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\
Operation CASTLE presented an opportunity to obtain e-wealthof.

in air pressure data in high and low pressure regions from surface bursts

of high-yield weapons.

Air-pressure measurements using self-contained, flash-initiated
" gages were successful. Overpressure data were obtained up to pressure
levels of 250 psi.

;af Dynamic pressure measurements using newly developed self-recording
"q" .gages were successful. Measurements were obtained over a dynamic
pressure range of 0.47 to 135 pai.

Shot3 produced the only anoms:omstous results. Two distinct curves
of press lel versus distance were obtained from the tw blast lines

instrum ted. The blast lines were approximately 180° apart, one being
located /dnithe Tare Complex and the other on Site Uncle. The pressures
obtained on the, Tare Complex line were as much as 20 percent lower than
the pressures ‘at™comparable distances on Uncle. Evidence exists which
seems to indi that a heavy rainstorm was localized over the Tare

Complex at zeretime, It would seem possible that a significant re-

auction in pressure oan result when the shock wave passes through an

~
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\

i

area in which preci tion is occurring.
The validity o scaling law for yields as great as 15 MP

appears to have bee stantiated,
e dynamic pressures, gbtained are apparently in agreement with

theoretical values,
When the overpressureg/obtained on all shots were scaled to 1 KT

at sea level and plotted, @/1.6 KT free air curve appeared to be the
best fit. ad

a
a i

 

 

a peee geneRTraaeTT cee ne aT meer 9 Ftemmm Berg Ta cRermenrrmmermmmmn9 7 ~
cones ennpSeepen nee



fie renee SenSEEARIE os

FOREWORD

} This report is one of the reports presenting the results of the
“ 34 projects participating in the military effect tests program of

Operation CASTLE, which included six test detonations. For readers

interested in other pertinent test information, reference is made to
wr-934, Summary of Weapons Effects Tests, military effect program.

This summary report includes the following inform “ion of possible

f‘ereral interest: (1) An overall description of ach detonation,
| fac Luding yield, height of burst, ground zero location, time of
| idetonation, ambient atmospheric conditions at detonation, etc., for
“the six shots. (2) Discussion of all project results. (3) A sun-
mary of each project, including objectives and results. (4) A com-
plete jisting of all reports covering the military effect test program.
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“Chapter |
a INTRODUCTION
if 1 1.1 PRIMARY OBJECTIVE
i 4

WY, a Project 1.2b had as its primary objective the measurement of air-

VE pressure-time versus distance in the high-pressure region. This region
law was defined for these tests as being between the pressure levels of 40

ip ; Psi through 200 psi. Improved versions of the self-contained, flash-
Ll initiated, mechanical gages, which had been used during Cperation

 

j i UPSHOT-KNOTHOLE were utilized (see Reference 1), The measurements
: “* were to extend the scaling laws, to increase fundamental air blast data,

| pi and to improve the prediction of blast parameters produced by the
“detonation of high-yield nuclear weapons,   

 

Leta Secondary Objectives

 

tod Secondary objectives of this project were to: (2) obtain

pressure-fi @ measurements for Froject 3.3 within a tree stand and to

relate thes to undisturbed medium measurements at similar ground

ranges; /@) provide the gages and aid in the analysis of both pressure-
time analdyraban:2ppc ares data for Project 1.8; (3) provide full-scale
tests of newly 2ap ozp.i self-recording gages designed for the measure-

ment of aynncnia‘yecssures, ground accelerations, and pressure-time;

and (4) establish the validity and accuracy of the records obtained by

self-containnd ‘gauss by comparisons with electronically recorded

measurements. ol

i.2 BACKGROUND

The proper evaluation the military effects of nuclear weapons
requires adequate knowledga of the various phenomena which occur
during and after the detonation of such weapons. A basic phenomena is
the pressure~time-distance ¥arintion of air shock waves resulting from
the detonations of these weapons. ,operation IVY was the first oppor-

tunity to study the blast phenomenéLogy of a high-yield device and

further the IVY Mike shot was onlyfthe second surface burst of a
nuclear device. Thus, valuable igformation was obtained not only in
scaling, but also for determining the z points of the height-of-
burst curves. ‘The experimental data onjair blast were obtained from

Sandia Corporation measurements (see Reference 2), Because of
instrumentation difficulties, no data w obtained at pressure levels
greater than 20 psi; however, data that were eet tended to verify
the scaling procedure. It was recognized, howe¥$r, that additional

data in the higher pressure regions of a surfade burst would be of
ereat value. Therefore, the various shots of“Oper:etn CASTLE were

instrumented to provide air pressure data in high :,1, 49" pressure

regions from surface bursts of high-yield devices. \\
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vec oo Chapter 2

EXPERIMENT DESIGN
mA
i NE The high yields expected, in all shots, required widely scatter-
Aa i ed measurement stations. These stations, as in IVY, covered island
ANG complexes instead of one or possibly two islands as previously utiliz-

ed during Operations SANDSTONE end GREENHOUSE. An extremely flexible
field leyout and operational organization was mandatory, because of
the widely scattered test areas which were located on both Fniwetok

| add Bikini Atolls. The flexibility required was further stressed by
“the modifications made during the course of the operation, not only in

expected yivld cf the shots, but also in the particular shot locations.

Many dhpnges in gage ranges and stations were required. As an example,

one sHotoriginally planned for Bikini was shifted to Eniwetok. The
instrumentation at the new test location was not firmly established
untilafter thé cancellation of another shot, planned for Eniwetok,
wiior t-2 t-+d ‘sompletely instrumented. In a matter of a few days all

vote J,in from the canceled shot area was recovered and trans-
ty Teg eta with additional new instrumentation to the new loca-

tion and installed fnjsurveyed stations. All work of station locations,
surveying, and inatadlation for this shot was conducted by project

em
in
en
t
a

personnel. “yi
QU)

2.1 STATION AND INSTR ATION

A total of 71 gag ions vere used during the operation to

obtain data from the sf ots. These stations were scattered over 18

islands and along reefs locatdd in the two atolls of the proving
grounds; in addition to the instrumentation installed to accomplish the

’ primary objective, many stati were constructed by project personnel
to obtain the data required bythe secondary objectives. Table 2.1

indicates the number of stations an ne number and the types of gages
used for each shot. Ley

2,2 FIELD LAYOUT (BIAST Lines) |

Predictions of the expected overpres es versus distance were

required for each shot in order to locate] gage stations in the region

of interest as well as to select the proper gage ranges. The composite

curve of free-air pressure versus distance’ "17 F7") 2 KT frow Operation

TUMBLER Shots 1 to 4 (see Reference 3) was... 2." pressure predic-
tions. The use of this curve for predictions wags~believed justified
by the reasonable correlation with Shot Mike. =~

The gage stations were located by scaling the distances by the
cube root scaling law. The ground distances for the contractor
installed stations, 122-series and 123-series, were b defi |upon the

average expected yields published for the various shofsin the early

14
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TABLE 2.1 + Station andGage Samary

 

 

 

GAGES (Type and Muabera)

No. of  Presgure ‘Peak Dynanic
Shot Stations Tine Pressure Pressure Acceleration

1 8 22 7 1 2
2 6 18 6 - 3
3 31 63 7 8 1
& 9 23 7 1 °
5 3 8 : 1 -
6 wv 32 - 10 8         

Nore: Of the 71 stations instrumented, 31 vere contractor installed,
ant 40 were project installed.Fa

me
se
am
te
ta
nt
ec

om
te

ny)

| planning stages of the operation. The gage ranges established for any
\parttcular shot were changed accordingly with the predicted yleld
figures»speriodically promulgated during the operational phase of the
tests.’ Where a fairly wide range of yield from minimum to maximum was

predicted, the gege ranges at any one station were so arranged that at
least prie+gage at each station would operate within its designed pres-
sure range. ry

i

f.
i
i s

o
r
t
i
n
g

t
nu
s!

2.2.1 Gage sustion Types

Four debe repunber-series of stations were used during the
various shots, a bageeseroraption of each follows:

122-Series: Coda Station. This was the basic station, install-
ed by the contractor prioAY?*the arrival of the project in the forward

area, These stations “f° four -6-inch-diameter steel-pipe gage
mounts, 3 feet long, en ".. * by reinforcing rods and forming a
square 2 feet on a side \Afi2-tnch--square steel plate was welded to

the bottom of each to provide Yebring surface. The pipes were buried

in the ground so that the top df} the mount was flush with the surround-
ing ground surface. The statidn] prior to backfill is illustrated in

Figure 2.1.

 

123-Series: eef Station. Thedelstations were contractor install-
ed. ‘Three such stations were used arjd-were located along the coral
reef between Sites Charlie end Dog, ch station consisted of pipe
gage mounts with the same physical arrangement as the 122 series. The
pipes were imbedded in drilled holes in thd ¢oral presumably to a
depth of 10 feet. The helght of the pipes lapove the coral bottom was
adjusted so that the top of the pipe was at} Jeast 6 inches above the
high-tide water level. nm

124-Series: Tend Station. The stations in ttits series assumed
a variety of forms end cll were project installed,’~fhese stations

 

 

providsd mounts for either "gq" gages or pressure-time and, in
some cases, for both. 4

No formalized mounting was used for the pressure- ages. In

some cases, pipe mounts were buried with the top flush the ground

15
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Figure 2.2 One type of 124 Series station during construction.
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Figure b!3. Typical 124 Series station with "q" and pressure ~
«O)|time gages installed. Station 124.25, Shot 6,

OQ
surface, This typ \sfation in the preparation phase is illustrated in

Figure 2,2. In ot ases, the gages were fitted with a 35-inch pipe

15 inches long, as wn in Figure C.16, A lé-inch-square plate was
welded to the bottom of pipe to provide a bearing surface. The

‘gage and assembled pipe then buried in the ground with the top of
the gage level with the und surface, :

Those stations, at ch "gq" gages were also located, required
» This mount consisted of vertical
roximately 2 feet of the pitr>s pro-

Jecting above grade, Again, b g surface was provided by attaching

12-inch-square plates to the base of each pipe, These pipes were

accurately leveled and sighted on groludd zero to insure pre;cr orienta.
tion of the gage.

A typical 124 series station (Sthtion 124-25) consisting of two
tt it

pressure-time gages end two "q" gagestds shawn in Figure 2.3.

the installation of a special.

pipes buried in the ground wit

355-Series:: Tree Stand Station. Thi tes of stations vas
used to instrument the tree stand on Site Unéle for Project 3.3 and

was project installed. The description of the 124 series will also

 

serve for these stations. In

The station numbers in parenthesis listed i: . 4 and 2,5
designate Sandia Corporation stations immediatel, ve to Project

1.2b stations.

17
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2.2.2 Station Locations
 

. The station locations, ground distances, azimuths from ground
zero, and types and mumbers of gages used for each shot’are indicated
in Tables 2.2 through 2.7.

The blast line layouts for the various shots are shown in

Figures 2.4 through 2.7.

2.3 INSTRUMENTATION

Instruments were installed to measure the air shock overpressure,
; (Ye dynamic pressure, end the ground acceleration. All of the gages

were self-recording and flash-initiated requiring no external power
: 5

ps

 

TABLE 2.2 - Station Locations, Bikint Atoll, Shot 1
 

 

 

 

 

          
 

 
 

 

 

         

Ferarton SITE DISTANCE AZIM TYPE AID NUE
NUMBER FROM G2 (tt) FROM OZ OF KEABUREMENTS

La > qa, A

Charlie 5420 82° sat oa" 3 fa 4
Cherlie 6260 Bx? sot re") 3 fa
Charlie 7100 an age kot 3 fa

{Charlie | 7517 66° at bet] os fo.
4 Dog 40532 93° 16" 52" 42 1

Reef Best 9610 ex? o6t 2a" 3] 2
ry ‘sy hot Charite

024 Reet vast 12872 ge? 430 ou 3 [oa
18 hare

ea

123.03 Reef East |. 15925 95° hy ker] 3 [2 a
9 ite .

NCTE: PB Ceoye Tine; », = Peak Pressure; q = Dynamic Pressure;

As erat.

TABLE 2,3 - Bthtion Locations, Bikin! Atoll, Shot 2

STATION Lakezesce AUIMITH TYSZ AMD NVBER
NUMER SITs OM CZ (ft) From Gz OF AYATUREMENTS

Cl Py ay qa} A

f -

122,05 Charlie 5630 | gs ake sa" 3 fa 1
122.06 Charlie On 85° opt 537] 5 fd
122,07 Charlie Pu & aul 3 1 1

122.08 Charlie TIO 67% 19¢ 8" 3 11
125.02 Reef Fast 13085 gay age 06" 3 2

of Charlie

123.03 Reef East 16140 g5"k7* 00" Poe y a 1
of Charlie a

NOTE: y = Pressure Time; % = Peak Preasure; ¢ ~{Dytante Pressures

A « Acceleration  
source or cabling. The design of the instrumentation
vagic ideas of the gages used by Project 3.30 (BRL) 4d
KNOVEOLE (Reference 1).

The common feature of the three types of pressurestime gages, the
peak pressure gage, and the dynamic pressure gage was the nested
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TABLE 2.4 ~ Station Locations, Bikini Atoll, Shot 3

 

 

 

 

   
 

  
         

STATION DISTANCE AZIMUTS TYFE AKD NUMBER
NUMEER SITE FROM GZ (ft) FROM GZ OF MEASUREMENTS

ry :
| Pr PF @ A

J 122.15 Uncle 3970 252° 158 &g*| &

- 122.16 Tare 2501 ee’ o7t row} Sf 2

i i 122.17 Tare 2850 a9? oa 221 3} 1

or 122.18 Uncle 4590 252° 15¢ ag] 3] 2

| \] 322.19 Uncle 520 ase” ist ho") 3] 2 1

122.20 Uncle 6520 ase2 ase dott sf af oardar

122.21 Uncle 9380 asa? ist ag™} 3] apo agi

122.22 Uncle 9380 267° 167 "PSP

~s 124.08 Cboe 17000 78° 251 35°} 2
Pa 120.Hi (070-08) 3
a4 124.05 Peter 14200 Bor 418 56" 2
ii (120.07)

i 2% Peter 12200 83° iat kar] 2 L
120,

Ee, Peter 10900 av? hit 57") 2 1
120.09

124,08 Roger G00 84° 371 SATE 2
(220.19) :

1228:92) Roger Too 83° 55¢ 30°] 2
420.11

if Feth20 Sugar 6300 85° oot Wg" 2

os 2)|

pba “gugar 5596 84° gt MAST 2 2

wat ne

ieugy fOr 3657 ae 37° 197} 2 a

acr.ad 1 Pet 10900 B4° 458 06" 1
(130.01)

128.24 Rog 8800 64° k3e ¥7e 2
(130.02

124,15 Roge: 8200 83° 23° 37° 2
(130.03) ra

353.01 Uncle ep § 257 ¥8e con] 2

333.02 Uncle 259° o2t 33°] 2 rj.

333.03 |Uncle 259° 59° a5*} 2

333.04 |Unele 8807 2go° o18 13"] 3

333.05 }Uncle 9408 263° 589 o7"| 5 a

333.06 Unele 989. 2$7° a7zt 597] 2

333.07 |Uncle 10008 268° 579 t 4

333.08 Unele OWLS 259° 58 ste

333.09 Victor 20he7 286° 57° Ly a

333.10 Willies 31308 266° 2st atta fg ~ 2

160.09 Uncle 6500 252° 159 kg? \

}OTe: Py » Pressure tine iy

Py o Peak preseure

qQ = Dynamic pressure
A « celeratioca

19
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TABLE 2.5 - Station Locations, Bikini Atoll, Shot 4

 

 

 

STATION SITE _ DISTANCE AZIMUTH TYPE AND NUMBER
NUMBER FROM GZ (FT)| FROM CZ OF MEASUREMENTS

Py Qo Qi A

122.09 Dog 6600 358° 31° 137} 3 fa

122,10 Dog 7500 g° kor 30" 15 2

fey 122/11 Dog-Easy 9000 2h uke a ts [a

i ny 122,12 Easy 9900 31° 368 a7" 15 1
a { 4 °

VM 122.13 Fox 11460 38° sot 27" 13 2

ff azaa4 Fox 13396 ne a5 aa" 5 a fa

124,01 Fox 14500 55° 29 co" 2 2

15900 64° ot 4st 2

15426 60° 548 og" 1        
  

?

 

 

 

 

        
  

 

/ - Station Locations, Bikini Atoll, Shot 5
pe ‘

a : °
STATION Ss ~ | DISTANCE AQIKUTH TYPZ AND HUMUER
NUMBER mm) FROM GZ (FT) FROM GZ OF MEASURE:3,7S

7
ry) P, Pr ql A

122.10 Dog I 7189 10° 10° 53" 2

122,12 Esay 10192. 31° 20" oo" 12
od

122.14 Fox 13664 Co 47? sot hot Ty 1
7 } a “a

NOTE: RF Pressure-time

PD = Peak pre, e

s Torcaate 2aeure

A = Acccleration

diaphragm pressure sensing element. The element was interchngeable
between gage types and was available in varioug™pressure ranges from
O-1 psi to 0-400 psi (see Appendix B). ey

The earth acceleration was obtained by installimge.special acccle-
ration elements in the pressure-time gnge. Any mre 7° the elesents

was scratched on the recording disk of the gage (:°e Ate + « E),
An extremely low-pressure gage was used for roniri’ . essure=

time phenomenon at distances from 30 to 180 miles f¥OHthe detonation
point, One gage of this type wag placed beside the Sandia Corperationts
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TABLE 2.7 - Station Locatioas, Eniwetok Atoll, Shot 6
 

 

 

          
 

r ry "| STATION DISTANCE AZDAUTH TYPE AND NUMBER
U NUMBER SITE FROM GZ (FI)| FROM GZ OF MEASUREMENTS

; , Pp P a] A

i. Mi
i

i WW 124.16 Gene 3200 TH 208 26"| 3 1} 2
ac i .

LAY 124.17 Gene 3700 TH 208 37"| 3

fny) 124.18 Gene 4200 ‘TH? 208 27"] 3 1

\ in 124.19 Helen 5200 74° 208 28"1 3 1
a ‘f °

. py 124.20 Helen 5900 Te” 208 36) 2 1}o2

iy
i 124.21 irene 67's TT? 228 karl 2 ps

|bp i2h.22 trene 723% 78° 268 4h] 2 1

1223 Irene 7600 T?° 22t 22%] 2 af 2

12hBy Irene 7900 74° 208 hg"| 2 ali

rayab _Evene 8501 74° 208 son] 2 2
(os :

124.26 \Trene 8992 Te” s7t 55"| 2 1

124,27 (ioe e 9584 75° 37! a1"| 2 1p.

124,28 zighi) 13089 240? s5t hem] 2

x eh) 113752 Lh? 554 b6") 2} ;
et "

NOTE: Py Pregsure-time

Pof Peak pressure

q Dydamid pressure

A = Ae cfatation

test shots fired on Bikini

gage was located on one of
rements were made with
@ agcurate (see Appendix F).

microbarograph station on Site Elmer for
Atoll. On a number of test shots, anoth
the task force ships. Although these meas

experimental gages, the results appear t
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Chapter 3

RESULTS

3-1 SHOT 1

3.1.1 Recovery
PO:
3;
\
\gecovered. Station 123.01, the reef station nearest ground zero, was
Py Of the 32 gages used to instrument Shot 1, all but four were

blownfgut of the coral. Neither the gages nor the mounts.were found

after; the shot.
a o¢Bog

3.1.2 Records
fo&

AlL yocbrds on Station 122.05, the station nearest ground zero,
were discounted because excessive overpressure caused the pressure cap-
sules to syst| All pressure capsules used at Station 122.06 were

stressed appro reLy 75 percent above their rated range. This caused

& permanent sct in the diaphragm, and the stylus did not return to the

zero baseline. Fregsure capsules of the same range were calibrated to
100 percent abov whgir rated range in an attempt to evaluate records
from this station. Fu.tit: obtained by this method may be in error as

much as - 15 percent. . Ti)» records of pressure versus time from the

remaining staticy: <r* +>-- for obtaining positive-phase durations,

because of the: ' . .. . of hash present on the records. Excessive
hash and high-f: | ‘ ‘ ¥eptions present on the records are thought

to be due to turntable wobblé caused by poor bearings and lack of pre-

cision workmanship in the gagd@ assembly.

3.1.3 Presentation of Data ha “4

The station numbers, distanbés arrival times, duration of
positive phase, and peak overpresshifes where obtained are listed in

Table 43.1. All pressure readings ‘are ligted, although some readings
are questionable. Brief explanations regarding the reliability of the
reading, type of reading, and Punctont of the gage have been includ-

ed under the remarks column. A curve off pressure versus distance is
presented in Figure 3.1. The points plotted ere.averages of values

from records considered to be reliable. valuédfor arrival time
versus distance are listed in Table 3.1, but pee not been plotted.
These values may be less than those obtained py-glectronic measure-

ments because of the delay in the fusible link"THitd iion system. No
plot has been attempted for the positive phase duratis because of the

scatter and need of a better method of determining the values.
The values of the peak overpressure have been jr guced to 1 KT

at sea level and plotted in Figure 4.1, along with reduced values

of succeeding shots and a standard 1.6-KT free-air curve.
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3.2 SHOT 2

mr
tt i i 3.2.1 Recovery
bag 7
a

LU | Gages and records were recovered from all positions instrument-

ee ed, except positions C and D of Station 122.07. The gage mount was

 

 

 

 

           

4My
J AY | TABLE 3.1 - Results of Shot 1

Moe
iy | Station Distance Capsule Peak Arrival |Posttive’
Lad ie and from GZ (ft) and Overpressure Time Duration

FPoattion Site Actual} A-Scaled Range (psi) (sec) (sec) Remarks

ae
i 105 A [Charlie |sh2o 218 ={300-150 -- -- -- Capsule split disk
i j broken
‘I #

sae’ «iB 259-150 -- “- 2e Capsule split
Crs 306-200 -- -- -- Capsule split
Di 202-150 -- -- -- Capsule split
an

122.06 Al] 6260 252 1238-150 267 -- - +  JQuestionable P-T
BE}: 276-150 260 * 0.5 3,22 Questionable P-T
cy 236-150 256 # 0.34 3.2 Questionable P-T
a pow 293-150 ks ~« -- Stylus did not record

122.07 A | iT}00 286 2962150 163 * -- «- Incomplete P-T record,
| Ad . peak reading only

B fMay 170-50 24r -- ae Capeule uverstressede
; rk recerd discounted

Cc os “ rot 285-150 180 * -- “+ Peas pressure only
D A ry 278-150 201 0.58 -- Questionable P-T

Vat record discounted
= . :

‘ 122.08 A 7517 { 5 168-50 120 * 0.55 “+ Gage stopped when
ekock hit - P.P. only

: B hone wong 250~150 129 * 0.58 4.55 Poor P-T record
Cc fr 7=150 9 * -- -- Peak preseure only
D i 8-50 & 7° “- Questionable record

~~. . . ns, discounted
. a ‘td

122.09 A Dog 40532 164UYjes 4.5 13.4 8.83 |cood Pe? record
4 Tonal

123,01 9610 387 a -- -- Gages and mounts were
blown out of the

i station and were not

recovered

123.02 A 2871 519 69-2 31.0 * 2.0 3.8 Fair P-T record

5 67-25 wo 2,01 3.7 Fair P~T Record
c 64-25 5 1 -- 3.05 |Gage started when

i shock hit
D B6~25 pt “- “- Peak pressure only

123.03 A 15925 642 82.25 Tt * “- 2. Peak pressure only
3B 85-25 19.1 * > = Poor P-T record
c 87-25 20.0 48 4,58 Fair P-T record
D 65-25 18,2 # 69 4.66 Gcod P-T record

i

ri
NOTE: A mean average was taken of these values for plotting a sure ys diatance curve,

peed

blown into the lagoon, and only two gages from that, station were re-

covered. . L
Leona

4.2.2 Records Pay
eee

i
:

The installation of the gages for Shot 2 was ac¢ pitched at
the same time the gages from Shot 1 were recovered. Therefore, the
records from Shot 2’ hed the same possible sources of error from gage
assembly as mentioned in Shot 1. One source of error not present on

25
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0) FROM GROUND ZERO (K FT.) 
Figure 3.1 Ground ace presssure versus distance, Shot l.

IC
Shot 2 was that of overstressfepressure capsule tecause of a

greater yield than expected. ough the yield was less than Shot l,
the gages apparently received greater fabceleration, judzing from the

high frequency oscillation on the rec rpis and the facts that some of
the gages stopped when hit by the sho¢ly and, also, thas one of the

glass recording dicxs was broken. Iti is popaite the =ost of this

was due to using the same mounts, which mayhaile beensraken loose by
Shot l. i

Bo geod|
3.2.3 Presentation of Data hose

ss,
4

The station numbers, distances, arrival ti day \e‘aration of
positive phase, and peak overpressure, where obta Hep are listed in
Table 3.2. A curve of pressure versus distance ip ‘plotted in Figure

3.2. The points plotted are averages of readings from each station.
Arrival times versus distance from ground zero are listed in Table

28
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TABLE 3.2 - Results of Shot 2

 

 

 

 

   

           
  

Station Distance Capsule Peak Arrival Positive
and from CZ (ft) and Overpressure Time Duration

Position Site Actual A-Scaled} Range (psi) (sec) (sec) Remarks

122,05 A Charlie 5630 252 326-200 -- -- -- Recording disk broken
B 346.400 200 -- “- Gage stopped when shock

a . hit - P.P. only
Cc 253-150 215 -- *- Rao preshot time - P.P.|

only
D 249-150 186 “- -- Peak pressure only

122.06 A OMTL 290 422-200 191 0.18 Lav. Questionable P-T
B 277-150 171 -- --+ Questionable P.P,

7 c 251-150 150 -~- -- Questionable P.P
i Q \ DI 10-100 115 -- o- Peak pressure only
pe hd
: ion. [t22.07 A TLL 328 271-150 96 ~- -- Questionable P.P,
bar B 81-100 | 95 7: -- Questionable P-T
4 ; Cc -- o« -- “- Gage not recovered

. D «an “ ~< ae Gage not recovered

A TOT 345 3-100 92 - °° Questionable P,P,
B ~« -- -- ad Water enterel gage-

coating off disk

¢£ 19-100 102 0.17 2.35 Questionable P-T

~D — 176250 62.5 -- “- Peak pressure only

a . .
123.02 A} J, 4 13085 586 31-15 25.2 -- -- {Peak pressure only

By fA 63-25 -- -- -- Can find no record on
ia disk

CIF pm ‘ 71-25 18.2 3.44 3,36 Discount record - inle
; if dk hole clogged ‘
25.02 D charlie {5085} 586 27-15 25.3 -- -- [Peak pressure only

a abe
123.03 A 6r 723 51-15 12.0 3.63 3.91 Discount record-tnlet

: 02: hole clogged
5B 21-15 15.2 -- “+ Ran preoshot time «

- PLP. only

c ~y 30-15 16.0 -- 4.33 }Good P-T
D GO 7-10 16.0 -- -- Peak pressure only

~

VU)
3900

~

w
& 190
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<
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DISTANCE FROM GROUND ZERO (KFT

Figure 3.2 Ground surface pressure versus distance, Shot 2,
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DISTANCE JFROM GROUND ZERO {kK ft}

Figure 3.3 Ground surface ressure versus distance, Shot 3.

pod
3.2, but have not been plotted, Thes Kiglues should not be used for
drawing conclusions of any kind, owing #6 the lack of a time constant
for the lag in the thermal initiators

: The values of the peak overpressure e been reduced to 1 KT
at sea level and plotted in Figure 4.1, along with the reduced values
of succeeding shots and a standard 1.6-KT ffee-air curve.

3.3 SHOT 3 i

3.3.1 Recovery pod
— i Of the 31 stations instrumented on Shot 3,-ard gages and re-

cords were recovered. Due to the low yield, there was qo-~damage to

the gages or mounts, i i
i]YY

There were 26 records out of a total of 84% which cannot be

28
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a aarae ee peace

read. The clock gages used in the tree stand for Project 3.3
accounted for 11 of the 27. These gages were recovered later than

the others, due to the radiation level on Site Uncle, Condensation
of moisture on the inside of the gage caused the aluminized coating
to peel, leaving no trace,

All records had small deflections, which increased the per-
centage of error. It is felt that even with the small deflections,
the pressures presented are accurate to t 10 percent.

3.3.3 Presentation of Data

The pertinent data for Shot 3 are listed in Table 3.35. Project

1.2b instrumented blast lines on the Tare Complex and on Site Uncle,

' -which were approximately 180 degrees apart. The pressure values from
ithe two blast lines are plotted in Figure 3.3. Here can be seen two
i distinct curves, one from stations on Tare Complex and one from
| Stations on Uncle. The value of the pressures obtained on the Tare
“Cémple “Tun as much as 20 percent less than pressures at comparable

distanp $ on Uncle. It appears that there was considerable attenua-
tion gethe shock wave pressure due to a rainstorm on the Tare Com-

plex y ich 438 not present on Uncle. This will be further discussed
act

in Chaptér

The a of the peak overpressure have been reduced to 1 KT

  

 

at sea level plotted in Figure 4. 1, along with the reduced values

of succeedi ots and a standard 1.6-KT free-air curve.

3.4 SHOT & «

3.4.1Recovery ©)

On Shot # there Wefe 31 cages used to instrument the Dog Com-

plex. Of the 31 gages used, all but seven were recovered. Station
122.13 was completely ldst*,and three gages from Station 122.11 were

not recovered. The mounts and--eepes from five of the nine stations

were blown or washed out of pdsition and over the islands and reef on

the ocean side. Most of the ds C3 were recovered by using a heli-

copter, although it was necesgaky to use a DUKW to recover those in

the ocean, (|

3.4.2 Records

 

 

2

 

Of the 24 records recovered A but ee were readable. ALL
pressure-time gages used on Shot 4 had beg jodified. A detailed
description of the modification can be founfin Appendix B. Although

Leal 
inten,

* On Operation REDWING three of the four gages i tation 122.13

 

were recovered, Although the gages had been su ged in water for

over two years, there was no evidence of water gage. The
records were good and when the cut-off switch was“disengaged, the

motor still operated from the original battery.
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tation Distance Capsule Peak Arrival Positive
and fron GZ (tt) and Overpressure] Time Duration

Position Site Actual A-Scaled] Range (psi) (sec) (sec) Remarks

2.16 A Tare 2501 hos 338-400 50.0 -- -- Cage did not run; read-
ing questionable.

B 354.400 50.0 -- o- Ran preshot time; P.P.
only.

c 343-400 55.0 0,125] 0.597 Fair P-T record
D 333-400 2s + -- No readable record

122.17 A [Tare 2850 56L 316-700 35.0 -- -- Poor P-T record
B 330-200 45.0 -- ~- Questionable
Cc 353-400 -« -- -- No readable record
D 550-400 “- -- -- No readable record

4124,04 L | Oboe 17000 3349 4.5 0.97 -- - Did not atart; P.P. only
R 18-5 1.08 - -- 7. Fair Po? record

“ 124,05, L Peter 14300 2817 10-5 1.2 -- -- Did not run, poor P,P,
ir 45-15 1.4 -- -- Good P.T record

124.06 L | Peter 12200 2403 6-10 1.8 -- = +  |Ran preshot time; P.P.
z only

5-10 -« 7 “+ Ran preshot time; no
record

124.07 L + 10900 2147 59-15 2.36 -- -- Did not run; P.P. only
pay 43215 -- -- -- Ran preshot time; no

record

n24.8L {Roger “~ B800-,| 1754 41-25 3.5 -- -- Did not run, P.P. only
f am) 8925 -- -- -- Ran preshot time; no

w , record

124,09 L Roger 1458 223-50 4.6 -- -- Good P-T record
R val 173-50 -- -“- 7. Rag preshot time; no

a record

124,10 L Sugar 6300 fake 198-50 6.8 2,07 1.36 Good P-T record
R 211-50 6.7 -- -- Good P-T record

124,11 Lb Sugar 5596 206-50 8.2 -- -- Good P-T record
R i 50 we -- 7° No readable record

124,12 L Sugar 3657 720 3: -- -- -- No readable record
R 200 21.0 “- =. Good P-T record

124.13 Xqy Peter 10900 217 5415 2.3 -- Fatr P.P. reading
Xag “15 2 “+ Pair P.P. reading

124,14 Xqq Roger 8800 1734 60615 - 1.58 Good P-T record
xa Wyo15 - 1.58 Good P-T record

124,15 XaJ Roger 8200 1615 48-15 ao 1.52 Good P-T record
Xay 45015 -“- 1.53 Good P-T record

122.15 A Uncle 2970 782 272-150 20.5 1,17 0.89 Fair P-T record
B : 281-150 20.0 -- “= Ran preshot time; P.P,

only
c 265-150 20.4 0.83 1.19 Fair P-T record
D 2946150 7: Lad o<-¢ — 7 No readable record

pres

122,18 A [Uncle 4590 gok 246-150 -- -- =- Ran preshot time; no
readable record

3 213-50 1g 77) 7. - Ran preshot time; P.P.
4 only

¢e 299-150 14.5 “+ -* Ran preshot time; P.P,
~youy

D 309-200 “- “- --if lection too small

122,19 A fUncie 5420 1068 254.50 10.8 1.6 0.5 ay P-T record
B 295-150 2. 2: - af L Rah preshot time; no

esa record
c 291-150 10.3 -- -- Poor P-T record; small

deflection
D 237-150 -- oo ee Deflection too small

to read
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TABLE 3.3 - Results of Shot 3 (cont'd)
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Station : Distance Capsule Peak Arrival Positive
and ; from GZ (ft) and. Overpressure Time Duration

Position Site Actual | A-Scaled Range (pst) (sec) (sec) Remarks

122,20 A [Uncle 6520 1284 231-50 7.5 2,083 1.00 |Good P-T record
B . 175-50 Tee =- -- Ran preshot time; fair

PLP.
e 184-50 7.4 2.230{ - - Fair P-T; small de-

flection
; ‘BD 191-50 7.5 -- -- Good P.P. record

122.21 A Uncle 9380 1848 50-15 3.9 4.30 1.60 Good P-T record
B 51-15 3,6 -- -- Ran preshot time; P.P.

. only
c 111-25 3.9 -- -- Ran preshot time; P.P.

only
D TL-25 ul -- -- Fair P.P. record
Xq 23-15 3.6 - - Peak reading only

122.22 A Uncle 9380 1848 127-25 3.8 -- -- Fair peak reading
% 5 58-15 3.9 -- “+ Fair peak reading
: c 122-25 3.9 3.85 1.64 Good P-T record
i D 74-25 3.9 -- -- Good P.P. record

i a0kg 1586 29-15 4,7 3.16 1.50 Good P-T record
TSS 47 2.81 1.53 Good P-T record

8205 1616 88-25 -- oe -- Ran preshot time; no
‘ . record

154.25 |, 4.5 3.22 1.56 Good P-T record
34-15 Aus -- 1.20 Good P-T record
39-15 5.20 -- 1.4 Good P-T record

333.03 L 1634 28-15 -- -- ~- Ran preshot time; no
. record

R 80-25 45. 3.59 1.79 Good P-T record

333.04 L 1735 10-25 -- -- -- Ran preshot time, no
record

R 125-25 -- -- “- Ran preshot time, no
readable record

T 18-15 4.2 -- -- Good P.P, record

333.05 L Uncle oul) 1853 20-15 -- -- -- Ran preshot time, no
. record

R ; 96-25 =» “+ -- Ran preshot time; no
record

T || 136-25 -- -- -- No rewiable record

Xq 33-15 Ll -- -- Good P.P. reading
Xa] hge-15 -- “+ -- P.P, only; overshoot

no good

333.06 L Uncle 9692 1948 -- -- -- Ran preshot time; no
record

R 3.8 o~ -- Good P.P, reading

333,07 L

}

Uncle 10008 1972 -- -- =. Ren preshot time; no
i record

R ° - + =~ Fair P.P. reading

333,08 L uncle 10415 2052 19-15 + -- Ran preshot time; no
record

R | 92-15 portation -- Peak pressure reading

333.09 T Victor 28427 9600 2-5 4.22 (- - - + Questionable P-T record),
xq 16-5 -79 ee -- P.P. reading only

xa] 17-5 + Te - = PLP. reading; overshoot
nd not readable

333.10 T William| 31308 6168 11-5 7 -- PA No readable record

480.09 xq] Uncle 6500 1280 19h-50 7.48 -- . Good P-T record
xa 172-50 8.60 + . Good P-T record

* oe
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Station Distance Capsule Peak Arrival Positive
and from GZ (ft) and Overpressure Time Duration

Position Site Actual }A-Scaled Range (pai) (sec) (sec) Remarks

122.09 A Dog 6600 343] 189-50 -- -- -- Water entered gage,
. coating peeled

e 3 B 174-50 94.0 0.257 2,407 [Fair P-T record
A c 168-50 |. 94.5 -- -- Started when shock hit

ri ¥ i D 247-50 94.2 -- -- Peak pressure only

ald
i i + 4122.10 A 7500 ° 390 ¥15-50 -- 7 -- No record, bad cout ing
it f . on drum

-=m B 179-50 7565 -- -- Ran preshot time; P,P.
ry i only

qialoc 220-50 72.2 «4 0.252] 2.790 |[P-T record, flat top
i rm D 171-50 70.0 -- 7° Peak pressure record

tee.a |pog-Easy 9000 468 210-50 46.2 -- - +  |Ran preshot time, P.P.
moe he only

B 203-50 =~ + -- Not recovered
c 217-50 =a -* 2° Not recovered

D 181-50 o- -- -- Not recovered

122.12 A 9900 315 128-25 40.0 -- -- Ran preshot time; P.P.
oe only

B o— 151-25 40.7 -- «e- Ran preshot time; P.P.
a i only

c an t 81-25 40.3 -- -- Ran preshot time; P.P.

AA only
D Flan i 185-50 38.0 a -- Peak pressure record

cn ae
122.13 Al Fox 1460 JG95 132-25 30.6 * -- -- P.P, only

B Ai 150-25 30.4 * -- - + Good P-T record
c “ 137-25 50.0 * -- -« Good P-T record
D 0) U4b-25 “- -- -- Not recovered

122,14 A 13396 [697 |36-15 19.9 -- - + Pt record - Drua gage
B psp5 -- -- “+ Stylus left disk
c 4 alib-15 20.7 1.936] 2.785 Good P-T reading
D Poros 20.5 -- -- Peak pressure record
Qa, Cyan 20.0 “- 3,12 Good P-T reading
QI 2 ogee 29.2 -- 3,09 Good P-T record

fee
124.01 A] George 14500 754 60-15 1721 1.327 364k Good PeT record

B 48-15 17.2 ~- “+ Ran preshot time; P.?.
only

c oi 16,2 =. -- Peek pressure record

124,02 A 15900 827 2h-15 1k,1 4,498} 3.809 Good BT record
3 25-15 13 4437 3,802 Good P-T record

12h,.035 A 15426 802 23-15 1544 4.310 -- Good P-T record
fe

* Gages recovered from Operation REDWING i

no damping material was used in the pressuyej inlet holes of the

pressure-time gages, the records shoved little or no overshoot. Where

there were four gages per station, the agrdement between them was

excellent. At no station did the indicate eak poverpressure vary
more than £5 percent about the mean average. -

3.4.5 Presentation of Data
  LLend

The results of Shot 4 are listed in Table 3.4, Ine\ourrve for
peak overpressure versus distance plotted in Figure 3.4% ¢tqnsists of a

mean average of the values obtained at each station, L
The values of the peak overpressure have been rddueéd to 1 XT

at sea level and plotted in Figure 4,1 along with the reduced values
of succeeding shots and a standard 1.6-KT free-air curve.
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3.5 SHOT 5

3.5.1 Recovery

On Shot 5 only three of the nine gages used to instrument the

Dog Complex were recovered. Due to the excessive washing the islands
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Figure 3.4 Ground face pressure versus distance, Shot 4,

received from Shot 4, o three stations were left with usable mounts.

Since the mounts were prdtruding from 12 to 18 inches above the

original ground surface, onlyrtwo sages each were installed at

Stations 122.10 and 122,12. was feared that these stations would

be washed, and the postshot r ery proved these fears to be justified.

Of the five gages installed atjStation 122.14, two were lost and three’
were recovered. The stations instrftjented and distances are listed

in Table 35.5. |

3.5.2 Records Lf

Two of the three records recovered duced good pressure
versus time traces, The third gage ran; /b{it the stylus apparently
left the recording disk during the decays$6} that pressure versus 
time was lost. [fp

65.3 Result 13.5.5 Results iu

Lae
The results from Shot 5 are summed up in Figure 3.5, where one

peak overpressure point is plotted. The yield ig 13.5 MT, so a curve

33
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TABLE 35.5 & Results of Shot §

Station Distance Capsule Peak] Acrival Positive
and fron 62, (ft) and Overprespure Time Duration

Position Site Ketual A-Scaled Range (pat) (sec) (sec) Remarks

122,10 A Dog 77189 326 273-150 -- i -- -- Not recovered
B 190-50 se “- Not recovered

122,12 A Fasy 10192 4o7 225-50 - - Not recovered
B 98-25 - - Not recovered

122.14 A Pox 13663 572 118-25 31.7 3.60 {Good P-T record
B . 139-25 -- pro TNot recovered
Cc 17-15 33.2 PLP, only
D 55-15 31.7 . Good P-T record
q 104-25 o- poe Not recovered
a 155-25 7. - E Not recovered         
 

parallel to the pressure versus distance curve of this

plotted in Figure 3.5.
The values of the peak overpressure hav

34
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at sea level and plotted in Figure 4.1, along with the reduced values
of succeeding shots and a standard 1.6-KT free-air curve.

3.6 SHOT 6

3.6.1 Recovery

On Shot 6 there were 32 pressure-time and 10 "q" gages used to
instrument 14 stations. ALL gages except one “q" gage on Gene

(Station 124,16) and one "q" gage on Helen (Station 124.19) were
recovered. The gage mounts at these stations failed, apparently due

300 7   

 

    
10 40

OM GROUND ZERO (KFT)

pressure versus distance, Shot 6,

The

: DISTAN

Figure 3.6 Ground surf

to high overpressure and excessive

stations instrumented and distances

hing of the islands.

e listed in Table 3.6,

3.6.2 Records

Of the 48 records recovered, all wd produced readable data,
Good pressure-time records, free of accele ation effects were obtain-
ed at overpressure values up to 150 psi. ! c pressure measure-
ments were obtained, with a maximum recorded valug,ef 197 psi. Good

any one station,
  

3.6.3 Presentation of Data

The results of Shot 6 are listed in Table 5.6. The curve of
peak overpressure versus distance plotted in Figure 3.6 consists of a

35
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Station — Distance Capsule Peak Arrival Positive
and from GZ (ft) [ and Overpressure| Time Duration

fT] ry Position Site ActtalT A-Scaled} Range (pst) (sec) (sec) Remarke
BG ~ * :

5 z | 124,16 A Gene 3200 268 345-400 235 -- -“- Questionable P-T
B puveevee) 130 oo. a Questionable record
c 317-200 175 -- “- Questionable P-T

- £ started with shock
Set “4 q 331-400 oe “+ “- Not recovered

aN 7 u 352-400 2° 2 2+ Not recovered

ih ¥ i 124,17 a Gene 3700 309 318-200] 130 -- -- Patr PT
ety 3 B «| 347-400 -- -- -- No apparent record
Lo NJ { Cc 240-150 138 “- “7 Fair P-T

—
fpr fpes.us a cene 4200 351 242-150] 135 oa -- Questionable P-T
i i qu B , 503-150] 109 -- -- Questionable P-T
pad started with shock
Pad c abbo150] 126 -- -- Gage did not run,
Vey P.P. only
Ss 4, 279-1501 122 -- =. Pair P.P,

ria 339-400 329 -- -- Fair P.P.
2 4

124,49: & Helen 5200 435 239-150 2° -- -- No apparent record
pis 233-50 58 598] 1.55 Good P-T
bac. 196-50 61 -“- -- Stylus broke, Question
bn able P.P.

py .
124,20 A He¥ea\| 5900 493 209-50 36 -- -- P.P. only

B Pde 214-50 51 “+ -- P.P. only
q Pa 243.150 -- -- -- Not recovered
ae / Ad 270+150 -- -- “+ Not recovered

oe
12h.2.a trénelf 674k... 564 216-50 31 -- -88 Incomplete P-T

B frets 71-25 34.5 1.88 1.71 Good P-T
a, PaaS 201-50 32.5 2.42 -- Good P-T

ae a 235-50 56 -- -- Good P-t

124,22 A Irene TH3h } 605. 202-50 26 1.29 -- Good P-?
B et ones, 200-25 26.5 1.19 1.98 Good P-T

124,23 A Irene 7600 / @] 119-25 22.5 -- -- Ras preshot time;
is P.P. only

B *, 102-25 -- -- “= Drum gase; reeord
“- broken

qa 23.5 “- 3.22 Good P-T
a 37.6 -- 3.24 Good P-T

124.24 A Irene THO 22,2 -- °° Did not run, question-
able P.P.

8 23,0 “- LY Good P-T
4 22,4 -- 2,20 Good P-T
u Ps o- 2.15 Good P-T

124.25 A Irene 8501 28.8 -- 2.11 Good P-T
8B ag “e o- Started after shock

i wave, P.P. only
cq 19.0 -- 3.06 Good Pet
a 8 -- 3.05 Good Pot

Dq «e ~-« “- Stylus did not record
8 26.6 -"s 7+ Good P-T

124.26 A Iréfie 8992 -- -- -- Gage did not run; no
record

B 131-25 17th icc 2. Ran preshot time;
im Rook PLP,

a 147-25 16.8 -- 22 | Good P-T
au 105-25 23.7 -- Cys Good P-T

124.27 A Irene 9584 801 179-50 -- --if) -- Stylus left disk, no
I record

8 1-15 14.0 “- 7 Ran preshot time,
x. PyP. only

4, 26-15 oe -* -- Stykua did not recor
% 22015 19.2 - -- P-T

124.28 A Belle 13089 1094 62425 8.3 4 LG 2.50 P-T
B 16415 7.5 bb 3.37 PT

x oR Elmer 115752 9510 5e1 0.300 oe ee Gage mounted face-on
. to blaat, fair P-T

v 10-1 0,277 2: 8.5% Gage mounted side-on
to blast, good P-T
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mean averageof the values obtained at each station.

The values of the peak overpressure have been reduced to 1 KT

at sea level and plotted in Figure 4.1, elong with the reduced values

of succeeding shots and a standard 1.6-KT free-air curve.
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3.7 DYNAMIC PRESSURE MEASUREMENTS

During the present series of tests, a gage developed at Ballistic

Research Laboratories was. used to measure dynamic pressures. A

detailed description of the gage, its operation, and method of
-caltbration is presented in Appendix B. The definition of dynamic
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j iA lessure in this case is the difference between the stagnation over-
: | Ruessure and the static or side-on pressure. A photographic enlarge-
4
OS

No ; - TABLE 3.7 - Dynamic Pressures

op Distance Static : Total Dynamic* Corrected
Shot Station from GZ (ft) Overpressure Overpressure Preasure Dynamic Pressure
Number | Humber Ketual[A-Sealed (pat) (psi) (pat) (pat)

_ 3 ~rad.09 ~, 6,500 1,280 7.48 8.60 1.12 1.10

‘ 333.02 i p>205 1,616 43 5.20 0.77 0.76

4.15 f hie, 200 1,625 3.80 4.27 O47 0.47

r2ahibs ,800 1,734 3.25 3.75 0.50 0.50LAP
4 122.14 15,396NS 697 20.0 29.2 9.20 8.50

6 124,18 poe ; 352 122 319 197 135.0

124.21 €, «t A 564 32.5 56.0 23.5 20.3

124.23 7,600 _ 23.5 37.6 14.2 12.8

124,24 7,900 660] 22.4 34.5 12.1 wa
124.25 8,501 19.0 27.8 8.8 8.2

124.26 8,992 16:8 23.7 6.9 6.5
oy         
 

*NOTE: The application of the pressure scaling factor produced no
significant changes in thege pressure values. Consequently the corrected
dynamic pressure values have been plotted against the appropriate reduced
distances in Figure 4.5,  

ment of the initial portion of a wine 1 record is shown in Figure
5.8, The data from all shots on w dynamic pressures were measur-

ed are listed in Table 3.7. The vay s of dynamic pressures versus

distance from Shot 6 are plotted iayesof 3.7. The peak dynemic

pressure values corrected for the compresBibility factor have been

reduced to i KT at sea level and plotted Figure 4.5, along with a
theoretical. dynamic pressure curve based a yield of 1.6 KT in free
air. oa“3
3.8 GROUND SURFACE ACCELERATION MEASUREMENTS bony

 g

During the past year research has been carried on by the

Explosion Kinetics Branch of the Ballistic Research tories to

develop a simple accurate means of measuring ground a ee ration.

It was found feasible during UPSHOT-KNOTHOLE to use ti E ated class
disk of the BRL mechanical pressure-time gage for recording accclera-
tions. With proper orientation the accelerameter elements will record
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Fogure 3.7 Dynamic pressure versus distance, Shot 6.

both vertical orizontal acceleration versus time, The details

of construction, metjiod\of recording, results and calibration are
presented in Appendi

2.9 LOW PRESSURE GAl

Satisfactory records Wwefe obtained on Site Elmer (on Eniwetok
toll) from all tests shot ired on Bixini Atoll, except Shot 3

(see Figure 3.16). <A record] was obtained for Shot 3; however, the
amplitude of thepressure wave w: tremely small and no attempt

was made to read a peak value. Tifanaition, excellent records were

obtained from a gage placed on b the USS Curtis on Shots 2 and 3.
The records obtained compared cat ably with those obtained by the
Sandia Corporation's microbarograph ingtruments. The shapes of the

recorded pressure waves, although great compressed time-wise, were

similar. Photographic enlargements of e initial portion of the
record and the complete recording disk/for the gage located on Site
Elmer on Shot 2 are presented in Figures 5.16-Afid 3.17. A comparison
of four BRL and SC records are presented in Appendix F.

ood
:
5.Boao, 5.10 METHOD OF DATA REDUCTION Rerammuaeine

r

3.10.1 Record Reading 1]
tj

All records on Shots 1 through 6 vere read the aid of

a Gaertner Toolmakers Microscope. Direct measurements were made from

38
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the recording disk by use of the optical system of the microscope for
amplification. Readings of the deflections on the records are
usually made to the nearest 1/2 mil or 0.0005 inch, although it is
possible to read to 0.0001 inch if necessary. Under ideal conditions,
the width of the trace should be 0.2 to 0.3 of a mil. Due to the
variation in the thickness of the aluminized coating and the pressure
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Figure 3.8 Initial portion of st c overpressure versus time and

total overpressure ver timefrom the BRL dynanic
pressure gage. Each calibratioh step represents 1 psi.
Shot 3, Station 124.15, | Ly

of the stylus on the recording disk, idealdoHaitions were not always
obtained,

When the recording is centered on the mi ro ope turntable,
it is possible to read time along the record in of degrees of
rotation, ‘The rate of turn of the recordingdi B/3 rpm. This is
broken down to 1 revolution per 20 sec or 18° rotation per sec. The
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\U)i Ivigure 3.9 Record of pressure versus time, showing high-frequency
~~ ‘oscillation due to play in the turntable. Shot 2,

i Station 123.05. Calibration step: 5 psi.
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Figure 3,10Seeversus time, showing a slow rise
time eveling off due to over-damping and ciogging

cf thy se-boime inlet hole. Shot 2, Station 123.05.

(oS Sul.en tiep: 5 pai.  

 

~ rr a ~ OIneame ee en meee y

a o ra !
| pea

Le ee eee, ‘ rl
RSLtere2acre eaoeadioemme { abe vedrerncacune ~~

Figure 3.11 Record of pressure versug tine, showing a 100
magnification because ofithe small deflection due to
low yield. Shot 3, Station 122Pps Calibration step;
5 psi.

angular rotation of the microscope can be read
fore the reading equipment is capable of resotving
By this method arrival time and durations of voeltiva
phases are determined.

 a ito,minutes. There-
ime to 1 msec.

and negative

LU}a
a
a
;

c
o
,

3.10.2 Record Photography

For ease in reading the records, a projection attachment waa

40
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showing the improvement after modification. Shot 4,
A Station 124.02, Calibration Step: 7.5 psi
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Figure 3.13

used to project the image on a ground-¢lass

and ground glass screen from a 4 x 5 camera

eeRe
tae”7

Microscope with=f: attachment and projector.
ge

¥iewer. The film holder
yes modified to fit the

 projection attachment (see Figure 3.15). I
were taken on a 4 x 5 film for detail study
bration steps on the enlarged records were put o

All of the record except the base linth

(a

exposures,
exposed.

41

After exposure the record holder was moya¢
tance in mils to represent a particular pressure

pthis manner photographs

nighpeas The cali-

n eans of multiple

blanked off and

he proper dis-

the calibration
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Figure 3.14 Complete record as made from a photographic

‘ Shot 4, Station 122.05.
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Figure 3.15 Peak pressure record with AIS: calibration
steps. Shot 4, Station 136,55,

curve. The base line was then exposed and the process ye ated until
the desired number of steps was obtained. Photographi¢ jehlargements
of the initial portion of the pressure time record alo With the
calibraticn steps are presented in Figures 5.8 through'3;12. Prints
of the complete trace were made of each record using an enlarger and
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Figure 3.17 Complete record disk obtafiied from a VLP gage

located on Site Elmer, Sh AP
 

   
a

. ~
projecting on sensitive paper. Photographs are sh 5) Se a pressure-

time curve in Figure 3.14 and a peak-pressure reco. n Figure 3.15.
Calibration steps were put on the peak-pressure olla before each

shot and can be seen in Figure 3.15.
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| 4.1 GENERAL
ad

4,Hie Ll Comments on Measurements
 

gS

|\}] The program of measurements undertaken for CASTLE was
“‘eoncluded with a reasonable amount of success. Overpressure data were

obtained covering the range from 0.3 to 250 psi. Pressure-time
records iwere obtained from each shot. The positive-phase durations

are t wrated for each shot and presented in Chapter 3. The values

p
e
n

has been initfated at BRL to insure better time measurements on all

future tests/{.
The pbak overpressures obtained agree with measurements made

by the Sandia Corporation (Reference 4), In most cases, the variation
was considerably ;\than ft~ 10 percent. A comparison of values is

presented in Tableei

 

4.1.2 Pressure .At tion on Shot 3

Shot 3 produced Bray anomalous results. On this shot two
distinct curves of pres eiversus distance were obtained with a

deviation of at least 2 cent. As seen in Figure 2.5, two blast
lines were instx‘unented approxuhately 180° apart. One blast line

covered the Tare Complex, whille} the other extended along Site UNCLE,
The pressures obtained along the Tare Complex were as much as 20
percent lower than the press at comparable distances on Uncle.

Strong evidence has been obteined witt indicates that the shot was

fired during a heavy localized rain storm on the Tare Complex. Photo-

graphs taken by TU-9 during the shot fom a station on Site Oboe show
a general diffuse light but no fire . Further evidence was found

in some aerial radar photographs taken by Project 6.1 before and after

shot time. These photographs show that e er a cloud with a high

moisture content or a rain storm was centered over the Tare Complex.

The Tare Complex is completely obscured, whereas Sites Uncle, Victor,

and William are clearly discernible (See FiguresM2 and 4.3), Still
further indication of the unsettled atmospheric bonaitions is the
apparent attenuation of the thermal energy slong the Tare Complex.

The flash initiators of the pressure-time gases 2   3 Dwettioned satisfac-

torily on Site Uncle out to and including the fur vw. . tee ata

distance of 9380 feet from ground zero. On the ..v fips he
6300-foot station was the furtherest out station at vide the initia-

tors functioned.

Because of the low yield, Shot 35 was a disappointment to many
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Distaneé PRL Peak =| Sandia Peak

On e.

ot (te) tat)|red)
3 5,600 8.1 * 8.0

1,400 4.6 * 4.8
8,800 3.5% . 3d
10,900 2.36 # 2.2

12,200 1.8 # 2.0

14,300 1.3 1.7

17,000 1.02 ** 92

& 11,460 30.5 #8 27s

13,310 20.0

13,396 20.4 +H

14,500 16.8 #H 16.6

15,900 13.9 + 14.0

6 4,18 75.0

Pr 4,200 120.0 #H

fh \ 5,200 59.5 +
pug 5,270 50.0
id 5,900 43.5 ## 43.0

/ oy | 7,620 22.5 # 23.0
AR 958 | i.o* 13.6      
(Uy # single gage reading

oie of tvo gages

rage of three gages

of the agencies attempting tio]measure various paremeters., It was,

nevertheless, an ideal experjiment for checking present-day theory on

the attenuation of blast prdsbure to be expected from various yields

due to the Jiquid water conteht present in the air. The knowpara-

meters are the peak overpressure + s distance along a clear blast

line and rain blast line and the Jipta associated with the cleur blest

line. The unknown“quantity being [the amount of liquid water present
in the air ag the shock vave passddj through it. Liquid water content

in the air is expressed in terms of" er per cubic meter and the

symbol "c" is used to designate it in the}/equation to follow.
The approach used by Hartman, Pe and Gauvin (References 5,

6, and 7) is based on the amount of ene Jt takes to completely
evaporate the water present in the air, iven radius. The
redius of complete evaporation is defined in igrence 5 ag that
distance at which a shock having trevelled oid usual fashion in

clear air will completely evaporate a drop ofNever placed in itg

path. The radius of complete evaporation does not mean the radius
within which all water would be evaporated if the char 3 were flred

in rain or fog. That radius is less than Ri since hepin or fog

the shock appears to come from a progressively smalle charge es it

moves out evaporating the water that is engulfed, An empirical equa-
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Figure 4.2,-Radar photograph of the Shot 3 test area

\ 'dist before zero time. Clouded area apparently
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Figure 4.3 Radar photograph of the Shot 3 te tphos just
after zero time. e
indicates precipitation over the Tare Complex.
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tion is presented (Reference 5) where the radius of complete evapora-
tion for rain is dependent only on charge weight.

Ry = Se (wh/3yt-pg (4.1)
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C ce The apparent yield obtained by BRL on the clear blast line was

fgp Kt. This was established by use of the composite free air pres-

;sure curve and assuming the @W theory to be valid. By the same method

uthe apparent yield on the Tare Complex was 110 Kt. If 0.50 is used as

“the WT blast equivalent energy and then the 2W theory applied for a

supfas ¢ burst, it gives an equivalent TNT yield of 150 Kt or 3.0 x

10 Ips of TNT. From Hartman's report (Reference 5) he predicts that
a charge weight ZW fired in clear weather gives the same shock energy

at a distanceR that a charge of weight W gives when fired in the
presence of fratn or fog.-

Theréfore, Z< 1 and is a function of R and W. The equation
presented for Z is as follows:

fet See

  
  a

p
r
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n
s
—
“
,

i
r
e

ZS— 9/a

28) 1-11.70 x 1074 gil/3|

a) we
For calculatin St attenuation of pressure due to rain or fog

the usual procedure «tui: to choose a W and ¢ and calculate Z
versus R. On this shot-the lue of W along a clear line is known

and the values of pressure (Pr) along a rain blast line and the values
of pressure (P) along a cleay jline are known. ‘Therefore, the follow-
ing procedure was used to detdrmine the amount of liquid water content
(c) present along the rain blast 1

First various values of c w

(4,2)

 

substituted in Equation 4.2 and
solved for Z. When a value of Z w; etermined for a particular ¢ it
was inserted in the following emperjical eguacion and checked for the

actual value of Pr obtained from thé record. This equation holds
rather closely between 4 and 20 psi basefljon TNT considerations.

   

Pr = p20 pac (4.3)

In order to find the distance at sy iven rain drop will

be completely evaporated, substitute (ZW) paEquation 4.1 and
determine R,. If the R used when substituting-+mm Equation 4,2 is
<Ry; then lhe value of Pris valid. If R isi>R athe assumption

is No longer valid because all of the water at that tpnee has not

been evaporated. 3 i
A value of ¢ = 0.9 gm/m” seems to fit the experizient best and

it signifies that a rainfall of slightly less than 1 in/hr was falling
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curing the shot. A table of values are listed below assuming a
= 0.9 g/m .

TABLE 4.2 - Pressure Attenuation for ¢ = 0.9 gn/w? ,
 

 

          

P(pst)|R(rt) [p77] i 2 pr (awy/3 Ry

‘ 38.0 3000 0.06 9.969137.2] 662 162898 Ry> R Valia

; 20.5 4000 9.16 |o.922]29.4] 648 [67k2} RoR valta

i 16.0 4500 0.25 0.862]14.6] 637 16605 R)>R Valid

o 12.7 5000 , 0.36 0.800{11.0| 620 [6410 R\>R Valia

f fu 10.5 5500 0.52 |0,705{8.4 595 [6132] R, >R valta

\ WD 9.2 5820 0.63 0.65 |7.0 560 [5900] Ry=> Valid

ee 8.9 6000 0.72 0.589}6.% 560 [5720] Ry< R Not Valid

: +
ty It may be assumed that beyond 5800 feet ‘there will be some

turth r evaporation but not complete evaporation and that the shock

front” will-move out in the usual manner or as though it were generated

from a charge of (ZW) energy where Z equals approximately 0.65. If it
is assum¢d) that there is no furtheg 38s in energy due to evaporating

moisture’ phan the equation Pr = PZ should hold for distances be-

yond 5800 feet,4f.Z is held constant. Therefore, Pr = PO.65°°
Pr = PO.762, { (1“

t
s

y
r

wa.5 - Comparison of Measured and Calculated Pressure Attenuation
 

 

     

Clear Line Rain Line Calculated
Dist(ae ) P Pr Pr

*)) 36.0 37.0 37.2
20.5 17.5 19.4
12.7 10.5 11.0

sec0 9.2 7.2 7.0
* 8.9 6.9 6.8
* joo 6.5 5.15 4.95
* 8000 5.15 4,00 3.92
* 9000 4,2 3.20 3,20
* 10000 3.53 2.64 2.69   
* Z ie held constant vegout820 feet

 The above values are plotted in Figure,4.4.

4.1.3 Instrumentation

In general, the gages operated sdtisfeetoprily. Some difficulties
appeared after Shot 1. The actual yield of te shot far exceeded the

preshot prediction. Consequently, most gagdswere subjected to pres-
sures considerably in excess of the rated noonPPressures. Excessive

overstressing and permanent sets obtained in ssure capsules

caused most readings to be in error by t 15 per Aa examination
of the Shot 1 records made it apparent that +t. ~- ere susceptible

to acceleration effects as indicated by ac. : -‘amount of hash
and oscillations. Figure 3.9 is a photograph‘of alLivéicat record
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showing acceleration effects on the gage ag transmitted to the recora

trace. Certain gage modifications capable of being accomplished in

the field (See Appendix B) were incorporated in the gages used in
Shots 3 through 6. These gage modifications resulted in relatively

"clean" records up to overpressures of 150 psi. Further, a program

of postshot gage inspection was initiated (See Appendix D) so that
TABLE 4.4 - Suamary Data of CASTLE Shots
 

Characteristic Symbol Shot 1 Shot 2 Shot 3 Shot 4 Shot 5 Shot 6
 

 

   
        

Date 1 March 27 March T April 26 April |S May Ls May

Time 0645 0630 0620 0620 0610 o6e4

Location - Atoll Bikini Bikini Bikint Biking Biking Enivetok
Tsland Charlie Charlie Tare Lagoon Lagoon Mike Crater

Coordinates GZ
North [| 170,617.16 170,635.05 1100,154.50 161,698.83 161,424.43 (147,750.00
East 76,163.98 75,950.43 109,799.00 116,800.27 116,688.15 57,790.00

Cade Neme Bravo Rameo Yoon Union Yankee Nectar
il

Yieia (ut) Wre 215,00.5 11,0%0.5 }0.139%0.020( 7,0f0.3 15.551.0 1.729.3
24 (Fire (Fire (Fire (Fire (Fire

iam Ball) Ball) Ball) Ball) Ball)
pt .‘ °Hetght of Burs \ h 0 ° 9 ° °

-| Atmospheric! Pre: Po 1006.2 1012,4 1009.7 1007.4 1010.8 1006.0
(mb);

ae
Surface Air- so

Temperature f 3¥e 8.0° P 8.0° Ff 81.0° F 81,0°F 80.8° F 79.9° F: oa
4 te

Surface Wind: My %
Direction - Degre ny } {070° oko? 090° 062° 070° 090°
Speed - Knote Ce 15 1o 3 18 20 19

Scale Factors for | f “sy
1 KT at Sea Level: \J .

Pressure: Sp = 1013.3 | pe 1.0038 1.0037 1.0059 12,0024 1.0073
fo A

Distance: Sd pet” 0.0403 0.0448 0.197 9.0520 0.0419 0.0836

~ /2 :

Time: St « sa/te + zi’ 0.0407 0.0453 0.199 0.0526 0.0424 0.0845

Where To ts in degrees re
Centigrade, W ite in xT

 

 information would be available apdlicable in explaining defects in
gage recordings.

Ground acceleration records weré obtained at a number of
stations on Shots 1, 2, % and 6, The ords appeared to be
entirely satisfactory. Detsils are présented in Appendix E.

4,2 PEAK OVERPRESSURE VERSUS DISTANCE, a-schisp
i

The peak pressure-distance data si! aimed (ene the CASTLE shots
have been reduced to the equivalent of 1 4! (20) under standard sea-
level conditions (14.7 psi atmospheric pressure, 2 temperature).
The basic characteristics for each shot and the scaling factors are
listed in Table 4.4, He

The IVY Mike data generally compared favorably With the TUMBLER
composite free air pressure versus distance curve for 2 KT as prepared
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Figure 4.5 Dynenic pressur ersus distance,
reduced to 1 KT sea level,

by NOL (Reference 2, 3). A similar compartson]
reduced CASTLE data, and a composite curve of thdge data (Figure 4.1)
are compared with the TUMBLER free air curve scaked to 1.6 KT for
pressure levels ranging from 3 to 250 psi.

The overpressures on Shot 1 fall slightly above

hag }been made with the

 
he~l1.6 KT curve

at the higher pressures, but these values are from quqs able

records because of the overstressing of the capsules. | pressures

measured elong the reef fall below the 1.6 KT curve. | Fron later

of the type gage mount used and that the actual values could be as
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much as 20 percent higher. This correction weuld place the data

from the two reef stations more nearly on the 1.6 KT curve.
'’ The tiighoverpregsures recorded from the land stations on Shot

2 are ingood agreement with the 1.6 KT curve while the two reef

stations again show lower pressure values than would be indicated

by the curve. A correction as mentioned in the previous paragraph

ry Would bring these values more in line with the pressure values from

|] other shots at similar scaled distances.

IN The peak overpressures recorded on Shot 3 fall on both sides

IN of the 1.6 KT curve, but this was expected because a yield value
150 KT was used in scaling both blast lines. If the values from

fpsPolast line on Uncle were scaled from a 150 KT yield and those

ifr n Tare Complex scaled from a 110 KT yield the pressure values
(wohdd fall much closer to the 1.6 KT free air curve.
Bret Shots 4, 5 and 6 are all in good agreement with the 1. 6 KT
curve.! Meastrenents from these shots were from land stations
and the ;walues recorded are felt to be reliable with but one
exceptian,- Station 124,18 on Shot 6.

me)

3 DYNAMIC PRESSURE

ih
satnoual Ae measurement of dynamic pressures was a secondary

objective and’=r ---~-- used were in the developmental stage, excellent

results were “* ‘*::. The major effort in these measurements was

made on Shots 5 BIGOa, On these shots extensive instrumentation was
used, not only forrgage evaluation, but also to obtain data for
Project 1.8. All meBstrrements of dynamic pressure were corrected for

compressibility and supenspnic flow where applicable.
The measured dyn ressure values and the corrected values

for all shots instrumen re listed in Table 3.7. In Figure 4.5
the corrected dynamic p e versus distance (reduced to 1 KT at
sea level) are plotted. The atmospheric pressure was so near standard

that the scaling factor amounted to less than 0.5 percent and was not
applied. The solid line in Fire 4.5 is a theoretical dynamic

pressure curve computed from overpressure values obtained from a 1.6

KT free-air curve using the followingequation:

i.
aPa

ne
ra

2.a = 25 (PD
Pit Py) f

Where; q = dynamic sgure

P_ = atmospheric me
°

P. = static overpreldiiiie
rs

Although the surface pressure measurements show only alot deviation
from a scaled 1.6 KT pressure versus distance curve, tieAyaled
dynamic pressure values plot higher than would be pred from a
1.6 KT curve of side-on pressure versus distance.
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Chapter 5

CONCLUSIONS and RECOMMENDATIONS

5eL INSTRUMENTATION

fn The family of self-recording gages for measuremerit of blast wave
i (paraneters obtained results which in some respects compared favorably

ywith corresponding electronic instrumentation. Peak overpressure'

\ Jheasurements agreed very well, Reasonably good agreement was apparent

~~"when.,wave shapes were compared on shots in which the modified gage

was; used, Even though the field modifications to the pressure time

gage jalleviated a large portion of the acceleration effects, addition-
al pédifications appear to be advisable.

“~FRe "a" gage produced excellent results which compared very well
with the electronic instrumentation. Continued use of these types of

gages on allifuture tests is strongly recommended.

The peratch-type self-recording accelerometer appears to be
capable dfproduc: g good results and should be more fully utilized in
future tests. { C1)

oN
5.2 TEST ResuLme) )

The validity of the cube root scaling law to scale distances for
yields as great as LA.S“MT appears to have been well substantiated.

The dynamic pre s obtained on Shots 3, 4, and 6 are apparent-
ly in agreement with oret-ical values over a dynamic pressure range

0.43 to 135 psi.
The overpressure attenpdation observed on Shot 3% would seem to

indicate that a significant) yeduction in pressures can result when the

shock wave passes over an a in which precipitation is occurring.

The overpressures obtained o #1. shots appear to substantiate an

assumption that the overpressures: ained from 4 surface burst on

water and coral atolls are the sag“as would be obtained from a burst

of 1.6 the yield in free air.
The zero intercepts of the height burst curves as published

in T 23-200 appear to be valid, seater of the reasonably [ood ayree-

ment with the results of these shots. -

From the records obtained with theigdelf rding vages there was

no apparent evidence of the existence of a prepadcor on any of the test

 
shots. pond

;

—-

|
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Appendix A

PERSONNEL

Personnel of the Explosion Kinetics Branch, Terminal Ballistics
Laboratory, Ballistic Research Laboratories served in a supervisory

capacity in the preparation, field operation and data analysis phases

~\of this project. These personnel were:
iiEs

e
i
i=

)

J. J. Meszaros, Project Officer
C. N. Kinvery, Deputy Project Officer

H. S. Burden, Technical Group Leader.
C. H. Hoover. Technical Group Leader

R. E. Reisler, Technical Group Leader
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“Cortada military personnel were retained eat these laboratories

after Opeyation UPSHOT-KNOTHOLE to assist on Operation CASTLE. ‘The
primary abgilanents for these personnel are indicated below:

bey

off arss roers a
f
k

 

D. A. e, USA, Associate Technical Group Leader

J. NSiVag: ell USA, Associate Technicel Group Leader
BE. Stare ray Associate Technical Grcup Leader

  
Enlisted Persone   
  FP. L. Cornwétl, U » Technical Group

E. 0. Engle US. Technical Group

D. C. Freeswick, AF, Accelerometers

J. &. Gurgel, Us Technical Group
W. E. Lynch, USAF, Tech al Group

M. M. Silver, USAF, seghstey Group
R. N. Tucker, USAF, "C'N "q" page
R. C. Wagner, USAF, “q") Lage
W. L. King, USA, Logis

R. A. Rejent. USA, Technical

R. J. Mudd, USA, Technicalae
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Appendix B

INSTRUMENTATION DESIGNA

m
e

GENERALdg
:

sn
ep
en
ni
d

-l. Pressure-sensing Element

gs 5 .

i | Pie basic component, common to all the types of pressure gages

di bY the project, during CASTLE, except the very low pressure gage,

wasi.a@¢apsule consisting of two concentrically convoluted diaphragms,

nested together to reduce volume, and silver soldered around their

periphery; | These pressure capsules or elements were essentially ident-

ieal to those incorporated into gages used by Project 3.50 during

UPSHOL-KNOQTHOLE, (Reference 1). Briefly, during operation, air enters
the elementthroys a small pressure inle.. hole causing expansion of
the nracnteanadihd, this spring stylus soldered to the center of one

4

S n
n

diaphragm trans $ this motion and produces a scratch on a coated

glass recording)pia k. The amplitude of tnis scratch is proportional
to.the movement ofthediaphragm. A sapphire pointed phonograph needle

soldered to the stylus arm is used to insure a fine scratch. The basic
characteristics of theseylenents are as follows:

 

  
  

Diaphragm voterstee anne enna~---IfiSpanc
Deflection (at Rated ure)

Maximun--~--+------ -- she ye ee eeeee9.060 inches
Minimum------------b42)3-- wae eeene9.020 inches

Linearity-------------S24---py--------9.5 percent
Hysteresis-----+---++ .--------b4--------- 0.5 percent

Natural Frequency (undamped)} {1400-2000 eps
Rise Time----------------~+---}--------5 msec or less
Operating range----0-150 peréent of max rated pressure
Pressure Inlet Hole (diam.) 0.152 Les
DisMeter---+--------Variable (depeydént on pressure range)

q

The very low pressure gage uses 4 gie phosphor-bronze, convul-

uted diaphragm, 5 3/4 inches in diameter.

Tne diaphragm forms one side of the gasé case. Any pressure dif-

ferential existing between the inside and outdide ofthe gage causes

the diaphraga to deflect. This deflection is trangiitted to ana
scratched on a coated glass recording blank by a stylds soldered to the

center of the diaphragm. The stylus point is the bane as used on the
basic pressure elements. en

The various pressure elements used are shown in F aire C.l.
;

|U)
bw

The recording medium of the scratch type self-recording gages
was pyrex glass. The various sizes and shapes are shown in Figure C.2.

56
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B.l.2 Recording Blanks
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An aluminized surface coating was used on the blanks instead of the

machinist bluing used previously, (Reference 1). This type of surface
was less susceptible to damage from water, was more even, rugged and
cleaner. A very five sharp edged scratch was produced by the stylus

needle. Under ideal conditions with a uniform coating the scrateh width

was less than 0.3 mil. Unfortunately, the thickness and quality of the
coating varied greatly and though extreme care was used in the selec-

tion of blanks it was not always possible to do more than approach |

these ideal conditions.

B.2 PRESSURE-TIME GAGE (STANDARD)

‘Vb. 2,1 General

 

£

omry} The pressure-time gage was the basic instrument used during

    

“~ “CASTLE to obtain the measurements required by the objectives of Project

i. abi. Several pilot models were field tested by BRL during UPSHOT-
KNQIHOLE (Reference 1). The basic ideas and the test results were
combiined and a final design prepared. A quantity of these gages were

fabrieated and shipped directly to the Pacific Proving Grounds. Lack

of time pyegluded any preliminary tests on the gage. The gages were

either phosd-initiated or thermal initiated and used a small D. C. motor
to drive /t fe\ recording disk. A delay switch was incorporated which
would stéetldperatiing at zero time and stop the recording at any pre-

set time up to 1-1/2 minutes. The entire unit was encased in a 12
inch length of |acinch pipe. A 3-inch pipe cap was welded to the bot-

tom of the pipe ,to. give an auxiliary mounting system. The gage assem-

bled to a 3-'n-h crime gcunt ig shown in Figure C.16. An adaptor ring,

with 6-inch tne ze threads was bolted on the standard 6-inch
pipe mount aul -’: ‘inced inside the mount and bolted to the adap-

tor (see Fig.r: J vd . order to insure quick recovery, three methods

were providel: (1°) ‘ha ‘c' se with adaptor ring attached could be un-

screwed from the mount , (2} Khe gage could be unbolted from the adap-

tor ring and the entire gage lifted from the mount, and (3) the top
plate and entire gage mechanism could be unbolted from the flange of

the gage case and removed, ‘Meaving the case still in place inside the
mount. Pe

Le

U
The recording blank consisted of"jan aluminized coated glass disk

%3 1/2 inches in diameter. The disk wap jmounted on a turntable which was

 

   

B.2.2 Recording System

mounted perpendicular to the plane of tHe pressure capsule. The stan-

dard pressure capsule was assembled toi the faceplate of the gage with
the stylus in position against the recordin Lok.

The drive motor was an A. W. Haydon Coitype 5600 series chrono-
metrically governed, 6 volt D. C. motor. A Sfgnal Corps type BA 210/V
battery provided the power to the motor. Motor! specifications indica-

ted a speed variation of 1 percent or less would OpGtenif the motor
were subjected to vibrations of 5-300 eps with 1o imum accelera-
tion. ‘The various major components of the gage ari ustrated in
Figures C.3 and C.4.

The recording speed selected was 3 rpm whichin almost every cese
insured that the full pressure-time phenomena was recorded on a single
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revolution of the record disk. The base line was retraced every 20
sec making a maximum of 4 1/2 revolutions if the full recording time
was used. The turntable speed at the stylus point was 0.5 in./sec.

B.2.3 Initiation Systems
 

These gages could be initiated either thermally or by means of
a photo electric cell (see Figures C.3 and C.4). ‘The standard method
was the thermal initiation system. A spring loaded plunger was held
in place by two brass shims soldered together with an alloy having a
melting point of approximately 175° F. The thermal energy of the de-
tonation melted the alloy breaking the link and releasing the plunger.
The,plunger actuated a switch which completed the motor drive circuit
jand.started the recording mechanism.

wh The phototube initiating system was easily assembled. Requiring
the’removal of the plunger and the addition of a latching relay inside
the gage case. The phototube (Type 917) actuated a strobtron (Type
631-P1) Which in turn caused the latching relay to close completing
the motor|drive circuit. The photo initiation was used very little to
due tolitg susceptibility to moisture, causing premature initiation.

B.2.4 Field Mptitications
 

a

The okGdssivedetrimental effects of acceleration on the gage
records as obtained(ai)ShShots 1 and 2, indicatethat, if usable
pressure-time reas 4 “va going to be obtained immediate modifications
would be requir'i,, |} -f the machine work on gage components,
though counireleliksedheptable, was not of the precision required to
insure proper operation r conditions of high acceleration.

The following mo cations were made on a number of gages used

for Shot 3, and all the s used in Shots 4, 5 and 6; (1) The stylus
arm was shortened to dee Se the moment arm of the stylus point.

(2) A numberof adjustable felft]and rubber tipped friction brakes were
machihed and assembled beneath the turntable. By adjusting this brake
the backlash of the turntable Was dampened. (3) Additional set screws
were provided to hold the turrthble more solidly on its shaft. (4) The
turntable and motor coupling shaft yushings were replaced with new

bushings. The new bushings were madhjined more accurately and length-
ened to provide more bearing surfac¢ ; prevent wobble. (5) The turn~

table coupling shafts were replaced iby precisely machined shafts having

a good sliding fit in coupling shaft wuishitg.
These modifications apparently pb completely alleviated the

acceleration effects. It is felt, howcvey,} that many more modifica-
tions should be made on these geges prior ib use in any future opera-

tion. pn
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B.3 DRUM TYPE PRESSURE-TIME GAGE
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B.3.1 General Pon
| cf

The drum type pressure-time gage was designed J a self-re-
cording scratch gage incorporating the feature of a r@c g blank

whose base line was not retraced after the first revolution.

The recording blank was an aluminized glass cylinder with a di-
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ameter of 3.15 inches and height of l inch. An aluminized ccating was
applied to the outside surface (see Figure C.2). The cylinder vas held
in a drum-like assembly mounted on a threaded shaft. Througs 2 set of
gears, a 6 volt D.C. chronometrally governed motor drove the ér=
assembly along its shaft. The drum rotated at 6 rpm and advazzed 0.025

inches per turn. The standard pressure elezents were used in the gage.

. The recording drum moved past the pressure element stylus poinz at a

speed of approximately 1 in./sec. and a helical base line was zenerated.

Figure C.6 shows a view of the gage without its case. In addizicn to

; the pressure element, two accelerometer elezents could be installed in
~ the gage on post provided for them. Dry batteries supplied ccwer to

{the initiation circuit and motor, the instrument being completely self-

; fontained,
\ La] The gage was fitted with a rubber sealing gasket and encased in

‘aehort section of 5-inch pipe. A pipe cap welded to the bot<om of
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Figure B.1 Drum gude|schenatic diagram.

the case sealed it and allowed the gage t e screwed onto @ 35-inch

pipe if that method of installation was desired. A steel moatmting-~
ring was provided for installing the gage ih the regular 6-irncn pipe

 

t. inoun a

B.3.2 Initiation pond
LL.

The drum gage was started by a photoelectric’ circuit {see Figure

flow through the coll of the very sensitive Sigma rel 32 its

contacts to close. The Sigma contacts closing energi e a3vance

relay and power wag supplied to the constant-speed motor. ‘The 1P40

B.1 for Drum Gage Schematic Diagram). This circuit wap iemed so that
the incident light from the detonation would permit e current to

9°

ledth
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phototube was mounted on the outside of the gage on connectors attached
to a short piece of rubber covered wire. A packing gland was provided

in the gage case to insure a pressure tight seal for the initiation

cable.

The potentiometer was set so that bright sunlight would not trigger

the circuit. In most instances, a piece of exposed film was wrapped
around the phototube and a cardboard collimator wrapped the tuhe to

further insure that premature triggering would not take place. After

the gage was started, the fact that the phototube might be blown away

was of no consequence as the hold contact of the advance relay kept

fu ; motor circuit intact. The gage ran until the advancing drum de-

| piessed the limit switch. This limit switch was usually adjusted to
i dow the drum nine revolutions or 1 1/2 minutes running time.

a}
i,

B.4 HRESSURE-TIME GAGE, CLOCK TYPE

The clock type pressure-time gage or "C" gage (see Figure C.7) is
essentially the same as the pressure-time gage as used in UPSHOT-

KNOTHOLEby Broject 3.30 (see Reference 1). It records pressure-time
by the action, of a pressure sensing capsule on a rotating aluminized

glass disk. e disk is rotated at 5 rpm by a 6 volt vibrating-reed

motor. sniftetion is accomplished by a 2k hour clock which depresses

@ micro-seittne The~initiation system was modified to permit setting

of start time up tdabproxinately 96 hours prior to shot time by using

two switches connettegd in series. One consists of a set of contacts

geared to the arm t of the clock so the contacts close every 96

hours. The other I8"a pmteroswitch closed by the pointer arm of the

clock every 24 hours. former provides a coarse time adjustment;

the latter permits a fi ime adjustment (7 2 min) and also limits
the running time of th e to approximately 20 minutes. Both the

depressor arm and geared-tontgets are adjustable so the starting time

ean be readily set for any va from 0 to 95 1/2 hours in advance,

B.5 PEAK PRESSURE GAGE

The peak pressure gage was ext} nely simple in construction con-

sisting essentially of six major co donents:
(1) Standard Pressure Cap
(2) Gage Plate. A1/2 i thy steel plate, 8 1/2 inches

in diameter. A pressure inlet hole 0.252[hohein diameter was

drilled through the plate slightly off center e pressure capsule

was mounted on the plate with capsule inlet hole in line with the hole

through the plate. py

(3) Glass Record Blank. The blank weg™a rectangular picce
of glass coated with an aluminized surface (see Figure C.2). The
blank dimensions were 1/2 inch wide and 1 inch Long, in operation the
blank was cemented to the slide.

(4) Slide and Slide Holder. This unit pro mounting
for the glass blank and was mounted beside the capsul i the gnge

plate, The holder was so mounted that Lhe capsule afus/point rested

on the glass blank, A screw adjustment was provided ermit the

moving of the slide with blank assembled, in a lateral direction past
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the stylus point.

(5) Cover. The cover was bolted to the gage plate and was
ap provided with 2 1/2 inch diameter pipe threads to permit auxiliary
i fi mounting. ,
iy (6) Adaptor Ring. An adaptor ring was provided which
Vd bolted to the gage plate and was provided with 6 inch internal threads
A for mounting on the standard gage mount.

ia] The gage without the cover is snown on Figure C.U. The gage with

pAyCg cover, ready for installation, is shown in Figure C.17.
il Xd The gage was calitreted as a complete unit. The calibration pres-

fy sure steps were placed on ihe record blank. After calibration the

iy LJ blank was advanced. ‘This movement caused a base line to be scratched

; | ,on the blank, The cover was then assembled and the gage was ready for
\\/ installation, Figure 3.15 is a photograph of a record blank showing

~ theycalibration steps, the base line, and a typical peak pressure
reegrd.

3 2

B.6‘DYNAMIC FRESSURE GAGE
zp

B.6.1 General.

pay
Thé\dynamic pressure gage or "q" gage is a self-initiated, self-

recording gages fan measuring dynamic pressure. Static pressure and

stagnation pre2nstres are recorded on a single aluminized glass disk

by the action cae pressure sensing capsules.

meeThe gag e Figure C.9) is 38 inches long and 3.8 inches in
diameter with ah rical nose. The static pressure inlet is

12 5/8 inches from ront of the gage end has a diameter cf 0.15
“inches. The stagna pressure inlet is 11 inches long with a di-

ameter of 1/4 inch, pt for the first half inch from the front
which is choked down to 3/ inch. Two 53-inch female pipe weldolets

are welded to the bottom ofjthe gage for mounting. The gage is mounted

on two 6 1/2 foot lengths 3-inch pipe, broken 18 inches below the

gage with unions to facilitate recovery. Projecting laterally from

the rear of the gage are a photohiyhe and a fusible link for initiation

4of the gage. i

B.6.2 Recording System Uo
 

é pressure sensitive capsule e mounted with the axis of
each 90° apart in a plane through the face of the recording disk.
The capsules are positioned such that the sty, will scratch
concentrate traces 1 13/16 inches and 1 $78 vhones in diameter on the

 
aluminized coating on the disk. re?

Rigid mounting and precision machinidgtre critical in the unit
consisting of the recording disk, turntable, mountsg~and.drive motor,

is driven at 5 rpm by a 10 rpm chronometric govern volt DC motor,

giving a stylus to disk speed of 0.4745 in./sec. e stagnation
element and 0.4254 in./sec. for the static element.”

(see Figure C.10). Because of a 2-to-1 gear reduc ‘ the turntable
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B.6.3 Control System

The control section (see Figure C.11) consisting of the timer

switch, the timer motor, the 6-volt motor power supply, the 4S-volt

photo initiator power supply, and the photo initiator chassis is

mounted in the center section of the gage. The components are mounted

on spaced metal disks. The unit is held in place in the gage with set

screws, and is readily removed through the rear of the gage.

The action of the gage can be initiated either thermally or
photo-electrically. The thermal switch and the phototube are located
on the rear chember and are connected to the control section through

f-pressure--sealed connectors. The thermal switch is held displaced by a
fyfusible link which fails at about 155° F, Parallel with the thermal
id switch is a locking relay which is closed by photoelectric action. A

\-chrrent flow of 400 micro-amps through the tube closes a sensitive

“relay,which in turn closes the locking relay, providing a closed
eirenit for the drive motor and the electrically parallel timer motor.

An afjustable cam on the shaft of the timer motor opens a normal-closed
microgwitch, stopping both motors after any predetermined running time

of fram'o t9.20 sec.

B. 6. if pretfehnary Shock Tube Tests
 

\
In ‘the development of the "q" gage a series of tests were run

at the BRL shock tube to. determine optimum dimensions and damping of

the orifices. wee i s:ha covered static pressures from 3 to 30 psi.

Various sizes of ce , ~ pressure orifices, damped and undamped,

and varying quantities ‘damping material in the static and stag-

nation pressure ae tested. From these tests, it was concluded

that optimum result; vould be obtained using a stagnation pressure

inlet of 1/4 inch dir¢iter with a 3/16-inch-diameter choke 1/2 inch
long in the nose, with37)- in glass wool damping in the static

pressure inlet and no dampingjmaterial in the stagnation pressure
inlet.

 

   

B.7 CALIBRATION OF PRESSUR Ss

I
B.7.1 General

Since all pressure caunennd.foven in a given range, were not

identical, a static calibration was required for each. Each scratch

calibration in the form of a group of "flags" was recorded on an
aluminized glass blank as used in the p pressure gage.

The element was mounted ina fi e withthe recording blank,

To insure good response from the diaphraga, e cpobew element was

. exercised by epplying the rated pressure about 10 times. Stylus

pressure was adjusted to a pre-established noyadand & gasket leakage

check made at rated pressure The pressure cuum steps Were then

applied to the element and the fixture manipulated odute the flag

calibration. If

The record was read with a precision mors =" dee ‘nrdoa calibra-

tion curve similar to Figure B.2 was drawn for e’. mh oe Calibra-
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tion of the elements had been made by the manufacturer at 50 and 100
percent of the maximum pressure ratings. It was possible to compare

these deflections with the curve obtained by the BRL calibration
simulating actual gage mounting of the elements. In most cases good
correlation was found. A step calibration, in addition, was made for
each peak pressure gage on its shot recording blanks (see Figure 3.15).

The elenents were elastic beyond the manufacturer's rating and
were calibrated above this rating. The following tabulation gives the

 100
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Q
Wy 27 FEBRUARY 1954
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>
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PRESSURE (P.S.1.)

Figure B.2 Typical calibratiqn, rve for a pressure element.
j

maximum pressure to which each range elements was normally calibra-

ted,

 

   

 

m7

Element Rating Makimua Calibration Pressure

(psi) (psi)
5 = moO

10 CO 16
15 C 25
25 ae ho

50 TS
100
150 J
200 10,7
400 50
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B.7.2 Calibration Equipment

A calibration panel built at BRL was designed to be a complete

iy i field unit in itself, only a 110 V A.C. power source being required
i i for field operation of the panel. An aircraft high-pressure air com-
\ j pressor and reservoir and a vacuum pump were part of the calibrator,

ew 2se and a 28 V selenium power rectifier were mounted on a collapsible
\Btand and connectedto the calibration panel.
aw Flexibility, ease of operation, and safety were prime considera-

| \tfons_ in the design of the panel. Use of numerous pressure elements

4 “Sh the various shots of the test series made easy operation important.

Solenoid valves and a simplified control system were incorporated.

Reghiators allowed a quick setting of pressure steps. The interlocking

relay|psystem and locations of operating switches and buttons promoted

the-safety required by the high pressures sometimes used in the cali-
brator. ‘The pneumatic system was built very tight for accuracy in the

application of the pressure steps. A front view of the calibration
panel is‘shown in Figure C.15.

Three large, precision gages (20, 100, 500 psi ranges) were
used in setting/the pressure between 2-500 psi during calibrations.

The 20 psi Stanek was a differential-pressure gage and was utilized

for all vacuun measurements. A water manometer was used in conjunction
with the calibration panel for the setting of very low pressures.
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B.7.3 Special carsvkdetons

Because some Chorange elements were overstressed in Shot l,

overstressing calibrationg were run on a group of elements of each of

these ranges. The elements=guffered a slight permanent deformation,

Too high an overpressure cause considerable bulging in the
diaphragm and then ruptur the diaphragm seal.

A slight deformation was Fdund to be beneficial; then the

element could be recalibrated toj the higher pressure without further

deforming the element, While thp jcalibration-after-overstressing
curve was never a straight line en in the low-pressure region, it

was a smooth curve all the way to the pv. stressing pressure. This

overstressing technique extended the r e of many of the higher rated

elements used in subsequent shots of shetest series.
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Appendix C

_ PHOTOGRAPHS
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  VERY LOW PRESSURE GUAGE) ~SSSURE TIME GUAGE TFLOO GUAGE RECORD.
RECOROINS DISC §" DIA RECOROING gistte =  

 

Figure C.2 Various types of recording blanks.
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Druu-type pressure-time gage w/o case.
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Figure C.8 Peak-pressure gage w/o
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38Figure C.17 Peak pressure gage,
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Appendix DO

POSTSHOT PRESSURE-TIME GAGE INSPECTION

Many of the gages were inspected after the shot to obtain informa-

tion applicable in explaining defects in their recordings. Thus, by

comparison of gage faults and record defects, a correlation could be

nie Unfortunately, the number of variable factors affecting the

 

  

ages--pressure ranges, combination of faults, orientation, etc.--was

co large to promise a highly reliable correlation, and thus measure-

gents made during the inspection of the gages were concerned more with

" expressing the faults in relative terms than directly, and were not
made ito a high degree of accuracy.

| [External damage to each gage was recorded in terms of the angles

through which protruding parts were bent, depth and extent of chipping
ani send blasting by flying particles, and burning of exposed flammable

materials pp\the gage.
An iere ‘inspection was made, first, of the turntable drive

mechanisma]feteraine the extent of free movement of the turntable
shaft alo s ais the amount of wobble of the turntable (the
distance its ed de uld be moved in a direction parallel to its axis

of rotation) -t*itny axis perpendicular to the shaft axis, and the
slip in the :..3%1' >. tetween the motor and turntable (measured as

 

 

 

the angle C.rcanh wh ahhe turntable could be turned with a minimum
of resistance), (a (

The capsule was *.% \' * for any residual distortion or leaks

and the stylus armw'.‘'.,°:' ' for parallelism with that radius of

the turntable which - ";ough the center of the capsule, and the

stylus was checked to see tHat it was perpendicular to the recording

disc. Any discrepancies were] recorded.

The capsule was then rdmbved and the amount of damping ard its

condition and the quantity of forei matter in the orifice was

recorded. Also, as a triple chee gage assembly lists, capsule
riumbers were recorded against gag DES

The traces of the recording fe were then rechecked for

specific defects which could be gtouped generally as, (1) the case of
no record where either there was no trads|whatsoover or where the
trace disappeared before it reached Lesfen, ‘2) the case of an
inaccurate record in which a record was | oe but did not avrer with

other gages in the same cluster, and (3} e gase, of a distortnd
record where the trace was instable both as2] time and amplitude,

By comparison of the notes on gage inspec ten and those on the

recording discs it was generally easy to findit reason for gage

malfunction. Where yields were far above thosépredicted, failure to
achieve a record was caused by such large pressures the cipsules

were permanently distorted and often in such a way so Lift the
ddr) these excess

Sked and rell

 

stylus away from the disc. Also, the dises often,
pressures, and occasionally, under lower pressures,
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off the turntaple. At lower pressures, a stopped-up orifice might
prevent the formation of a record or, as occurred in one or two cases,
the failure of the timing arrangement allowed the gage to continue

running until a reference line hed »%een scratched on the disc so

broad that it masked a small record. In a few other cases, the reason
for lack of record was not isolated.

In some instances records were obtained but differed from those

produced by the other geges at the same station or presented wilikely
characteristics. Several possible explanations have been offered,
some of these being turbulence created at the front gages causing an

i“erroneous pressure to be méasured by the rear gages, dynamic effects
pf ich cause the responses of the vaiious pressure elements to fluctu-

i ate about their static calibration responses by differing amounts,
\(Wariations in the degree of danping of the capsules, and obstructions
“Whichhave found their way into the orifice. As yet, a thorough

investigation has not been made of the first three cases, but where
the top of a record was clipped above a certain pressure, it was
found:that some of the permatex which was used to seal the element

gaskets"had,been squeezed into the orifice thus forming a sort of
pressure sensitive valve that was forced closed after the pressure

, reached a dertain value and which did not reopen until the outside

pressure “decayed sufficiently that the air trapped inside the
capsule cduld force the "valve" open again. In another instance of an

erroneous record the orifice was found to be jammed with a very Pine,
hard packed dust. eh

The most :r¢vele¢nt case and, thus, the most disturbing was that
of distorted re en an attempt is made to compare the gage

inspection data with 7fe cocrds an unfortunately scattered array of

data presents itself, Ts. h gage has its own peculiar combination
of turntable wobble, éijiyley, and shaft slippage and very few of the

gages are submitted to“tte s magnitude of blast pressure or
intensity of shocks caused by [flying debris (as indicated by depth of
chips on gage surfaces). And, again, it mey be difficult to separate:
over~shoot in the record fromithe effect of vibrations except where an

indication of the extent of mping1s given, Even a process of list.
ing the gages in the order of the geverity of a particular fault and
then looking for a trend in the coy ponding records 1s couplicated
by the interpley of separate faults, e.g., the same amount of turn~
table wobble in two gages in the same pragsure range may give varying

effects on the record depending on the e the stylus arm mexes with

the plane of the turntable.
A cursory examination of the recordér) and its comparison with the

   

    

 

   

notes on the gages, neglecting as it would .:: :? the interplay of
gage defects, points to the wobdle in the « : *.:, + ag the chief cause
of the amplitude distortion of the records. Ib;4¢6 difficult to tell
whether the backlash present in the gears of ajl-the drive motors is

alone responsible for the distortion of the ae onnfe time axis

or whether it is a combination of this and the slip he coupling
together. This is a valid point of doubt since the meh ble shafts
in some of the gages bound in their bearings thus cr g a breaking
effect (similar to that of the braking added to some ‘ofthe modified
P, gages) which would tend to prevent backlash.
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A detailed examination of the data was made at ERL and the follow-
ing modifications were made on the gages used on Operation TEAPOT.

) Revision of the turntable drive bearing system.
mr 2) An improved coupling tetween turntable and motor to
Pad eliminate the motor reduction gear backlash and slip

i | at the couplings.
LM/ (3) An improved method of mounting the recording disc to

iA prevent its cracking under shock,
ia ' (4) Research on the control of quantity and kind of
rN i damping material best suited.

i Mo (5) Revising the specifications on the placement of the
—_ stylus arm on the capsule to insure that it moves

parallel to the plane of the turntable.
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Appendix E

GROUND SURFACE ACCELERATION

MEASUREMENTS

-E.1] INTRODUCTION

_ During the past year the Explosion Kinetics Branch of BRL has

‘undertaken the problem of developing and proving the feasibility of a

"- self-contained, self-recording scratch type accelerometer.

. After considering several methods of approach it was decided to

modify;the Engineering Research Associates (FRA) elements already on
hand. _Actually the only components of the ERA elements that were
retained: were the springs. Essentially the prototype PRL accelerometers

were constructed somewhat like the original ERA elements, save the
modifications, heeded to convert the elements to a self-recording type.

 

 

E.2 TNSURUAENTATION  
. E.2.l1 Elements

The new acedterometer elements have a mounting post, an FRA
spring, a mass at the gadpt the spring, a stylus spring with stylus

attached to the end of fhe ~nss and a damping plate. Figure C,12

shows the complete ..:. y or both the standard gage and the drum
gage elements. The ':-+', ari:tcal members of the elements are the ERA

springs and the weights ‘of te masses. A frictional damping between

the stylus and recording disc as used rather than a viscous fluid
damping. vl

E.2.2 _vounting of Elements

  

 

The elements that were nounted-in the P_ gages were oriented in

a vertical and horizontal plane so ithat vertical and horizontal
acceleration could both be recorded on thé} same disc as the pressure

versus time record. This mounting systen s shown in Figure C.18. The

drum gage had only one element which neagured vertical accelerations.
The gage and mounting post_are shown in Rigure|Cc.1

E.5 CALIBRATION OF ACCELEROMETER ELEMENTS

 

E.3.1 Static Calibration
 

 

The protctype accelerometer elements were calitb ited at the Naval

Ordnance Laboratories (NOL) facility at White Oak, Maryland. A low
speed centrifuge was used to make static calibrations. “The centrifuge
is known as the "NOL Centrifuge (Low speed) XL-1A", A mounting device
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with a motor driven disc table was used for all calibrations. By

setting the mount at varying distances from the axis and varying the
speed of the centrifuge motor each element was exposed to its expected

range of accelerations. The axis of each element was oriented on a

tangent to a radius from the center of the recording disc to obtain

optimum results. Fach element has acalibration disc so marked and

kept as a permanent record of the calibration. A laboratory microscope
was used to read the deflection in mils, of the corresponding

400 —.
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Figure E.l Typical statieand dynamic calibration
curve of an air accelerometer element.

accelerations applied to each el t. From the compiled results a

calibration curve of deflection in mils Vbrsus acceleration in G's was
drawn for each element.
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E.3.2 Dynamic Calibrations

 

The elements were also given a dynamic'cablibration on 8 drop
tester. ‘This tester is known as the "NOL Drop Tester (12") Type 1A".
The mount used on the centrifuge was also used.for the drop test. By
varying the drop heights and the lead slugs on the anvil, each element

was exposed to selected values of accelerations. The axis of each

element was oriented tangent to the radius of the distith cain optimum
results. Typical calibration curves of voth static ands/dynamic

accelerations are piotted in Figure E.1l.
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B.4 RESULTS

 

ded: p cl ct" tis

Shot 1 -
Station 122,05
No readable records. Gage only ran a short time. Curves very

distorted,

Station 123.03

Horizontal Vertical.

Acceleration Acceleration

' Element and range
~ Deflection in mils

 

D (0-20 g's) F (0-15 g's)
199 mils 30 mils

Acceleration in g's: Approx. 50 gta 7.2 gts
(extrapolated)

Duration 6.8 seconds 2.2 seconds
Frequency 6 eps Not readable
Pressure 19 pst

Station:‘123. 03 was located 15,925 feet from GZ on » reef between

Charlie and Dae. Low tide was at 0736 on shot day, leaving most of the
gage mounts-above the water level. To explain the extremely high
horizontal or yadialacceleration at this station we must consider that
the gage and gage ‘mount acted as a pendulum when the shock wave passed
over it. This reading was of no value to ground acceleration, but it
is probably an explanation for the failure of some of the pressure-time

gages and the distortions of their records. The vertical acceleration

is probably a truer value,in magnitude of actual acceleration. The

shock Wave was impress in a coincidental plane with the gage and
gage mount, with the ort)preef acting as a baffle to the gage itself.

aesexe

Shot 2 ry
Station 122.05
No readeble records. ch only ran a short time. Curves very

distorted, Ld

 

Station 122.07 Pi
Gage lost. Only two gages recovered from this station.

Ls
Station 123.03 rm

a 3

Horizontal| Vertical

Acceleration Acceleration

Klement and range H' (0-5 g's) C (0-15 gts)
Deflection in mils

 

  
lst peak neg 113.4 mils
2nd peak pos 40h.6 mils

Acceleration in g*s
lst peak neg 6.5 gts
@nd peak pos 24.2 gts F

Duration 3.8 seconds Ap seconds
Frequency 9 eps 37 cps
Pressure 15.7 pst
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Station 123.03 was located 16,140 feet from GZ on a reef between
Charlie and Dog. There was a low high tide at shot time, again leaving
most of the gage mount above the water level.

The high horizontal or radial acceleration was, prohably produced
through the pendulum action of the gage and gage mount. The
accelerometer element vibrated at a frequency probably due to the
shock wave, This vibration is very clearly impressed on the frequency
pattern of the gage mount, which is predominant. Again the vertical
acceleration is probably a truer indication of the applied acceleration.
The coral reef once more acted as a baffle to the gage. The shock wave

was again impresced in a coincidental planewith the vert‘cal axis of

the gage.

Shot 4

Station 122.17

~ Gage did not run until shock wave arrived. If there are any
acceleration records they are indistinguishable from the resulting
hash,during the process of putting the elements in place.

 

‘Station 122.19
Ho vertical acceleration record.

  Horizontal

Acceleration

mge I (0-30 gts)
Deflection in_mils

let.“peakme 1.5 mils
end. peg}5 2 mils
drd peak 2 mils

Acceleration in es)
lst pe 5 g's
and peak : g's
3rd peak iB g's

Duration ' 3.33 seconds

Frequency LNot readable
Pressure 10.5 ps

bl

Station 122.19 was located 5, 420'feet from GZ in the clearing on

Uncle, Ls
The acceleration indicated on this daze is acceptable within the

limits expected. ‘

Station 122.20 t

Element and range

Deflection in mils

Rorizontal Vertical

Acceleration Accelsration

L (0-20 g's)

 

iD\(-15 gts)
mils  

 

Acceleration in g's lg bh gts
Duration 1.66 seconds °3:85 seconds
Frequency 1.75 cps Not readable
Pressure 7.4 pat
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Station 122.20 was located 6,520 feet from GZ in the clearing on
Uncle.

Both the horizontal and the vertical acceleration records at this
station are acceptable within the expected limits.

Station 122,21
No record. Element was not set properly.

 

Station 124,07
Gage only ran short time.

 

   
  

Horizontal Vertical

Acceleration Acceleration

. Element and range H 0-5 gts) At (0-5 gts)
Deflection in mils

es lst pk neg 96.5 mils 101.4 mils
iy énd pk pos 32.2 mils 97.3 mils

Acgeleration in g's
Ast pk neg * *

: 4.55 gts *
Duration ; Not readable Not readable
Frequency Not readable ' Not readable
Pressure: 2.2 psi

* Calibrattan curves are not complete enough to
cover thése ranges.

Station 124.07 was Tesated 10,900 feet from GZ on Peter.

yy

The readings at tng)Hebtion are probably in great error because

the gage did not run. seme ry

Station 124.11 R
- No.visible record. i

S
i
t
e
s

LJ

 

Station 124.111L recy
The vertical acceleration record is not clearly defined.

fortzoitpt

Nlement and range A (0-30 g's)!
Neflection in mils ;

lst peak 2 mils

end peak 2.5 mils
3rd peak 2 mils

Acceleration in gts

lst peak 6 gts
end peak 9 e's

3rd peak 6 g's
Duration Not readable

Frequency Not readable
Pressure 8.15 psi

82



Station 124,11 was located 5,596 feet from GZ on Sugar.

Readings on Stations 120,08-R, 170.03-R, and P 1 are on drum
gages. All records are distorted.

Shot 6

tation 124.16
Record discounted. Excessive oscillations make record questionable.

   

Horizontal Vertical

Accelerations Accelerations

Station 124.19
Element and range I (0-30 g's) K (5-40 gts)

* Deflection in mils 28.4 mils 11.8 mils
; ;Acceleration in gts 11.5 g's 9.5 g's

2 Station 124.20
Element: and range Ft (0-40 gts) EB (10-40 gts)
Jftee4 tos in mils 16.5 mils Not readable

wn in g's 15.0 e's --

Station 12kBe
Element an@range D (0-20 gts) C€ (0-20 gts)
Deflection;ii @ils 84.2 mils 55.8 mils
Acceleratiod“in g's 10.4 gts 9.8 g's

fou
Station 124.23 KS
Element and ran S) J (0-15 gts) L (0-20 g's)
Deflection in mils” No record
Acceleration in gts --

Station 124.24 -
Element and range ~20 g's) K' (0-20 gts)
Deflection 36.0 mils
Acceleration in gts 4.2 gts

Station 124.27
Element and range : At (0-5é's)
Deflection in mils ; 8.5 mil
Acceleration in g's i 1.0 g's

E.5 CONCLUSION

 

It is the author's opinion that these scratéh-type accelerometers

are feasible and recommend that more time and ‘manpower be used to

develop them for their maximum efficiency. _
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Appendix F

THE VERY LOW PRESSURE (VLP) GAGE

  

  

   

F.1 INTRODUCTION

: ~The very low pressure (VLP) gages used in Operation CASTLE were
désigned and constructed at BRL. They are simple in operation and

' i¥équire a minimum of maintenance, The stations for this operation were

“attended by one technician although they canbe modified to start at
zero ‘time by the use of a photo-cell initiation circuit. The gage is

self-contained and self-recording and is capable of measuring pressure

differentials in the 0 to 0.500 psi range with a sensitivity of 0.001

psi. i ok

¥.2 DESCRIPTION

The VLPgage itself consists of four major parts:

 1. A pressu é. sensing diaphragm which consists of a single phos-

phor-bronze convglutdd diaphregn, 5-3/4 inches in diameter, having a
stylus arm with &sapphire tipped needle soldered to the center to
transmit its motion toythe recording dise.

Los
2. The recording“diisc is a five-inch diameter glass disc, 1/16

inch thick, with an alubipicea coating. A trace of less than one mil
wide and approximately 4-3/4 (fhches in dtameter is recorded. The width

of the trace will vary with i quality of the coating and stylii point.

3. The drive motor wad spring driven chart drive type with a

recording speed of one revolution per-four hours. The turntable which

held the recording disc was mounted directly to the drive shaft of the
motor. Bae. if

4, The gage case is a steel box eight inches square on the front

and seven inches deep with a removable edver on the top. <A ruboer

gasket was used to seal the lucite cover making the gage air tight.

Two views of the gage are shown in Figures) C.13 and C.14,
potenama

  
F.3  CALTBRATION

The gages were not completed soon enough tovallow an accurate

calibration before being shipped to the field. They were however

calibrated soon after their return to the laboratory.! [Usiing a small
valve on the side of the gage, a vacuum system was used /to calibrate

this type VLP gage. pe y
4 aarl
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F.4 FIELD OPERATION

In field use, the gage is placed in a louvered box which serves

to minimize wind effects. The spring drive motor is wound and started

approximately six hours before the desired recording time. During

this period, the pressure relief screw is open permitting pressure

equalization. This permits the base line scratched on the disc to be
a true representation of the ambient pressure. Just prior to the

expected phenomena, the pressure relief screw is closed making the gage

completely pressure tight.

At some time prior to or foilowing the recording of the pressure

phenomena, time pips are placed on the record disc. This is accon-
plished by removing the relief screw and inserting a small rubber tube.
Aivery slight suction is applied by mouth deflecting the diaphragm and

“producing a sharp pip on the record disc. <A number of pips are record-
ed, in ‘this manner at accurately known time intervals.

 

i

  

F.5 :PRESENTATION OF DATA

The datairecorded by the VLP gages are presented in two forms.
One form is/the actual enlarged photograph and the other form is a

linearized ‘curve of pressure versus time, These are presented to show
the correlation between this method of measurements and those made by

Sandia Corporation-ging microbarographs (see Figures F.1, F.2, F.3,
F.4). Four representative records were chosen for this comparison.

: 5

F.6 DISCUSSION AND’,RECOMMENDATIONS

 

The comparison ofa records made by BRL and SC at the same
locations show excell rrelation. The only difference being on
Site Elmer on Shot 1 ot the record from the BRL gage shows evidence
of a leak as it does not recgep all of the pressure flux indicated by
the SC record.

Ini addition to being sii e to operate, and constructed of few
parts the gage records directly on the recording disc and does not re-

quire the additional calibration ofsmplifierg and recording equipment.
The amplification of the record is!‘obtained through the optic system

of a toolmaker's microscope. i ro
The gages were usually plecedjdin the field six to eight hours

before shot time and could be left “inattended, if necessary. For an

inexpensive, self-recording, sensitive pidssure time gage the VIP gage

hes proven itself to be reliable and accurate.
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