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ABSTRACT

The 36- and 48-inch AMF blast closure devices were tested to
determine their air flov characteristics, closure times, blast
resistance and weatherability. At an air flow of 10,000 cfm, the
35-inch valve had an intake pressure drop of 0.55 inches of water
and an exhsust pressure drop of 0.39 inches of water; the L8-inch
valve at an air flov of 13,000 cfm had an intake drop of 0.53 inches
of wate: and an exhaust drop of 0.36 inches. The closure time of
each valve wvas about 170 msecs. Sensor reaction time averaged
about 50 msecs. The 35-inch valve vas not damaged by tests in the
NCEL Atomic Plast Simulator at pressures up to 192 psi; howvever, the
L€-inch valve's reopening and latching mechansim vas moderstely
damaged when subjetted to a blast pressure of 204 psi. The effects
of three years of weathering indicates that a severe corrosion
problem exists unless the valves receive proper maintenance.




INTRODUCTION

Vitiation of air ir underground military shelters is minimized
by the use of mechanical ventilation systems. Outside air is drawn
in, nixed with shelter air, and then discharged to the outside. This
air passes through intake and exhaust ducts which open at the earth's
surface. In blast-protected shelters, these openings must be fitted
with a closure device to prevent the entrance of the overpressure
from a nuclear explosion.

There are two basic types of blast exclusion devices, usually
called blast closure valves; one is actuated by the flash and the
other by the blast wave of a nuclear explosion. The Bureau of Yards
and Docks (BUDOCKS) and the Defense Atomic Support Agency (DASA)
have sponsored the test and evaluation of various blast valves at
KCEL to determine their air-flov characteristics, closure times,
blast resistance and veatherability. This rep~rt coverc the results
of tests on the 36- and 48-inch diameter flash-actuated valves
developed for RIDOCXS by the American Machine and Foundry Company

(AMF).

BLAST VALVE DESCRIPTIOR

The two ANF blast valves are of the poppet type and are almost
identical i{n design except for thair size. An exterior view of the
L8-inch model 18 showm in Figure 1. The cast-aluminum torispherically-
shaped Lead has radial reinforcing rids and {s supported by a machined-
steel, hollow 7-3/b-inch O.D. shaft vhich slides in & tube. Inside
this shaft is a spiral compression spring to hold the head open ana
a small shaft inside the spring connecting the head to a piston in
the operating air cylinder. The head s closed against the reaistance
of the spring vhen high-pressure air enters the operating air cylinder.
The head is kept closed by four pins spaced 90 degrees apart near the
rims of the head vhich engage mating spring-loaded latches on the
valve body. The latches are released by air applied to a love-pressure
air cylinder locrted at the end of the abcve mentioned tube. Figure
2 shows the latches, cables and pulleys associated with the closing
and opening of the valve.

Alr from a 25-cubic inch high-pressure air bottle is piped
through an explosive valve and a four-way manual control valve on
its vay to the operating air cylinder. It is also piped to the re.
cpening air cylindsr. The bottle has been sired to hold enough
pressurized air for one closing snd one opening of the valve. This
air bottle, the electronics equipment for amplifying the signal from
the sensing element, and the valves and fittings are all located in



e control wox a3 shocwn in Figure 3. By use of the four-way valve,
ihe explosive valve can be by-passed for manual operation of the
blast closure valve.

The blast valve 1s operated vhen the squid in the explosive
valve 18 fired by an electrical impulse from a sensing element. The
high pressure air iun the air bottle is thus released.

The sensing elcment detects only the characteristic double
flash of a nuclear explcsion and i{s cmni-directicnal. In actuel use
it could te located aboveground on & pedestal or {t could be located
belovground wich a mirror system refiecting the flash to the aenscor.

TEST FACILITY AND IRSTRUMENTATION

The air flow and bls=i resistance tests were conductad on exist-
ing Laboratory facilitie:,

Alr Flow and Pressure los:

The air flow characteristics were determined in the air-flowe
measurement test duct. Tha test facility consists of a heavy duty
centrifugal blower, a 15-hp varidrive motor, a variable inlet vane-
type air controller, a short inlet duct, and the discharge duct vhere
the air flov measurements a'e mede. The air flov duct, vhich is 28
inches in dismeter by 2k feet loug and has an "cgg-crate” type air
straightensr, was designed t> AMCA* standards. A maxizum air flow
of about 15,000 cfim can be ol:'tained; however, this depends on the
resistance to air flov of the device being tested. Alr flov was
uctually measured with a Taylor pitot-venturi tube which previously
had been calibrated with a stundard pitot tube.

Presaure drop of the valw: at various air flowvs vas determined
bty neasurirg the difference in static pressure between the upstrean
and downstreasm side vith a Merium micro-manometer. The head of the
AT walve 13 alvays at atmospheric pressure, therefore the measured
presgure drop also includes a dvct entrance or exi$ pressure loss.
A plezometer ring was installed sn the traansition ducts counecting
the valve to the test facility. This averages the static pressure
at that poiat.

*Alr Moving and Conditioning Assoc. ation, formerly Rational
Mocociation of Fan Manufacturers.




Closure Times

The closure time of cach valve was determined by triggering
the valve from a simulated flash of a nuclear explosion. The
activation and closure events were recorded on an cscillograph.

The simulated flash aimed at the sensing element, was piroduced
by using a strobosccpic light for the first sharp pulse and a 250-
vatt infra-red bulb for the long-rise second pulse. A micro-switch
vas affixed to the valve to indicate closure of the valve's head.
The cscillograph was connected to the stroboacopic light, the
explosive valve, and the micro-switch. The chart paper from the
osclillcgraph, moving &t & known speed, indiceted & "blip” when the
strobe light was flashed, a second "blip” vhen the explosive valve
vas fired, and a third "blip" vhen the valve head vas closed.
Sensor reaction time and valve closure time was obtained from this

graph.
Blast Resistance

The tests to determine the blast resistance characteristics of
each valve were conducted in the Atomic Blaest Simulator. This simu-
lator, origically built for testing structural components, is
capable of generating blast pressures up to about 200 psi with decay
times similar to those from & nuclear weapon burst. PFigure & shows
the 48-inch valve in place, ready for test.

The pressure exerted on the head of the valve vas measured by
tvo Statham pressurc-measuring cells. The streins at various loca-
ticns on the valve Judged to be points of muiximum strain vere deter-
mined by SR-L strain gages. The information from these instruments
vas recorded on 8 (onsolidated Electronics Company oscillograph.

METHOD OF TEST

The evaluation of each valve consisted of tests to determine
its pressure drop over a range of air flows, closure times, blast
reaistance and weatherability.

Alr Flov and Prezsure [oss

The air flov characteristics of the valve were determined
first with the air eatering the valve and then vwith air leaving the
valve. These two positions respectively simulate actual use of the
velves on the intake and exhaust air ports of a protective shelter.
Pressure loss dats wvas recorded at intervals over a wvide range of
air flowvs, generally up to the meximum capacity of the blower.
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Closure Times

The closure time testc were conducted on the L8-inch valve
vwith the valve in both the verticel and horizontal positions and
with air bottle pressures varying from the recommended 1200 psi
down to 800 psi. The 36-inch valve vas tested in the vertical
position only at an air bottle pressure of 1200 psi. The closure
timas are reported as the interval between the instant that the
explosive valve received the signal from the sensing element and
actual closure of the head, Reaction time of the sensing element
vas also recorded.

Blast Reslstance

Blast resistance of the valves wvas determined in a series
of blast simulator testa that were conducted at pressures starting
av about 25 psi and increasing in varying iocremente to approxi-~
mately 200 psi. 8train gage readings were analyzed after each
test to determine 1f the metal at the point under observation vas
nearing fuilure. The head of the valve vas held in a closed posi-
tion during the blast tests by the latching mechanism.

Weatherability

The weatherability of the valves was determined by placing
them outside for exposure to the elements in test arve approximately
one-half mile from the Pacific Ocean. During the exposure period
the valves remained in a vertical position. They received no
maintenance nor special treatment, zuch as a preservative coating
or lubrication of mo/sing parts, prior to or during the tests.

bl

RESULTS OF THE TESTS

The results of the tests to determine pressure drop at verl.us
air flow rates are given in Table I for the j6einch valve and
Table II for the LB-inch valve. This data is shown graphically by
the curves in Pigure 5. It can be seen that each valve has &
higher pressure loss vhen in the inilake position thau for the exhaust
position; the exhaust loss being about 68 perceat of the intake loss.
The pressure loss data includes a duct enirance or exit loss as

appropriate.

The results of the closure time tests of the 8-inch valve in
both the horizontal and verticel poesition are given in Tables III.
The horizontal-vertical average closure time was 171 msecs at the
manufacturer recoamended air bottle pressure of 1200 psi. The
tests conducted at 1100 and 1000 pei indicats that closure time wvas

&
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not adversely affected in either position by these lower pressures,
except that for the kerizontal position these times wera slightly
improved for reasons that are not known. The tests conducted on
the LB-inch valve at a pressure of 900 psi and 800 psi in the hort-
zontal and vertical position respectively, indicates that closure
time was {iacreasing as air bottle pressures were decreasing. The
one closure time test conducted on the 36-inch valve with the air
bottle pressure at 1200 psi showed that it closed in 170 msecs.

The reaction time of the sencing element averaged about 50 mseca
for all tests.

D'riug the closure time tests it was observed that the residual
pressure in the air bottle after closure of the head ranged from 400
to 600 psi. This was sufficlent pressure to operate th2 reopening
mechanisz. An additional observation showed that during these tests
the explosive valves rever failed to fire.

The test data for thz blast response tests are shown in Tables
IV and V. /A analysis of the strain-gage data for the 36-inch valve
indicates that it was ot near failure at any of the points investi-
gated. The strain-gage data for the 48-inch valve shows that the
strain on the radial rib increased severely aa the pressure was in-
creased; however, strain at the four highest test pressures was not
cbtained because of instrument malfunction. A visual {nspection of
the 36-inch valve shoved that it received no damage vhatsoever by
being subjected to & 192 psi blast overpressure. The head of the
48-1nch valve wvas not visidbly damaged by a dlast overpressure of
204 pei; however, during this test the closure plate at the lower
end of the shaft tuvbe failed, as shown in Pigure 6. This failure
also caused several of the cables connecting the air cylinder to the
latching mechanisa to snap.

A static pressure test of the pneumatic system of the control
box when charged to 1500 psi showed that there was no significant
drop in pressure over 8 six week period. A test on ihe kB8-inch valve
to determine the minimum pressure in the small air cylinder for re-
opening the valve indicates that 300 psi i{s required to operate the
release on the latches. DBecause of the similarity of the two valves,
no such tests were made on the ¥-.inch valve.

The veatherability of the valves wvas observed over a three year
period of cutaide storage. The westher during this time ranged from
hot and dry to cold and rainy, with temperatures varying from about
35 F in the vinter to about 82 F in the summer. The relative humidity
was generally fairly high, the yearly mean averaging about 60 percent.
The prevaliing vind was off the ocean, aversging sedbout 10 mph and
carrying with {t moisture laden air or a fine salty mist at higher
velocities,
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fn inspection of the valves at the conclusion of the weatlcr-
gcility tests reveaied that many parts were badly corrodeg,
sarticularly tue chromium-plated head support shaft and key on the
L8-inch valve. The support shaft on the 36-inch valve, which was
not chrome-plated, was not corroded; however, the key had deter-
icrated to tae extent that the shalt supporting the head would not
slide gproperly. In particularly bad shape were the latching mech-
anisxs on both valves including the pius, locks, cables and pulleys.
but it was judged that they would still function. Ko corrosion
occurred to head and body of either valve. No attempt was made to
operate the valves in their corroded condition.

DISCUSSION

The LB-inch valve was the fi{rst size produced by AMF and tested
a8t NCEL. IS is obvicus by ccmnaring it with the 36-inch valve that
in the normal course of development some improvements had been made
in the design. For exaxzple, the one-squib, explozive valve furnished
with the L8-inch valve was replaced by a twc-squib explosive valve
ic the 35-inch valve to insure reliability -~ either cne or both
will fire when a proper signal has been received. The bolt rins was
zade lerger for easier {nstallation ard higher strength.

The evidence of extensive corrosion indicates that a routine
oaintenance (lubrication) and periodic manual operation aschedule
would be required to insure operational reliability for thege valves.
In addftion, a small, screened, shed-type shelter built over the
device possibly would give added protection by reducing the amount
of corrosion caused from direct contact with the elements end would
alao prevent the entrance of bugs, rodents, etc., into the air ducts.

e explosive valves used on tnese closure vilves can be used
cnly once and since they cost about $100 each can be disconneccted
prior to a closure test to cut expenses. A meter can bde attached
to the disconnected wires to measure the current generated by the
sensing devic>. If the rest of the system is in good working order,
it can te assuzed that the curreat would have fired the squibs on
the explosive valve and that closure of the valve would have cccurred.
The explosive valves reguire careful handling ¢o prevent acclidental

firing.

It srzould be pointed cut that this valve may operate remctely
¢nly coce if the sensing element is located outside on & pedestal.
In sdditicn, i€ two nuclear events occurred vithin ainutes of each
o4her there may not have been time to replace the explosive valve
fired by the first event.
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The failure of the end plate on the 48-inch valve during the hlast
test at 204 psi caused damage to the latching mechanism whizh preveanted
re-opening of the valve pneumatically. It wvas judged thet under actual
econditions the only vay the head could have been released would ve by
sanually applying force to the locking mechanism. This could be accom-
plished only by having ready access to the inside of the valve. The
information on this failure was passed to AMF personnel at the {ime of
the tests and it is understood that the screws holding the end plate
have been strengthened.
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FINDIRGS

1. The 36-inch valve at an air flow of 10,000 cfm has an intake pressure
drop of 0.55 inches of water and an exheust pressure drop of 0.39 inches
of waler.

2. The LB-inch valve at an air flow of 13,000 cfm has an intake pressure
drop of 0.53 inches of water and an exhaust pressure drop of 0.36 inches
of water.

3. The closure time of the valves with the air bottle at its design
operating pressure of 1200 psi averaged about 170 msecs, excluding the
reaction time of the sensing element.

L. fThe reaction time of the sensing element averaged about 50 mseca.

5. The 365-inch valve suffered no damage as & result of being subjected
to a simulated atomic blast pressure of 192 psi.

6. ‘The 48-inch valve received moderate damage to the re-opening and
latching mechanisa when subjected to & blact pressure of 20k psi, but

was othervise undamaged.

7. The veatherability tests indicate that a severe corrosion probles
exiots unless the valves receive proper maintenance.




Table I. Alr Flow Charecteristics of
the 36-inch AMF Valve

. o - .-

Air flov Pressure drop (inches of water)
(cfu) ‘
Intake position Exhaust position|
LOCo 0.10 0.07
6000 0.20 0.1k
8000 0.35 0.23
9000 0.45 0.30 :
f 10,000 0.55 0.39 f
i 11,000 0.66 0.46 '
| 12,000 0.78 0.55
13,000 0.91 0.62

Table II. Alr Flov Characteristics of
the k8-inch AMF Valve

v 8 e o s -

’ Mr flov Pressure ;l.;-op (inches of water)
(era) Intake position Exheust position
! Looo 0.05 0.03
6000 0.11 0.07
8000 0.19 0.13
: 10,000 0.31 0.21
' 11,000 0.38 0.26
b 12,000 0.86 0.31
13,000 2.53 0.3%




Taple III. Closure Tlme of the LB.inch valve

T Alr Bottle Closure Time of Valve Head
. pressure (msecs)
(psi)
Horlizontal Vertical
position pesition
1200 166 176
)
Y o1wo 1k 177
1660 152 173
900 184 -
&0 L X ] 18’(

Table IV. Suwraary of Data for Blast Response
Te.ts on the 36-inch AMP Valve

load (pst) Strain (-/in./1n.) }
{ ;:?t Pc §2 PC f 3G 1 3G f2 8G #3 ~J:
g 10 L6 80 W7 56 95
‘ 11 5 106 [EIN S - 127
U PR V-3 | 164 85 .- 145 !
; 13 140 173 250 112 132 E
i. Ls 1k9 192 201 32 167

Ilocations of seasuring devices:

Pressure Soll (PC) #2: Test fixture, opposite ceater of alve,
Pressure Cell (PC) fb: fTest fixturs, near lower edge of valve.
Strain Gage (8G) #1: Bottom of radial rib in heet.

Strain Gage (3G) #2: Bottom of I-shaped radial support wel,
Otrain Cage (3G) #3: Inside of body opposite bolt ring.
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Table V. Suxmary of Data for Blast Response Tests
on LB-inch AMF Valve
14
Test Ioad (psi) Strain ( ‘; in./tn.)
i Mo. PC #2 PC §1 SG §1 »
H |
1 2k 28 372
2 5 58 310 :
3 T0 85 1799
L 99 112 2026
5 120 136 e
6 143 159 -
T* 100 122 LA
8 150 204 Lo
L N

*Demonstration Test.

2830 readable trace on ocscillogram.

Locations of measuring devices:

Pressire Cell
Pressure Qell
Strain Cage (8G) #1:

e i

#2:

gg; fl:

Teat fixture, opposite center of valve.
Test fixture, near lover edge of valve.
Bottom of radial rib in head.
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