambient Vibrated Fired=*
10-20 70°F TO°F Vibrated Fired
21-28 160°F 160°F Vibrated Pired
20-33 7O0°F TO°R Vibrated Fired

34 7O0°F amblient Vibrated Fired* |
35-36 7O0°F TO°F Vibrated Filred i
37-46 - - Vibrated X-ray Insp. |
47-62 0°F Q°F None Fired
63-64 O°F ambient None Fivedsx
65-81 70°F 70°F Neone Fired

82 (1/2 70°F TO°F None Fired*

Load)
83-86 - - Jelted (X3) Filred#*
87-90 - anbient Jumbled Fired*
91-94 ambient ambient None Fired*
95-97 - - None To (WA)
98-100 {3/4 = ambient None Fired
lecad)

"Pired” mear

S 1n the bomb eJector with normal instrumentation.

— )

"Fired*" means 1n the bomt eJector usinz a Bruceton test to
deternine the minimum firing curiont.

"(X3)" means 1750 Jolts in euch of threse positions.

14 NOLM 9020




DETAILS OF EXPERIMENTS (What was done)

140, Tnegse experiments were conducted in the Explosives
Area at Wnlte Qak, Maryland, during the period 4 Frebruary 1947,
to 10 April 1947, by the personnel of the Amrunition and
Explogives Subdivision. The instrumentation problems weie
rather complex and acknowledgement is made for the splendid
help and couperation of THM-2 who served as instrumentation con-
sultants throughout the firings.

31. Vibration - Forty-six cartridges were subjected %o
the standard transportation vibration schedule [Reference {p)}
and each bridge resistance was carefully measured before and
after the treatment using the "A C Bridge Limited Current"
method. Those numbered 1 to 36 and 41 to 46 were vibrated 1in
a vertical position with the breech end up. Numbers 37 and 38

were in a horizontal position; 39 and 40 vere treated vertically
with the breech end down,

42, Radiographic Inspection - Ten of the above vibrated
samples {37 - %0) were glven radiographic inspection (Flate 1l) to
check for separation, displacement or breskage of compcnents.

43, Temperature Condltioning - In zccord with the sample
distribution schedule glven 1in paragraph 36, the cartridges
were conditioned to the indicated temperature for a period of
24 hrs before firing. It should be noted that onr firings took
place during the months from February to April and consequentiy
the amblent temperature varied from 20°F to 60°F.

4y, Ejector Firing - A total of 87 shots were made witin
the Douglas Bomb Ejector and tower as described in the intro-
duction (paragraphs 10, 11, 12). Only 69 of these were made
with complete instrumentation, the remainder being fired in a
"go - no go" Bruceton test to establish the minimum firing
current.. Most of the cartridges were tested in conjunction
with the 2000-1b bomb since this represented the heaviest load
requirement for the ejector and cartridge. lowever a few ware
fired with the 500-1t and the 1000-1b bombh to establish the
trajectory and the propeller clzarance.

ye Record Interpretation Methods - Two types of records
were cbtalned Tor each firing; la, the six-trace oscillograph
negative on 35mm f1lm and (b) the 16mm motion picturs record
(64 frames per sec). From a prcjecicd and eniarged 1mage (ten
diameters) of each osciliograph record, an overlay was carefully
msde, {rom which the time and amplitude values were obtalned
on each trace. An earlier method of obtaining the values 41-
rectly from the film was discontinued beczuse of the excessive
time reguired. Tinis direct readinc was obtained with & micro-

scope adapted for two-way vernler control and the record wasstudied

against a ruled optical grating made especially for this purpase,
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46, Tne bomb trajectory was plotied from 20 uiamever
projectlons of the 16mm moticn-pilcture records. 'The f£ilm was
placed ir an enlarger and the bomb path was plotted from
successive frame projections using the carteslan coordinate
system described 1n paragraph 12. Using actual measuremerts
obtained from a BT2D-1 Dive Bomber, we were able to lnclude
in each trajectory plot, the nearest point of propeller ro-
tation and thereby t¢ measure the minimum clearance between
the propeller and bomb trajectory. A sample drawing showing
how the minimum clearance valne was obtalined, 1g Included as
Plate 10. (It should be noted that clearsnces for the type
AD-1 airplane ars within one in. of those required by BT2D-1.:

RESULTS

47, Vibration - Out of the 46 given this transportation
test, two of the cartridges experienced complete bridgewire
failure as shown by resistance measurements. The "Before and
After" measurements as given in Table I show that the re-
8ilstances increased C.0l ohms on an average as & Girect result
of vibraticn. This was possibly caused by a slight elongation
(and consequent reduction in croass section) of the bridge-
wilres due to axial movement of the Ciring contact with respect
to the case. A visual examinatlion showed this contact to be
loose in several instances so that it could be displaced in-
ward qulte easily wilth a pencll point. The resistance of
cartridge noc, 38 was almost doubled as a direct result of
vibration indlcating clearly that one bridgewire was broken.

48. A statistical study was made to ascertain the effect
of vibration on the horizontal displacement of the £000-1b
bomb. The results iIndiczted that the difference in ranges be-
tween the vibrated and non-vibrated samples was not significant
at the 5% level. (That 1is, it was found that once in 20 tiwmes,
a difference as great or greater might occur by chance alone.}
Another study was made to discover the significant difference
between the vibrated and non-vibratad cartricges as regards
thelr "Peak pressure times" (beginning of pressure rise to
the irstant of peak chamber pressure). Since both vibrated
and ncn-vibrated samples were tested only at 70“F and O°F,
the study was limited to these two temperaturss. However,
nc significant difference was found at the 5% level.

- ko, Radlographic Inspection - Jut of the ten vibrated
cartridges examined, three showed clearly that the entire
primer assembly (contact, bridgewires ané primer nix) was
displaced inward (see Plate 1l}. No evidence of broksn
powder grains or serlous displacement of separators was dis-
covered,

50, Temperature - Although we were not able To measure
any appreciable ellect of powder temperature {including bridg:)

on the ignition time, it is shewn in paragraph 5% that the
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temperature of tune bridgewlre enters as a logarithwm in tne
second term of the equatlon there developed. Since the
temperature coefficient of Pt-Ir resistance 1is very small

and since the term is logarithmic, 1t would be difficult to
measure tne effect over thne ranges used in thls test. However
the powder temperature produced decided variations in the

pressure-time curves and is discussed in the reporting of the
pressure-time data.

51. ggector Firing - Minimum Clearance of Propeller
From the trajectory plots (see Plate 10) of the 200V-iv ovomt,
the measured average minimum clearance between the bomb and
the propeiler tip (51 shots) was 2.93 £t with a2 maximum of
4.03 £t and a minimum of 2.14 £t {o = 0.542 ft). These figures
do not include lesser clearances obta‘ned in four instances;
three shots made with 3/4 powder load and one shot made with
a defective powder retainer which allowed consliderabhle gas
leakage thereby developing a reduced chamber pressure, As
snown 1In Table 2, when used wltn the smaller bombs, the
Cartrlidge Mk 1 rroduced much greater propeller clearance.
Because of the absence of slip-stream forces, (after release)
the borb always assumed an angle with the vertical after
ejection, usually increasing to 15 or 20 degrees on impact
with the earth (the bomb rctating about the nose, tne tail
attaining a higher linear veloclity than the noses° Because

of thls fact, our results were somewhat pessimistlic since tnils
slight rotation caused the bomb-nose trajectory to aporoach
the propeller tip with slightly less clearance than would be
expected 1n practice., Tihe horizontal range of the 2000-1b
bomb (bottom measurement of plate 10) averaged 6.26 ft for

57 shots witn a standard deviation of 0.601 ft.

52. Ignition Time - Slnce we know the physlcal compo-
sition and dimensIons ol the parallel bridgewlres, it 1s
possible to calculate the ignition time, defined as the time
from the application of current until the wire reaches a
temperature of 180°C which is the ignition temperature for
the XC-9 mix [Reference (e)]. To make this calculation it is
necessary to 1lgnore unmeasureable heat losses which we know
tc be present and it might be concluded that such a c¢al-
culation is entirely academic. However the ignition time thus
calculated will serve as a guilde and we will expect the
measured time to be much greater because of the known energy

losses. The following calculation 1s offered as an interesting
sidelight.

53. The bridgewire is Pt-Ir alloy (90-10) with a di-
ameter of 070020 + .0005". From the detalled drawings the
estimated effective length of e2ach wire is 0.10 in. Since
the resistivity of Pt-Ir (90-10) is 24 mlcrohms-cms we can
calculate tne resistance:

-17- NOLM 90¢O
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Ro = 24 x 1076 (0.1 x2.54)
7 (.001)° (2.54)7
Rg = 0.301 ohms per branch
54, If we assume that the bridgewire furnishzs no heat

to the explosives or to its supports, and assuming that no
solder 1s present to Iincrease the diameter of the wire, then
we can say that all the electrical energy is used to raise the
temperature of the wire tnus:

Jsmdo = I?R, (1 + ae)
dat

where J i1s the conversion factor from calories to Joules
s 1s the specific heat of Pt-Ir (90-10} in calories/gm
m 1is the mass of the bridge segment

¢0 1s the rate of change of temperature wilthh time

dt

a 1is the temperature coefficient of resistances of Pt-ir.
3
Then separating the varlables and supplying integrating facters:

dt = a J s mdo

and upen Iintegration:

t =_Jsm log (L + a®) + Constant
I2R, a

where the constant 1s zero when @ is neasured from zmbient
( since @ = O when t = 0). Substituting numerical values;

]

J ] m a e
t = (4.18)(.03232){.000111) loge{l + .0012 = 15%)
71/2 x 30)2(.301){.0012)
I Re a
t = ,0000318 sec or 0.,0315 ms
55. Because of the confllcting requirements of fast and

slow fiim speeds previously mentioned., It seemed wise to
measure the ignition time on only a snall number ¢f shots and
to concenurate on the pressure-time information. The average
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ignition~time value obtained Lrom several reliable shots

was 0.45 ms. This value 1S conslderably greater than the

one just calculated, showing that only a small amount of

the electrical energy 1s used to heat the bridgewire itself,

the remainder belng used up in heating the supports, solder

and explosive. As shown in Plate 22, the E/I value was di-
o rectly measured and plotted agalinst time. The ignltion time

was taken as the time along this curve at which a discontl-

nulty occurred, indicatiang an abrupt change of resistance

caused by the release of heat from the XC-9 mix,

Ry

56. Minimum Firing Energy - By integrating the power
(EI) time curve Irom t=§ to E§¥ (ignition time), we obtain the
average minimum firing energy.

mfe = f1 EI at ;'

The average value thus calculated wes 53.3 millijcules or
533,000 ergs3 which is much higher than the comparable Ifigure
for electries detonators and therefore has a higher degree of
electrical safety.

57 . Minimum Firing Current - Although this measurement
was not contemplatred origlnally, it was dlscovered that in
practice the alrplane pllot would test the elrcuilt continuliy
by connecting a Mazda Type 313 lamp in serles with the bridge- 1
wire and the battery. The cold resistance of thils lamp 1is
only 16 ohms and since the cartridge reslstance is very small
the resulting current would be approximately 1.85 amperes.
This showed the necessity of {1) recommending that additional

. resistance be inserted in the circuit, and (2) determining
the minimum firing current of the cariridge. A Bruceton test
was conducted teo determine the 50% firing current value., The
commplete Bruceton dlagram for the 18 previously un-pulsed
cartridges 1s as foliows:

2.00 = i
1.75 —— Hm e 3
1.50 3% o . e - RECRY - S - S i
1.25 Y- SR v — ' ;
1.00 -
0.7 S :j
0.50 < ]
o0 = no flre ’
X = fire
The values given are in amperes. f

58. Although the number of samples is small, it is
evident from the diagram that the 50% firing current 1is
approximately 1.5 amperes. We can only estimate from the
limited dota that the standard deviation does not exceed 0.4
amperes., Based on thls outside sigma valus, the minimunm
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firing current {the current at which one cartridge in 1000
will be expected to fire) is 260 milliamperes. Since it hes
been recomanended tnat a series resistor of 120 ohms be in-
serted in the firing circuit, we can calculate that the
resulting “cold" current would be 22G ma and therefore the
probability of a cartridge’s being fired at this value would
be somewna® less than one 1n a thousand.

59. Pealt Acceleration - In Plate 19 the detailed summary
of both measured and calculated values of peak acceleration for
the 2000-1v bomb (including standard deviations) are given.

The mean for all measured values ic 6.71 g's and the mean of
the values calculated from the pressure-time curves 1s 4.73 g's.
The two means are not expected tc agree since the measured

value comes from an accelerometer inside the bomb, while the
calculated value contains such variations as flexing of the
bomb case by the pressure foot and errors in translation.

60. Ljection Velocity - The bomb velocity was obtalned in
three different ways;

a. From the high-speed movlie records
. By lintegratlon of the acceleration-time curves
c. By substituting the horizontal range values in
the expression: —
V= (R - .33)
of
where V = average veloclty o bomb
R = measured horizontal range (Plate 18)
.33 = lengtnh of eJector Toot extension
g = accalsration of gravity :
h = height of bomb from earth (7.458 Ct) -

A1l three methods were used on several shots and the results
agreed within 5%. However, 1t was found that the latter method
was most sensitive to small changes 1n velocity and was therae-
fore used to obtain the mean ejJection veloclty ané 1ts standard
deviation. The mean {57 snots with 2000-1b bomb; was found to
be 8.7 £t per sec with standard deviation of 0.87 £t per sec.

6%, Pregsure-Time Data -~ The averzye maximum pecl: pressure
p-oduced in the powder chnamber (2000-1b bombd} was 3340 psi and
the highest peak pressure recorded was 5460 psi {se2 Plate 18).
In Plate 20 is to be found four superimposed pressure-time
curves, each of which 1s a composite representing one of tne
four powder temperatures used in the series of {irings. As
can be seen in this plate, the total area under cac: of these
curves is practlecally constant which Indicates theat the effect
of temperature 1is to vary the rate at which energy 1is released
from the vowde:~., I'rem our data we derived the f»llowing
emplrilcal expression of the stralgnt line form, y = mx -+ b;
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where "y" L2 the tize in nilliseccnds required Lo 21.14 up
peaik presususe, and 'X" 1s the powder lemperatire 1n degrees
Fahrenneit, Thils curve, which fits our results rsasonably
well, shews that tas zolder shots requive a longer tilme to
bulld up =z peak pressure in the chamber as 1s to be expecited
from thils partlculaw vhemical reactlon. Theoreticalliy each
pellet of powder must rseach a minimum burning temperature
before 1t can be ignited, therefcere the lacrecsed delay in
reaching peak pressure at %Phe lower powder temperabies, 1s
accounted for by the increased time reguired to get the pellet
up to burnlag temperature, Another theory explains the 3delay
by suggesiing the nresence of some low-order vuiniag at the
Jower temveratures, r2selting 1n some secondary gaseous pro-
ducte which In turn are burned. However, we found that thne
effect of powder tempﬁratune rarlation or. the bomb range and
propeller clearance was not significant at the 5% level.
(Temperatires varied from -65°F to +160°F.

62 Piressure-time data was not obitained on zl1ll shets
as reqvas ted because of ﬁnntrudic tory requirements. To chtalin
satisfactory curves, the oscelllcgraph film spsed had to be
sufficlently icow for tne pressure Ltrace to assume the appear-
ance of & half-sine wave., When the £iim was run st ©“hils slower
speed, the¢ current and voitage traces were not suffiziently
resclved to allow the plotiing of current and voltaze time
walues. (onsequently part of the recovrds were takeis each way
80 as to ¢bhtain bota types of mzasurements.

C3. Hosk Openlng Data - The pressure at which the nooks
opened ranged Irom 153 Pl up to 2090 psli with a sitandard
deviatlon of 540 psl and an average value of 1000 v;iu These

values weire qgulte erratlec and scnmed to heve lic ~zlation
to the sive of the momb. However, they apneaied Lo Vncvease
wltn the number of 3hots, and very lilely this critlqal p sure

is scome funetion of the anount of sludge which accumllat an
the interxior movlng parts of zhe ejector. The hook~>pening
times (do”inud as time from the chjnﬂ'nb of pregsuca-rise

to ookt ¢reqing) rﬁub,d feem 0.2 ms to 6.0 ms with o1 average
value 2 3.71 ms. Perhaps a more reallstic definitlion of
hookmcpeninb times ahoulh e “ne intsrval from currait
appiication to nook-onenlng. Thnese values, whilch are recoirded
in Plate 1.8, were erpratic wi?n a waxiinun of 87.4 s ané a
mean of ¢.3 ms, In tae last ctwo celwms of Plate 14 {items

1 and 2) are given thn2 meanc and stantard deviations of two
separate time measuvrenents taken from the records. 'The sum
of these two values 1s the overall time glven akove, and as
can be seen from th2 large standard deviation, ltem 1 accounts
for ali ¢i tiie erracle tlmes. The abnormally high values

were usucily caused 2y a nacy elecetrical connection and a ro-
sultlay low current Larough the obridge. However, it sheuld

be pointed out that even the maximum value of 87.% ms dees nou
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where "y" i3 the time in nililsececonds required %o duild up
peak prescure, and "X" 1s the powder tempsrature in degrees
Fahrenheit. Tais curve, which fits our results reasonably
well, shows that the colder shots require a longer time to
build up a peak pressure in The chamber as 1s to be expected
from thils parcicular chemical reaction. Theoretically esach
pellet of powder must reach a mininum burning temperature
before it can be 1lgnlted, therefore the increased delay in
reaching peak prescure at the lower powder tenperatures; is
accounted for by the 1increased time required to get the pellief:
up to burning temperature. Another theory explains the delay
by suggesting the presence of some low--order burning at the
lower temperatuires, resulting in some secondaxry gaseous pro-
ducts which in turn are bvurned. However, we found that tne
effect of powder temperature variation on the bomb range and
propeller clearance was not significant at the 5% level.
(Temperatures varled from -65°F to +160°F.)

62. Pressure-time data was not obtained on a2ll shots
as requested because of contradictory requirements. To obtain
satisfactory curves, the oscillograph f£ilm speed had to be
sufficliently low for the pressure trace to assume the appear-
ance of a half-sine wave., When the f£ilm was run at this slower
speed, the current and voltage traces were not sufficiently
resolved to allow the plotting of current and voltage time
values. Consequently nart of the records were taken each way
80 as to obtain both types of measurenents.

63. Hook Opening Tata - The pressure at which the hooks
opened ranged from 138;psi up to 2690 psi with a standard
deviati~n of 540 psl and an average value of 1000 psi. These
values were qulte erratic and seemed %o have 1little relation
to the size of tne bomb. However, they appeared to inerease
witn the number of shots, and very likely this critical pressire
i1s some functlon of the amount of sludge whilcit accumulates on
the interilor moving parts of the ejJector. The hock-opering
times (defined as time from the beginning of pressure-rise
to hook opening) ranged from C.2 ms to 6.0 ms with an average
value of 3.71 ms. Perhans a more reallistic definition c¢f
hook-orening times shouvlsd be the interval from current
application to hook-opening. These values, wnich ave recorded
in Plate 18, were erratic with a maxinum of 87.% ms and a
mean of 9.3 ms. In the last two columns of Plate 19 (items
1 and 2) are given the means and standard deviationz of two
separate time measurements taken f{rom the records. The sum
of tnese wd values 1s tae overall time given above; and as
can be seen from the larze standard deviation, ltem 1 account:
for all of tae erratic times. The abnormally high values
were usually caused by a poor electrlcal connection and a re-
sulting low current tarough the bridgse. However, 1%t shculd
be pointed out that even tahe maximum value of 87.4 ms does not
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at which the hooks opened increases somewhat wlth tnae numoer
oi' shots indicating a gradval "gumaing up” of fae »eli2ase
Sieceve wikh respect to taz lover zleeve,

67. rowder Temperature - From the resulte ottained 1€
can be coiicluded that ohe ‘algher powder tﬁmperaturw cavse the
peak chamber pressure to e reached more quickly tut it is
s3zen thait the amounti of energy released from the powder during
the firing cycle 1s approximately the same for the temperature
observed. However, 1t nust be pointed out that only =2ight
shots were made at the 160°F value and only seven a%t the -05°F
value. Although no fallures were observed, the reliabllity
of the cartridges was not well established at thesz extreme
temperatures because of the small number fired. No sigriflcant
effect of tne wide ambleni temperature range (20°F %o GC°F)
on the opsration of thne ejector or itne resulting data was
noted, The operation of the ejector at -05° was not attempted,
novever aside from the slight possiblliity of the freezing of
condensate on or beiwean Lhe moving parts, there aopears to
be no reaszon to suspect 1ts fallure to oparate at this service
temperature.

68. Peak Firing Chamber Precsure - The Cartridge Mk 1
has a powder load comparable to chat of the Mlreraft Starter
Cartridge slze "D" whizh was used in extensive ejector tests
by the Do1glaq ARirceafc Company. According to their report
[Reference {k)] Lae mean peak f{iriang chamber pressure ex-
perienced with thie comﬁa"abie zartridge was 5150 psi with a
maximum otserved peak of 6270 psl. SIince our mean peak pressure
was only 3840 psi and oux mdxlan peal was only %ﬂoo =81, it
is evident 3that soie 1improvement in thls direction has been
madza

69. Pa2gk Acceleration -~ Slince the maximum volue of
acceleration of the bomb was observed to be lzss tasn 12 g's
1T is reasonable To assume that no damage or muuafc ty of thne
bomb fuzes 1s to be expected., Although the acceleratlon will
be higher on the smaller vonbs, 1% is not anticipated that 1%
will ke sufTlcient %0 affeet the bowmb load or 1ts zcomwonents.

TO. Survelllanee - The cartridges we testad were not
well sealed at €ithe? end, hence & surveillance test was not
rur because the resalts would have been Inconclusive regardling
producgion lets. It 13 known that the survelllance stabllity
of ¥C-9 mix 1s rathe” poar and that molsture causes rapid
deterioration of the compound., It is therefore reccrinended
that the Carrtridges Mt 1 be packed and stoered in hermetically
sealed contalners,

Ti. Loose Firing Contact - As pointed out in paragraph
47, in many instancas the Liring contect of the cariridga was
sufficiently loose “0 allow axial movement when slight pressure
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was applied. Althceugh some small movament of this part s
likely to result from the breech {firviag-contact pressure
durlng the tightening operation, no previous displacement of
the cartridge center filring-contact snould have occurred. If
such displacement cccurs, one or both bridgewlires might break,
or a poor connection witn the breeca [iring pin might be
expected. It 1s therefore recommended that in future pro-
duction lots of tnis cartridge, the c2nter contact be more
tightly secured.

72, Improved Continuity Test Recommended - Although the
plane pllot has a calefy factor of apvroximately “en to one
when he uses the #31> Mazda Lamp %0 caeck the bridge continuiliy,
the resulting current 1s about 100 ma. It 13 considered that
this much current lowing through any bridgewire embedded in
a senslitive primer mlx is llable to produce sufficient local-
ized heat (because of differential effects) to initlate the
mix. It 1s recognized that statiastlically the chances are
small and it should te determined by the operating personnel
whether such chances are acceptable and what the results of
a premature eJection would be. I% appears to the writer tiaat
the situation is similar to that of wm2asuring the resistance
of a detonztor with an ordinary ohmmeter. Usually nothing is
expected to happen, but 1t is not an acceptable practice be-
cause detonators have been initlated in this imanner. Perhaps
some device simlilar to the ordinarcy silver-chloride cell can-
tester could be used lnstead of a ligat bulb.

73, Cartridge Retainer "C" Recommended ~ As explained
in paragrapnh 22, two new cypes Ol carcricze retainers viere
used 1n an effort to overcome the difTiculty of removing
the cartridge after firing. Tne last one tried was retalner
"e" (Plate 8) and although extraction was somewhat faciiitated
(since a screw driver could be insert2ad la the slot), the face
slot was mlilled clear through the out2r container llp. Be-
cause of this fact the lip could not form a gocd gas seal
and aliowed some blow-back. It 1s re:xommended that retainer
"C" be used, provided that the depth of this slot be reduced
to allow a bvetier gac sezl.

4. Unburned Fowder - In 206 ¢asas, some unburned powder
remained in the cartridge retainer after {iring {lehle 3).
Although the awounts (1.34% gns avg) wire amall in nost cases,
on twe shots with the 500-1b bomb, chz unburned reszidue was
9.5%5 gns and £.81 gms which 1s about 34% »f Zthe total load.
This is proper evidence of (1) poor iznitlon or (2} evercharge.
In any case the bomb's clearance of the puropellers was not
appreciably affected so no concret2 evidence exists to warrans
an Iimproverent in this direction. <cChamber foulling was not found

to be exceisive and was similar to thit reported iIn Refercace {r).
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5. fest Recommended for Douvgles Bomb EJector - Because
of our experience ol tearing out tne ijorward hooks of the
ejector on tightening the breech, it 1s reascnable to assume
a possibie unsafe condition when the plane is carrying the
2000-1b bomb. Consequently the follewing test is recommenced;

a., Construct a mount for the eJector so that the
assembiy (including a 2000-1b bomb) can be shifted
mechanlcally from a horizontal tc a vertical position.

b, With the ejector and the bomb hanging 1ln the
horizontal position, and wlth the factory setting of the
pull-rod nuts, screw in the breech (the powder retainer
and cartridge should be in place).

¢. Shift the whole assembly slowly wita rougn,
Jerking motions until the bomb and ejector arz in a
vertical position. It 1s felt that such a test migat dis-
close a hldden tendency for the hooks ¢o open prematurely.

76. Strengthen Plston Head Stake - As indicated in para-
graph 21, under cersain conditlons the foot and piston assembly
of the ejector can be ejJected witihh the bemb. Our investigation
showed that at the time of foot adjustment to the vomb, the
compression rings in tne piston can bind wilth a simultaneous
bindling of the piston, znd if the atake becomes broken this
binding can cause the piston-head to unscrew. Tnarefore, it
13 hignly recommended that tne stake between the oiston and
the plston-head be sftrengtiaened to prevent lts being loosened
under firing shocks and the conseguent relative motion of
these twoe parts from binding torgues.

77. Hooks Fail to Open to Locking Position- Akout 60%
of the time, at lezst one side ol one or Tne zJector hooks
é1d not cpen completely to the lozking pesition on firing.
Sometlimes & hook would open its Jaws only enough for the bomb
lug to clear. This conéltiecn could conceivably cause the bomd
to tumble or otnerwise affect the trazjectory and keep 1t
from clearing tne propellers. The difficulty seems to he that
the helical-twist springs which open the hooks are not strong
enough to cpen the Jaws fully as the sear-bar l1s withdrawn.
It is recommended that the design of the ejector he improved
to overceome tinls tendency.

78. Sugg

reconmendal Lons

S

ons
£

ti ¢ Improve Wuture Testa - The foliowing
ars e

a. Place the photcgraphlc zrid very close to the
trajectory plane so as te ninimlze parallax in photography.
b. Eilther keep the number of varlables te an
absoiute minimum or plan to make 500 snhots. ‘e varied
the tepperature, viktrated and nor-vibrated sanples
the tyre of cartridge retainer, size of bomLis, and the
amount of powder load (the latter Iin only a few Instances).
(The ure of lactorial design 18 sepplicable here.)
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Witn this number of variables and the relatively few
shots under any glilven set of condlticns it was almost
imposslible to determine the effec’ of powder tempereature
on the propeller clearance, etc.

¢. Place all instruments closer to the ejector
80 that short cables can be used, thus minimizing the
mutually inductive effects of long parallel circults.

d. Set up better darkroom facilities on tne spot.

e. Spread the samples more evenly over the temper-
ature range and fire some non-vibrated and vibrated
cartridges at each temperature.

f. Clean the ejector after each five shots. This
would necessitate having at least two eJectors on hand
80 that one could be cleaned when the other was in
service. This frequence of cleaning ls not necessary
for service use, but 1s desirablie for test purposes
so that the variations can be held to a minimum.

5. If a future test appears to require a similar
anount of data, plan to keep two people busy full time
for a three-months period studying and analyzIng the
data.

n, Improve the accuracy of range measurement on
the ground by welding a small "tit" on the bomb which
will make 2 distinctive mark in the soft earth.

i. Try to eliminate contradictory regqulrements
such as measuring the firing energy and ignition time
on the 3ame shots where pressure-time curves are wanted.
The firlng energy measurement requires a high film
speed to resolve the rapid varisations in voltage and
current, while tne pressure-time curves must be recorded
at much lower film speeds to produce a usable trace.

A. H. Erickson

AHE/ §b
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: PLATE 3
- DOUGLAS BOMB EJEGCTOR
SHOWING FAGTORY SETTING OF PULL-ROD NUTS
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PLATE 4

DOUGLAS BOMB EJECTOR
SHOWING SETTING OF PULL-ROD NUTS
NEOESSARY TO PREVENT SEAR-ROD MOVEMENT
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- NOTICE: WEEN GCVERNMENT OR OTHEP. DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TC BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
| PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
“USE OR SELL ANY PAT ENTED INVENTION THAT“MAY IN ANY WAY BE RELATED THERETO.

Reptoduced by (
|OCUMENT gE.R\Ilf:E ﬁENTER

Aees ‘\n‘ﬂ‘ D Bl o Y S

. e gt

s




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053

