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Re: Dynamic Ejector Performance Test of the TX-7 (Ccncrete-Filled Space Chamber)

SUMMARY OF RESULTS

The ejector tests discussed in this report were conducted to determine the effects of
variocus types of ejectors on the TX-7 with a concrete-filled space chamber.

The following ejectors were tested: 1) Douglas cartridge type. 2) Republic air piston
type. 3) Mc Lean air piston type. L) Mc lean cartridge type.

With the two cartridge iype ejectors, the energy output (which has been computed from
the weight of the TX-7 unit and the ejection displacement) is a linear functien of the
amount of charge. With the air piston type of ejectors, the energy output increases
with increased charge pressure only up to a pressure of 2000 psi; at higher charge
pressures the energy output of the air piston ejectors remains unchanged or is slightly
decreased.

The various e¢jectors may be listed in order of increasing maximum energy output as
follows: Mc Lean air piston type ejector, Condition V; Mc Lean air piston type e-

q Jector, Condition II; Republic air piston type ejector; Douglas cartridge type ejector;
o Mc Lean cartridge type ejector, 0.081 inch diameter orifice; Mc Lean cartridge type e-
Jjector, 0.062 inch diameter orifice; and Mc Lean cartridge type ejector, no orifice.

At maximum energy output the duration of the ejector power strokes varied from 0,065
to 0,196 second with the various ejectors. '

On the basis of maximum vertical acceleration (with respect to the longitudinal axis
of the TX-7) at the center of zravity, the various ejectors may be listed in the
following order: Mc Lean cartridge type, 3.7 g (orifice size has little effect on
maximum vertical acceleration at the center of gravity); Republic air piston type,
6.6 g; Mc Lean air piston type, Condition V, 7.7 g; Mc Lean air piston-type, Con-
dition IX, 8.2 g; and Douglas cartridge type, 8.8 g. '

For all the ejectors tested, the stresses measured on the unit were below the gjeld

point stress of the material, ' Z"ﬁfmn
\’-"',/&N.‘\l.
OBJECT OF TEST . g, .
>4 .
i Lo
The dynamic ejector tests of the TX-7 were conducted to determine the com;g;?‘.%pilityl"w ,

~of the various bomb ejentors when used with the TX-7.
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The test wa. performed in accordance with Work Order Authorizations dated

Octeober 16, 1951, November 17, 1951, January 16, 1952, and April 16, 1952, from
¥, C. F. hobinson, 1243, to Mr. T. B. Morse, 1530, and Preliminary Outline of the
Dvnamic Siector Performance Test of the TX-7 at Sandia (2-28978), fro. «r. F. A.
Gagliardi, 1243, to Xr. C. F. Robinson, 1243.

SASCN FOR TEST

FUNCTION OF OBJECT TESTED

Ejector type bomb releases are necessary when the TX-7 is externally carried on
military aircraft from which drops are made when the aircraft is at an angle other
than C degrees with the horizontal.

SUMMARY OF PAST TESTS

No previous ejector tests have been performed by Department 1530.

SETUP FCR TzST

A. The following ejectors were tested:

1. Douglas Aircraft Corporation bomb ejector, Part No. 5256?85 (2 hooks, l4-inch
centers). The unit is powder operated (Mk L Mod 2 certridge). The rack is 18 inches
long ana L¥ inches high, and weighs approximately 30 pounds. Upon detonation of a
cartridge within the ejector combustion c¢ylinder, pressure is generated which forces
an ejector foot against the bomb, The foot moves with the bomb for a distance of
approximately four inches, at which point the piston reaches a stop, and the bamb

is projected normal to the aircraft,

2. Republic Aircraft Corporation special pylon, using *he AERO 61A Douglas 3 hook
rack (20-inch centers), Serial No. 132 F. The Republic TX~7 carrying pylon is a
streamlined structure bolted to the underside of the left wing, using the same sup-
ports as the regular pylon. Housed in the pylon are the bomb rack (AERO 61A4), a
preuniabic ejection system, and the manual arming mechanism with its related linkage.

3. Mc Lean Develcpment Laboratories 4 hook release and ejector, Model 28-0100 with

a cylinder 3.25 inches in diameter and electropnsumatic actuated stores release.

Only twe hooks, on li-~inch centers, were used. Five ejector foot positioning holes
are provided to allow for application of the ejection force at any one of five points
from the midpoint between the hooks to 4-1/2 inches aft of the midpoint. The ejector
foot displacement strcoke is 4-3/L inches. Two ejector foot positions uare used in
these tests.

Under Condition II, the ejector foot was in the second positioning hole, thus placing
the ejection force at the first point aft of the midpoint between the hooks. Under
Condition V, the ejector foot was in the fifth positioning hols, thus placing the
ejection force as far as possible aft of the midpoint between the hooks.
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L, Mc Lean Development Laboratories, 4 hook release and ejector, modified to be
powder cperated {Mk 1 Hod 2 cartridge). The ejector fooct displacement stroke is

14 inches instead of the 4-3/L4 inches previously used. The modification consisted
of changing the power cylinder from pneumatic to gas, and replacing the gear mecha-
nism with a bar linkage. The ejector foot was fixed so as to apply the ejection
force at Stetion 74. The gas cylinder of this ejector was provided with a bleed-off
port for varying the maximum gas pressure developed. This ejector was tested using
an orifice 0.081 inch in diameter (maximum bleed-off), an orifice 0,062 inch in dia-
aeter, and no orifice (bleed-off port plugged).
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B. The following equipment was used:

1. Dynazmic jig No. 1 south ¢f Building 809, and dynamic jig No. 2 at Coyote Canyon

R R TR K

2, Two high frequency Miller amplifiers, 12-channel, Type C-3, Lodel No. CA-12,
Serial Nos. 3 and 7, and two Miller oscillographs, 12-channel, Model H, Serial
Nos. 159 and 161

ke

3. Air compressors for compressing air to 2500 psi, and receivers, tubing, etc.,
for connection with air ejectors

4. Power supply, 28 volts d-c, with 25-ampere capacity
5. Fower supply, 110 volts a-c

. riring delay pox for rFastax, osclllographs, and ejectors
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C. The TX-7 unit was instrumented with the following:

1. Statham accelerometers, 150 g range. The locations of accelercmeters on the
unit are shown in Fig. 1. Serial numbers of the accelerometers may be found in Table I,

2. Baldwin SR-4 strain gages, Type A-3, lot number 232-11, gage factor 2.06 *1 per cent;
Type A-8, lot number 505, gage factor 1.81 2 per cent; Type AX-5, lot No. 505, gage
factor 2.02 *1 per cent, auxiliary factor 1/30. The locations of the strain gages on
the unit are shown in Figs. 2, 3, and k.

RSN

3. Schaevitz Engineering displacement gage, series 0, linear variable differential
transformer, Type O040-L. The location of the displacement gage is shown in Fig. 1.

"

PROCEDURE

T

The dynamic jig was modified with a pendulum suspended from the main top box bear,
Tie TX-7 was mounted vertically in the pendulum with the nose downward. The ejector
fixture and pendulum were made adjustable to allow for proper alignment. 4&n arrest-
ing device, consisting of two overriding clutches mounted on the TX-7 and riding on
cables, was used to prevent backswing and allow for measurement of unit movement, &
tape was used to measure the chord distance by which the unit was displaced when

ejected.
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The first group of tests was performed in dynamic jig No. 1. This group consisted of
tests using the YMc Lean air piston ejector with thc ejector foot in two different
positions on the ejector bar, tests using the Douglas cartridge type ejector, and
tests using the Republic air piston ejector. An inoperative fuze —=s used in the
TX-7 during these tests. The second group of tests was performed in dynamic jig No.
2, using che Mc Lean and the Douglas cartridge type ejectors on a TX-7 which con-
tained a live fuze.

RESULTS

The results of this series of dynamic ejector performance tests can best be dis-
cussed in terms of the three basic types of values determined:

1. Values giving the energy output of the various ejectors under varying conditions.

2. Values of the accelerations produced on the TX-7 when ejected by the various
ejectors.

3. Values of the stress produced in the TX-7 when ejected by the various ejeetors.
The energy output of the various ejectors was determined as follows:

The TX-~7, hanging vertically with the nose down in the tower pendulum, was swung
through a eirenlar arc under the impulse ¢f the sjscticn., The chord lengihh of the
arc was measured, and from this measurement. the vertinal dienlessmant 22 thes i
was computed. The energy output of the ejector was then taken as the potemtial
energy gain of the TX-7 (the product of the weight and vertical displacement of

the TXI-7). Chord lengths, vertical displacements, and computed values of energy out-
put are tabulated in Table II,

Figure 5 shows the energy output of various ejsectors plotted versus per cent charge,
or charging pressure in the case of the air piston type ejector. All the air piston
type ejectors were tested in dynamic jig No. 1. The Douglas cartridge type ejector
was tested in dynamic jJig No. 1, with the full charge test being repeated in dynamic
Jig Mo. 2. The Mc Lean cartridge type ejector was tested in dynamic jig No. 2. From
the results of the tests conducted on the Douglas cartridge type ejector in both jigs
Nos. 1 and 2, it was concl»”-d that of the total energy released by the ejector, more
is absorbed by friction in jig No. 2 than in jig No. 1. To compare the energy output
of the Mc Lean cartridge type ejector (tested in jig No. 2) with the energy output of
the other ejectors, (tested in jig No. 1) the following correction was made: The dif-
ference between the energy output of the Douglas cartridge type ejector when tested
in 3ig No. 1 and when tested in jig No. 2 was taken as the difference between the re-
sistance to swing offered by the two jigs. This difference was added to the energy
output of the Mc Lean cartridge type ejector, as computed from chord lengths measured
during the tests in jig No. 2.
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At maximum energy output the durations of the ejector power strokes were as follows:
Douglas cartridge type, 0.065 second; Mc Lean air piston type, 0.101 second; Republic
air piston type, 0.134 second; Mc Lean cartridge type, no orifice, 0.176 second;

Mc Lean cartridge type, 0.062 inch di.ueter orifice, 0.177 second; and Mc Lean
cartridge type, 0.081 inch diameter orifice, 0.196 second. For each of the ejectors
the duration of the power stroke decreased as the amount of charge, or charge pres-
sure, increased. The duration of the power stroke of the ejectors is plotted versus
per cent of charge, or charging pressure in the case of the air piston type ejectors,
in Fig. 6.

The accelerations produced at various points on the TX-7 when used with the ejectors
are tabulated in Table III. The accelerations for each type of ejector are plotted
versus per cent of charge, or charging pressure, in Figs, 7 through 11. In addition
to the effect of per cent of charge, or charging pressure, on accelerations, these
figures serve to point up the difference between accelerations at vasrious points on
the TX-7. Figure 12 provides for a comparison of the maximum accelerations pro-
duced by the ejectors tested,

The stresses and deflections produced in the TX-7 during ejection are tabulated in
Table IV,

Figures 13 through 22 are samples of the records taken during the ejector tests.
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Record taken during test of the Mc Lean cartridge type ejector; Run 1, full powder charge,
0.021" atameter orifice. (Labeled vertical lines are calibrate values, circled points are
trace poaks rosd, messured span is duration of power stroks.)

Bagord 7rsoe No. Displacement Gage, Accelerometer or
Strain Gage No,

Strain gages - Ty, Cz, '!'3’ C,
Strain gages - Ts, Css T7, Cg
Accelerometer No. 1
Accelerometar No, 2
Acceleramoter No. 9
Displacement gage
Acceleromster No, 8
Accelerometer No. 3
Accelerometer No. 4
Accelerometer No. 6
Acceleromoter No., 7

;:SNDQQO\U!PU N -

ST

EJECTOR PERPORMANCE TEST OF THE TX-
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Record taken Jdurinr test of the Douglas c rtridre ypf cjector; “un 1, full powder
. . . s % 3 Al »

charge, tested in dynanic iy ho. 2. (iabeled vertical lines arc calibrate values,

circled points are trace :eaks read, mcasured span is duration o :ower stroke. )

2ecord Trace lLo. Jisplacument iage, Acceleroneter or

strajn uage Lo,

FIG. 1L - SAMPLE

1 Jtrair pages - T1, o, T3, C,
3 Accelerometer Lo, 1

L Accelerometer .0, .

5 Acceleronmeter .0, 9

6 Displacement saype

7 Accelerometer o, ©

2 Accelerometer lL.o. 3

9 Accelerometer ho, 4

10 Accelerometer lo. t

11 Accelerometer Lo, 7

RECORD, DYNAMIC bJESTOR PolPVRMANCE TRUT OF TiL. TX-7

Ref, Svmbol: 1532(31)
Prolect No, TM-50
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Rocord taken during test of the Douglas cartridge type ejectar; Run 2, full powder charge,
tosted in dynamic jig No. 1. (Laboled vertical lines are calibrate values, eircled points
are traco pcaks road, moasured span is duration of power stroke.)

Recard Trace Mo, Displaoement Gago, Accsleromster or
Arain Gage No,

Aceeleramster No.
Accelerammter Mo,
Acoelerom-ter No,
Accelearometer No,
Displacement gags
Acgceleromster No, 9
Acoeloromoter Mo, 8
Acceleromster No, 3
Strlin u”' - n’ 02, r,’ ch
Aggeleromster No, 2
Acoelerometer No., 1

Swno-

su S\OQQO\N\A’NH

Ref, 1)
ey m::l..t 1532(3

<~  UNCLASSIFIED
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Rogerd talsn during toot of the Douglas cartridge type ejector; Run 2, full powder charge,
togted in dynazmde jig Mo. 1. (laboled vertical lines are ocalibrete values, circled points
aro treco pscks rozd, msasured span is duretion of powar stroke.)

Bscord Traco Fo. Displacement Gage, Acceleramter or
xnin foge Bo,

Strain gage Ho. 1
Strein gage FHo., 2
Strain gage Ho.

Strain gage Fp

by
2
5
3
5
6
7
8 Strain gages No, 8
9
10
n
12

Strain gage P3

UNCT.ASSIFIED
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Hecord taken :urini test of the Mc Learn air piston type ejector; Condition II; kun 2,
2L0C psi charcing pressure. (Labuled verti~al lines are calibrate values, circled
points are lruce peaxs read, measured spar is duration of power stroke.)

SHEEESTNEE

e

Jecord Trace l.o. Displacement Gapge, Accelerometer or

Strain Gage No. %

1 Accelercmeter No. 7 E
< Accelerometer lo. 6 %
3 Accelerometer lio. 5 ¢
5 Accelerometer i.0, .\ %
5 Displacement rage 7
7 Accelerometer lio. 9 o
2 Accelerometer Lo, 8 g
N Accelerometer No. 3 g
1o Strain rapes - Tl, Co, 73, CL é
11 Accelerometer (o, 2 g
“ Accelerometer o, 1 @
5

sy
S,

17 = 2ANPLL RICORD, DYNAMIC =J=CTuk PLRFCHIANCE T=ST OF THE TX-7

i

Ref. Symbol: 1532(31)
Project ho, TH=~59

UNCLASSIFIED

]

-




{2. 5 _I:.‘ _T = '* BE
e e
b oydopsl |
: 5T :A :*"i : .- ,,'. ———— |2.45° 98‘
& 5fﬁ£f§ ;5ZY, s 3 x =

T UUNCLASSIFIED |, [swoes
a3 R 10,000 psi
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R lI0,000psi
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Record talkoen during test of the Hc Lean air

piston type ejector, Condition 1I; Run 2,

2400 pai charging pressure. (Labeled vertical lines are calibrate values, circled points

are trace peaks read.)

Record Trace No.
Strain

Displacement Gage, Accelerometer or

Gage No.

Strain
Strain
Strain
Strain
Strain
Strain
Strein
Strain
Strain

Strain
Strain
Strain

= Oom-3oWnEwhH

0

L E

FIG. 18 -

SAMPLE RECORD, DYNAMIC ZJECTOR PERFORMANCE TEST Of THi TX-7

T - UNCLASSIFIED

gage No, 1
gage lo. 2
gage No, 3
gage No, 4
gage No., 5
gage No. 6
gages ho. 7
gages ho. &
gage Fy
gage Fp
rages - Tg, Cg, Ty, Cg
rage - Faq

Ref. Symbol: 1532 (31)
Project No. TK-59




Record taken during test of the Mc Lean air piston type cjector, Jondition Vi iun «,
2000 psi charging pressure. (Labeled vertical lines are calibrate values, cirzled
poeints are trace peaks read, measured span is duration o! rower stroke.)

Record Trace ho., Visplacement Gage, iccelerom-tier or

strain Gage No.

Acceleromcter Ko.
Acceleroncter No.
Accelerometer lo,
Accelerometer lo.
Jisplacement pare
Accelerometer i.o,
Accelerometer Lo,
sccelerometer i.o,
train papes - Ty
nccelerometer ho,
nzeelerometer lo,

r—'t: ot U IS o AV VU N ] o
N o

*

%

7
f
]

2

IR

FIG. 19 - SAMPLE RECORD, DYMAMIC oJECTOR PERFURMANCe ThoT o Ju. Tie=?
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Record taken during test of the lUc Lean air piston type ejector, Condition V; Run 2,
2000 psi charging pressure. (Labeled vertical lines are calibrate values, circled
points are trace peaks read, measured span is duration of power stroke.)

Record Trace lWo. Displacement Gage, Accelerometer or

Rl RN N BV, [P VR S I

s E S

Strain

Gape

No.

Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain

Strain
Strain
Strain

gage
Fags
gage
gage
gage
gage

No.
No.
No.
No.
Lo.
No.

[eaR NP SR WIN N

gages No, 7
gages No. 8
gage - Fy
gage - F,
gages - TS’ Ce» T7, Cg

rage

Fy

¥
20 - 3AMPLE RECORD, DYNAMIC FJECTOR PERFORMANCE TEST OF THE TX-7

Ref. Symbol: 1532 (31)
Project No, TM-59
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Record taken during test of the Republic air piston type ejector; Run 2, 2000 psi

charging pressure. (Labeled vertical lines are calibrate values, circled points are

trace peaks read, measured span is duration of power stroke.)

Record Trace No. Displacement Gage, Acceler -ster or
Strain Gage No,

Accelerometer No,
Accelerometer No,
Accelerometer No.
Accelerometer No.
. Displacement gage
Acollercmeter No,
Acceleromster No,
Accelerometer No. 3
Strain gages - T, C,, T3, C,

Acceleromoter No. 2
Accelerameter No. 1

B0 VO

1
2
3
5
6
7
8
9
10
11
12

Ref. Symbol: 1
Project No, 'mfgg (31)
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Record taken during test of the Republic air piston type ejector; Run 2, 2000 psi

charging pressure, (Labeled vertical 1inss are calibrate values, circled points are
trace peaks read.)

Rscord Trace No. Displacement Gage, Accelercmeter or
Strain Gage No.

Strain gage No. 1
Strain gage No. 2
Strain gage No. 3
Strain zage No. &
Strain gage No. 5
Strain gage No. 6
Strain gages No. 7
Strain gages No, 8
Strain gage -~ Fy

Strain gage -~ Fp
Strain gages - T5, Cg, Tn, Cg
Strain gage -~ F3

N

FIG. 22 ~ 1E D C_EJECTOR P RMAN THE

- ¢ Ref. Symbol: 1532 (31)
‘ * . =27 Project No. TH-59
SN UNCIASSIFIED
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Ref. Symbol: 1532 (31)
Project No. TM-59

TABLE 1

ACCELEROMETERS, NUMBERS AND LOCATIONS -
DYNAMIC EJECTOR PERFORMANCE TEST OF THE TX-7

Accelerometer Position and Make, Model Serial No,
Ref. No. Locaticn and Range Used During Tests Used During Tests
- Run in Dynamic Run in Dynamic
Jig #1 Jig #2

1 Vertical, Antenna Statham, 522 522

Nose Plate (Inside) Mode]l, No.
) ASA- 300
50 g

2 Vertical, Battery 637 514
Box Support
(Inside Baffle)

3 Vertical, Center of 517 640
Gravity

4 Vertical, IFI End 520 274

5 Vertical, Station 103 635 -
(Quick Disconnect)

6 Vertical, Station 153 274 635

7 Vertical, Retractable 638 636
Fin

8 Longitudinal, Center 514 520
of Graviiy

9 Transverse, Center Y 636 637
of Gravit;

UNCTLASSIFIED




-29-- Ref. Symbol: 1532(31)
Project No., TM-59
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TABLE II
EJECTCR_ENERGY OUTPUT ~ DYNAL.C EJECTCR PERFORMANCE TESTS OT THE TX-7

I. Mclean Cartridge C - Chord Length h¥* -~ Vertical Dis- E*¥ - Potential Energy

Type Ejector of Pendulum placement of Gain of TX-7
(Test in jig #2) Swing (in) TX-7 C.G.(in) (in-1b)
Run 1 Run 2 Run 1 Run 2 Runl Run 2 Avg,

1/3 Chg .081 Orifice 34.75 no run 2.65 no run 4360 no run 4360
2/3 Chg .081 Orifice 66.5 61.25 9.7 8.25 16,000 13,600 14,800
Full Chg .081 Orifice 82,5 82.0 14.92 14.71 24,600 24,250 24,425
Full Chg .062 Orifice 84.5 82.5 15,65 14,92 25,800 24,600 25,200
Full Chg no Orifice 96.0 96.0 20.2 20.2 33,300 33,300 33,300

II. Dduglas Cartridge
Type Ejector

1/3 Chg. Jig # 61.25 63.25 8.2, 8.79 13,560 14,480 14,020
2/3 Chg. Jig #1 79.75 85.50 13.97 16.06 23,020 26,460 24,740
Full Chg. Jig #1 96.75 99.75 20.56 21.86 33,890 36,020 34,955
Full Chg. Jig #2 80.0 78.0 14.06 13.36 23,170 22,020 22,595
III. Mclean Air Piston
Type Bjector
Condition IX

1000 PSI Pressure 41,75 Al.88 3.3 3.85 310 g350 550
1500 PSI Pressure L8.25 - 49.25 5.11 5.33 8430 8780 8605
2000 PSI Pressure - 53.25 53.75 6.23 6.35 10,270 10,460 10,365
24,00 PSI Pressure 51.0 53.5 5.71 6.28 9420 10,360 9890
IV, Mclean Air Piston

Type Ejector

Condition V
500 PSI Pressure 30.5 no run 2.04 no run 3370 no run 3370
1000 PSI Pressure 540.0 40.25 3.51 3.56 5790 5860 5825
1500 PSI Pressure 46,5 47.0 LTk 4L.85 7830 7915 7915
2000 PSI Pressure 51.75 51.75 5.88 5.88 9690 9690 9690
V. Republic Air Piston

Type Ejector
1000 PSI Presscre 54425 51.25 6.46 577 10,650 9510 10,080
1500 PSI Pressure 62.25 no run 8.51 no run 14,030 no run 14,030
200C PSI Pressure 68.7% 69.25 10.38 10.53 17,110 17,360 17,235
2500 PSI Pressure 69.0 no run 10.46 no run 17,240 no run 17,240

c2 a2

% q #%y = Weight of TX~7 x k = 1645 h

T 2x pendulum length % x 227-5/8 inch

WA UNCLASSIFIED
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TRISIES AND DEFLECTICNS PODUCED =~ DYRAMIG 1.JECTOR PERFCRMANCE THSTS OF THE TX-7
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