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Summnary

Jzta obtained as a result of the 19 shots in this test were pressure -
in the explosive and expansion chambers, recoil force of the trcgue -
gun, and displacement of the afterbody upon firing cf the Drogue gun.
Characteristics of the pilot chute ejection system using cdifferent . ...,
propellants in the vrogue gun, different shear pins in the Drogue gun,
and different procedures in the tearing of the polyethylene cover

were investigated. e oo

Table 1 is a tabulation of the results of this test.
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Ghiezt of Test

The otject of Liiese tests way to determine the characteristics cl tne
Jrogue gun parachute ejection device under actual firing condivionc.

sutherization for Test

This test was requested by Jivision 1218 in a ‘jork (rder authorization
datea Nevember 1, 1957. . 2. R. ieel was the consultant.

acknewleupements

vivision 1011 wishes to acknowleuge tne participation and assistance
oL the fcllowing organizations ir the tests of the urogue gun assembly:

Section 1614-1 Tfor instrumentation service
Secticn 15613-4 fer T.V. coverage and liaison services

Section 5213-3 for camera coverage

cription of Test Itom

w

=

‘he urogue gun is a uevice used to eject the pilot chute of a T -41
eanpon.  The urogue gun is cylindrically shell shaped and appro:dmately
C irches in length with an outside diameter of 1-3/4 inches and

inside diameter of 1-1/2 inches. & solid projectile of approximately
1-1/2 inches in diameter and 3 inchrs in length is inserted into the
Jrogue gun and held in place with a stainliess steel snear pin. A

cable is attached to the forward end of the projectile and when the
propellant charge is fired this cable breaks a .020 inch thick
nolyethylene seal at the tail of the TX-41 and pulls the pilot chute
out.

Instrumentation

Instrumentation for obtaining the rate cf pressure increase and the
maximum pressure in the explosive and expansion chambers consisted of
a Statham pressure transducer, a filter, a system U Consolidated
arplifier ard a ;iinneapolis-Honeywell visicorder. Hole . indicated
on Figure 23 is where the explosive chamber pressure was measured.
Hole B, indicated on Figure 23, is where the expansion chamber
nressure was measured.

Instrumentation for obtaining the recoil force consisted of tvio
different setups. Setup Wo. 1 wes a 4000-pound Statham load ring,
serial No. 26, a system U Consolidated amplifier and a siinneapolis-
poneywell visicoraer. Setup No. 2 consisted of a 5000-pound Baldwin
lcad cell, a system U Consolidated amplifier, and a inneapolis-
Honeywelil visicorder.
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Instrumentatiorn for obtaining the beam ceflections of the afterbody
consisted of two Bournes aligno-Pots, Part nNo. 140-2029-202,
manufactured by Bournes lLaboratories, Riverside, California, ind a
535 Tektronix oscilloscope.

General Information

A1 shots were performed at the north end of ihe sled track in area III.
Rermote firing of the Drogue was executed from Building 6540. all
recording instrumentation was also located in Building A540.

Factax film coverage on various shots is available and may be obtained
by contacting . G. ahlstrom, wuivision 1611.

rrocedure and Results

~ summary of results of the 19 shots may be noted in Table I. :

Shot lo. 1

~

Figure 26 is a view of the test setup prior to shot Fo. 1. The
explosive chamber of the ircgue gun was & development model cf the NC-
886. The name of the propellant used in this test was N5, manufactured
hy N.C.T.S. of Inyokern, California. Length of the propeilant was

0.90 inch. A iicCormick S-685 Actuator was used to ignite the propellant.
Figure 1 is a reproduction showing the pressure curve for shot lo. 1.

The pressure was obtained in the explosive chamber in this shot. Jue

tc an error in calibration, the pressure curve in Figure 1 is relatively
flat. Z=stimated peak pressure was 1225 psi.

Figure 2 is a reproduction of the results of using a lozd ring to
cbtain the recoil force of the rrogue gun. Information in this figure
is unreliable due to the "ringing effect" encountered. The projectile
of the Urogue gun came tc rest 275 feet from the gun- in this shot.
Upon inspection of the ground in front of the gun it was observed that
the projectile first struck the ground 50 feet from the urogue gun.

Shot ivo. 2

Figures 27 and 28 zre views of the test setup prior to shot io. 2.

rressure was measured in the explosive chamber, and was determined to

be 1415 psi. rigure 3 is a reproduction of the pressure time curve

for shot Mo. 2. The explosive chamber, propellant, and actuator used

in this tests were of tne same type as in shot Ho. 1. In this test

tearing occurred at four points on the polyethylene with music vwire :
connecting each point. (See Figure 27) The total perimetrical :
distance of the tear was 112 inches. Figure [ is a reproduction of :
the results of the load ring used to cbtain the recoil force of the

Urogue gun. The ringing effect encountered in shot lo. 1 was still
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present in shot No. 2 making results unreliable. Figures 29 and 30
are views of thz test setup following firing of the urogue gun. The
outside band used to hold the polyethylene on the simulated TX-41
afterbedy came lcose as a result of this test. The tearing of the
nolyethylene was excellent. The pilot chute was ejected approximately
10 feet.

shot No. 3

ine only datum obtained in this shot vas pressure in the explosive
chamber. FPeak pressure in the explosive chamber was 1100 psi.

Figure 5 is a reprocuction oI the pressure time curve for shot No. 3.
The explesive chamber, propellant and actuator used in this test were
of the same type as in shot No. 1. The simulated afterbody with pilot
chute and polyethylene cover was used in this shot. Tearing of the
polyethylene occurred at four points with music wire connecting =ach
point as in shot No. 1. The total perimetrical distance cf the tear
was 136 inches. The barrel of the Drogue gun was purposely obstructed
oy a rubber plug in this test. The tearing of the polyetiyiene was
excellent. The pilot chute was ejected approximately four feet.

Shot No. 4

Figures 31 and 32 are views of the test setup prior to shot No. 4.
Fressure was measured in the explosive chamber and in the expansion
chamber of the Drogue gun in this test. The peak pressure in the
explosive chamber was 1125 psi. Figure 6 shows the pressure time curve
in the explosive cnamber. The peak pressure in the expansion chamber
was 123C psi. Figure 7 is a reproduction of the pressure tie curve

in the expansion chamber. The explosive chamber, propellant, and
actuator used in this tcst were of the same type as used in shot No. 1.
In this shot tearing occurred at six points on the polyethylene with
music wire connecting each point. (See Figure 31) Figure 33 is a
view of the simulated afterbody showing the results of this test. The
pilot chute was not ejected. The polyethylene cover did not tear
completely. The oucside band used to hold the polyethylene on the
simulated TX-41 afterbody came loose as a result of this Bhot.

Shot No. 5

Figures 34 and 35 are views of the test setup prior to shot Lo. 5.
rressure was measured in the explosive chamber and in the expansion
chamber of the Drogue gun in this test. The peak pressure in the
explosive chamber was 1285 psi. Figure 8 is a reproduction of the
pressure time curve in the explosive chamber. The peak pressure in

the expansion chamber was 1290 psi. Figure 9 shows the pressure time
curve in the expansion chamber. The explosive chamber, propellant,

anc actuvator used in this test were of the same type as used in shot

0. 1. In this shot tearing occurred at four points on the polyethylene
with music wire connection each point. (See Figure 34) The total

e e
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perimetrical distznce of the tear was 136 inches. Figures 36 and 37
are views of the test setup following firing of the urogue gun. The
tearing of the polyethylene was excellent. The pilot chute was ejected
approximately 10 feet.

Shot io. 6

Figures 38 and 39 are views of the test setup prior to shot lo. 6.
Pressure was measured only in the expansion chamber of the drcgue gun
in this test. The peak pressure in the expansion chambsr was 1365 psi.
Figure 10 is the pressure time curve in the expansion chamber. A
Baldwin 5000-pound load cell was used in this test. Tigure il is a
view of the results of the lozd cell used to obtain the recoil force
of the uUrogue gun. The explosive chamber and the actuator used in

this test were of the same type as in shot No. 1. The propeliant used
in this test was N5, manufactured by N.C.T.S. of Inyokern, California.
Length of the propellant was 0.30 inch. This propellant was placed in
the 1iC-886 with a spacer. 1In this shot tearing occurred at four points
on the polyethylene with music wire connecting each point. (See
Figure 38) Figure 40 is a view showing the results cof the tearing of
the poirethylene. The pilot chute was not ejected. The polyethylene
cover did not tear completely because the projectile came loose and
larded 75 feet from the gun.

Shiot lic. 7

Figures 41 and 42 are views of tne test setup prior to shot No. 7.
Pressure was measured in the expansion chamber of the uJrogue gun in
this shot. The peak pressure in the expansion chamber was 1165 psi.
Figure 12 shows the pressure time curve in the expansion chamber. A
Balcdwin 5000-pound load cell was used in ithis test. Figure 13 is a
reproduction of the results of the load cell used to obtain the recoil
force of the Orogue gun. The eplosive chamber, propellant and
actuator used in this test were of the same type as in shct No. 6.
Frocedure for tearing the polyethylene was tne same as in shot No. 6.
Figure 43 is a view showing the results following firing of the Drogue
gun. The tearing of the polyethylene was excellent. The pilot chute
was ejected approximately 10 feet,

Shet No. 8

Figures 44 and 45 are views of the test setup prior to shot No. 8.
rressure was measured in the expansion chamber of the uJrogue gun in
this test. The peak pressure in the expansion chamber was 1805 psi.
Figure 14 is the pressure time curve for shoc No. 8. A\ new type cf
explosive chamber was used in this test. This chamber was an i-59
scCormick pressure cartridge. (See Figure 45) In this test tearing
occurred at four points on the polyethy.ene with music wire connecting
each point. (See Figure 44) Following firing it was noticed that some
of the cables and music wires were broken. Tearing of the polyethylene
was excellent. The pilot chute was ejected 27 feet.




O U 1253

To: uJistribution -6~ ET-6056

Shot No. 9

Figures 46 and 47 are views of the afterbody of the Ti-41 showing the
test setup used to obtain displacements. A different type orogue gun
was used in tais test. (B3ee Figure 25) The explosive chamber, pro-
nellant and actuator used in this test were of the same type as used
in 5Sheot Mo. 1. The bean deflection curves as recorded on the 535
oscilloscope are shown in Figure 22. The deflection was measured in
two different positions. Une of the Aligno-?ots recorded a deflection
of 0.15 inch, while the other Ailigno-Pot recorded a deflection of 0.175
inch.

The objact cf shots 9, 10, 11, 12, 13 and 14 was to determine if the
beams on which the urogue gun is mounted in actual application, would
deflect tc the extent where other components in the afterbody would
be effected upon firing of the urcgue gun.

Shot MNo. 10

The same test setup as was used in shot No. 9 was used in shot No. 10
except for the explosive chamber, winicn used an [i-59 .icCormick pressure
cartridge. Tne beam deflections are not available on this test because
the oscilloscope triggered too late.

Shot No. 11

The same procedure as was used in shot No. 10 was used in shot ZHo. 11,
except that only one of the Aligno-rots was used in this test. The
beam deflection curve as recorued on the 535 oscilloscope is shcwn in
Figure 20. The Aligno-Pot recorded 2 deflection of 0.330 inch.

Shot o, 12
The same procedure that was used in shot No. 11 was also used in shot
No. 12. The beam ueflection curve as recorded on the 535 oscilloscope

is showr in Figure 21. The deflection measured on the oscilloscore
was 0.320 inch,

Shot Ne. i35

Figure 48 is a view siiowing test setup prior to shot ko. 13. (ne
Aligno-Pot was usea in this test to obtain the beam deflection. Lue
to triggering difficulties, results on the bteam deflection were not
reccrded on the 535 oscilloscope. The simulated chute container was
placed over the wurcgue gun, to determine if the projectile of the
trogue gun would penetrate the container. The distance from the
urogue gun to the container was 3/4 inch. The material of the con-
tainer was 61-S0 aluminum, 0.090 inch thick. The prcjectile passed
through the aluminum without difficulty. (See Figure 49) The
explosive chamber, propellant, and actuator used in this test were of

oo S “ - R T
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the same type as those used in shot No. 1. A new type shear pin
0.166 inch diameter, 303 stainless steel was used in this test. The
Jrogue gun with the above shear pin in its actual position wes sub- -
jected to a static test to determine the force required to shear it.
The pin sheared at 3640 pounds force.

Shet o, 14

One Aligno-Pot was used in this test to obtain beam deflections. uue

to triggering difficulties results of the beam deflections were not
recorded on the 535 oscilloscope. The explosive chamber, propellant,
and actuator were of the same type as those used in shot wo. 1. A

shear pin of 0.166 inch diameter, 303 stainless steel was used in this
test. The barrel of the Orogue gun was slightly sprung as a result

of this test. The retaining pin did not shear flush with the projectile
and groved the barrel of the uUrogue gun causing the varrel to assume an
eiliptical shape.

Shot Ko. 15

Figure 50 is a view showing the test setup prior to shot Ho. 15. Eight
foot of 1/4 inch copper tubing was used between the expansion chamber
and the explosive chamber. rresure was measured in the explosive
chamber and in the expansion chamber of the Urogue gun in this test.
The peak pressure in the explosive chamber was 1310 psi. Figure 16 is
a view of the pressure time curve in the explosive chamber. The peak
pressure in the expansion chamber was 1440 psi. Figure 15 is a re-
production of the pressure time curve in the expansicn chamber. The
explosive chamber, propellant, and actuator were the same as used in
shot Ho. 1. In this test tearing occurred at four points on the
polyethylene with music wire connecting each point. At each: point a
new type of connector was used on the polyethylene. Figure 52 is a
view showing this new type of connector. The tearing of the polyethylene
was excellent. The pilot chute was ejected approximately 10 feet..

Shot No. 16

Eight foot of 1/4 inch copper tubing was used in this test tetween the
expansion chamber and the explosive chamber. Fressure was measured

in the explosive chamber and in the expansion chamber. The peak
pressure in the explosive chamber was 1385 psi. Figure 18 is the
pressure time curve in the explosive chamber. The peak pressure in

the expancion chamber was 1395 psi. Figrre 17 is a reproduction of

the pressure time curve in the expansion chamber. The explosive chamber,
propellant, and actuator used in this test vere of the same type as
those used in shot No. 1. 1In this test tearing occurred at eight points
on the polyethylene with music wire connecting each point. Cables

from the projectile were connected to four points on the polyethylene.
(See Figures 51 and 52) The copper tubing broke at the connection to
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the explosive chamber as a result of this shot. (See Figure 54L)
figure 53 is a view showing the results of the tearing of the
polyethylene. The tearing was not complete and the pilot chute was
not ejected.

Shot io. 17

Ffigures 55 and 56 are views showing the test setup prior to shot

so. 17. In this shot a firing system was used consisting of a pull-
out switch, an XiC-381 timer, and 16 Wicad cells. The system used to
fire the urogue gun in this test was of the same type as used in
actual application. The propellant and explosive chamber used in

shot No., 17 was an X.C-886. The method of tearing the polyethylene
cover in shot iio. 17 was the same as in shot No. 16. The polyethylene
cover did not tear completely in this test. The pilot chute was not
ejected.

Snot No. 18

Two X%.0-886's were used to expel the projectile in this shot. Figure
57 is a view of the two XiiC-886's and the method of mounting them to
the Jrogue gun. The barrel of the Jrogue gun was purposely obstructed
with a rubber plug. A spacer was used between the projectile and the
plug so that when the projectile started moving the plug would also
move. The "O" rings used on the projectile on all other shots were

not used in this shot. Pressure was measured in the expansion chamber.
Peak pressure was 1335 psi. Figure 19 is a reprecduction of the pressure
time curve for this shot. In this test tearing occurred at four points
onn the polyethylene with music wire connecting each point. The tearing
of the polyethylerie was excellent. The projectile came loose from the
cables and traveled 210 feet from the gun. The pilot chute was
ejected approximately 5 feet.

Shot No. 19

Figures 58 and 59 are views of the test setup prior to shot Wo. 19.

ivo vrogue guns were used in this test. Figures 23 and 24 are views

of the two urogue guns. i plece of four inch channel steel of standard
thickness was placed over the two urogue guns. The explosive chambersused
aq theguns were 59 ilcCormick pressure cartridges. A spacer was used
between the projectile of cach gun and the channel steel so that when
ine projectile started to move the channel steel would move also.

Both shear pins wsre 1/8 inch stainless steel. The purpose of this
test was to determine the characteristics of the steel channel upon
firing of the urogue gun. Figure 60 is a view of the steel channel
following firing of the .rogue gun. Upon firing of the Urogue gun

the steel channel traveled upward approximately 30 feet. The item

aid not travel in a vertical position but tumbled end for end. The
reason for the tumbling action was that the projectile in the [rogue
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gun (to the right in Figure 59) did not proceed out of the barrel.
Two holes in the barrel of the urogue gun were open during this test
and tlie pressure behind the projectile escaped through the holes
before the projectile left the barrel.

SGhi1611-3et

tnes. Table I

Figs. 1-60
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TARTE 7
Tabular Results of Drougue Gun Test
Max Press iiax Press Distance ¢f Distance
‘ength of Expansion [xplosion Type of Perimetri- Pilct Chute
Shot Actuator Fropellant Propellant Chamber Chamber  Polyethylene cal Tear Ejected ‘
Seguence _ Used Used (inch) (psi) (psi) Tear {inch) (feet)  Remarks
'cCormick Projectile of D gun
1 5-685 N/5 0.90 - 1225 - - -, came to rest at
=75 feet
ticCormick )
2 5685 N/5 0.70 - 1415 good 112 10
mcCormick D gun was obstru-
3 5-635 N/ 0.€0 - 1100 excellent 136 4 cted by rubber
plug ?
licCormick Not Band used to hold
4 $-685 /5 0.90 1230 1125 pooT - Ejected nely. - came loose
itcCormick
5 $-635 /5 0.90 1290 1295 excellent - 10 ¢
. incCormick ot Projectile came
6 5-685 /5 0.30 1365 - poor - “jected lonse, landed 75
from gun
hcCormicl
7 5-685 N/S 0.30 1165 - excellent - 10
- him50 - 1305 - excellent - 27 Cahles and nusic

UNCLASSITIED
SR
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wcrn broken
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TAR'® 7 {Cont) ET=6056 :r
o
- ilax Press liax Press Distanceof Distance -
'ength of Expansion Explosion Type of Perimetri- Filot Chute :A
Shot Actuator Propellant Propellant Cheamber Chamber = Polyethylene Ejected P
Seguence __Used Used (inch) (psi) (pei) Tear (feet)  Kemarks 8
licCormick ' e
9 5-685 /5 0.00 - - - - .
Oscilloscope t_rﬁ
1G - =52 - - - - - trigger too late &4
1? - M=-5% - - - - -
ticCormick Triggering
17 S-0685 "1/5 0.90 - - - - troubles
. cCormick
Rl | C-685 /% 0,20 - - - -
",cCormi ck 8' of 1/4" copper
I8 S-685 /5 0,70 1440 1310 excellent 10 tubing between :
explo. & expan.
C cCormi ck Not Copper tubing
ih o 5-685 /o U, 0 :395 1285 poor Ejected broke
R Not
o - 1C=356 - - - poor Ejected
3 . - 2 HC-£86 - 1335 - excellent 5  Projectile came
! loose
o - 1-50 - - - - -
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