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#~ I2RVARD

Oil work vas performed in aocordanoe with the follow-

Ing Air Force Contraotsa

Titan I Program AP04(647)-576

y•na-Soar Step I Program A•04(647)-610

Titan III Phase I Program AFO4(695)-54

Motes The Dyna-Soar Step I york Included in this report

vas accomplished prior to the termination of the

contract. The report and analysis work was aooomp-

lished under the Titan III Phase I oontraot.

to-in



pose Ii

LB STRC?

The use of storable, high energy and hypergolio

propellants, Unsymmetrioal Dimethyl Hyerazine (UDMH)/Hydra-

sine and Nitrogen Tetroxide (B2o04)' in Titan U and Titan III

is an advancement in weapon and space systems. However, the

intermixing reaction and toxioologieal properties of these

propellants Introduced a problem in the design of the destruct

:-yotem for the booster. The tests that were conducted to develop

and verify the booster destruct system with these propellants

are described in this report.
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TITAN II - DTYA-SOAR

DESTRUCT TrST AND ANALY7!S PF.FORT

Is INVRODUCTIOU

The Titan II Di-na-Soar booster destruct system is com-

plstely independent of the other booster systems= The explosive

ordnanoe components used in the destruct system are bi-direotional

charges. Tvo units are installed midway between the oxidizer and

fuel tank in each stage and are designed to remove 75 to 80 per-

sent of each opposing fuel and oxidizer tank dome to permit inter-

mixing of the propellants.

A series of tests were conducted by the Titan II project

to develop and certify the destruot system for flight and to ob-

1tain data from the irtermixing of various volumes of the storable*

hyperTnJio booster pripellants for evaluating the associated ex-

plosivo and toxioological problems. These tests included intermix-

Ing and rupturing speomens containing 1.5 to 292 pound3 of pro-

peliants. Qualification and aooeptanoe tests were also conduoted

on the bi-direotional or wafer charge.

The Dyna-Soar project jolued the Titan II teat program to

obtain glider environmental data (temperature, over-pressures

debris pattern, etc.) for abort oriteria anL environmental data

(fire ball size, toxioity, d. bris pattern, etc.) for the motile

service tower and leunch oomplex to develop design criteria and

safety requiremý,nts.

* Test report on flight certification tests of bi-directional destruo
charges, Martin Part Vo. PD6O0Ol35-O01, arg. Franois AssGia~tes
Co., Denver 23, Colorado.

to-W
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The joint projeot teats oonduoced included a destruot

test of a half scale (linear) model of Stage 1I loaded with

5800 pounds of UDNI/Hydrasine and 10,000 pounds of nitrogen

tetroxid., and a half scale test of a Stage I speocnen loadea

vith 21,500 pounds of nitrogen tetroxide and 11,200 pounds of

UDHM/Hydrazine.

The Baltimore (M/B) and Denver Divisiosto (M/D) of the

Martin Marietta Corporation, The Denver Research Institute (DRI)

of the University of Denver and the United States Bureau of Mines

(Bu Mines) provided the personnel who participated in this series

of tests with the propellant&.

toit



SII. SUKmARY Page 3

The destruct tests discussed in thid report include:

Beer Barrel Destruct Tests

Full Scale Stage I Titan I without Propellants

Half Scale Stage II Titan II wita Propellants

Half Scale Stage I Titan II ';ith Propellants

"BEER BARIEL" DESTRUCT TESTS

A series of destruct teats were conducted using aluminum

beer barrels containing quantities up to 290 pounds of propellants,

112 pounds of UDXIE/Hydrazine in one barrel and 180 pounds of ni-

trogen tetroxide in the other.

The objective of these developmental tesLswas to de-

tealne the ieaasiblity of rupturing domes and/or tank walls to

provide suffici,!nt intermiLdng of the propellants for a destruct

system.

While simulating both launch and horizontal flight

positions, several different destruct arrangements were tested.

The resultsof these teats indicated that the removal of opposing

dunes was the scat effective Method for maximum intermixing of

the pronellants.

P019



"IULL SCALE STAGr I TITAN I WITHOUT PROPELLA.LT'S

Five methods were considered and tested for opening the

opposing domes between tanks - linear shaped charge, pripacord,

wedge shaped charge, five directioral ahap*4 charge and a bi-

directional wafer charge. The bi-directional wafer charge was

selacted because of its effectiveness, cos+ and safety aspects.

It can be handled and installed as a separate unit.

A full-scale test was conducted using the bi-direotiona1

destruct system in an airborne Stage I Titan I between tanks

speoimen. The two bi-directional charges removed 80% of each of

the opposing domes.

HALF SUALE SVAuE Ii TITAN II WITH PROPELLANIS

This test connisted of destructing a specimen with 5800

pounds of tD•e/Hydrazine and 10,000 pounds of Mitrogen Tstroxide.

The objectives were to obtain reaction data and 102 dispers-

ion from 15,80C pounds of propellant intermixingg to obtain

environmental data for the glider, the mobile service tever and

the launch complex; and to establish a minimum time delay between

glider abort and booster destruct that will not endanger the pilot.

The fireball size was 108 feet in diameter with a maximum

recorded temperature of 2400F. The heat of the fireball causea

the M02 vapors to rise initially. The maximum concentration of

s02 recorded 500 feet downwind, was 44 (PPM) parts per million at

60 seconds after destruct initiation. Other values ct bO were
2



Page 5

below 11 PPM before 60 seconds and until 180 secords after destruct.

HAF.SCA.LE S'AGE I TITAN II WITH PROPELLAn2S

A specimen containing 11,200 pounds of UDVB/Hydrasine and

21,500 pounds of nitrogen Tetroxide was destruoted for this test.

The objectives were the same as the previous ttst with 32,700

pounds of propelIRnt intermixinge, but the tank sections were bolted

and welded in position for maximum propellant and vapor mixing.

The fireball size was 151 feet in diameter with a maximum

temperatura recorded of 3000"P. The NO2 cloud rose from the heat

and the maximum concentration of N02, recorded 700 feet downvind,

was 154 PPM at 90 seconds after destruct initiation. Other values

of NO were below 1 PP1 before 90 seconds and below I PPM after

b 90 seconds until 180 seconds.

The Initial pressure recorded from the destruct charge near

the specimen was 11 P.S.I. Two significant vapor explosions

occurred at 3.1 and 4.Z seconds after destruct. IMagnitudes of

these were high near the test specimen (5 and 10 P.S.I. respective-

ly); however, their impulses were luv. The test zot-up remained

intact and there was no pressure damage to the test specimen.

IO-
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III* TEST KTOD M~ ESC~tyIPrION

A. Beer Barrel Destruct Tests

Background:

Late in 1960, a contract was awarded to the Denver Research

Institute of the University of Denver to perform a aeries of tests

needed for the study of des![n parameters of a destruct system in

the Titan II booster. Primarily, the objectives were to study the

propellants, their interning reaction and toxicological properties#

and to gather ezperinental data upon which a destrucL sy.stem could

be designed.

These tests oecani luion as beer barrel tests because the

containers used for the propellants were standard commercial

aluminum beer barrels. A 16' x 16' concrete pad was constructed on

the vest range of the University of Denver, and two angle-iron frame

assemblies were fabricated for supporting two barrels, twelve inches

apart, end to end horizontally or vertically. Flexible linear charges

(RPX- 50 grains per foot) werc used to rupture the barrels. All the

tests were recorded on motion picture film at camera speeds of 24,

4W0 ad 2000 franes per second.

rhase I

Initially, an effort was made to discover the best destruct

charge arrangemy'nt for maxir=m inter'.xing the propellants. The

barrels wer placed vertically in the frame assembly, filled with

15 gallons ot ULI{3/flydrazine (112 pounds) and 15 gallons of N204

(180 pounds) ond pressurized to LO psi.

pcis



Page 8

The destruct system was installed to split the same sides of both

barrels. After the destruct, ample intermixiag occurred and some

j propellants burned on the pad.

204 (15 gals., 1% pounds)

- Linear Destruct Charge

.00 ..ILUtt./Bydrazine (15 gals., 112 pounda)

I Linear Destruct Charae

Frame Assembly

Phae i - Total Propellants - 292 Pounds

Pho-sc MI:

The horizontal frame assembly was erected to simulate and Invps-

tigate hov the destruct system would operate in .he flight attitude.

The barrels were placed horizontally in the frame assembly, filled

with 7 1/2 gallons of UDM/Hyarazine (36 pounds) and 7 1/2 gallons

of Ný04 (ý0 pounds), and pregsurl7ed to 40 psi. The destruct system

was Installed to split the top side of each barrel. Some of the

propellants were hurled 'nto the air LY the linear charge, but three-

fourths of the propellants were left in the barreli. After the

initial Intermixing, the barrel assembly was tipped over to allow

the rena;,ina propellants to intermix on the pad.

1Kt I.
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N,204 (7 1/2 gals., 90 pounds)

y- Linear Destruct Charge

Linear Destruct Charge

-.. ..- UDMH/Hydrazine (7 1/2 gals., 56 pounds)

Phase II - Total Propellants - 146 Pounds

Phase III:

The decision vas reached to use .056" ihick aluminum skirts to

enclose the area between the barrels for a simulation of the between-

tanks area of the booster. The barrels were again placed horizontally,

filled vith 7 1/2 gallons of propellants, and pressurized to 40 psi.

The destruct uystem was installed to split the top side of each

barrel and the oppvulag end of ectii -e± to obtain better propellant

intermixing. Greater Intermixiig did take place with some spillage

on the pad, and some propellants rcmained in the barrels.

N2 04 (7 1/2 gals., 90 pounds)

Linear Destruct Charge

Aluminum Skirt (.056)

WM1'•i/ Hydrazine (7 1/2 gals., 56 pounds)

~L17L-Frame Aaspm

Phare III- Total Propellants - 146 Pounds

P0-ItS
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Phnse IV:

The Phase III test was repeated in the vertical poaition to

simulate the launch pad conditions. The results were considered

good becautee the fireball produced was uniform and the gaseous

cloud rose rapidly.

1204 (7 1/2 Gals., 90 Pounds)

-- - Aluminum Skirt (.056)

- Frame Assembly

I ,Linear Destruct Charge

U Vso/Hydrazine (7 1/2 Gals., 56 Pounds)

Phf-c IV - Total Propellants - 146 Pounds

Phtse V:

The Phase III test was repee.teJ without the side splitting

destruct chargt.s to limit the spillage, The destruct vas considered

good while some propellants remained and burned in the barrels.

01OC (76 Gals., O9 pounds)

U-Aluminum Skirt (.O56)Liziear Destruct Charge

UDhH/Hydraine (7h Gals.,

~~Iiii1LFrame Assenbly

Phase I Trtal Prcppllante 146 Pouxnds



Phase VI:ePage

The Phaat V test wis repeated In the vertical position. A

rapid reaction occurred and the gaseous cloud rose and dissipated

quickly. The entire event lasted approximately five seconds vith

msinor reactions that sounded like 30 caliber rifle fire. No pro-

pellants remained on the pad after the test.

No severe blast damage resulted. A small cOmercial tin can

filled with vater wns placed under the barrel and was undamaged

after the test.

- 204 (7)6 Gals., 90 pounds)

Aluminum Skirt (.056)

- Linear Destruct Charge

Frame AssewbOlj

/ r - UD',H/Hyrdazine (7h Gals.. 56 pounda)

Phase VI Total Propellants 146 Pounds

P0-196
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B. Destruct Test of a Fult Scale Portion of Stage I - Titan I Without Propdlants

Background:

Prior ?o the v,.rificatron uc-struct Ltst of a full scile portion of Stage 1 - "itan I.

without propellants,, i wis necessary to accurately oiahlate and demonstrate the

effcA.. ;;.:&ss of the bi-directional des cact charge. Tests were conducti.d with

tne destruct charge on 8' x 8" aluminum panels .062" thick and backed up with

water, After these evaluation tests were completed a water backed Titan I tank

dome,ý was ruptured with the bi-directional charge 20" away from the test speci-

men, The final test was conducted with the actual destruct isystem being detona-

ted in the between tanks section of an virborne Titan I missile.

Phase I - Because of the scarcity of availabic full size tank domes, this test plan

was arranged in such a manner as to permit maximum evaluation of the destruct

charges against mocked-up target panels. These targets were fabricated from

.062" thick 6061-Tb aluminum panels and sized as 8' x 8" floatable panels. These

panels were floated on a water surface to simulate ote liquid backed condition of

a propellant tank dome. (The difference between the flat target panel and the

curved tank dome was considered unimportant for putposes of this tesý'.) The

destruct charge was located at various distanLts above the center of the target

panel, and oriented go as to pi oduce a destruct action against the center of the

-pnaaI CK-rge effect was evaluated on basis of the degree of damage imparted

to the target panel, i.e., (1) maximum hole diameter in target panel caused by

destruct charge slug, and '2) maximum tear diameter in target panel caus-d by

I
PO-ISS
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destruct charge blast effect.

Phase II - A subsequent test phase was arranged to permit evaluation of the de-

atruct charge on arn actual missile rank dome, A Titan I tank dome was selected

for the test specimet.. The specimen was oriented to present a water backed tank

dome surface to the destruct charge, which was located about 20" away from the

dome. This test was c-•nsidered moLe Leallstic for destru'ct qnalysis because of

the comparable nature of the test specimen to the Titan I tank domes, particu -

Narly with respect to the chem-millcd dome areas.

Phase III - The final test in this series was planned to permit accurate analysis

of a complete destruct sy':tem .nstallaton.n Preceding tests were conducted with

one charge at a time. This test set up consisted of two destruct charges mounted

on actra Lnstallat!on brackets, along with associated primacord harnesses. The

prinmcord was capped off with crimp-on boosters as in the actual missile instal-

lation This ordnance system was irnstalled in a Titan I Stage I between tanks

section structurally integral with a full size fuel tank. The test set up was com-

pleted by positining a full size (10" diameter) Titan I tank dome in its proper

orientation atop th• between tanks section so that two opposing tank domes were

presented to the destruct charges. Water was loaded into the lower tank to ap-

proximately 902j capacity, and to a height of about 20 ' in the upper dome. No

tank pressurization was used in the test, in order to establish full capabilities of

the destruct charges alone,

(See photograIhs of the bi-directional dast:-uct e.1-arge installation and the

results of the charges in fieures 1 and 13 on pages 1* and 38.)

to-ID I
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C. Destruct Test of Half Scale Stage II - Titan II With
Propellants

Background:

To thoroughly check out the test setup before destructing

a model with propellants, a half scale Stage I Titan I test

specimen was loaded with w ir and hypo solution (to simulate

the weieht of N,04 ) and pressurized for a structural test.

The specimen vas then destructed with a bi-directional charge

to verify the ordnance installation.(F!is. 2 & 2a, pages 16 &16a) The

hemispherical domes of the test specimen did not rupture in

the same manner as the airborne ellipsodial domes did in

Section B of this report. For better simulation cf propellant

intermixing end to assure removal of 8c percent of each

opposing dome in the model, a linear shaped charge was used

for the test when the tanks were loaded with propellants.

Since a bi-directional charge was replaced with a linear

shaped charge, it was also necessary to conduct the propellant

test without belting the between-tanks sections together. As

noted in Section Z of this report, the bi-directional charge

removes the between-tanks structure. On all previous tests

with the bi-directional charge, the tanks separated immediately

after the destruct charge was initiated.

S;h
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Test Conditions:

Tiae: 2:23 p.m., 4 November 1961

Temperaturet 34F

Atmospheric pressura: 11.7 lbs. per sq. in.

A weak, fast moving Pacific cold front passed the test site

at 0610. Brief flurries of snow occurred shortly 9fter the frontal

passage, At the time of firing, there were scattered cumulus clouds

at an estimated height of 4000 feet. The wind, as measured at the

observation point waa 40* and 22 mph.

Description of Specimen:

The specimen was an assembly simulating the Stage II propellant

tanks of the Titan II booster. The diameter of the specimen was 5

foot. Complete dimensions are shown in Figure 3, page 18. The

specimen tank domes were spun aluminum hemispherical domes. The

teac specimen tank skins %ere rolled aluminum welded to the tank

domes and stiffened by twelve channel stringers welded to the tank

at ten inch intervals. The stringers were butted and welded to

X" X 5" X 5' diameter flat rint:s. The upper and lower tank assemblies

were placed together, no bolts were used to splice the two assemblies

together. Simulated cable bundles were attached across the splice to

duplcato trhose on the actual booster. The between tanks area was

covered with .vzC aluminum skirts and attached by sheet metal screws.

A linear shaped charge (40 grams per foot) destruct system was

installed on each of the between tank domes. Styrofoam strips were

used between the charge and the tank dome for optimum stand-off.

The linear charge pattern was altered on each dome to allow for the

propellant fill fittings on the lower UMIH/iydrazine dome. Each

, PO-1•$
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rigure 3

1/4" TVl. FAN"CLE

I; - 3" AM~. STD. C!!A.'.:;N-L

n"PIPE & NPL -
!UtA4ISP!:EPICAL MI~!ES

2/4n* X 3" FLAT .,-I09"TNGS-Z'I'A

';.',,LL .187" TH1ICK

1931 .02011 AL. SKIRT
6SIXTCrIoS ATTACH R~

290* YETAL SCXE7WS

x8~.2"X2"X3/16" ANGLE1I#" 2'O RIG

BOLT T" FAD (4 I'LCS.)J

YATE 'IAL
ALL 6061-T6xLpn: AL.

STAGIE II 5"IMCiE3
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Li A

Linear Shaled -Linear
Ch-trge Shaped

o Charge

Tank FittingsA-A B-B

Ordnance Arrang-e-ent

Total veight of explosive charge - .49 prunds
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pattern was arranged to cut open a minimum of 75% of the rospect-

ie dome (See Figure 4, pa,;e 19).

Redundant explosive connections were made between the two

dome charge installations. In addition, one linear charge feom

each installation was coupled to the initiator through a pair of

booster capped (P-11 Booster Kq'O6?), 100 grain per foot, primr-

cord strands. A staniard Titan I destruct initiator, secured to

the between tank3 structure, was used to initiate the destruct

system.

Explosive boltb were used in the guy line cables to allow

the release of the test 6pecimen five seconds prior to the destruct

event.

* Fixture:

The test alecimen was mounted on a stand (Figure 5, page 21)

which was ten feet high. The stand consisted of a 101 X 10'

platform of steel plate stiffened by 8" channels and supported by

six braced steel pipe legs. The stand was bolted to a roncrete

par.. Tne pad waj 50' X 50' concrete with a curbing 4" wide and 18"

high. The pad was situated at a test site on the Lowry Air Force

Base bombing range located east of Denver, Colorado. The test site

was 6000 feet above sea level, 5.4 miles east of Complex IA and 3.5

miles north of Complex lB.

Two wooden telephone pole:, 75' high, were erected at the e6ge

of the pad in llnu with the test stand. Two rods were attached

pole to pole 10' and 20' above the specimen. A fifteen foot boom
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Position Fye Ran, I Poettioni Tyre Rlange
(© /0i 240o0 F 0 T!C 1500" F

/c 40 PS, P/C 20 PSI
20 PSf HT 1500 7

T 2400• T MIKE 120 db

/C 24000 F Q T/C 1200' ?

C 4o PsI so o0 sI
40 P~z MIKE 120 db

T 240C' F HT 10000 F

r/C ' ? ® 4) oo
IC 20 psi 4)_______

20 PSI T/C - Thermocouyle
T 24000 F P/C - Photoco-i Pressure Transducer (static

K - Kistler Pressure Transducer (dynamic
HT - Heat Transfer Gage
SG - Strain Gage
Mike- Microphone

3,

Pad with 18" lip

Plan View

20'

10' O

d- -i a
"ELEVATIC; VIEW

INSTRULM '1TATION AThA'NG-: 1,iT
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wes cantilevered from each pole at the top of the specimen, and

a ten foot boom was cantilevered from one pole at the between

tanks height. Three smaller poles (23' high) were erected at 60',

140's and 300' northeast of the teat stand. Instrumentetion

equipment was mounted to each of these poles. (Figure 6, page 22)

A propelauL ioading ==d preeourization system was designed

and installed. (Figures 7 & 8, pages 24 & 25)

The firing point was located 3500' southwest of the test pad.

Instrumentation:

A total of 36 channels of instrumentation was installed and

calibrated. The in3trumontation consisted of eight thermocouples,

seven Photocon pressure transducers, six Kistler pressure trans-

duceras, eight heat transfer gages, five strain gages and two micro-

phones.

An instrumentation trailer containing the recording equipment

was located 400 feet northeast of the test pad.

The Bureau of Mines placed two banks of vapor sensing bottles

500 feet from the teat pad. One bank was ten feet above ground

and the other waa buspendei by a crane 60 feet above the ground.

The terrain was such that the samplers at 60 feet were at the same

elevation as the between tank location of the test specimen.

The pressure transducers KI, K2, K3, K4, K5 and K6 were

Kistler piezoelectric Mod. 701 u3-d in conjunction with the Mod.

5-) amplifier providing a 10MV/rsi output with a flat frequency

z nge of .01 to 60,000 cps and ca accelerution sensitivity of .02

9
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psi/g. Pressure transducers PC1, PC2, PC3, PC4, PC6, PC7 and PC8

wure Photocon cepac.tanco gauges Mod. 352-2170 water cooled, used

in conjunction with a DG601-2 Dynagage Amplifier providing IOOMV/

psi with an essentially flat frequency response from 0-8,000 cps.

The two microphones used as pressure transducers were Alteoc

Lansing 21BR-150 sui.1uying -55 to -65 DB/IV/iyne/cm2 . The

pressure at the last pole, 300 ft. from the blast center was measured

with a Stathan type PM-131 TC-55045 unbonded strain gage type

transducer.

Temperatures (TCI-I0) were detected with thermocouples made

of 40 ga. chromel alumel thermocouple wire with #24 ga. chromel

alumel extension wire. The extension wire terminated in a 150oF

! 10 controlled hot reference junction box. The temperatu e signal

was then carried to the recorder using 18 ga. shielded copper wire.

Heat transfer was measured with total heat type calorimeters

consisting of a polished gold dVsk coated with platinum black on

the aide facing exposure. Forty ga. chromel alumel thermocouple

wire was welded to the disk on the backside. This assembly was

mounted in a stainless steel housing.

The thermocouple and calorimeter signals were calibrated by

means uf a voltaSe substitution using thermocouple/millivolt tables.

The Photocon and Kistler pressure signals were stimulus calibrated

using actual known pressures apilied to the sensing elements. The

microphones were calibrated uiing an Altec Lansing No. 12185

Acoustic Calibrator and the CL^ unbonded strain gage transducer
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was shunt resistance calibrated.

Strain gages used were TATNALL - 120 ohm, C12-141B with a

gage factor of 2.08. Shunt resistance calibrations were per-

formed and the outputs were amplified through KinTel AFIll D.C.

amplifiers.

All pressure data and strain gage data was recorded on Ampex

Rll1 4 Magnetic Tape Recorders. Temperature Data was recorded on

a C7C 5-119 oscillograph using 120') cycle/sec. galionumeters.

Notion picture coverage included 24, 128, 200, 4CO frames par

second. (Figure 9, page 28)

Procedure

The nodel was erected on the test stand, and the following

functions were perforred:

(a) Both tanks were pressurized to 50 pai while all junctions

were covered with a soapy solution to detect leaks.

(b) All inatrumentation was calibrated.

(c) The ordnance system was installed on the tank domes.

(d) The lower tank was filled with 5800 pounds (780 gallons)

of UDMH/Hydrazine.

(e) The fuel fill line was purged, ani the UDMH/Hydrazine

truck withdraw.

(f) The upper tank wns filled uith 10,000 pounds (835

gallons) of Nitrogen Tetroxide.

(g) The temperature during the loading operation varied

between h*eF at 0200 aoirs to 30?F at 0700 hours.
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(h) A final check on cameras and instrumentation wan

ocompleted.

(i) The Bureau of Mines personnel positioned their *quipr-ent.

(j) Both tanks were pressurized to 40 Iieo

(k) Safety verified an all clear, and the destruct wan

initiated.
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D. Destruct Test of Half Scale Stage 7 - Titai II With Propellants

Bac"ktgrond:

This test was a continuation of the previous test (Section

C) using a half scale Stage I test specimen which held a greater

amount of propellants (32,700 pounds). The two assemblies of

the specimen were welded together at the stringer interface ring

to provide for more intermixing of the propellants in their

liquid and gaseous states.

Test Conditions:

Time: 12:38 p.m., 22 November 1961

Temperature: 506F

Wind Velocity: 3 wilos per hr.

Wind Direction: 265* from true north

Humidity: 7e%

Atmospheric PreGaure: 11.? lbs. per sq. in.

The RAOVS soundings from ' spleton Field show that a stable

condition existed. There was no low inversion at the time of

firing (ref. Martin-Denver IDC to J. S. Greichen from R. H. Bliss,

"The Martin Comiany Meteorologist").

Description of Test Specimen:

The test soecimen was an assembly simulating the Stage I

propellant tarzUs and between tanks structure of the Titan II

booster. The dimensions and structural components of the speci-

men are shown in Figure 10, page 3z. The aluminum domes were

spun to a hemispherical shape and welded to the rolle4 aluminum

toi n" ' ' ' '! i
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tank barrels. Each tenk structure was strengthened by twelv*

channei sarlnoers welded tu the barrol at ta inch Intervals

and butt welded to flat rings % X 5 inches and 5 feet in

diameter.

The upper and lower tank assemblies were bolted and welded

together to keep the specimen tanks in place after the done*

ruptured,

The ordnance installation for this test was the *ame

arrangement as that called out in the previous section. (See

page 17).

The fixture and instrumentation arrangement were alac the

sa*e as that described in the previous section.

Procedure:

The specimen was erected on the test stand, (Figures 11 & 12,

pages 33 & 34) functions performed were the same as those in the

Stage II procedure (Page 27) except that the Stage I specimen

contained 11,200 pounds of UDMFi/Hydrazine and 21,503 pounds of

nitrogen tetroxide, and both tanks were pressurized to 10 psi.

Camera Coverage:

Sequence camera photograph* (8 f,,s) were taken in addition

to the camera coverage denoted in figure 9, page 28.

F019
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IV. Results and Conclusions %ith Data References:

BEER BARZL DESTUCT TE3TS

(1) Removal of the opposing domes (oxidizer and fuel) is the

most effective method for intermixing the iijuid propellants

in ?itan TI and TVtan III boosters.

(2) No significant problems occurred when 292 pounds of pro-

pellanto were intermixed. The NO2 cloud rose and dispersed

rapidly.

FULL SCALE STAGE I - TITAN I WITHOUIT PROPELLA!ITS

Phase I - Tests With Target Panels

(1) Performance consistency of the bi-directicnal destruct

charge was demonstrated.

(2) Target damage patterns justified further investigation of

these effects on actual missile domes.

Phase II - Full Scale Dome - Titan I

(1) Performance consistency of the destruct charge was further

verified.

(2) Destruct charge removed 80% of the dome. (Figure 13, pago

38)

(3) Tears in the dome tenl~d to propoxate alon& the edges of

the chem-milled sections.

Phase III Full Scale Between Tank Section of Stage I Titan I

(1) The destruct assembly was satisfactorily demonstrated.

(2) More than 75% of both opposing domes were thoroughly destroy-

ed.

(3) The explosive blast of the two destruct charý7es ruptured the

between tanks skirt as5embly and blew the skirt and stringer3

away from the test specir-cn.

t ot
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HALF SCALE 3TAGE II - TIrAN II WITH PROPLLAINTS

(1) Sufficieut Intormixing of the propollants occurred even

though the fuel and oxidizer tanks separated after destruct

initiation.

(2) The fire ball expanded to a maximum size of 148 feet

horizontally and 105 feet vertically in Z.3 seconds after

destruct nitnstion. (From 24 fps and 8 fps cameras)

(3) After reaching a maximum size, the fire ball rose and drifted

downwind. At 4.8 seconds after destruct, the bottom of the

fire ball was 115 feet above the ground. (From 24 fps

camera, Figure 17, page 42)

(4) The maximum temperature recorded was 2400F., This occurred

at a point at the side of the test specimen 3.2 seconds after

destruct Initiation. Temperature Data (Figure 14, page 39)

(%'5) The total radiant flux at a Thermopill 300 feet from the

test specimen was 2.3 Joules/cm2 (Ref. (1).

(6) The rising fire ball and thermal column helped to diaperse

the NO2 vapors well above ground level. The cloud rose above

500 feet and dispersed within a mile downwind. Unreacted

liquid nitrogen tetroxide vaporized on the pad and this NO2

vapor drifted toward the sampling units.

(7) At a distance 500 feet downwind from the pad, air samples

were taken frcm bottles located 10 and 60 feet above ground

level. The bottles took samples every 30 seconds over a 3

minute period. Ref (1) or (Figure 18, page 43)

j 9018
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(8) Personnqil one mile downwind from the pad did not detect the

presence of NO either by sampling or odor.

(9) Although no vresaures were recorded becaase of an instru-

mentation malfancticn, there was no pressure damage to the

tset fixturesi i.e., telephone poles and cross beams above

the test specimen. No pressure wave was sensed by person-

nel at the firing or observation point 40 feet from the

pad.

(10) Fragments from the between tanks section of the teet speci-

men were blown out horizontally and did not go above the

level of the upper tank dome. The upper tank dome remained

intact and strain gages on the top of the upper tank dome

indicated a compressive load immediately after destruct

initiation. Fragmentation pattern is shown on Figure 16,

page 41.

(1i) Safety personnel inspected the pad thnrty minutes after the test.

They were equipped witn protective clothing and reported that

mall amounts of nitrogen tetroxide were still vaporizing.

Unprotected personnel inspecte i the test site sixty minutes

after the destruct initiation.

W4-Z24
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Half Scale Stage I - Titan I1 With Propellants

(1) Sufficient intermixing of the propellants occurred at destruct and was similar
to the Stwge II test. This was due to both test specimens being 5 feet in dia-
meter. Stage 11 and Stage I fireballs were approximately the same size.

(2) The fireball expanded to a maximum size of 151 feet horizontally and 111 feet
vertically in 2 seconds after destruct initiation. Fig, 17 and Fig. 19.

(3) After reaching a maximum size, the fireball rose and drifted downwind., At
4.5 seconds after destruct, the bottom of the fireball was 99 feet above the
ground. Fig, 17 and Fig. 20.

(4) The maximum temperature recorded was 30000 F, This occurred adjacent to
the test specimen 2.2 seconds after destruct initiation. Fig. 21 and Fig. 22.

(5) The total radiant flux at a thermopile 275 feet from the test specimen was 3.93
joules/cm" Ref. (1).

(6) The rising fi-.eball and thermal column helped to disperse the NO vapors well
above ground level., However, a volume of unreacted nitrogen te'toxide (larger
than Stage TI) vaporized on the pad and drifted downwind. Fig, 23.

(7) An air sample taken 700 feet downwind and 60 feet above ground at 90 seconds
after destruct revealed a concentration of 154 parts per million of NO2V Other
air samples taken at six other time intervals up to three minutes re..urded less
than I PPM of NO2 . Ref., (1) and Fig. 16

(8) Some 30 seconds after destruct a hole burned in the lower fuel tank dome and
released unreacted UDMH/hydrazine. This reacted with the nitrogen tetroxide
on the pad and reduced the amount of NO 2 vapors., Fig. 24.

(9) With the UDMH/hydrazine and nitrogen tetroxide tanks being secured together.
the vapors from the propellants remained in closer proximity for intermixing.

(10) A pressure rcorded from tile destruct charge next to the test specimen was
11 psi. At 3.1 and 4.2 seconds after destruct initiation, two significant vapor
explosions occurred and pressures of 5 and 10 psi, respectively, were recorded.
Fg., 25. Although the magr'tude of these vapor explosion pressures were high,
their impulses were low. The test setup remained intact, and there was no pres-
sure damage to the test specimen, Fig, 26 and I-ig. 27. Similar vapor explosions
were recorded in Ref., (2).,

(11) The skirt between tanks was blown out horizontally from the destruct charge but
did not rise above the level of the tect specimen. The upper tank dome did not
fragment but remained intact.,

S FO-IS
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(12) Personnel stationed at the firing point, 3500 feet south

aouthSTst of the pad, felt a mild sensatIon vf the Snock wave.

Figure 30, page 56 snows the mnock wave moving outward. The

telephomo pole givbs the illusion of bending as the shock

wave passes betwenn tne canera and the pole.

(13) Safety personnel in protective clothinAg inspected the pad

thirty minutes after destruct initiation and reported that

small volumes of nitrogen tetroxide were astill vaporizing.

(i4) Unprotected personnel inspected the pad sixty minutes after

destruct was initiated.

CI5) A sample of tha tab run of instrumentation is shown in Figure 31

page S7, and the complete data tabulation is presented in

The Martin Cowpaiv, Donver Division, Report - Dpna-Soar j Scale

Blast Test of 28 November, 1961.
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Figure 16
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Time Horiz. Dia. Vertical Dia. Rise
(seconds) (,feet) (feet) (feet)

.5 81 47

1.0 98 56

1.5 127 81

2.0 141 95

2.33 (max.) 148 105 -

2.83 9.1

3.33 - 13.6

3.83 - 32.7

4.33 - 59

4.83 - 115

Stage I

.5 79.5 43.5

1.0 111 73.5

1.5 138 93

2.16 (max.) 151 111

2.56 - - 20.5

3.06 - 32.5

3.56 49.5

4.06 73

4.56 99

Time - seconds after destruct initiation
Rise - measured from bottom of fireball to ground level

Half-scale Stage I and Stage II fireball size & rise
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Figure 18

Concentration of NO2 in
Parts per Million (PPM)

Stage 11 Test
500 Feet Downwind

Time After Destruct Lower Bank Upper Bank
(sec) (PPM) (PPM)

5 <1 3

20 <1 <1

30 10 i

60 44 13

90 5 11

120 8 9

180 1 0

Stage I Test
7'0 Feet Downwind

Time After Destruct Uppcir Bank

(sec) (PPM)

5 <1

20 <I

30 <1(

60 <1

90 154

120 < I

130 < 1

Nitrogen Dioxide Concentrations
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Figure 21
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3. econds

I

28.*

Approxziane Center Locations of Vapor zxploaiors

At 3.1 and 4.2 Seconds A'ter Destruct Initiation

(Measurements ar in one plans only)
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Figure 28
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Fi gure 29

P/DC- 3.0 PSI
P/3 - 3.0 PSI
-6/4 - 8.0 PSI

P/4 - 6 PSI T/ - 27400 F
P/4 -PSI PSI

P/3 - 6.0 PSI

No Record P/4 - 10.0 PSI
T/3 - 2800 F PD

PP0I -3 S .5 PSI
7' P/DC -9.0 PSI P/3 -3.0 PSI•+j• =:P/3"-IO.0OPSI P/4 "5.01PSI

T/2-3000 0F T/I " 2920OF

P/3 -1.0OPSI F/3 - .5 PSI
P/14-1,1PSI P/4- 1.31PSI
T/0- S 0&F T/0-500 F

Izi_ z ,141.9'-

P/DC - Pressure recorded from destruct charge
P/3 - Pressure recorded 3.1 seconds after destruct
P/4 - Pressure recorded 4.2 seconds after destruct
T/0 - Ambient temperature
T - Peak temperature recorded I second after destruct
T/I - Peak temperature recorded 1.4 seconds after destruct
T/2 - Peak temperature recorded 2.2 seconds after destruct
T/3 - Peak temperature recorded 3.1 seconds after destiuci

SUMMARY OF PRESSURE. AND TEMPERATURE DATA
1/2 scale St. I Destruct Test with propellants
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RU 0 EST !ME 8. CTS FUNCI:IJN VALUE FA K 507

DN-/Z PC-2 0:033 109 000000". 1988

OYNA--L/? pc-I 0.038 105 0000000.1621
DVNA-1/ pC2 0044 105 0000000. 162?

DYt4A--1/2 PC-2 0.047 155 0000000,6147

DYN*--1/? PC-i 0.050 215 00000O01.1571
DYNA--1/2 PC-2 0.053 160 0000000.619

DYNA--1/2 PC-? 0 *055 060 0O00000u?. 20.1-
YN-12 PC-? 000¶j5) 064 0OOOU0i.?'.32-

CYNA--1/2 PL-? 0.069 069 O0000O0c.1V,ro

DYNA--1/2 PC-? 0.072 068 00000Qmo.00'0
uYNA--1/2 pr-2 0.077 094. 000000L.0(,32
.YNA--1 /2 PC-i 0.0K. 1.09 O00000(.. ))a,

uN-l2 PC-? 0.089 10) 0000000(*I Is t

I -'aA--1/2 PC-2 0.093 lie 00O0000(,,Zbf'-'
t-%-12 PC-? 0.09? 1.65 OOOCOOU*7O5:.
,,'i-12 PC-? 0.101 120 000000042983

LY.ItA--1/2 PC-2 0.106 its OOOO40UO02
(YA-12 PC-? 0.110 139 0000004...4?0.)

yt;*- t L00.l5 220 000000 1. 10 1
iN-/ PC-? 00119 173 00000ft.7V'%

u Y N A- /26 PC-? 0.124 168 000000s...g322
iY4-l2 PC-? 0'127 199 000000l.0124
oN-12 PC-? 0:131 279 0000001.7356

UYNA--1/2 PC-? 0.135 Is$ 000000(C.9130
(OYNA-1I/2 PC-? 0.139 184. O0OOOO06C760

UN-12 Pc-? 0.145 187 000003Co904O

(AYNA-- i 1 PC-2 004..'9 16-w oOOOOOC*7232

IjYNA--L/2 PC-? 09156 152 000000C.!'876

tJYNA--L/2 PC-? 0.159 131 000000(93977

* tYNA--1I? PC-? 0.160 175 000000(17955

oyN.A--1iz PC-2 0.170 154 OOOOOOC~u056

DYNA--1/2 PC-? 0*174 129 OOOOOOLo3796

(JYNA--1/2 P(-2 0.178 112 000000C02260

DYNA--1/? PC-2 0.18? 179 000000(*8316

UYNA--1/2 PC-? 00185 162 000000(90780

UYNA--1/2 PC-? 00190 169 000000C.7412

IOYNA--1/Z PC-2 r,6195 136 000000(94429

!IYNA--1/2 PC-2 0.196 1it? 000000(0 8588

vYNA--112 PC-? 00200 151 000000' .570S

6YNA--lI? pc-? 0.203 155 000000... #

ýVNA--1I? PC-? 00205 172 00000(i. .7M'4

LYNA--1/2 PC-? 0*210 072 000000!0..4.'Y9

UYNA--1/2 PC-? 0.215 106 0O00000(1,117

IIYNA--1/2 PC-? C.219 100 000000C.11few

CYNA--1I? PC-o0.?' 119 0000cote.p.5'

IIYNA--1/2 PC-? 0.231 0792 000(100' .1'.0-

oYNA~-l/2 PCI-? 0.i38 121 0OOCOG- 37

1Ya-/ PC-? 0*24'1 080 000000, ':.

#;N-12 PC-? 0.248 063 000000 0ý?3

i;YNdA--1I? PC-? 02.2,6 L03 000000. 14.1"

i,YNA--1/Z PC-? 0.261 168 00000010"31:1

oy.-12 PC-? 00265 12? 000000 .0. 18

Is "tA',-IIPI. TA% fq u'011 OF~ '1 t;; 1EM r'D 'I?


