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TM (A. Ho Erlckson) 
HOL Files 

1" Cartridge (Bomb Ejector) Mk 1 Mod 1 - 
Design-Proof Tests of (Project AM-l6l). 

A pre-production lot of 100 subject cartridges was 
made at HOL and submitted to the Technical Evaluation. 
Departisaent for design evaluation» A Douglas Bomb 
Ejector was mounted vertically on a specially- 
designed tower in the White Oak explosives area and 
shots were made with instrumentation to record 
pressure„ acceleration, firing times, hook-opening 
times, ejection velocity, probable propeller clear- 
ance, etc 'Most of the experiments were made with 
the 2G0G~lb bomb which represented the greatest 
load for the cartridge arid the ejector. From an 
operational standpoint |fche storage characteristics 
of the cartridge were not established si&e no sur- 
veillance tests were run on these unsealed samples) 
the design is found to.be acceptable with a raaximus 
firing delay less than one-tenth that of its prede- 
cessor,, the Aircraft Starter Cartridge a     On ejection 
the average clearance between, the 2000-lb bojab and 
the "propeller tipIP circle was about three ft which 
is 10$ to 15$ more clearance than that obtained 
with the starter cartridge. 

The data and conclusions presented hereto are pre- 
pared by the Technical Evaluation Department and 
represent the present opinion of the Hav«.l Ordinance 
Laboratory> - 

fa) 
lb) 

(«) 

ill 

DBE Assembly - Douglas Aircraft Bwg, #5256285» 
BuOrd Specification #1126 - Aircraft engine- 
starter cartridge„ 
BuOrd uncl Itr ESs6~26/S?8(Re2®) to HOL dtd 
7 Sept 19*5 [I0L File El6-2'J/F41-6(1 -597)1. 
Drawings on 1" Cartridge - Listed on SK 166557'. 
HOLM 9262.- Primer Compound XC-9, Properties ol 
TSS 4 "-$11, 
SS 99161. 
BK 95023^   SIC 95024. 
SX 84589,  SK 84595s   31 9r>024„ 
:J0L notebook #0226. 
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Douglas 
Douglas Aircraft 
Douglas Aircraft 

Aircraft Co. Report #ES~6?84. 
Co, Dwga #2252404. 
Co, Dwg. #22524.14 „ 

Douglas Aircraft Co. Dwg. #2252408. 
SOLE 884 - HOL Recording Acceleroiaefcer, 

Type 1A and Type 2A. 
HOLM 8860 - standard {Laboratory) Transportation 
Vibration Testa and Special Design Vibration 
Tests as used for HOI Ordnance* 
HOL cor^f Itr to BuOrd dtd 14 May 1947 
[HOI, Pile EN6-27/F41-6C1-702) 1 . 
HOLM 9206 - Bosab Ejector Cartridge Mk 1 -?od lf 
Report of Test of* 

{HW} Tables 1 th.rcv.gh III, 
(HWJ Plates I  through 22, 
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IHTRODUCTIOH 

1. Modern dive-bombing techniques call for full wing- 
flap braking while the bomb is being released during an attack. 
Since the bomb itself is acre or less streamlined and has no 
air brakes of its ownc its velocity (relative to that of the 
plane) will increase and consequently it will "fall" ahead of 
the plane, Ma?ay of the nevrer bombers have large propellers 
which must be cleared by the borab in its forward flight. 

2. A combination bomb-rack and displacing gear device., 
called the Douglas Bomb SJector [Reference fa}] (Plates 2, 3, 
4 and 5), had been developed which* at the instant of release, 
propels the bomb free and clear of the propeller, even when 
the plane Is in a 90° or vertical dive„ 

3. The athifartship force s.s produced when an explosive 
cartridge is fired agaln:3t a piston which is mechanically 
linked to the bomb by a pressure foot,. Through another meehatd.- 
ual linkage, the pressure build-up in the firing chamber causes 
the bomb-rack hooks to open at the tisae force is applied,, 

4. This ejector was designed to accommodate the standard 
aircraft-starter cartridge [Reference fb)] which proved to be 
unsatisfactory for this particular use because of the existence 
and variableness of an appreciable firing delay (avg 211 milli- 
seconds) o Consequently the Naval Ordnance Laboratory was 
requested [Reference (c)] to develop a new cartridge for this 
purpose. This new cartridge is called the 1" Cartridge (Besab 
Ejector) S8c 1 Mod 1 (Plate 1). In December 1946, it was sub- 
mitted to the Technical Evaluation Department for evaluation. 

i 

DESCRIPTIOH OF CARTRIDGE 

5o    The 1" Cartridge (Bomb Ejector) Mk 1 Jtod 1 {which 
looks like an oversized shotgun shell) is approximately one-in. 
In diaa?et<*r and 3«175 in. long [Refer«nce (8)3 • The shell 
ease is extruded aluminum and has a b;»ass electrical firing 
contact in the center of the breech end, in place of the per- 
cussion cap usually found in am&unit ion of this scrt, The 
initiation of the cartridge is acrorip'tished by electric 
current flowing through a double bridge wix*© which In  essbeddec. 
in the sensitive XC-9 prlser mix  [Reference (e)]u 

6.    Starting at the primer ©rid,, the powder charge con- 
sists ct  2.2 gms of FFQ  Black powd«r, 2.0 gms of "small1' 
(0"10 x G!?12) ssiokelesa pcm&ev,  the final coapartBient contain- 
ing smokeless powder mixture of 2 A  gsis of "mediwi" (0"25 x 
0U25) and 22.0 gsss of nlaree5' ("312 x  "312} pellets„ A 
eellulc-se-acetate disc is placed after the black powder sub- 
booster and after the "sraali'' Siaokeleas powder bolster,. A 
similar disc is used in the mussle end to retain the ?aain 
saokeless-powder charge .-> 
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PURPOSELQF;_SXgggI^OTS 

7o    The purpose [see Reference (f)] of the experiments 
reported herein was tos 

a. determine the effect of normal handling and 
aircraft vibration on the reliability and performance 
of this design* 

b. determine the effect of temperature on the 
reliability and performance of this design. 

Co determine the firing energy and ignition time. 
do determine the pressure-time relationship in 

the firing chamber during the firing cycle including the 
instant of application of firing voltage s:nd the instant 
of hook opening. ' 

e» obtain acceleration-tisi© curves of tho boab 
during projection. 

f. obtain high-speed motion pictures of the boab 
trajectory. 

g. compare chamber-fouling with that produced 
by the 3fk 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. 

PRELIMIHARY ACTIONS 

9»    Obtained Boab Ejector - A Douglas Bomb Ejector 
(BT2D-1, aerial #0"; was •JB'taliied" from the Bureau of Aeronautics 
Armament Division for carrying out the above exper iments. 
Since the laboratory had no previous experience with this de- 
vice it was necessary to study it? normal operation and to 
become familiar with its components so that instrumentation 
could be applied in obtaining tie requested information* 

10.   Built Bcmb Ejector Tower - Since the ejector was to 
be mounted in a verticaiposfibTon, it was necessary to design 
a tower which would withstand the repeated shocks of firing. 
It was discovered by the Maval Proving Ground at Dahlgren, 
that when the 2000-lb boab was ejected, this thrust was suf- 
ficient to displace two 12" x 12" wooden uprights set in 
concrete o Consequently fcr our use a reinforced-conorete 
tower (see Reference (g) and Plate 6) 19-ft high was con- 
structed on a 14 cu yd reinforced concrete base which extended 
to a depth of eight ft Felow grounSTTevel. A 12-ina "I" beaia 
equipped with a pulley was bolted to the top ajid a gasolsne- 
driven winch was mounted 100 ft in front of the terser tc serve 
as a hoist. Two shorter 12-in. beams wer» imbedded in the 
concrete to support the boisb ejector and its load.. 
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11.   The tower and e{t"Ctor mount were designed to 
simulate closely the BT2D-1 Dive Bomber In a 90* or vertical 
dive. The s>easitremerts used (Plate 10) were obtained from a 
plane at ?atuxent Air Sass. Since we wanted to measure the 
clearance obtained between the bosab trajectory and the circle 
described by the propeller tips, it wa.3 decided that the earth's 
surface should represent the plane of propeller rotation and 
the ejector was therefore mounted at the proper height (Plate 10) 
to establish this. 

12. Designed and Constructed EJeeto? Mount - A mount was 
designed which would accoiffisoSais the e^cTdr^s^uo! bolts and 
which would fit the two 12-in. chcnnels Imbedded in the face of 
the tower, Elght-in< standard steel angles and half-in. steei. 
plate were welded together to form a rectangular hollow box 
[Reference (h)], whose Inside faces were drilled and tapped to 
fit the bomb ejector. (See Plate 7„) 

13. Designed and Built Photographic Qrid - In order to 
facilitate the frame-by-f raise studyor the proposed motion 
picture records, a large white back-board was constructed and 
painted with regularly spaced orthogonal black 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. 

teaigned and Built Slip-Stream Simulator - Since ovir 
with the bomb'ejector were to be static and not 

1^,   Deaf 
experiments" 
dynamic as would be experienced in an actual dive-bomber 
operation, it was reasoned that some device should toe devised to 
simulate that upward drag force (approximately 500 lbs on the 
2000-lb bomb) produced on the bomb by the slip stream, (In the 
BT2D-1 Type Dive Bomber, the bomb is carried under the fuselage 
and is always exposed to the slip-stream force.) To supply 
this upward force Conly until the bomb leaves the hooks) we de- 
signed the slip-stream simulator whose force link consists of 
a stout spring, a turn-buckle and a dynamometer, and fastens to 
the bomb tail with a slide-fork arrangement, [See Reference (I) 
and plate 6.] 

15»   In practice, after the bomb Is in place, the fork- 
end of the slide arm Is so placed that the slide bar (fastenet 
to the boiab tall) Is between the prongs with the upper (plate) 
end of the bar resting on the fork, The  turn-buckle is then 
tightened until the upward force applied by the spring is seer 
to be 500 lbs as Indicated by the dynamometer. On ejection, 
after the bo&b has moved a horizontal distance of approximately 
one in., the slide bar is withdrawn from the fork at which tire 
the upward force is discontinued. This device was used on only 
three shots because camera studies showed no appreciable change 
in trajectories when the simulator was not used. Another rearer 
for its being discarded on subsequent shots was that the time 
consumed in the extra rigging resulted In &  firing schedule which 
was not acceptable to the Bureau of Ordnance. 

H0LH 9090 
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DIFFICULTIES ENCOUNTERED 

16 .   Premature Hook Opening - On Friday, 31 January 19}*'7, 
the ejector was boluecl to its "vertical mount and the 2000-lb 
bomb was placed in the hooks preparatory to firing the first 
shot. The first cartriri^p was inserted, and. as the breech was 
being screwed down, the upper (aft) hooks opened allowing the 
bomb to rip out the bottom hooks 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 IW36) uncovered a Douglas 
Aircraft Company Report [Reference (k)l published in April 19^5* 
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 breech (they were 
testing an ejector of identical design). 

18. To avoid this difficulty, it was recommended in the 
Douglas report that the pull-rod nuts be loosened until a 
positive clearance is obtained betxireen them and the retainer 
plate, while the release and upper sleeves are in che "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 release and upper sleeves 
were in the retracted or release position. 

19. It was therefore concluded that souie 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 operation of the breech, a method 
of detecting the slightest movement of this sear-rod was needed, 
A simple electrical screw contact wat, installed near the upper 
(aft) sear rod so tha\. the slightest movement of this rod 
would light an indicator lamp, calling for a readjustment of 
the pull-rod nuts. 

20. Details of the Adjusting Operation - With the 
2000-lb bomb in place, and' with the factory setting of the 
pull-rod nuts (see Plate 3), the Indicator-contact screw was 
set so that the lamp x?ould signal the beginning of sear-rod 
movement. The breech is equipped with a ball-ratchet device 
so the "notch-count" served as a vernier indication of seating 
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 being 
seated, the pull-rod nuts were both loosened one turn. With 
this adjustment, the breech could be advanced to 23 r.otches 
but was still not seated„ Loosening the nuts again, 28 notches 
resulted E'.nd the final adjustment allowed 37 notches without 
producing movement of the seor-rod. With this setting, the 
breech was completely closed and was ready for firing- However, 
since the pull-rod nuts v;ere now In such a position to prevent 
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the Insertion of the cotter pins (see Plata 4), and since the 
final adjustment was not known to be stable over a series of 
shots, the technique of using the indicator lamp was employed 
on all subsequent shotts during the breech-securing operation. 

21 *   Pressure-Foot Ejected with Bomb - On shot no. 6 the 
piston and foot assemcly'Tollowed fJEe^bomb in flignt for a 
short distance but was saved from damage by the strain-gauge 
wires which retarded its flight. Examination revealed that the 
piston head [Reference {!)]  had become unscrewed from the piston 
(Reference (»)].. The piston-head gasket [Reference |n)] was 
badly deformed and it is probable tbi*t the shock of preceding 
shots had loosened the stake to the piston and allowed the piston- 
heid to unscrew. After this shot, the gasket was re-forated 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 Saval 
Gun Factory. 

22.   Cartridge Extraction Difficult - In every instance 
we found it dlfficuIFT<rreaove the empty shell case from the 
powder retainer after firing. The extruded aluminum case would 
swell under firing pressure and temperature and would have to 
be removed by using a long thJji raarod inserted through a hole 
in the mm; zle-end of the retainer* During the course of the 
tests two other retainers (Plate 8} were tried in an effort to 
overcome this trouble but without success» One of these re- 
tainers was almost identical to the production model but was 
coated inside with a thin layer of chrome {retainer E) supposed 
to prevent adhesion. The other retainer (C) had a chamfered 
shoulder and a slot milled across the face at right angles to 
the axis to allow '•he use of a screw driver as an extractor. 
When this retainer was used however, considerable gas leakage 
was observed, indicating that the slot was milled too deeply. 
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INSTRUMENTATION 

23. Firing Energy and Ignition Time - To obtain the 
minimum firing energy and the true ignition time for the 
priming mix, the TM-1 method outlined in NCLM 8636 was used. 
In this method a resistance-time curve for the bridgewire is 
obtained and the change of slope of this curve indicates the 
point at which much additional heat is applied to the bridge 
wire by combustion of the priming mix and therefore represents 
the true ignition point. By integrating the pow<*r-time curve 
(Eldt) from t equals 0 to t equals ignition value, the actual 
firing energy is obtained. 

The values of E, I and t were measured with the 
NOL six-trace CRO (Plate J4). 

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 unknown 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 its sleeves, 
no perforation was possible except through the center of the 
ejector foot. It was concluded that such a hole would materially 
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 oscilloscope, 

25. The foot was calibrated in lbs (see Plate 17) so 
the strain-gauge output gave us the force-time curve during 
ejection. Since pressure equals force per unit area, (using 
the area of the piston head) we calculated the pressure at 
regular time intervals to obtain very satisfactory pressure- 
time curves. 

26. Hook-Opening Time - This measurement is herein de- 
fined as that interval from the beginning of pressure rise until 
the instant at which the hooks begin to open. On the upper (aft) 
hook of each set, we placed a narrow copper strip which was in- 
sulated from the hook by masking tape and was held in place by 
a stout rubber band. When the hooks were closed, an elactricsl 
connection was therefore made between this strip and the lower 
jaw (see Plate 7). The current flowing through these two con- 
tacts produced a deflection on two adjacent traces of the 
oscilloscope which gave an immediate sharp signal when the hook3 
began to open. 

27. Acceleration-Time Relation - Two types of acceleroro.eters 
were used (a) NOL Fiezd^Electric Accelerometer Pickup, Serial 
//I9, natural frequency 6^00 cycles per sec [Reference (c)] and 
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^b) the Stathara or strain-gauge type (Waugh Laboratories Catalog 
JR-10-240, Serial #194* natural frequency 270 cycles per sec, 
range ± 10 g), 

28.   The first acceleration measurements were made with 
the piezo-electric acceleroiaeter mounted in  the 2000-lb bomb 
(both pickups were mounted at the bomb's center of gi'avity on 
a woodan support wedged tightly inside the sand-filled case) 
to give accelerations along a line perpendicular to the axis 
of the bomb through the center-of-gravity and in the plane of 
the CO. and the bomb lugs. Since this device was of tha high- 
impedence type, it was necessary to use a cathode-follower 
pre-aaplifier to match the circuit impedance.  (It is highly 
desirable to use low impedance cable circuits to minimize 
mutual inductive reactance which produces spurious signals.) 

29*   Firing Circuit - To obtain the specified firing 
potential of 24 volts "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) containing 
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 circuit resistance 
with the exception of the batteries whose Internal resistance 
was assumed to be very low even at currents as high as 30 amps. 
The potential-time curves were recorded by one element of the 
six-trace oscilloscope connected directly (as near bridg^wire 
as practicable) across the ejector firing plug. 

30»   The current-time curves were also recorded by one 
element of the six-trace which measured the IR drop across one 
leg of the firing cable whose resistance was carefully obtained 
each time with a wheatstone bridge. 

31 o   The Stathau Accelerosieter was mounted ia the bomb 
in line with the Piezo-EIectrle pickup and was connected to 
the oscillograph as shown in Plate 15„ Although this device 
was of the low-impedance type and was consequently easier to 
use than the other pickup, it appeared to overshoot the peaks 
because of a low natural frequency. 

32.   High-Speed Motion Pictures - Two types of pictures 
were taker; oturlng the ""bestss~ ""  — - 

ac 35ma Fastax recording at 2000 pictures per sec, 
ma#e only on a few of the early shots to observe any 
irregularities of hook openings,  etc. 

b. I6mm movies at 6k  pictures p&^  sec from which each 
firing trajectory was plotted (Plata 10). 
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I Since the latter recording included a synchronous timer in th;2 
field of view, the horizontal velocity of tne bomb after ejection 
was obtained on a sufficient number of shots to check the values 
obtained by integration of the acceleration-time curves. 

33.   Fastax-Slx--Trace Automatic Synchronizer - This auto- 
matic device (Plates 12 and 13) was developed by TM-1 to 
accomplish in correct sequence? 

a, Six-Trace starting, 
bo Six-Trace calibration, 
Co Pastax sorting, 
do Firing, 
e, Fastax stopping, 
f0 Six-Trace stopping. 

The proper timing was obtained with Western Electric stepper 
switches whose step frequency was accurately controlled by an 
RC circuit. 

CALIBRATION 

3^.   The voltage and current traces of the CRO were 
automatically calibrated during each shot, As the six-trace 
film reached normal operating speed, a stepper contact in the 
synchronizer circuit operated a relay which momentarily connected 
these two channels to the calibration circuit as 3hown in Plate 
15- While this momentary connection was made, a falling weight 
was automatically z*eleased which quickly removed resistances 
successively from this circuit to apply a known stair-step 
signal tc each element. This calibration relay dropped out 
before the stepper firing contact was made. 

35•   Immediately after each shot, the strain-gauge and 
accelerometer channels were calibrated manually. In the case 
of the strain-gauge and Statham circuits, a potential-divider 
was used to produce a known voltage which was applied at the 
pickup erd of each channel. 

36.   The piezo-electric accelerometer channel was cali- 
brated by applying a known a-c voltage to the pre-amplifier 
input chv.s eliminating the necessity of determining its ampli- 
fication,, 

37.   The calibration of the piezo-electric pickup and the 
Statham pickup were obtained from curves furnished by TM-2. 
The force calibration of the pressure-foot strain gauges was 
accomplished by TM-3 who furnished the curve shown in Plate 17. 
This foot calibration was repeated at intervals during the te3tp 
and identical curves were obtained attesting the ruggedness of 
the system« 
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TYPICAL EXPERIMENTAL PROCEDURE 

38 „   The typical sequence of events for each shot is 
as follows? 

a. Hoist tomb into position, snap shut the 
ejector hooks after insertion of bomb lugs, release 
hoist cable and secure the foot against the bomb (contact 
points of foot against bomb are well lubricated so as to 
duplicate conditions under which foot was calibrated). 

b. Check insulation resistance of piezo-electric 
cable conductors. 

c. Make all cable connections at six-trace CRO 
and accelerometer pre-amplifier, and check all connections 
on connector strip at the ejector end c 

d. Warm up the six-trace, pre-amplifier, and 
pulse generator (if Fastax is used). 

e. Set up cameras and connect associated cables. 
f. Make final accelerometer and strain-gauge 

connections at the bomb and make visual check for de- 
flections in the six-trace,, 

g. Check continuity of nook switches by observing 
six-trace deflections as battery is applied. 

h. Insert cartridge and container assembly in 
the ejector and seat the breech using the indicator-lamp 
procedure outlined in paragraph 22. 

I, Connect firing leads and check continuity of 
firing circuit with the indicator lamp (Mazda #313)° 

J. Measure the resistance of firing circuit with 
wheat3tone bridge. 

k. Start the syncnronous timing motor for camera 
recording. 

1. Fire with automatic synchronizer circuit 
(Plate 13). 

m. Measure horizontal projection distance of 
bomb from nose Imprint in earth. 

n„ Calibrate strain-gauge and accelerometer 

Remove cartridge shell and weigh the unbnrned 
channels 

o 
powder* 

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

q. Develop the movie records to obtain trajectory, 
velocity and earth-impact angle- 

r„ From trajectory-plot, measure the propeller 
tip clearance. 
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SAMPLE DISTRIBUTION 

39.   The following table shows the plan of cartridge 
distrlbut.'.on and indicates conditior.ir.ig and disposition. 

Cart. No, Storage 
Temp. 

Firing 
Temp. 

Keen. Treatment   Disposition 

1-7 -65 °F -65 °F 
8 -65 °F ambient 
9-17 0°F 0°F 
18 0°F ambient 

19-20 70 °F 70 °F 
21-28 160 °F 160 °F 
29-33 70 °F 70 °F 

34 70 °F ambient 
35-36 70°F 70°F 
37-46 ^ _ 

47-62 0°F 0°F 
63-64 0°F ambient 
65-81 70 °F 70°F 
82 (1/2 70 °F 70 °F 

Load) 
83-86 - - 
87-90 - ambient 
91-94 ambient ambient 
95-97 - - 
98-100 (3/4 

lcac" ) 
ambient 

Vibrated Fired 
Vibrated Fired* 
Vibrated Fired 
Vibrated Fired* 
Vibrated Fired 
Vibrated Fired 
Vibrated Fired 
Vibrated Fired* 
Vibrated Fired 
Vibrated X-ray Insp 

None Fired 
None Fired* 
None Fired 
None Fired* 

Jolted (X3) Fired* 
Jumbled Fired* 

None Fired* 
None To (WA) 
Hone Fired 

"Fired" means in the bomb ejector with normal instrumentation, 

"Fired*" means in the bomb ejector usin^ a Bruceton test to 
determine the minimum firing curxont. 

"(X3)" means 1750 jolts in each of three positions. 
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DETAILS OF EXPERIMENTS (What was done) 

I 40.   These experiments were conducted in the Explosives 
Area at White Oak, Maryland, during the period 4 February 194v, 
to 10 April 1947, by the personnel of the Ammunition and 
Explosives Subdivision. The instrumentation problems were 
rather complex and acknowledgement is made for the splendid 
help and cooperation of TM-2 who served as instrumentation con- 
sultants throughout the firings. 

41. Vibration - Forty-six cartridges were subjected to 
the standard transportation vibration schedule [Reference (p)1 
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 in 
a vertical position with the breech end up. Numbers 37 and 38 
were in a horizontal position; 39 and 40 were treated vertically 
with the breech end down. 

42. Radiographlc Inspection - Ten of the above vibrated 
samples (37 - 4bJ were•glven radiographlc inspection (Plate 11) to 
check for separation, displacement or breakage of components. 

43„   Temperature Conditioning - In accord with the sample 
distribution schedule given Tn paragraph 39, the cartridges 
were conditioned to the indicated temperature for a period of 
24 hrs before firing. It should be noted that om firings took 
place during the months from February to April and consequently 
the ambient temperature varied from 20°F to 60°F„ 

44. Ejector Firing ~ A total of 87 shots were made with 
the Douglas Bomb Ejector and tower as described in tae 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 weire  tested in conjunction 
with the 2000-lb bomb since this represented the heaviest load 
requirement for the ejector and cartridge, However a few were 
fired with the 500-lb and the 1000-lb bomb to establish the 
trajectory and the propeller clearance. 

45. Record Interpretation Methods - Two types of records 
were obtained for each firing; (a; the six-trace oscillograph 
negative on 35mm film and (b) the lornm motion picture record 
(64 frames per sec). From a projected and enlarged image (tea 
diameters) of each oscillograph record, an overlay was carefully 
made, froin which the time and amplitude values were obtained 
on each trace,. An earlier method of obtaining the values di- 
rectly from the film was discontinued because of the excessive 
time required. Tnis direct reading was obtained with e scalcro- 
scope adapted for two-way vernier control and the record was studied 
against a ruled optical grating made especially for this purpose. 
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46.,   The bomb trajectory was plotted from 20 diameter 
projections of the 16mm motion-picture records* The film was 
placed in an enlarger and the bomb path was plotted from 
successive frame projections using the cartesian coordinate 
system described in paragraph 13«, TJsing actual measurements 
obtained from a BT2D-1 Dive Bomber, we were able to include 
in each trajectory plot, the nearest point of propeller ro- 
tation and thereby to measure the minimum clearance between 
the propeller and bomb trajectory., A sample drawing showing 
how the minimum clearance \»alue was obtained, is included as 
Plate 10. (It should be noted that clearances for the type 
AD-i airplane are within one in. of those required by BT2D-i».< 

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- 
sistances increased 0.01 ohms on an average as a direct result 
of vibration. This was possibly caused by a slight elongation 
(and consequent reduction in cros3 section) of the bridge- 
wires due to axial movement of the firing contact with respect 
to the case. A visual examination showed this contact to be 
loose in several instances so that it could be displaced in- 
ward quite easily with a pencil point. The resistance of 
cartridge no. 39 was almost doubled as a direct result of 
vibration indicating clearly that one bridgewire was broken. 

48.,   A statistical study was made to ascertain the effect 
of vibration on the horizontal displacement of the 2000-lb 
bomb. The results indicated that the difference in ranges be- 
tween the vibrated and non-vibrated samples wa3 not significant 
at the 5$ level.  (That is, it was found that once in 20 times, 
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-vibrated cartridges as regards 
their "Peak pressure times" (beginning of pressure rise to 
the instant of peak chamber pressure). Since both vibrated 
and non-vibrated samples were tested only at 70°F and 0°P, 
the study was limited to these two temperatures. However, 
no significant difference was found at the 5$ level. 

49«   Radiographic Inspection - Out of the ten vibrated 
cartridges examined, three showed "clearly that the entire 
primer assembly (contact, bridgewires and primer mix) was 
displaced inward (see Plate 11). No evidence of broken 
powder* grains or serious displacement of separators was dis- 
covered . 

50,   Temperature - Although we were not able to measure 
any appreciable-effect of powder temperature (including bridge) 
on the ignition time, it is shown in paragraph 54 that the 
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temperature of the bridgewire enters as a logarithm in the 
second term of the equation there developed. Since the 
temperature coefficient of Pt-Ir resistance is very small 
and since the term is logarithmic, it would be difficult to 
measure trie effect over the ranges used in this 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.   Ejector Firing - Minimum Clearance of Propeller 
plots (see Plate 10)  of the 2000-ib bomb, 

>Jt   
Prom the trajectory 
the measured average minimum clearance between the bomb and 
the propeller tip (51 shots) was 2.93 ft with a maximum of 
4.03 ft and a minimum of 2.14 ft (a  = 0.542 ft). These figures 
do not Include lesser clearances obtained in four instancesj 
three shots made with 3/4 powder load and one shot made with 
a defective powder retainer which allowed considerable gas 
leakage thereby developing a reduced chamber pressure. As 
shown in Table 2, when used with the smaller bombs, the 
Cartridge MIc 1 produced much greater propeller clearance. 
Because of the absence of slip-stream forces, (after release) 
the bomb always assumed an angle with the vertical after 
ejection, usually increasing to 15 or 20 degrees on impact 
with the earth (the bomb rotating about the nose, the tail 
attaining a higher linear velocity than the nose;„ Because 
of this fact, our results were somewhat pessimistic since tnis 
slight rotation caused the bomb-nose trajectory to approach 
the propeller tip vrith slightly less clearance than would be 
expected in practice. The horizontal range of the 2000-lb 
bomb (bottom measurement of plate 10) averaged 6.26 ft for 
57 shots with a standard deviation of 0.601 ft. 

52.   Ignition Time - Since we know the physical compo- 
sition and dimensions of the parallel bridgewires, it is 
possible to calculate the ignition time, defined as the time 
from the application of current until the wire reaches a 
temperature of l80°C which is the ignition temperature for 
the XC-9 mix [Reference (e)].  To make this calculation it is 
necessary to ignore unmeasureable heat losses which we know 
to be present and it might be concluded that such a cal- 
culation is entirely academic. However the ignition time thus 
calculated will serve as a guide and we will expect the 
measured time to be much greater because of the known energy 
losses. The following calculation is offered as 
sidelight, 

xn intersstirig 

53.   The bridgewire is Pt-Ir alloy (90-10) with a di- 
ameter of 0'.'0020 ± .0005". From the detailed drawings the 
estimated effective length of each wire i3 0.10 in. Since 
the resistivity of Pt-Ir (90-10) is 24 microhms-cms we car- 
calculate the resistances 

r 

-17- N0LM 9090 

•\ 



R0    =    24 x ICr6    (0.1 x 2,54) 

R, 

ir  (oOOI)^     (2.54) 

=    0.301 ohins per branch 

54.   If we assume that the bridgewire furnishes no heat 
to the explosives or to its supports, and assuming that no 
solder is present to increase the diameter of the wire, then 
we can say that all the electrical energy is used to raise the 
temperature of the wire thus: 

JsndQ  » I2 nQ  (1 + aG) 
dT 

where J is the conversion factor from calories to Joules 

s is the specific heat of Pt-Ir (90-10) in calories/gm 

m is the mass of the bridge segment 

dO is the rate of change of temperature with time 

a is the temoerature coefficient of resistances of Pt-Ir, 
3' 

Then separating the variables and supplying integrating factcrst 

dt = a J s m dO 
a I*R0 (iTaQ) 

and upcn integrations 

t = J s m log  (1 •?- a9) + Constant 
l'5R0~a~" 

where the constant is zero when 0 is measured from ambient 
( since 9=0 when t = 0). Substituting numerical valuesj 

T S IT! £3        Q 

t = (4.18)(.03232)(.000111)  loge(l + .0012 x 155) 

11/2 x 30)2(.301)(.0012) 
R, 

t =  0OOOO3I5 sec or O0O315 ms 

55•   Because of the conflicting requirements of fast ant' 
slow film soeeds previously mentioned, it seemed wise to 
measure the ignition time on only a small number of shots and 
to concentrate on the pressure-time Information. The average 

t 
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i 
ignition-time value obtained from several reliable shots 
was 0,Ji5 ras. This value Is consldex^bly greater than the 
one Just calculated, showing that only a small amount: of 
the electrical energy Is used to heat the bridgewire Itself0 
the remainder being used up In heating the supports, solder 
and explosive. As shown in Plate 22, the E/l value was di- 
rectly measured and plotted against time* The Ignition time 
was taken as the time along this curve at which a disconti- 
nuity occurred, indicating an abrupt change of resistance 
caused by the release of heat from the XC-9 mix. 

56. Minimum Firing Energy - By integrating the power 
(El) time curve from t=0 to t=i (ignition time), we obtain the 
average minimum firing energy. 

mfe m   /J  El dt 

The average value thus calculated was 53.3 millijoules or 
533*000 ergs which is much higher than the comparable figure 
for electric detonators and therefore has a higher degree of 
electrical safety. 

57. Minimum Firing Current - Although this measurement 
was not contemplated originally„  it was discovered that in 
practice the airplane pilot would test the circuit continuity 
by connecting a Mazda Type 313 lamp In series with the bridge- 
wire and the battery. The cold resistance of this lamp is 
only 16 olim3 and since the cartridge resistance is very small 
the resulting current would be approximately I.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 cartridge. A Bruceton test 
was conducted to determine the 50£ firing current value, The 
complete Bruceton diagram for the 18 previously un-pulsed 
cartridges is as follows;; 

I.75 *— < x      as  
I.50   —»-—o » K- 0 o o — 
1,25   •••O-  O       O- e •- 
1.00  9 —- - 
0.75  e • • • —  

o = no fire 
x m  fire 

The values given are in amperes. 

58,  Although the number of samples is small, it is 
evident from the diagram that the 50$ firing current is 
approximately 1.5 amperes?. We can only estimate from the 
limited data that  the standard deviation does not exceed 0.4 
amperes. Based on this outside sigma value, the minimum 
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firing current (the current at which one cartridge in i JOG 
will be expected to .fire) is 260 milliamperes. Since it has 
been recommended that a series resistor of 120 ohms be in- 
serted in the firing circuit, we can calculate that the 
resulting •'cold" current would be 220 ma and therefore the 
probability of a cartridge's being fired at thi3 value would 
be somewhat less than one in a thousand. 

59. Peak Acceleration - In Plate 19 the detailed summary 
of both measured and calculated values of peak acceleration for 
the 2000-lb bomb (including standard deviations) are given. 
The mean for all measured values ie 6.71 g's and the mean of 
the values calculated from the pressure-time curves is 4.73 E'S. 
The two means are not expected to 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. Ejection Velocity - The bomb velocity was obtained in 
three different ways; 

a.. From the high-speed, movie records 
b. 3y integration of the acceleration-time curves 
c. By substituting the horizontal range values in 

the expression: 
V » (R - 

"" |2T •33) Td 
where V = average velocity of bomb 

R = measured horizontal range (Plate 18) 
•33 = lengta of ejector foot extension 
g • acceleration of gravity 
h m  height of bomb from earth (7.458 ft) 

All three methods were used on several shots and the results 
agreed within 5$. However, it was found that the latter method 
was most sensitive to small changes In velocity and was there- 
fore used to obtain the mean ejection velocity and its standard 
deviation. The mean (57 shots with 2000-lb bomb) was found to 
be 8.7 ft per sec with standard deviation of 0.8? ft per sec. 

61. 
produced i 
the highes 
In Plate 2 
curves, ea 
four- powde 
can be set 
curves is 
of tempera 
from the j 
empirical 

Pressure-Time Data - The average maximum peak pressure 
H~t"he powder chamber (2000-lb bomb) was 3840 psi and 
t peak pressure recorded wa3 5450 psi (see Plate 18). 
0 is to be found four superimposed pressure-time 
ch of which is a composite representing one of tae 
r temperatures used in the series of firings.  As 
n  in this plate, the total area under sac'.:, of these 
practically constant which indicates that the effect 
ture is to vary the rate at which energy is released 
owner. Prom our data we derived the following 
expression of the straignt line form, y - mx + b; 

KCLM 9O9O 



mmmtmm 

y 11-5,54 - 0.073 x 

V 1,3 the time in milliseconds inquired to build up 
ure, and "'X" is the powder temperature in degrees 

This curve, which fits our results reasonably 

where 
peak press 
Fahrenheit 
well, shews that the colder shots require a longer time to 
build up a peak pressure in the chamber as is to be expected 
from this particular- chemical reaction.  Theoretically each 
pellet of powder must reach a minimum burning temperature 
before it can be ignited, therefore the increased delay in 

pressure at the lower powder temperatures 
by the increased time required to get the 
temperature, Another theory explains the 
the presence of some low--order burning at 

temperatures, resulting in some secondary gaseous 
which in turn are burned. However, we found that 

reaching peak- 
accounted for 
up to burning 
by suggesting 
lower 
ducts 

is 
eellet 

effect of powder temperature variation or. the bomb 
propeller clearance was not significant at the 
(Temperatures varied from -65"P to +160°P 5 

tne 
pro- 
the 

ange and 
rol. 

62, Pressure-tim« data was 
as requested because of oontradic 
satisfactory curves, the osclilog 
sufficiently lew for the pressure 
ance of a half-sine wave. When t 
speed,, the current and voltage tr 
resolved to allow the plotting of 
valueso Consequently part of the 
so as to obtain both types of mea 

not obtained on all shots 
tory requirements. To obtain 
raph film speed had. to be 
trace to assume the appear- 

ae film was run at this slower 
aces were not sufficiently 
current and voltage time 
records were: taken each way 
surements» 

63°  iio?" Opening Data - The pressure at whieii the hooks 
opened ranged from 1 5T ps:t*"up to 2690 psl with a standard 
deviation of 540 psl and an average value of .1000 psl. These 
values were quite erratic and seemed to have littls relation 
to the s:"rre cf the bomb. However, they appeared to increase 
with the number of shots, and very likely this critical pressure 
is some function of the amount of sludge which accumulates on 
the inter.lor moving parts of the ejector. The- hook—opening 
times (defined as time from the beginning of pressure-rise 
to hook ere ling) ranged from 0.2 ms to 6.0 ms with an average 
value of 3.71 ms„ Perhaps a more realistic definition cf 
hook-*oper.ing times should be the interval from currant 
application to hook-opening. These values, which are recorded 
in Plate 

.f c 
".8, were erratic with a maximum of 87.4 ms and a 

mean or 9.3 ms, In the last two columns of Plate 19 (items 
1 and 2)  are given the means and standard deviations of two 
separate time measurements taken from the records. The sum 
of these two values is the overall time given above, and as 
can be seen from the large standard deviation, item 1 accounts 
for all of the erratic times„ The abnormally high values 
were usually caused by a poor electrical connection and a re- 
sulti*ig low current tnrough the bridge.  However, it should 
be pointed out that even iae  maximum value of 87A  ms does not 
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y - 45.54 - o„o?3 x 

where "y" is the time In milliseconds required to build up 
peak pressure, and "X" is the powder temperature in degrees 
Fahrenheit This curve, which fits o\n* results reasonably 
well, shows that the colder shots require a longer time to 
build up a peak pressure in the chamber as is to be expected 
from this particular chemical reaction.  Theoretically each 
pellet of powder must reach a minimum burning temperature 
before it can be ignited, therefore the increased delay in 
reaching peak pressure at the lower powder temperatures, is 
accounted for by the increased time required to get the pellet 
up to burning temperature Another theory explains the delay 
by suggesting the presence or some low-order burning at the 
lower temperatures, resulting in some secondary gaseous pro- 
ducts which in turn are burned,, However, we found that the 
effect of powder temperature variation on the bomb range and 
propeller clearance was not significant at the 5/' level. 
(Temperatures varied from -65 *F to +160°F„) 

62c  Pressure-time data was n 
as requested because of contradict 
satisfactory curves, the oscillogr 
sufficiently low for the pressure 
ance of a half-sine wave, When  th 
speed, the current and voltage tra 
resolved to allow the plotting of 
valuesc Consequently part of the 
so as to obtain both types of meae 

ot obtained on all shots 
ory requirements. To obtain 
aph film speed had to be 
trace to assume the appear- 
e film was run at this slower 
ces were not sufficiently 
current and voltage time 
records were taken, each way 
urements. 

63,  Hook Opening Data - The pressure at which the hooks 
opened ranged from 130 psi up to 2690 psi with a standard 
deviation of 540 psi and an average value of 1000 psi.  These 
values were quite erratic and seemed to have little relation 
to the size of the bomb. However, they appeared to increase 
with the number of 3hots, and very likely this critical pressure 
is some function of the amount of sludge which accumulates on 
the interior moving parts of the ejector. The hook-opering 
times (defined as time from the beginning of pressure-rise 
to hook opening) ranged from 0.2 ms to 6.0 ms with an average 
value of 3.71 ms.  Perhaps a more realistic definition cf 
hook-opening times should be the interval from current 
application to hook-opening. These values, which are recorded 
in Plate 18C were erratic with a maximum of 87.4 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 deviation;;; of two 
separate time measurements taken from the records. The sum 
of these two values is the overall time given above{ and as 
can be seen from the larjje standard deviation, item 1 accounts 
for all of the erratic times.  The abnormally high values 
were usually caused by a poor electrical connection and a re- 
sulting low current through the bridge , However, it should 
be pointed out that even the maximum value of 87.4 ms does no" 
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at which the hooks 
of shots indicating a gradual "gumming up 
sleeve with respect to tae lower sleeve. 

opened increases somewhat with 
of the 

the numoer 

67.  Powder Temoerature - From the results obtained it 
can be concTIuSeSTTEat the higher powder temperatures cause the 
peak chamber pressure to be reached more quickly but it is 
seen that the amount of energy released from the powder during 
the firing cycle is approximately the same for the temperature 
observed. However, it must be pointed out that only eight 
shots were made at the l60°F value and only seven at the -65 °F 
value. Although no failux"es were observed,, the reliability 
of the carti'idges was not well established at these extreme 
temperatures because of the small number fired. No significant 
effect of the wide ambient temperature range (20°F to oC°F) 
on the operation of the ejector or the resulting data was 
noted. The operation of the ejector at -65 ° was not attempted, 
however aside from the slight possibility of the freezing of 
condensate on or between the moving parts,, there appears to 
be no reason to suspect its failure to operate at this service 
temperature. 

68. Peak Firi 
has a powderTKacf c 
Cartridge size "D" 
by the Douglas Airc 
[Reference (k)] tne 
perienced with this 
maximum observed pe 
was only 3840 psi a 
is evident that SOK 
made „ 

ng Chamber Pressure - Tne Cartridge Kk 1 
")mpar;rbT<r^5o~TB.at of the Aircraft Starter 
tfhich was used in extensive ejector tests 
°aft Company. According to their report 
mean peak firing chamber pressure ea- 
comparable cartridge was 5150 psi with a 
ik of 6270 psi, Since our rnean^peak pressure 
id our maximum peak was only 5460 psi, it 
\  improvement in this direction has been 

69.  Peak Acceleration -- Since the maximum value of 
accelerateon~oT~£ne~l3om5 was observed to be less than IS ges 
it is reasonable to assume that no carnage or unsafety of the 
bomb fuzes is to be expected., Although the acceleration will 
be higher on the smaller bombs, it is not anticipated that it 
will be sufficient to affect the bomb load or it! components. 

70.  Surveillance - The cartridges we tested were not • 
well sealed" aT eTEEar end,,  hence a surveillance test was not 
run because the results would have teen inconclusive regarding; 
production "lets, It is known that the surveillance stability 
of .KC-9 mix is rather poor and that moisture causeis rapid 
deterioration of the compound. It is therefore recommended 
that the Cartridges Mk 1 be packed and stored in hermetically 
sealed containers. 

      As pointed out in paragraph 
47 > in many"Instances the firing contact of the cartridge was 
sufficiently loose ;o allow axial movement when slight pressure 

71•  Loose Firing Contact - 
in many' insTanccJs £Ee Tiring 
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was applied. Although some small movement of this part is 
likely to result from the breech firing-contact pressure 
during the tightening operation3  no previous displacement of 
the cartridge center firing-contact should have occurred. If 
such displacement occurs, one or both bridgewires rolght break, 
or a poor connection with the breecn firing pin might be 
expected. It is therefore recommenced that In future 
duction lots of tnis cartridge, the csn'cer contact be 
tightly secured„ 

pro- 
mo re 

Improved Continuity 
>t has a safety Fact 

72. 
plane pilot 
when he uses the #313 
the resulting current 

Test Recommended - _          Although the 
ty factor 6?~approxima^ly ten to one 
Mazda Lamp to cneck: the bridge continuii 
is about 100 ma. It Is considered that 

this much current flowing through any bridgewire embedded in 
a sensitive primer mix is liable to produce sufficient local- 
ized heat (because of differential effects)  to initiate the 
mix. It Is recognized that statistically the chances are 
small and it should be determined by the operating personnel 
whether such chances are acceptable aid what the results of 
a premature ejection would be,  It appears to the writer that 
the situation i3 similar to that of measuring the resistance 
of a detonator with an ordinary ohmmeterc  Usually nothing is 
expected to happen* but it is not an acceptable practice be- 
cause detonators have been initiated In this manner.  Perhaps 
some device similar- to the ordinary silver-chloride cell cap- 
tester could be used instead of a light bulb. 

73. Cartridt 
in paragraph 22, * 
used in an effort 

;e Retainer "C" Raco 
Iwo new types of "car 
to overcome the dif 

the cartridge after firing. The last 
"C" (P?i.ate o) and although extraction 
(since a 3crew driver could be insert 
slot was milled clear through the out 
cause of this fact the lip could not 
and allowed some blow-back. It is re 
"C" be used, provided that the depth 
to allow a better <-.,&£ .seal. 

amended - As e 
urlcige retaine 
ficuity of ren; 
one tried was 
was somewhat 
3d in the slot 
ar container 1 
form a good ga 
commended that 
of this slot b 

xplained 
rs vie re 
oving 
retainer 
facilitated 
)9  the face 
ip. 3e- 
s seal 
retainer 

e reduced 

W 

Jk, Unburned Powder - In 26 cas 
remained iiTTKe" cartridge retainer af 
Although the amounts (1-34 gsss avg) w 
on two shots with the 500-ib bomb, th 
9"5^ gns and 8.81 gms which is about 
This Is proper evidence of (1) poor I 
In any case the bomb's clearance of t 
appreciably affected so no concrete e 
an Improvement In this direction. Ch 
to be exc3asl\*e and was similar to th 

2s, some unbui 
iar firing (Ta 
•ire small In m 
3 unburned i*es 
3^ of the to 
Snitlon or (2) 
le propellers 
vidence exists 
amber fouling 
at reported in 

ned powder^ 
ble 3). 
ost eases, 
idue wa3 
ial load. 
overcharge, 

was not 
to warrant 

was not found 
Reference (v) = 
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75•  Test Recommended for Douglas 
of our experience 6T tearing out "trie Tor-ware, 

Bomb Ejector - Because 
"hooks of the 

ejector on tightening the breech, it is reasonable to assume 
a possible unsafe condition when the plane is canning the 
2000-lb borcbo Consequently the following test is recommenced; 

f 
a. Construct a mount for the ejector so that the 

assembly (including a 2000-lb bomb) can be shifted 
mechanically from a horizontal to a vertical position. 

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

c. Shift the whole assembly slowly with rough, 
jerking motions until the bomb and ejector are in a 
vertical position. It is felt that such a test might dis- 
close a hidden tendency for the hooks to open prematurely. 

Strengthen Piston Plead Stake - As indicated in para- 
under certain conditions ^B.e foot and piston assembly 

76.      __     __ _ 
graph 21, under certain conditions TJne foot and piston assembly 
of the ejector can be ejected with the bomb.  Our investigation- 
showed that at the time of foot adjustment to the bomb, the 
compression rings in the piston can bind with a simultaneous 
binding of the piston, and if the stake becomes broken this 
binding can cause the piston-head to unscrew,  Therefore, it 
is hignly recommended that the stake between the piston and 
the piston-head be strengthened to prevent its being loosened 
under firing shocks and the consequent relative motion of 
these two parts from binding torques. 

77. Hooks 
"IT 

Fail to 
least" 

 Open 
one sid of the time, 

did not open completely to tn 
Sometimes a hook vjould open i 
lug to clear. This condition 
to tumble or otherwise affect 
from clearing tne propellers, 
the helical! -twist springs whi 

to Locking Position- About 60^ 
e of one oi "trie ejector hooks 
e locking position on firing. 
ts Jaws only enough for the bomb 
could conceivably cause the boro 
the trajectory and keep It 
The difficulty seems to be that 

ch open the hooks are not strong 
as the sear-bar is withdrawn. enough to open the ja.ws fully 

It is re con-mended that the design, of the ejector be improved 
to overcome- this tendency. 

78.  Suggestions tc Irrorove Future Testa - The following 
recommend at ions are~* "" maSe 

a o Place the photographic grid very close to the 
trajectory plane so as to minimise parallax in photograph/. 

b„ Either keep the number of variables tc an 
absolute minimum or plan to make 5°° shots. We varied 
the £s£:perature, vibrated and nor -vibrated samplesj 
the type of cartridge retainer, size of bombs, and the 
amount of powder load (the latter in only a few instances). 
I The use of factorial design la aoplieable here,,) 
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With this number of variables and the relatively few 
shots under any given set of conditions it was almost 
impossible to determine the effeci of powder temperature 
on the propeller clearance, etc. 

Co Place all instruments closer to the ejector 
so that short cables can be used, thus minimizing the 
mutually inductive effects of long parallel circuits. 

d. Set up better darkroom facilities on the 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 
so that one could be cleaned when the other was in 
service. This frequence of cleaning Is not necessary 
for service use, but is desirable for test purposes 
so that the variations can be held to a minimum., 

g. If a future test appears to require a. similar 
amount of data, plan to keep two people busy full time 
for a three-months period studying and analyzing tHe 
data. 

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

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

f 

A. H. Erickson 

AHE/jb 

\ 

( : 
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PLATE 
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BOMB EJECTOR CARTRIDGE  MK I MOD I 

FFG BLACK   POWDER^     rSMOKELESS  POWDER 

RADIOGRAPH 

AFTER    FIRING 
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BREECH 

PISTON-RETAINING   KEY 

UPPER SLEEVE 

RELEASE   SLEEVE 

PISTON 

FOOT-AO JUSTIN*  HANDLE 

CARTRIDGE, CONTAINER 

MANUAL" RELEASE  ARM 

HOOK HOUSINS 

MANUAL-RELEASE  RETAINf 

RETAININ6 SLEEVE 

BLAST   TUBE 

FOOT 

HOOK SEAL 

DOUGLAS   BOMB   EJECTOR 
CUTAWAY   VIEW 
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PLATE  3 
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DOUGLAS   BOMB   EJECTOR 
SHOWING FACTORY SETTING OF PULL-ROD NUTS 
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PLATE   4 

DOUGLAS   BOMB  EJECTOR 
SHOWING   SETTING  OF  PULL-ROD  NUTS 

MEGcSSARY  TO   PREVENT  SEAR-ROD   MOVEMENT 
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SHOWING LOCATION OF tfftAiN   GAUGES 
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PLATE   I 

DISPLACEMENT 

RADIOGRAPH   SHOWING   DISPLACEMENT 
OF   CONTACT  AND   PRIMER   ASSEMBUES 

CAUSED  BY   VIBRATION 
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FASTAX  SIX-TRACE AUTOMATIC   SYNCHRONIZER 
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PLATE   16 

SAMPLE   OSCILLOGRAMS 

a-FIRING  CURRENT  APPLIED 
b-BRIDGE  WIRE   BURNS  OUT 
C-START   PRESSURE   BUILD-UP 

d-HOOKS   OPEN 
e-BOMB   LEAVES   EJECTOR   FOOT 
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technical information flgenc 
Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED 
YOUR PURPOSE so that it may be made available to other requesters.  Your cooperation 
will be appreciated. 

NOTICE:   WEEN GOVERNMENT OR OTHER 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 TO 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 PATENTED INVENTION THAT"MAY IN ANY WAY BE RELATED THERETO. 
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