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ABSTRACT
X

Operation CASTLE presented an opportunity to obtain a-wealth of.
ii air pressure data in high and low pressure regions from surface bursts
"~ of high-yleld weapons.

Air-pressure nmeasurements using self-contained, flash-initiated
LI gages were successful. Overpressure data were obtaincd up to pressure

léVgl% of 250 psi.

g § Dynamic pressure measurements using newly developed self-recording
"q L gages vere successful. Measurements were obtained over a dynamic
pressure range of 0.47 to 135 psi.

Shot 3 produced the only anams: gﬁbug results. Two distinct curves
of press e;versus distance were obtained from the twg blast lines
instrum %eé The blast lines were approximately 180 apart, one being
located idnishe Tare Complex and the other on Site Uncle. The pressures
cbtained on the Tgre Complex line were as much ag 20 percent lower than
the pressures aﬁ‘gomparable distances on Uncle. Evidence exists which
seems to indi that a heavy rainstorm was localized over the Tare
Complex at zerd. bfme, It would seem possible that a significant re-
duction in pressure QEP result when the shock wave passes through an
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area in which preci tion 13 occurring.
The validity o scaling law for ylelds as great as 15 MT
appears to have bee stantiated,

e dynamic pressures| ¢btained are apparently in agreement with
theoretical values,

When the overpressuregjobtained on all shots were scaled to 1 KT
at gea level end plotted, ®i1l.6 XT free air curve appeared to be the
best fit. |
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FOREWORD

} This report is one of the reports presenting the results of the

o 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

WP-934,  Summary of Weapons Effects Tests, military effect program.

Ihis summary report includes the following inform “ion of possible

{ ‘Pcroral interest: (1) An overall description of ach detonation,

g _J,Lvéwnu yield, height of burst, ground zero location, time of

.iietonation, ambient atmospheric conditions at detonation, ete., for
“the six shots. (2) Discussion of all project results, (3) A sum-
mary %f each project, including objectives and results. (4) A com-
plet% listlng of all reports covering the military effect test program.
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Chapter |
INTRODUCTION

1.1 FRIMARY OBJECTIVE

Project 1.2b had as its primary objective the measurement of air-
pressure~-time versus distance in the high-pressure region. This region
was defined for these tests as being between the pressure levels of 40
psi through 200 psi. Improved versions of the self-contained, flashe
.. initiated, mechanical gages, which had been used during Operation
f %‘ UPSHOT-KNOTTIOLE were utilized (see Reference 1). The measurements
: “ywere to extend the scaling laws, to increase fundamental air blast data,
{ Mand to improve the prediction of blast parameters produced by the
."detonation of high-yleld nuclear weapons.

l.aél Secondary Objectives

Lot Secondary objectives of this project were to: (1) obtain
pressure-file measurements for Froject 3.3 within a tree stand and to
relate th%; to undisturbed medium measurements at similar ground
ranges; Gé) provide the gages and aid in the analysis of both pressure-
time andkdj%ﬁm.~ ;i arves data for Project 1.8; (3) provide full-scale
tests of newly e i self-recording gages designed for the measure-
ment of dynmnia Iressures, ground accelerations, and pressure-time;

and (%) estahlish the validity and accuracy of the records obtained by
gelf-containad wdges by comparisons with electronically recorded
measurements., ffzj

1.2 PBACKGROUND

The proper evaluation the military effects of auclear weapons
requires adequate knowledgel ¢f the various phenomena which occur
during and after the detongftion of such weapons. A basic phenomena is
the pressure-time-distance ¥ariation of air shock waves resulting from
the detonations of these weapons. fE@eration IVY was the first oppor-
tunity to study the blast phenomendlogy of a high-yield device and
further the IVY Mike shot was onlyithe seccnd surface burst of a
nuclear device., Thus, valuable i ormation was obtained not only in
scaling, but also for determining the z points of the height-of-
burst curves. The experimental data onjgir 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 aq;%ined tended to verify
the scaling procedure. It was recognized, hoveV¥dr, that edditional
data in the higher pressure vegilons of & surfade burst would be of
great value, Therefore, the various shots of*“Oper: 'I': CASTLE were
instrumented to provide air pressure data in high :xl, iow pressure
regions from surface bursts of high-yleld devices. gz

U)
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The high ylelds expected, in all shots, required widely scatter-
ed measurement stations., These stations, as in IVY, covered island
complexes instead of one or possibly two islands as previously utiliz-
ed during Operations SANDSTONE and GREENHOUSE. An extremely flexible
field layout and operational organization was mandatory, because of
the widely scattered test areas which were located on both Eniwetok

_add Bikini Atolls. The flexibility required was further stressed by
“the modifications made during the course of the operation, not only in
expactad yield of the shots, but also in the particular shot locations.
Many dhpnges in gage renges and stations were required. As an example,
one shot originally planned for Bikini was shifted to Eniwetok. The
instrumentation at the new test location was not firmly established
until after ﬁhé cancellation of another shot, planned for Eniwetok,
whioh “-2 v-:4 faompletely instrumented. In a matter of a few days all
Tt .o from the canceled shot area was recovered and trans-
TMNL L, tagatur wggg\additional new instrumentation to the new loca-
tion and Installed in)}surveyed stations. All work of station locations,
surveying, and iné&@i%ation for this shot was conducted by project

personnel. i}zgg

R————

"
2.1 STATION AND INSTRUMEJTATION

A total of T1 gag ions were used during the operation to
obtain data from the si ots, These stations were scattered over 18
islarnds and along reefs locatq4d in the two atolls of the proving
grounds; in addition to the iggtrumentation installed to accomplish the

" primary objective, many stati ware constructed by project personnel
to obtain the deta required by.ithe secondary objectives. Table 2.1
indicates the number of stations an ;gge nunber and the types of gages

uged for each shot. %3

2,2 FIELD LAYOUT (BYAST LINgs) ||

Predictions of the expected overpres es versus distance were
required for each shot in order to locatejgage stations in the region
of interest as well as to select the propgr ysge ranges. The composite
curve of free-alr pressure versus distanceé .77, 2 KT frou Operstion
TUMBLER Shots 1 to 4 (sec Reference 3) was . . I.r pressure predic-
tions. The use of this curve for predictions whs*%elieved 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 ¢ontractor
installed stations, l22-series and 123-series, were b §e?§upon the
average expected yields published for the various sho&gjgﬁ the early

14
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TABLE 2,1 - Station and Gage Summary

GAGZS (Type and Nusbers)
No. of " Pressure ‘Peax Dynanic
Shot Stations Time Pressure Pressure Acceleration
1 8 x2 1 1 2
2 6 18 6 - 3
3 31 63 7 8 11
, 9 23 7 1 -
5 3 8 - 1 -
6 1% - - 10 8

NOTE: Of the TL stations instrumented, 31 vere dontractor installed,
aad hO were prolect installed.

[E——

j la@ning stages of the operation. The gage ranges established for any
Epa%t cular shot were changed accordingly with the predicted yleld
figureg speriodically promulgatsd during the operational phase of the
tests.E‘Where a fairly wide range of yield from minimum to meximum was
predictéd, the gage ranges at any one station were so arranged that at
least enewgage at each station would operate within its designed pres-

sure range. ™
2.2.1 Gage gﬁgt;on Types

P
Four differ t%punber-series of stations were used during the
various shots, a bgie¥*descertion of each follows:

122-Sertes: {}1}1}1& Station. This was the basic station, install-
ed by the contractor prgo o tbe arrival of the project in the forward
area. These stations /it } «f four -6-inch-diameter steel-pipe gage
mounts, > feet long, ;wlﬂ *.. * by reinforcing rods and forming a
square 2 feet on a sideiﬁg&il2—inch square steel plate was welded to
the bottom of each to provide Yepring surface. The pipes were buried
in the ground so that the top df]the mount was flush with the surround-
ing ground surface. Tke statidn|prior to backfill is illustrated in

Figure 2.1,

123-Series: sef Statlon. Thede|stations were contractor installe
ed, Three such stations were used and-were locsted along the coral
reef between Sites Charilie and Dog, ch station consisted of pipe
goge mounts with the sane physlcal arrangement as the 122 series. The
pipes were imbedded in drilled holes in thd ¢oral presumsbly to a
depth of 10 feet. The height of the plpes japove the coral bottom was
adjusted so that the top of the pipe was aff least 6 inches above the
high-tide water level, {E:B

12h-8eries: TLond Station. The stations ié.ﬁgis gerles assumed
a variety of forms and cll were project installeigjjghese stations

provided mounts for either "q" gages or pressure-time snd, in
some cases, for both. 4
No formalized mounting wes used for the pressure- ages. In
some cases, pipe mounts were buried with the top flush the ground
15
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1
Figure E 5 Typical 124 Series station with "g" and pressure -
i§§ Ytime gages installed. Station 124,25, Shot 6,

surface, This typ g"sgation in the preparation phase is illustrated in

Figure 2.2, In ot ases, the gages were fitted with a 3-inch pipe
15 inches long, as W in Figure C.16. A 12-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 "q" gages were also located, required

the installation of a special
pipes buried in the ground wit

. This mount consisted of vrrtical
roximately 2 feet of the p!v~s pro-
Jecting above grade, Agaln, b g surface was provided by attaching
12-inch-square plates to the bage of each pipe. These pipes were
accurately leveled and sighted on grolidd zero to insure nre;<r orienta-
tion of the gage.

A typical 124 series station (Sthtion 124-25) constisting of two

n. mn

pressure-time gages end two "'q" gagesils shguwn in Figure 2.3.

333-Series: - Tree Stand Station. Thi ies of statlons was
used to instrument the tree stand on Site Uwéle for Project 3.) and
was project installed., The description of the 12k series will also

gerve for these stations, {}~
The station numbers in parenthesis listed it . Wb ownd 2,5
designate Sandia Corporation stations immediately Z"ﬂ--- to Project

1.2b stations.

17
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2.2.2 gStation Iocations

r
|

. The station locations, ground distances, azimuths from ground
zero, and types and numbers 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.
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2.3 INSTRUMENTATION

7~ Instruments were installed to measure the air shock overpressure,
H *%ﬁe dynamic pressure, and the ground acceleration. All of the gages

- {

e

by, e

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

e

a

Rt

TABLE 2,2 - Station Locations, Bikint Atoll, Shot )

‘emarron | srTE DISTARCE Az TYPR AXD NUCSR
NUVEER FROM GZ (rt)| racM G2 OF KEASUREMENTS

S —

Pt Pp ql| A
Charite 5420 a%sgroe| s | 1
Cherlie 6260 s’ sor1e*f 3 | 2
Charite T100 el 23rust) 3 1 1
.| Charlte | 7517 P "UR 8 I B BY
1 Dog 40532 93° 16! 52°} 1 1
Reef Eest 9610 e osr 21| 3|1
£ E‘g iof Charlte
123,08 4 Reef rast | 12811 gz odr] 3|2
affg;h;iu
123,03 | He t |, 15925 9P hrrugel 3 | 2 1
:.)EQ\\ lie ’

4 s {ﬁ:}re Tipe; PP = Peak Pressure; q = Dynamic Pressure;
A a erat

TABILE 2.3 - tion Locations, Bikiaf Atoll, Shot 2

STATION }%E’I;RC‘B ATHTR TYS2 42D KNBER
| 1 i 81T oM 62 (£¢)] FocM GZ 07 AYADREMAITS
L P, Pp q] A
.’ ‘_‘!.
. 122.05 | Charlie 5630 J a1} 341 1
122.¢6 | Charlta ém %9t 53| 3 41
122,07 | Charlie k2t 84 LAY ol IS 1 1 1
122,08 | Charite 701 6% 8"l 3 11
123.02 | Ree? Zaat 13085 92F4kr 06™} 3 1
of Charile
123.0) | Reef East 1614%0 95 v 00" by ,1 1 1
of Charlie {w
NOTR: Pt = Pressure Time; P’ = PeakX Pressure; q; -?‘D?énde Presaure}
A = Accelerstion

gource or cabling. The design of the instrumentation
vasic ideas of the gages used by Project 3.30 (BERL) g
KNOTEOLE (Reference 1).

The common feature of the three types of pressurestime gages, the
peak pressure gage, snd the dynamic pressure gage was the nested

18
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TABLE 2.8 - Station Locations, Bikini Atoll, Shot 3
STATION DISTANCE AZTMUTE TYFE AKD NUMBER
NUMESR STTE FROM GZ (rt) | FRoM oz OF MEASURRMENTS
1 ‘
10 2R
! U}; 122.15 | Uncle 3970 252° 150 A5 &
e ) 122.16 | Tare 2501 88° o7t 10% 34 1
g EE 122.17 | Tare 2850 8° 08 22 31 1 1
PRV 12218 | Uscle 1550 25215t M) 3] 2
b \j 122,19 | Uncle 5ha0 252 15t bo"l 3] 1 1
f;ﬁ 122,20 | Uncle 6520 252%1se 35*{ 3| 1| 1§12
§91
; § bl 122.21 Uncle 9280 252° 15t a9*f 3 1] 1]
%i L 122.22 | Unele 9380 261° 160 1°] 3] 1
- (mu.gz Oboe 17000 78° 251 35%} 2
i 120.06) \
i3 124,05 Peter 14300 80~ k1t 367} 2
i (120.07)
1 (xzh.gg) Peter 12200 83° 120 Mg~} 2 1
120,
(mh.g) Peter 10900 &° Wt 57) 2 1
120,
124,08 Roger 8000 84° 371 sAT] 2
(Li0.19) .
: fg‘sﬁ) Roger Thoo 83° 550 30°] 2
s, Jtazo.
i‘\‘i} 10 Sugar 6300 85° 0ot a7 2
:, JE12 L12) ]
’lzh.léj;p “pugar 5596 842 281 Me{ 2 2
L
n Tugnr 3657 86° 37+ 197 ] 2 1
1wy 1 et 10900 8% kst o6® 1
(130.01)
(gz.g) Rog 8800 84° U3¢ Ap* 1
124,15 Roge: 8200 83° 230 371° 1
(130.03) =
333,01 | thele eja : 257° %8 07| 2
333,02 | Uncle 259° o2t 33°] 2 12
335.03 | Uucle 255° 59 o5} 2
333,04 | Unele 8307 299° o1v 13° 3
333.05 | Uncle 9403 283° 58 07| 3 1
333,06 Uncle 9891 287° w7r 597f 2
333.01 | uscle 10008 258° 570 T 5
533.08 | Unels 10425 259° s8¢ il
333,09 Victor 28427 286° 571 L? 1
333,10 | Willien 31308 286® 25t "1 | W«\} 1
180.09 Uscle €500 252° 15v 45" }
TR P‘ = Pressurs time Lf/j
Pp = Peak pnnm
q = Dynamic pressure
A e Accelerstica
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TABLE 2.5 - Station Locations, Bikini Atoll, Shot &4

STATION SITE _ DISTANCE AZDHUTH TYPE AND NUMEER
NUMEER FROM GZ (FT)| FRrOM GZ OF MEASURFMERTS
Pt Pp qf A
Dog 6600 358° 310 13" |3 | 1
Dog 7500 9% w2 323 | 1
N Dog-Easy 9000 26 a3l | 1
Ls ~
Easy 9900 31° 360 17" 13 | 1
5
~ ] Fox 11460 38250 2713 | 1
! Pox 13396 230333 | 1|2
i
: Fox 14500 55° 291 00" {2 | 1
George 15900 64° oht 43* | 2
George 15426 60° 54t 09" | 1
oy
= ‘
>3
{“’:3 Ji -
"HBLEI - Station locations, Bilkini Atoll, Shot §
F% .
STATION ST¥E “~. | DISTANCE JZIRUTH TYPZ AMD HUMETR
NUMBER IL\} FROM GZ (FT) | FROM G2 OF MEASUREM:TS
et
H Pt Pp ql A
122,10 | Dog U 789 10° 10t 53" |2
122,12 | Easy 10192-‘.,,3 31° 201 oo" |2
122.14 | Fox 13663 [_' 47® sot ho" |4 1
' ,
NOTE: P, = tréssure~time
Pp = Peak pre; e
qQ = Dnaalc 2a8ure

A = Acirlerstion

diaphragm pressure sensing element. The elemeﬁ&,j was interchrngeable
betveen gage types and was avallable in variougmpressure ranges froa
0-1 psi to 0-400 psi (see Appendix B). B

The earth acceleration was obtained by installjng.special acccle-
ration elements in the pressure-tims gage. Any mavt-ind 4f ha elezents
was scratched on the recording disk of the gage (.20 A - CE)

An extremely low-pressure gage was used for . o.:r." . essure=
time phencmenon at distances frem 30 to 180 miles fFod the detonation
point, One gage of thia type wag placed beside the Sandia Corperationts

22
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TABLE 2.7 - Station Locations, Eniwetok Atoll, Shot 6

i 5’”‘5 STATION DISTANCE AZDAUTH TYPE ASD RUMBER
i ij% NUMEER STTE FROM GZ (FT)| FRoM Gz OF MFASUREMENTS
gx,& ) ' P, Pp q] A
?3 i1
H
;{%g 124,16 | Cene 3200 T4° 201 26" 3 1 1
i 4 .
HA 124,17 | Gene 3700 7° 200 377 3
{ ;j;} 125,18 | Gene 4200 e 200 27| 3 |
{ i 124,19 | Helen 5200 74° 200 28"} 3 1
ot o
. o | 124,20 Helen 5900 T 201 36" 2 41
L
% j 124,21 Irene 6744 T1° 220 430 2 1l 1
; 124,22 |  Irene 1234 78° 26t Wil 2 1
{223 | 1renme 7600 T1° 221 22" 2 1 1
J.2§.:gu3 Irene 7900 74° 200 Wo"| 2 1l 1
15&"35*3 ,wbe}ne 8501 74° 20t s9"] 2 2
{ o
124,26 | % Irene 8992 74° 570 557} 2 1
124,27 @ e 9584 75° 371 21| 2 1l 1
124,28 Be].l{\% 13089 240° s5¢ k") 2
x Merﬁ§§ 113752 144° 550 46n) 2
\-.-,-;L - .
ROTE: Pt Pressure~time
P pL Peai: pressure
g = Dy'gm pressure
A = Ac eg.e}ation
L
microbarograph station on Site Elmer for test shots fired on Bikini

Atoll., On a number of test shots, another|gage was located on one of
the task force ships. Although these megstrements were made with
experimental gages, the results appear td.be agourate (see Appendix F).
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Chapter 3
RESULTS
3.1 SHOT 1

©3.1.1 Recovery

P

i

1N Of the 32 gages used to instrument Shot 1, all but four were

i i

“retovered. Station 123.01, the reef station nearest ground zero, was
blowngiut of the coral. Neither the gages nor the mounts.were found
after%?he shot.

i
£ =
3.1.2 Records

[}

All g%;%rds on Station 122.05, the station nearest ground zero,
were discouﬁébd because excessive overpressure caused the pressure cap-
sules to sgligé All pressure capsules used at Station 122.06 were
stressed appro LEly TS5 percent above their rated range., This caused
a permanent sct Iin the diaphragm, and the stylus did not return to the
zero baseline, P&g"sure capsules of the same range were calibrated to
100 percent avov %igﬁr rated range in an attempt to evaluate records
from this station. =:.wit: obtainred by this method may be in error as
much as - 15 percent. . '+ records of pressure versus time from the
remaining staticw - - ™~ for obtaining positive-phase durations,
because of the | » . . . . of hash present on the records. Excessive
hash and high-f: _ ' * Jiptions present cn the records are thought
to be due to turntable wobbl¢ kaused by poor bearings and lack of pre-
cision workmanship in the gage assembly.

L

3.1.% Presentation of Data e

The station numbers, distan}:gs} arrival times, duration of

positive phase, and peak overpressufes where obtained are listed in
Table 3.1, All pressure readings sre ligted, although some readings
are questionable. Brief explanations regérding the reliability of the
reading, type of reading, and functioniag of the gage have been includ-
ed under the remarks column. A curve of ?ressure versus distance is
presented in Figure 3.1. The points plotted are.averages of values

from records considered to be reliable, Valué%’Lor srrival time
versus distance are listed in Table 3.1, but @i?g not been plotted.
These values may be less than those obtained ngilectronic neasure-
ments because of the delay in the fusible linkK TRiti tion system. No
plot has been attempted for the positive phase dura%f because of the
scatter and need of a better method of determining €Qe values,

The values of the peak overpressure have bee ir 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-XT free-air curve.

24
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3.2 SHOT 2

i

L |

3.2.1 Recovery

sttt iy

-

Gages and records were recovered from all positions instrument-

ey

2,
et

{‘ ﬁed, except positions C and D of Station 122.07. The gage mount was
5 .
é ;‘1% g TABLE 3.1 - Results of Shot 1
E gs‘ ] Station Distance Capsule Peak Arrival [Positive’
1.4 U and from GZ (£t) and Qverpressure | Time Duration
f‘o;_‘é;}'}ion Site Actual] A-Scaled | Range (pst) (sec) (sec) Remarks
H ’
.05 A [Charlie | Sh2o 218 1300-150 .- - - - - Capsule split disk
H 5 broken
Rl g
7 B 259-150 - - - - - - Capsule split
C; 306-200 - . - - .- Capsule split
Di 202-150 -~ - - - - Capsule split
A 6260 252 228.150 267 - - - - Questionable P.T
B 276-150 260 * 0.5 3.22 Questionadble P-T
c 236-150 256 0.34 3.2 Questionable P-T
D rome 293-150 4s .- - Stylus did not record
122,07 A ] i1300 286 2962150 163 # .. - - Incouplete P-T record,
; iR} . peak reading only
B J Ly 3 170-50 pLS ) - - S .. Capeule Uverstregsed-
j “"Li record discounted
[+ . = e 285-150 180 * - - .. Peax pressure cnly
D g‘ Y 278-150 201 0.58 - - Questionadle P-T
H record discounted
L . . i
¢ 122,08 A 7517 € 3 168-50 120 * 0,55 - - Gege stopped when
. shock hit - P.P. enlyf
: B [t e 250-150 129 # 0.58 L,55 Poor P-T record
[~ = 7-150 119 # - - - Peak pressure only
D {:\ 8-50 80 .. .- Questionable record
i~ . : \ discounted
. " !
122.09 A |Dog 10532 16>{L jz-s 4.5 13.% | 8.835  |cood B-T record
t o
123,01 9610 387 .- - - - Gages and mounts vere
blowvn out of the
g station and vere not
recovered
123.02 A 12871 519 69-2 31.0 * 2.0 3.8 Fair P-T record
o €7-25 3B 2,01 3.7 Fair P-T Record
c €4-25 3 .{i?ﬁ - 3.05 |Gage started vhen
' H shock hit
D 86-25 .93 - - - PeaX presoure only
123,03 A 15925 642 82-25 E,; - - - - - Peak pressure only
B 85-25 19,1 # - - - Poor P-T racord
c 871-25 20.0 ¢ ) 4,58 | Fair P-T record
D €5-25 18,2 » g .69 4.66 Gcod P-T record
i
1
NOTE: A mean average was taken of these valuea for plotting a ssure ys distance curve,
r«unﬂ
blown into the lagoon, and only two gages from tﬁéﬁzstation were re-
covered. . i..
i h
3.2.,2 Records e

RN
¢

The installation of the gages for Shot 2 was acg }ﬂ}ished at

the same time the gages from Shot 1 were recovered, Til,é;gsffore, the
records from Shot 2 hgd the zame possible sources of error from gage
assexbly a&s mentioned in Shot 1, One source of error not present on

25
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Figure 3.1 Ground sturfac C‘E§? ssure versus distan==, Shot l.

Is

Shot 2 was that of overstress Aﬁ;ﬁﬁe nressure capsule t=czause of a
greater yield than expected. ough the yield was l=:s than Shot 1,

the gages apparently received greater {dbceleration, juiring from the
high frequency oscillation on the rec x?s and the facts that some of
the gages stopped when hit by the sho¢l and, also, tba: cnz of the

glass recording dizks was broken, Itiis posqlble tha wst of this
was due to using the same mounts, which may Qaﬂu been staken loose by
Shot 1. § %..;..il

' P
3,2,3 Presentation of Data b

N

%

The station rumbers, distances, arrival ti 5?5% ~ration of
positive phase, and peak overpressure, where obta er zre listed in
Table 3.2, A curve of pressure versus distance i g; tied in Fipure
3.2. The points plotted are averages of readings from each station.
Arrivael times versus distance from ground zero ure listed in Table

28
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TABLE 3.2 - Results of Shot 2

Station Distance Capsule Peak Arrival Positivc'
and from GZ {(ft) and Overpressure | Time Duration
Position | Site Actual A-Scaled | Range (pss) {sec) (sec) Remarks
122,05 A | Charlie 5630 252 | 326-200 - - - - - - Recording disk broken
B 3L6.5%00 200 - - - - Cege storped when shocid
. : hit - P.P. only
T c 253-150 215 - - - - Ran preshot time ~ P,P.
g AR only
§ 514 D 2492150 186 - - - - Peak pressure only
5%
Py 122.06 A 6LTL 290 | 322.200 191 0.18 1.11  !Questionable P-T
H § Eiuz B 277-150 171 - - - Questionable P.P,
b . c 251-150 150 .- - - Questionable P.P
;’; pf 10-100 115 .- .- Peak pressure only
i
17 hez.o7a 7311 328 | 271-150 96 -- -- Questionsble P.P,
Pl 3 B 81-100 | 95 - - - - Questionable P-T
H 5] - - - - - - - - Gage not recovered
’ - D —e- - - .- Gage not recovered
Iy
122.08 A 707 35 3.100 9 - - Questionable P,P,
i i B - - - - - - Water enterel gage-
i § coating off disk
£ £ 19-100 102 0.17 2.35 |Questionable P-T
LS. . 176-50 62.5 - - - - Peak pressure only
i3 . :
123.02 Al /.1 | 13085 586 | 31-15 25.2 - - = = [Peak pressure only
B} {4} 63-25 - - - - - - Can find no record on
iij; 4 disk
¢l f . % T7-25 18.2 3,44 3.36 Discount record - inle
‘ Ll ‘ h i
A W hole clogged
123.02 D | crarlte :'1?%5; 586 | 27-15 25.3 - - - = ]pesx pressure oniy
[ el
123,03 A 61 12% 5115 12.0 3.63 3,91 Discount recnd-inlet
. - hole clogged
B 21-15 15.2 - - - - Ran preshot time -
) P.P. only
¢ D -1 30-15 16.0 .- 4.33  |Good P-T
D {: 7-10 16.0 - - - - Peak pressure only
N, . .
)
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Figure 3.2 Ground surface pressure versus distance, Shot 2,
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|
3.2, but have not been plotted, Thes &glues 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 L.6-KT fyee-air curve.

3.3 SHOT 3 “E:E
3.3.1 Recovery ot
{

]

Of the 31 stations instrumented on Shot 3,*&2% gages and re-
cords vere recovered. Due to the low yield, there was yo-damage to
the gages or mounts, g% i
Iy

L

[ ——

3.3.2 Records

There were 26 records out of a total of 8% which cannot be
28
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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.

A1l 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 ¥ 10 percent.

3.3.3 Presentation of Data

The pertinent data for Shot 3 are listed in Table 3.3. Project

1.2b instrumented blast lines on the Tare Complex and on Site Uncle,
' ~which were approximately 180 degrees apart. The pressure values from

i fhe two blast lines are plotted in Figure 3.3. Here can be seen two
%élotlnct curves, one from stations on Tare Complex and one from
gstﬁtlons on Uncle. The value of the pressures obtained on the Tare
“Cémple ~run as much as 20 percent less than pressures at comparable
dlotanp $ on Uncle. It appears that there was considerable attenua-
tion oﬁ the shock wave pressure due to a rainstorm on the Tare Com-
plex w ch Jas not present on Uncle. This will be further discussed

v\.v}

in Chaptér

The xg%%és of the peak overpressure have been reduced to 1 KT

at sea level plotted in Figure k4, l, along with the reduced values
of succeedi ots and a standard 1.6-KT free-air curve.

3.4 SHOT & %
3.4.1 Recovery (}:;>

On Shot 4 there Webe 31 gages used to Instrument the Dog Com-
plex. Of the 31 gages ysed, -all but seven were recovered., Station
122,13 was completely ldst¥*,and three gages from Station 122.11 were
not recovered. The mounts and- ggpes from five of the nine stations
were blown or washed out of pdsftion and over the islands and reef on
the ocean side. Most of the ds ta were recovered by using & heli-
copter, although it was necesgary to use a DUKW to recover those in
the ocean, r}
3,4,2 Records

H

Of the 24 records recovered éIi but ee were readable. All
pressure-time gages used on Shot 4 had besg sodified. A detailed
description of the modification can be foung~in Appendix B. Although

R

* On Operation REDVING 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.

29



TABLE 3.3 - Results of Shot 3
tation Distacce Capsule Peak Arrival | Positive ‘ .
—_ and froz GZ (rt) and Overpressure| Time Duration
§§ 5’3 IPogition | Site Actual ASceled| Range psi) (sec)| (sec) Remarks
f11 1
i i 5 2,16 A [Tare 2501 k93 | 338.400 50,0 - - - Cage did not run; read-
ing questionable,
w4 B 354400 50.0 -- - - | Ran preshot time; P.P.
. only.
? 343-400 55.0 0.125} 0.597 | Fair P-T record
g 333-400 - - - - - - No readable record
| Tare 2850 s6L | 316-200[ 35,0 .- - Poor P-T record
i 330-200 45.0 .- - Questionable
353.400 - - - - - No readable record
350-400 - - - - - No reedable record
| ovoe 17000 3349 ha5 0.97 - - Did not start; P.P. only
18.5 1,08 - - Fair P-T record
Peter 14300 2817 10-5 1.2 - - Did not run, poor P,P,
! 45-15 1.b - - Good P-T record
12006 L [peter | 12200 2403 | 6.10 1.8 .- - = |Ran presbot time; P.P,
i only
fz 1 Peter 5-10 - - - - - - Ran preshot time; no
= - record
217 | 59-15 2,36 - - - - Did not run; P.P. only
43.15 .- - . - - Ran preshot tine; no
record
8500 1734 41415 3.5 - Did not run, P.P, only
ol 89-25 - - - - Ran preshot time; no
boag % record
124,09 L | Roger 1458 | 223.50 4.6 - - Cood P-T record
R 7 173-50 - - - - .| Ran preshot time; ne
gy record
124,10 L | Sugar 6300 Qﬁg 198-50 6.8 2,07 1.%6 | Good P-T record
R 211-50 &.7 .- - - Cood P-T record
2480 L | Sugar 5596 206-50 8.1 - - Good P-T record
R Y 50 - - - - No readable record
12h,12 L | Sugar 3657 720 | 3 .- - - No readable record
R 200 21,0 - - Good P-T record
124,13 Xq] Peter 10900 2147 15 2.3 - - Pair P.P. reading
th -15 2 - - - Fair P.P. reeding
124,14 an Roger 8800 1734 60.15 - - 1.58 GCood P-T record
Xq o1 .- 1,58 Good P-T record
124,15 Xq | Roger 8200 1615 | b8.15 .- 1.52 [ Good P-T record
Xq_q 35-15 - - 1.55 Good P-T record
122,15 A | Uncle 3970 782 }272.150 20,5 1.17 0.89 Fair P-T record
281-150 20.0 - - - - Ran preshot time; P,P.
only
'] 265-150 20.4 0.83 1.19 Fair P-T record
D 2694150 - - b - - 4 - No readable record
sk
122,18 A |Uncle 4550 90k | 246-1%0 - - - - - - Ran preshot time; no
' readable record
3 213-50 1.9 - .. Ran preshot time; P.P.
‘H«; only
¢ 29Q-150 1h.5 - - = = |Ran preshot time; P.P.
omiy
D 309-200 .- - - -t lection too small
122.19 A {Uncle | 5420 1068 | 234-50 10.8 1.8 | 0.5 i P-T record
B 293-150 -~ - - - -~ -% L preshot time; no
L. record
¢ 291-150 10.3 .- .- Poor P-T record; small
deflection
D 237-150 - e .. - e Deflection too small
to read
30
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TABLE 3.3 - Results of Shot 3 (cont'd)

]

B

Sr—

A ——

et sty

o

o

Iy

%’%&m

.

I

Distance C;psule Peak Arrivel | Positive
from GZ (ft) and. | Overpressure| Time Duration
Actua.ll A-Scaled | Range (pst) (sec) (sec) Remarks
6520 1284 | 231.50 7.5 2,085]1 1.00 !Good P-T record
: 175-50 T.4 .- - Ran preshot time; fair
P.P.
184.50 T.4 2.230 - - Fair P-T; szall de-
flection
191-50 7.5 - - - - Cood P.Ps record
9380 1848 50-15 3.9 k.30 1.60 Good P-T record
57-15 3.6 - - -~ - Ran preshot time; P.P.
only
111-25 5.9 - - - - Ran pregshot time; P.P.
only
T1-25 4,1 - - - Fair P.P, record
23-15 3.6 - - Peak reading only
9380 1848 | 117-25 3.8 .- .- Fair peak reading
58-15 3.9 - - - Fair peak reading
122-25 3.9 3.85 1.64 Good P-T record
T4-25 3.9 -- - Good P.P. record
8olg 1586 | 29-15 4,7 3.16 1.50 [ Good P-T record
75-15 b7 2.81 1.51 Good P-T record
8205 1616 88.25 - - - - - - Ran preshot time; no
' ) record
154-25 4.5 3.21 1.56 | cood P-T record
34-15 hb3 - - 1.20 | Good P-T record
39-15 5.20 - - 1.k Good P-T record
‘8292 1634 | 28-15 -- -- - = |Ren preshot time; uo
-, record
‘E 80-25 L5 3.59 1.79 | Good P-T record
L -
+ Asor 1735 | 10-15 -- -- .- Ran preshot time, uo
s - record
D 115-25 - - - - - - Ran preshot time, no
o readable record
18-15 4.2 - - - - Good P.P, record
91‘@:E 1853 20015 - - - . - - Ran preshot time, no
record
96-25 - - - - - Ran preshot time; ao
record
1| 136-25 - - - - - - No readable record
33-15 4.1 - - - - Good P.P. reading
4915 - - - - - - P.P, ounly; overshoot
— no good
3
9891 w8 | 2. sﬂ - - - - |Ran preshot time; no
:3 record
sk-15 3.8 . .. Good P.P, reading
10008 1972 | 38- _ -- - - | Ren presnot time; no
record
37-15 . - - Fair P.P. reading
10415 2052 19-1% - - - Ran preshot time; no
record
52-15 R - - Peak pressure reading
28427 600 2-5 1.12 §- - .. Questionable P-T record
16-5 .79 ey - - P.P. reading ouly
17-5 - - g- - - - P.P. reading; overshoot]
w::z not readsdle
31308 6168 1.5 .- .- <73 | Ho readable record
6500 1280 | 194-50 7.48 -- . Cood P-T record
172-50 8.60 - ; . Good P-T record
[ —
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TABLE 3.4 - Results of Shot 4

Station Distance Capsule Peak Arrival |Positive
and from GZ (ft) and Ovarpressure | Time Duration
Position Site Actual j A-Scaled | Range (psi) {sec) (sec) Remarks
122,09 A | Dog 6600 343 1189-50 - - - - - - Water entered gage,
- ceating peeled
B 174-50 94.0 0.257 | 2,407 |Fair P-T record
c 188-50 | 94.5 - - -- Started when shock hit
) 247.50 94,2 - - - - Peak pressure oaly
122,10 A 7500 © 350 [215-50 - - - - - - No record, bad coating
. on drum
v B 179-50 75.5 - - -- Ren preshot time; P.P.
3 ‘i only
HE Li ¢ 220-50 72.2 ..{ 0.252] 2.79 |P-T record, flat top
H % s D 171-50 T0.0 - - - - Peak pressure record
128,11 A [Dog-Easy | 9000 168 |210-50 u6.2 - - - - |Ran preshot time, P.P.
el R only
B 203-50 .- .- - - Not recovered
c 217-50 - - - - - - Not regovered
D 181-.50 - - - - - - Hot recovered
122,12 A 9900 515 {128-25 40.0 .- .- Ran preshot time; P,P.
e only
B T 151-25 L0.7 - - .- Ran preshot time; P.P.
21 only
c A5 H 81-25 40,3 - - - - Ran preshot time; P,P.
HEA only
D H N 185-50 38,0 - . - - Peak presgure record
S k1
122,13 A Fox 132.25 30.6 » - - .- P.P. only
B i 150-25 30.4 # - - - - ‘Good P-T record
c - 137-2% 30,0 * - - - - Good P-T record
D 2 1h4.25 - - - - - - Not recovered
122,14 A 13396 [emeeB97 | 36415 19.9 - .- P-T record - Drum gage
B N%ﬁ-ls .- - - .- Stylus left diask
c q b-15 20,7 1.936] 2.765 | Good P-T reading
D i s 20.5 .- - - PeaX pressure record
Qs Catt 20,0 - - 3.12 Good P-T reeding
Q) Y I 29,2 - - 3,09 Good P-T record
e
124,01 A | George | 14500 75k 6015 17.1 1.327 3.4 Good P-T record
B L8.15 17.2 - - . - Ran preshot time; P.P.
only
¢ 56-15%“ 16.2 - .- Peak pressure re:ord
12k,02 A 15900 827 24.15 1.1 4,498 3.809 | Cood P.T record
B 25-15 13 L b3y 3,802 | Cood P-T record
124,03 A 15426 802 | 23-15 1504 4,300} - - Good P-T record
W - —
* Gages recovered fram Operation REDWING J

no damping waterial was used in the pressuiejinlet holes of the
pressure-time goges, the records shoved lifitle or no overshoot. Wherre
there wvere four gages per station, the agrdement between them was
excellent, At no station did the indicate eak»aMgfpressure vary

nmore than ¥ 3 percent about the mean average. i;
3.4,3 Presentation of Data iﬁi

_The results of Shot 4 are listed in Table 3.k,
peek overpressure versus distance plotted in Figure 3.1
nean average of the values obtained at each station.

The values of the peak overpressure have been rédueéd to 1L KT
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.

Mw\furve for

cangists of a
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3.5 SHOT 5

3.5.1 Recovery

[ES—————

On Shot 5 only three of the nine gages used to instrument the
Dog Complex vere recovered. Due to the excessive washing the islands
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Figure 3.4 Ground face pressure versus distance, Shot k.
received from Shot 4, o three stations were left with usable mounts.
Since the mounts were pidtruding from 12 to 18 inches above the
original ground surface, onlyitwy gages 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 af[Station 122,1h4, two were lost and three-
were recovered. The stations instrimented and distances are listed

in Table 3.5. ﬂ?

3.5.2 Records hJ

Two of the three records recovered duced good pressure
versus time traces., The third gage ran; {oift the stylus apparently
left the recording disk during the decay, 8§06} that pressure versus

time was lost. {E:H
.5.3 Result i”
3,5.3 Results |1

LF,/

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

peak overpressure point is plotted., The yield is 13.5 MT, <o a curve
33
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TABLE 3.5 esults of Shot $

Statfon ' Diatance Capsule PeaX] Arrival | Positive
and from Gz {ft) and Overprespube | Time Duration

Posifton | Site | Actuial [A-¥caled | Range (ps1) (sec) (see) Remarks

122,10 A | Dog 7789 326 }273-150 -- _j -- - Not recovered
B 150-50 - e - - Rot rccovered

122,12 A Easy 10192 427 | 225-50 - - - - Not recovered
B 98-25 - - .- Not recovered

122,1% A | Pox 13663 572 | 118.25 3.7 3.60 |Good P-T record
B - 139-25 - - s34 | Not recovered
c 17-15 33.2 P.P, oaly
D 55-15 31.7 . Good P-T record
q, 10425 - o Not recovered
q 155-25 .- L,.} Not recovered

parallel to the pressure versus distance curve of this {% is

plotted in Figure 3.5,
The values of the peak overpressure have been relucéd to 1 KT

34
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to high overpressure and excessive

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 "g" 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
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2 i 10 40
, DISTANCE FROM GROUND ZERO (K FT)
Figure 3.6 Ground surfade pressure versus distance, Shot 6.
hing of the islands., The

statlons instrumented and distances{ajre listed in Table 3.6,

3.6.2 Records

Of the 48 records recovered, all b{EZD produced readable data,
Good pressure-time records, free of accel§ ation effects were obtain-
ed at overpressure values up to 150 psi. i C pressure measure-
ments were obtained, with a maximum recorded value Good
agreement was obtained between peak overpressur :r%

3.6.3 Presentation of Data

The results of Shot 6 are listed in Table 3,6, The curve of
peak overpressure versus distance plotted in Figure 3.6 consists of a
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TABLE 3.6 - Results of Shot 6

Station Distance Capsule Peak Arrival | Positive
and from 6Z {ft) | anmd Overpressure| Time Duration
ﬁ y Position Site | Actial] A-Scaled| Range (pst) (sec) (sec) Remarks
E = . * .
R : 124,16 A | Gene 3200 268 | 34s5-400] 235 - - - - Questionable P-T
B 3hh ko0 130 .. - - Quest {onable record
c 317-200 175 - - - . Questlionavle P-T
- & started vith shock
e = q 331.400 - . .- .- Not recovered
xN‘g\ {g q_: 352-400 .. - - - - Not recovered
ik ¥ i 124,17 A | Gene 3700 309 | 318-200] 130 -- - - |ratr pr
HE R B .| 347-%00 .- .- - N> apparent record
L \j L [+ 240-150 138 - - - - Fair P-T
—
7 y[3124.18 A | Cene 4200 351 | 2k2-150] 135 .. - - Questionable P-T
H E it B : 303.150] 109 - - -- Questionable P-T
‘ H £ started with shock
i i i c 244.150 124 - - - - Gage did not rua,
F P.P., only
S a, 279-150 1 122 - - .- Fair P.P.
:Zq‘ 339400 319 - - - - Fair P.P.
I
1.210.519“( Helen 5200 L35 { 239.150 - - - - - - No epparent record
iiB 233-50 58 58] 1.55 | cood T
§iC 156-50 61 - - - - Stylus broke, Question-
L able P.P.
124.20 A | HeFea}| 5900 493 | 209-50 36 - - P.P. only
B IR R 214-50 51 - . .- P.P. only
qs H a; 243.150 - - - - - liot recovered
ag ; b 270-150 - . - - - - Not recovered
i3
124,21 A | Yrenesf 674k, | 564 | 216-50 31 - - .88 | Incomplete P-T
B PR 77-25 4.5 1.88 | 171 ]ocood -7
qs [ 201-50 32.5 2.k - - Good P-T
a \\%g 235-50 56 -- - - |cood BT
124,22 A | Irene 7&&,: } 605 | 202-50 26 1.29 | - - |cood PoT
B L | 10025 26.5 1,19 1.98 | Good P-T
12h,23 A Irene 7600 / @ 119-25 22.5 - - - - Ran preshot time;
&\Q P.P. only
B w, - - - - - - Drum gase; reeord
. broken
q 23.5 - - 3.22 Good P-T
b 37.6 -- 3.24 | Good P-T
124,24 A Irene 7900 22,2 - - .- Did not run, question-
able P.P.
B 23.0 - - 1.9 Good P-T
q 22,4 - 2,20 | Good P-T
a4 fy .- 2.15 |Good p-r
124,25 A | Irene | 8501 n8.8 - - 2.11 | Cood P-T
3 g .. - Started after shock
H vave, P,P, only
Ccq 14.0 -- 3,06 | Good Pa7
ay .8 .- 3,05 | Gocd Pt
Dq .. - - .- Stylus did not record
3 26.6 - .- Gocd P-T
124,26 A Irdfie 3992 - - - - - - Cage did not run; no
record
B 131-25 17.h i - - - a Ran preshot time;
Ng good P.P,
a, 147425 16.8 -- .22 | Good PP
q, 105-25 23.7 . - .23 Good P-T
124,27 A | Irene | 9584 801 | 179-50 .. aaifi .- Stylus left disk, no
17 record
B 1-15 1.0 .- - - .Ran preshot time,
-. B P. only
], 26-15 - - - - - - Shylus 414 not record
q, 22«15 19,2 - - - P.T
126,28 A | Bel2e | 13089 1094 | 62.25 8.3 4,46 2.50 P-T
B 16415 1.5 bouh 3.37 PT
X R Elmer 113752 9510 Se1 0.300 .- . Gage mounted face-on
X to blaat, fair P-T
v 10-1 0,277 - - 8,3 Gage mounted side-on
to blast, good P.T
38
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mean average. of 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, eleng with the reduced values
of succeeding shots and a standard 1.6-KT free-air curve.

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

~cgttbratiom is presented in Appendix B. The definition of dynamic
{pdessure in this case is the difference between the stagnation over-
gpsr%essure and the static or side-on pressure. A photographic enlarge-

e f
S < TABLE 3.7 - Dynamic Pressures

T Distance Static ) Total Dynamic* Corrected
Shot istaticn from GZ (ft) QOverpressure Overpressure Preasure Dynamic Presasure
Nuzber | uzder FetuaT TA-5caTed _ (pst)y (psi) . (pel) | (psi)
3 *‘1’8@.09 < 6,500 1,280 7.48 8.60 1.12 1.10
; 333,02 3 ‘gB 205 1,616 4,43 5.20 0.77 0.76
121».15 %8 200 1,615 3.80 k.27 0.47 0.47
leh'lbi; L? ,800 1,734 3.25 3.75 0.50 0.50
4 122,14 15,3%’65 %.} €7 20.0 29.2 9.20 8.50
6 | 1218 MY as 122 319 197 135.0
124,21 €, - E%j; 564 32,5 56.0 23.5 20.3
124,23 7,600 | 23.5 37.6 1.1 12.8
124,24 7,900 6@&}: 22.4 34.5 12.1 1.1
124.25 8,501 3 19.0 27.8 8.8 8.2
124,26 8,992 16.8 23.7 6.9 6.5
o~

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

nent of the initial portion of a tﬁ 1 record is shown in Figure
5.8. The data from all shots on w dynamic pressures were moasur-
ed are listed in Table 3.7. The v s of dynamic pressures versus

distance from Shot 6 are plotted i 1gure 3.7. The peak dynomic
pressure values corrected for the comprespibility factor have been
reduced to 1 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, -

-
3.8 GROUND SURFACE ACCELFRATION MEASUREMENTS ng

g

£
During the past year research has been carrfed on by the

Explosion Kinetics Branch of the Ballistic Research tories to
develop a simple accurate means of measuring ground a e ration,

It was found feasible during UPSHOT-KNOTHOLE to use t} c ated glass
disk of the ERL mechanical pressure-time gege for reccording accelera-
tions. With proper orientation the accelerameter elements will record
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Figure_3;7 Dynamic pressure versus distance, Shot 6.

both vertical orizontal acceleration versus time, The details
of construction, metffod“of recording, resulis and calibration are
presented in Appendi

5.9 LOW PRESSURE GA

Satisfactory records wWere obtained on Site Elmer (on Eniwetok
toll) from all tests shot ired on Bikini Atoll, except Shot 3
(see Figure 3.16). A rccoddi was obtained for Shot 3; however, the
amplitude of the pressure wave wr tremely small and no actempt
was made to read a peak value, %ziaddition; excellent records were
obtained from a gage placed on b the USS Curtis on Shots 2 and 3.
The records obtained compared fd%“ ably with those obtained by the
Sandia Corporationts microbarograph ingtyruments, The shapes of the
recorded pressure waves, although grea? compressed time-wise, were
similar., Photographic enlargements of§ e initial portion of the
record and the complete recording disk flor the gage located on Site
Elmer on Shot 2 are presented in Figures 3.16748d 3.17. A comparison
of four BRL and SC records are presented in Aﬁggndix F.
ot

{
| —

i

St s ioid

3.10 HETHOD OF DATA REDUCTION

}?‘.

3,10.1 Record Reading é;l
1
All records on Shots 1 through 6 were read the aid of
a Gaertner Toolmakers Microscope. Direct measuremefits 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 1Initial portion of st C overpregsure versus time and
total overpressure ver; time frcm the RRL dyrnamie
pressure gege. Each ce.libraﬁieil step represents 1 psi,
Shot 3, Station 124,15, ! éﬁ

of the stylus ~= the recording ddsk, idea]i_ggﬂditions were not always

obtained. -
When the recording is centered on the mi ope turntable,
it i3 possible to read time along the record in oi‘ degrees of

rotation, The rate of turn of the recording dai 3 rpm. This 1s
broken down to 1 revolution per 20 sec or 18° rota.tion per sec, The

39
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Lé ’*Figure 3.9 Record of pressure versus time, showing high-frequency
e P ‘oscillation due to play in the turntable.

Calibration step:

B
"4 ° ; : s
d

Shot 2,
S psi.

ey I
N o

.

[

]

P Y S pem e -

Figure 3,10 Recoriéé?&Tressure versus time, showing a slow rise
e

time veling off due to over-damping and cliogging
c® A+ -w-too-e Inlet hole. Shot 2, Station 123.03.
¢+ omulen iepr 5 opai.
O S | RS .
_— - 1
{ L 1 ;:1 |
B T R L T ey i ) | e ancs o e

Figure 3.11 Record of pressure versu
magnification because ofi
low yield.
5 psi.

engular rotation of the microscope can be reed ito minutes.
fore the reading equipment is capable of resolving
By this method arrival time and durations of noeit*v

phases are determined.

5.10.2 Record Photography

For eage in reading the records, a
40

ime, showing a 100
e small deflection due to

Shot 3, Station 128 ﬁé’ Celibration step:

There-
Ine to 1 msec.
and negative
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o} showing the improvement after modification. Shot h,
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Figure 3.13 Microscope with photo %phlc attachment ard projector.
ey
used to project the Izage on a ground-glass fipwgr. The film holder
and ground glass screen frcm a b x 5 camera %&G modified to fit the
projection attachment (see Figure 3.13). TIh'this manner photographs
were taken on a % x 5 £ilm for detail study'“2§ alysis. The cali-
bration steps on the enlarged records were put oa??zn eans of multiple
exposures, All of the record except the base llng blanked off and

exposed. After exposure the record holder was movdd! fhe proper dis-

tance in mils to represent a particular pressure the calibration
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curve., The base line was then exposed and the process gé kated until
the desired number of steps was obtained. Photographi¢ lehplargements
of the initial portion of the pressure time record alo éﬁyﬁth the
calibraticn steps are presented in Figures 3.8 throughL§7i2. Prints
of the coriplete trace were made of each record using an enlarger and
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Figure 3.17 Complete record disk obtaffigd from a VILP gage

located on Site Elmer, Sh t§2.

S,
-

projecting on sensitive paper. Photographs are shg 3f a pressure-
time curve in Figure 3.1l and a pesk-pressure recox o Flgure 3.15.
Calibration steps were put on the peak-pressure rggggds before each
shot and can be seen in Figure 3.15,
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Chapter 4

DISCUSSION

4, 1 1 Cerments on Measurements

§

i Lij 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
recordﬁiwere obtained from each shot. The positive-phase durations
are ta?q:§ted for each shot and presented in Chapter 3. The values
obtained.dre not consistent, but a continuing program of investigation
has been initidted at ERL to insure better time measurements on all
future tests.’§

The v%ak overpressures obtained agree with measurements made
by the Sandia Corporation (Reference 4). In most cases, the variation
was considerably Zéi:han -~ 10 percent. A ecomparison of values is

e

presented in Table

4.1.2 Pressure.At tion on Shot 3

Shot 5 produced éj:%nly anomalous results. On this shot two

~distinct rurves of pres ejversus distance were obtained with a
deviation of at least 2 cent. As seen in Figure 2.5, two blast
lines were instrumented approxihately 180 apart. One blast line
covered the Tare Complex, whillejthe other extended along Site UNCLE,
The pressures obtained along the Tare Ccouplex were as much as 20
percent lower than the press at comparable distances on Uncle,
Strong evidence has been obtoined whi indicates that the shot was
fired during a heavy localized rain sE?rm on the Tare Complex. Photo-
graphs taken by TU-9 during the sho from a station on Site Oboe show
a general diffuse light but no flreﬁéll. Further evidence was found
in some aerial radar photographs taken by gProjact 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 centerled over the Tare Complex.
The Tare Complex is completely obscured, whereas Sites Uncle, Victor,
and Williem are cleerly discernible (See Figure?“ma and l+.53. Still
further indication of the unsettled atmospheric g@pditions is the
apparent attenuation of the thermal energy :i:lung ‘e Tare Complex.
The flash initiators of the pressure-time gexivs 2

3 wartioned satigface
torily on Site Uncle out to and including the f.r .. L ce.-. 8t a
distance of 9380 feet from ground zero. On the .. i »j.4 .he
6300-foot station was the furtherest out station at VP% the initia-
tors functioned.

Because of the low yleld, Shot 3 was a disappointment to many

44

L



L . el ) . N .
LTS e e ks g e AP T A N . oot o i LA aiia -

T—y
-

i,
[
o ———

P
£
L}

TABLE 4.1 - Coparison of PRL and 5C Data

. g?tuﬁg ML Peak | Sandia Peak
o e
Bot | 0 T T
3 5,600 8.1# 8.0
1,400 5,6 # 4.8
8,800 3.5 . 3.0
10,900 2.36 # 2.2
12,200 1.8* 2.0
14,300 1.3 1.7
17,000 1.02 #» .5
5 11,460 30,3 *e 214
13,310 20.0
- 13,396 20,4 *ee
i o ak,500 16,8 w 16.6
i 15,900 13.9 # 1%.0
i e : -
L2 3 4,180 75.0
;“‘% 4,200 120.0 e
;ﬁ § 5,200 59.5 #»
R 5,270 50.0
Lyl 5,900 135 43.0
P ST B X 2.5+ 23.0
U g0 | o 13.6
%;j} * Si.ngle gage read.ing

)‘ﬁme of tvo gagts
rage: of three gages

of the agencles attempting Ho]measure varicus parezmeters., It was,
nevertheless, an ideal experiment for checking present-day theory on
the attenuation of blast pregskure to be expected from various yields
due to the liquid water conye t present in the air. The known para-
meters are the peax overpressure ° s distance along a clear blast
line and rain blast line and the y}ipld assoclated with the clear blost
line, The unknown quantity being ithel amount of liquid weter present
in the air as the shock wave passdd] through it. Liquid water coutent
in the air is expressed in terms of gr per cubic meter and the
symbol "c" is used to designate it in tlejequatlon to follow.

The appreach used by Hartman, Pe and Gauvin (Referercea 5,
6, and 7) is based on the amount of ene it takes to completnly
evaporate the water present in the air, iven radius. The
redius of complete evaporation is defined in égéfence 5 ag that
distance at which a shock having travelled in th usual fashion in
clear air will completely evaporate a drop of water ploced in {ts
path. The radius of complete evaporatlion does not mean the redius
within which all water would be evaporated if the chafge were flred
in rain or fog. That radius is less than Rl, sincegipir in or fog
the shock appears to come from a progressively smalle r'c charze es it
moves out evaporating the water that is engulfed. An empirical equa-
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tion is presented (Reference 5) where the radius of complete evapora-
tion for rain is dependent only on charge weight.

il
i
>/ R, = 5.1 (w/7)Llle (4.1)
1 1
A
§§§§ ) Where: W is in lbs of TNT
H H
i
Lj o The apparent yield obtained by BRL on the clear *last line was
§§féb Kt. This was established by use of the composite free air pres-
ggsgge curve and assuming the 2W theory to be valid, By the same method
2"th§ apparent yield on the Tare Ccomplex was 110 Kt. If 0.50 is used as

“~the T blast equivalent energy and then the 2W theory applied for a
sugface burst, it gives an equivalent TNT yield of 150 Kt or 3.0 x
10~ 1pbs 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 agdistancgﬁR that a charge of weight W gives when fired in the
presence of rain or fog.-

' Therégdge, Z <= 1 and is a function of R and W. The equation

et Suewe

:{f% 19/
z{;@ 1-1.70 x 107% g1/?

- 179
7 !’“‘D Wl

For calculati:q‘t?3 ~ttenuation of pressure due to rain or fog
the usual procedure ~3uli @, : to choose a W and ¢ and calculate Z
versus R. On this shg%“fﬁe 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 cleaf {line are krown. ‘Therefore, the follow-
ing procedure was used to deidgrmine the amount of liquid water content
(c) present along the rain bIast 1

First various values of ¢ w
solved for Z. When a value of Z w
was inserted in the following empefrjcal eguacion and checked for the
actual value of Pr cbtained from thé record. This equation holds
rather closely between 4 and 20 psi basefl jon TNT considerations.

(4.2)

pr o= p20% I (4.3)

In order to find the distance at WE?Sh iven rain drop will
be completely evaporated, substitute (ZW) in_Fquation 4.1 and
determine R,. If the R used when substituting-in’ Equation 4.2 is
<R,, then the velue of Pr is valid. If R is =R aithe assumption
is 1o longer valid because all of the water at that tance has not
been evaporated. 3 i

A value of ¢ = 0.9 gu/m’ seems to fit the experirent best and
it signifies that a rainfall of slightly less than 1 in/hr wos falling
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during the shot.
¢ = 0.9 gn/m’.

A table of values are listed below assuming a

TABLE 4.2 - Pregsure Attenuation for ¢ = 0.9 gn/u’

p(pat)|r(re) [Rn/’]" 16t z | e J(z0)t/? R,

38.0 | s000] 0.6 lo.gsolsr.2| s |eass B> R Valud
20.5 | 4000 0.16 0.91119.4] 648 i67L2 RP>R Valid
16.0 | 4500 0.25 0.86214.6] 637 [6605 R>R Valid
12.7 | so00] 0.36 0.800{11.0} 620 |é4i0 R;>R Valid
10.5 | 5500 0.52 0.70518.4 | 595 {6132 R, >R Valid
9.2 | 5820 0.63 0.65 17.0 | 580 [s900 R, >R Valid

- | 8.9 | 6000 0.7L  [0.589{6.% | 560 |57:0| R ;<< R Not Valid

¥
i1

It may be assumed that beyond 5800 feet there will be some

Iuérth r evaporation but not complete evaporation and that the shock

fridfif“wil;xgnove 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 assumégf’z ‘ﬁhat there is no furthe %855 in energy due to evaporating
moisturef fhan the equation Pr = PZ°° "7 should hold for distaacgg be-

yond 5800 feet if.Z is held constant. Therefore, Pr = P0.65 '~ or

Pr = P0.762. {{l
Y
'I'Ai&@.j - Comparison of Meagured and Calculated Pressure Attenuation
gy Clear Line Rain Line Calculated
bist .&,5:}:.) P Pr Pr
"~
§§§}} ggg 37.0 }Li
. 17.5 19.
5000™" 12,7 10.5 1.0
5820 9.2 1.2 7.0
600 8.9 6.9 6.8
* 7000 6.5 5.15 k.95
+ 8000 5.15 k.00 3,92
* 9000 4.2 3.20 3.20
* 10000 3.53 2.64 2.6

L .
* Z is held constant be]méfj&o feet

RN

The above values are plotted in Pigure

4.,1.3 Instrumentation

In general, the gages operated sdtisfametprily., Some difficulties
appeared after Shot 1. The actual yield of igg% shot far exceeded the
preshot prediction., Consequently, most gagesywere subjectzd to pres-
sures considerably in excess of the rated maiégym pressures. Excesgsive
overstressing and permanent sets obtained in"tHe pressure capsules
caused most readings to be in error by I 15 percent
of the Shot 1 records made it apparent that *--» r:% 4 ere susceptible
to acceleration effects as indicated by a e.:.... ':. .- amount of hash
and oscillations. Figure 3.9 is a photograph of a-tyPical record

-
n

" An exsnination

.
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showing accelerati-sn effects on the gage as 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 - Summary Deta of CASTLE Shots

E—

": 1
o

Charactertstic Symbol { Shot 1 shot 2 Shot 3 Shot 4 Shot 5 Shot 6
Date 1 March 27 March 7 April 26 April |5 May 14 May
Time 0645 0630 0620 0610 0610 0627
Location - Atoll Bikini Biking Bikint Biking Bikint Enivetok

Tsland Charlie Charlie Tare Lagoon Lagoon Mike Crater]
Coordtnated G 2
North | - 170,617.16 § 170,635.05 | 100,154.50 {161,698,83 | 161,42k 43 {147,750.00
East 76,163.98 | 75,950.43 | 109,799.00 |116,800.27 | 116,688.15 { 57,790.00
Cq§d§ Name Bravo Romeo ¥oon Untion Yankee Nectar
i
Yield (Mr) Wre 15,020.5 | 11.0%20.5 |0.130Z0.020 | 7.0%0.3 | 13.581.0 1.730.3
I (Fire (Pire (Pire (Fire (Pire
8all) Ball) Ball) Ball) Ball)
h 0 (] [+} [} 0 0
Po | 1006.1 1012,4 1009.7 1007.4 1010.8 1006.,0
&
Surface Atr™ 7 fe
Temperature 7 g}fip 80.0°7 l20.0°7 |81.0°F 81,0% 80.8°F |79.9°®
LY a
3 =
Surface Wind: Rt Y

Direction - Degre 3 1 {om® o%0° 090° 062° o070 090°

Speed - Knote ¥:‘iﬁg 15 10 13 18 20 19
Scale Factors for ' f “s:}

1 KT at Sea Level: \ .

Pressure: Sp = 1013.3 l {:ff§29072 1.0033 1.0037 1.0059 1,0024 1.0073
“Y¥o -

Distance: [ /Sp 11/’ 0.0403 0.0448 0.197 0.0520 0.0419 0.0836

Time: St = sa[ro + 275} 0.0%07 0.0453 0.199 0,0526 0,0424 0.0845

Where To is in degrees -

Centigrade, W is in X7

information would be available a@gﬁzcable in explalining defects in
gage recordings.

Ground acceleration records werd bbtained at a number of
stations on Shots 1, 2, 3 aud 6, The g ords appeared to be
entirely satisfactory. Detsils are prégented in Appendix E.

4.2 PEAK OVERPRESSURE VERSUS DISTANCE, A-SC@
' ]
The peak pressure-distance data «i'wl: -%gjgr the CASTLE shots

have been reduced to the equivalent oi 1 X&' (i) kndor standard sea-
level conditions (14.7 psi =tmospheric pressure, °'c4 temperature).
The basic characteristics for each shot and the sc factors are
listed in Table 4.k, %ﬁ;ﬁ%

th

The IVY Mike data generally compared favorsbly the TUMBLER
composite free alr pressure versus distance curve for 2 KT ag prepared
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Figure 4.5 Dymnemic pressurd yersus distance,
reduced to 1 KT sea level,

by NOL (Reference 2, 3). A similar comparTson Ji§Jbeen msde with the
reduced CASTLE data, and a composite curve of these data (Figure 4.1)
are compared with the TUMBLER iree air curve sc,kéd to 1.6 KT for
pressure levels ranging from 3 to 250 psi.

The overpressures on Shot 1 fall slightly above h .6 KT curve
at the higher pressures, but these values are from qu s able
records because of the overs tressing of the cunclles. pressures
messured along the reef fall below the 1.6 KT curve. o later
field experiments it was found that the lower values d?ﬁ”h function
of the type gage mount used and that the actual values couwld be as
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much as 20 percent higher. This correction wculd place the data
from the two reef stations more nearly on the 1.6 KT curve.
" The high overpressures recorded from the land stations on Shot
2 are in good 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
would bring these values more in line with the pressure values from
gother shots at similar scaled distances.
The peak overpressures recorded on Shot 3 fall on both sides
f of the 1.6 KT curve, but this was expected because a yield value
50 KT wag used in scaling both blast lines. If the values from
5% blast line on Uncle were scaled from a 150 KT yield and those
{fir n Tare Complex scaled from a 110 KT yield the pressure values
iwb d £all much closer to the 1.6 KT free air curve.
- Shots 4, 5 end 6 are all in good agreement with the 1. 6 KT
curve.g;Measurements from these shots were from land stations
and thé ivalues recorded are felt to be reliable with but one
exceptgqg - Station 124,18 on Shot 6.
‘J

4.3 DmAm:c PRESSURE

s;a

Althougpiiég measurement of dynamic pressures was a gsecondary
objective and’2%r -~~~ used were in the developmental stage, excellent
results were "+ - ::, The major effort in these measurements was
mede on Shots ) anuxd;%S On these shots extensive instrumentation was
used, not only forgéég? evaluation, but also to obtain data for
Project 1.8. All meRslirements of dynamic pressure were corrected for

compressibility and supersphic flow where applicable.

The measured dyn iessure 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 Figyre 4.5 is a theoretical dynamic
pressure curve computed from ovdrpressure values obtained from a 1.6
KT free-air curve using the following €guation:

L.

2

pR——

2.
. - 25 (@)
P+ Po)g"
Where: q = dynamic ssure
P = atmospheric prgitgre
o
P = static overpreaéﬁie

{""“"&
Although the surface pressure measurexents show only a.gsgi~ deviation
from a scaled 1,6 KT pressure versus distance curve, tie%egaled
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

5.1 INSTRUMENTATION

The family of self-recording gages for measuremernt of blast wave
\%arameters obtained results which in some respects compared favorably
~with corresponding electronic instrumentation., Peak overpressure
ieasurcrents agreed very well, Recasonably good agreement was apparent
“when wave shapes were compared on shots in which the modified gage
wasiﬁsed Even though the field modifications to the pressure time
gagg§allev1ated a large portion of the acceleration effects, addition-
al @éd;flcatlons appear to be advisable.

~The "gf gage produced excellent results which compared very well
with the eiertronlc instrumentation., Continued use of these types of
gages on Lfuture tests is strongly recommended.

The ; itch- type self-recording accelerometer appears to be
capable dffﬁrodus; g good results and should be more fully utilized in
future tests. *fﬁ

£
i
J

w""

5.2 TEST RESUL&ST}}

The validity of tHe cube root scaling law to scale distances for
yields as great as 1B 5T appears to have been well substantiated.

The dynamic pre s obtained on Shots 3, L, and 6 are apparent-
ly in agreement with oretical values over a dynamic pressure range
0.43 to 135 psi.

The overpressure attenhdtion observed on Shot 7 would seem to
indicate that a significant{ feduction in pressures can result when the

shock wave passes over an a in which precipitation is occurring.
The overpressures obtained o 41 shots appear to substantiate an
asgumption that the overpressures; ained from a surface burst on

wvater and coral atolls are the s ?“hs 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 ™ 23-20Q appear to be .alid, becauuf of the reasonably jood ayree-
ment with the results of thece uhots. i

From the records obtained with theidelf rding cagez there vas
no apparent evidence of the existence of a pr§§§§sor on any of the test
shots.
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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, fleld operation and data analysis phases
of this project. These personnel were:

E—

g A
e —
e penanen

,,....M.m
[ “
adl

£ b
H

-,
i
1
14
o
]
i

N

J. J. Meszaros, Project Officer

C. N. Kingery, Deputy Project Officer
¢ H. 8. Burden, Technical Group lLeader.
f C. H. Hoover. Technical Group Leader
i R. E. Reicler, Technical Group Leader

- s
Ju—

pEC—

o

Lmﬁﬁrtqiq military personnel were retained at these laboratories
after Operatiion UPSHOT-KNOTHOLE to assist on Operztion CASTLE. The
primary aﬁgitnments for these personnel are indicated below:

F
Officers;

I8 ey

e

D. AHZXQ e, USA, Associate Technical Group Leader
J. NijagLell USA, Associate Technicel Group Leader
E. Stafr Q%%ﬁ, Associate Technical Group Leader

Enlisted Persongﬂiz
U
F. Cornwé&Il, U s Technical Group

L.
E. 0. Engle US Technical Group
D. C. Freeswick, AF, Accelerometers
J. E. Gurgel, US Technical Group
W. E. Lynch, USAF, Technical Group
M. M. Silver, USAF, Tc%ﬁ?éﬁal Group
R. N. Tucker, USAF, "C" aml "q" gage
R. C. Wagner, USAF, "q" Lage
W. L. King, USA, Logis s
R. A. ReJjent. USA, Technical oup
R. J. Mudd, USA, Technical G jp

H
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Appendix B
INSTRUMENTATION DESIGN

A
e

GENERAL

.J  Pressure-sensing Element

i’x. i
5 gﬁﬁe basic component, common to all the types of preasure gages
us§3g§% the project, during CASTLE, except the very low pressure pgage,
washd capsule consisting of two concentrically convoluted diaphragnms,
nestcd together to reduce volume, and silver soldered around their
periphery. ! These pressure capsules or elerents were essentially ident-
ieal to tﬁdse incorporated into gages used by Project 3.30 during
UPSHOT - KL@fH&LE, (Reference 1). Briefly, during operation, air enters
the element thro eh a small pressure inle-. hole causing expansion of
the diaphragnms. light spring stylus soidered to the center of one
diaphragm trana§¥§s this motion and produces a scratch on a coated
glass recordlnbipia k. The amplitude of tnis scratch is proportional
to.the movement oI “thediaphragm. A sapphire pointed phonograph needle
soldered to the szyius arm is used to insure a fine scratch. The basic
characteristics of th@sﬁ?lements are as follows:

Diaphragm Material<--cmwqmcwouena- ----1{i3panC
Deflection (at Rated ure)
Maximun---~-- P e L LT B 3.060 inches
Minimum---ceacomcacbiohdia- R T 0.020 inches
Linearify-~c-mmemmmeen T80 a gy e - 0.5 percent
Hystereslg-eme=ncece immomomnaktownvoao - = 0.5 percent
Natural Frequency (undamped)] j1400-2000 cps
Rise Time----v~wcvcncmmenmmaafnacceon~ 35 msec or less
Operating ruonge----0-150 percent of zux rated pressure
Pressure Inlet Hole (diam.) 0.152 res
Disheter--=-=-==~-- Variable (deperjdent on pressure range)
i
The very low pressure gage uses a gle phosphor-bronze, convul-

uted dlaphragm, 5 3/4 inches in diameter.

‘The dilaphragm forms one side of the 5&:i ase. Any pressure dif-
ferential existing between the inside and cutsgide gﬁm he gage causes
the diaphragm to deflect. This deflection is tran$@1tted to and
scratched on a coated glass recording blank by a si@%us soldered to the
center of the diaphragm. The stylus point is the E&&S as used on the
basic pressure elements. -

The various pressure elements used are shown in F?gﬁ?é c.l1.
:

|
LS

The recording medium of the scratch type self-recording gages
was pyrex glass. The various sizes and shapes are shown in Figure C.2.
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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-
o tion of blanks it was not always possible to do more than approach

Sﬁzég these ideal conditions. ‘

j“g | B.2 PRESSURE-TIME GACE (STANDARD)

] The pressure-time gage was the basic instrument used during

“~“CASTLE to obtain the measurements required by the objectives of Project
l.2b§ Several pilot models were field tested by BRL during UPSHOT-
KN@T?OLE (Reference 1). The basic ideas and the test results were
coébigpd and a final design prepared. A quantity of these gages were
fabriehted and shipped directly to the Pacific Proving Grounds. Lack
of time pﬁééluded any preliminary tests on the gage. The gages were
either phbgo-initiated or thermal initiated and used a smell D. C. motor
to drive ftHel recording disk. A delay switch was incorporated which
would stggiiépcrating 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 iéjqch pipe. A 3-inch pipe cap was welded to the bot-
tom of the pipe th'give an auxiliary mounting system. The gage assem-
bled to a 3-in+k wiwe u-uny is shown in Figure C.16. An adaptor ring,
with 6-inch Inte 2c threads was bolted on the standard 6-inch
pipe mount arui .. “.nced inside the mount and bolted to the adsp-
tor (see Fig.r: Vel ~ srder to insure quick recovery, three methods
were providel: {.) wHx e 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 gagg 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, lleaving the case still in place inside the
mount. {123

Pty

i

The recording blank consisted of}an aluninized cecated giass disk
3 1/2 inches in diemeter. The disk wah mounted on a turntable which was
mounted perpendicular to the plane of fHe pressure capsule. The stan-
dard pressure capsule was assembled toifhe face plate of the gage with
the stylus in position against the recordin k.

The drive motor was en A, W, Haydon Coi~fype 5600 geries chrono-
metrically governed, 6 volt D. C., motor. A Sfgnal Corps type BA 210/V
battery provided the power to the motor. Mdtorlspecifications indica-
ted a speed variation of 1 percent or less would OE§¢%§if the motor
were subjected to vibrations of 5-300 cps with 10 A; imum accelera-
tion. The various major components of the gage are illustrated in
Figures C.3 and C.U. =

The recording speed selected was 3 rpm which in 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 bage line was retraced eveny 20
sec making a maximum of 4 1/2 revolutions it the full recording time
was used. The turntable speed at the stylus point was 0.5 in./sec.

B.2.5 Initiation Systens
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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.
Lge plunger actuated a switch which completed the motor drive circuit
land. started the recording mechanism.
aj§ 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 ccmpleting
the moﬁqp drive circuit. The photo initiation was used very little to
due tolibe susceptlbllity to moisture, causing premature initiation.

B.2.l Field gifﬂifications

u
The e&éés%ive detrimental effects of acceleration on the gege
records es obtaineg‘nq Shots 1 and 2, indicate that, if usable
pressure-time resny E i going to be obtained lmmediate modifications
would be requir »i. . * :f the machine work on gage components,
though commer01all§MaE%eptable, 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 ded Se the moment arm of the stylus point.

(2) A nuzmber of adjustable felft]and rubber tipped friction brakes were
machined and assewbled beneath the turntable. By adjusting this brake
the backlash of the turntable Wwas dampened. {3) Additional set screws
were provided to hold the turnthble more solidly on its shaft. (4) The
turntable and motor coupling shaft Wushings were replaced with new
bushings. The new bushings were madhjined more accurately and length-
ened to provide more bearing surfacd { prevent wobble. {5) The turne
table coupling shafts were replaced iby prec1sely machined shafts having
a good sliding fit in coupling shaft Lushifgig.

These modifications apparently ’:vs} completely alleviated the
acceleration effects. It is felt, howcvey,i that many more modifica-
tions should be made on these gages prioriﬁé use in any future opera-
tion. { o

3 j‘""“‘im

B.3 DRUM TYPE PRESSURE-TIME GAGE

[ —
ey

!
{

B.3.1 General. ' T

; k]
The drum type pressure-time gage was designed é 3 8 self-re-
cording scratch gege incorporating the feature of a rec 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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emeter of 3.15 inches and height of 1 inch. An aluminized ccating was
applied to the outside surface (see Figure C.2). The cylinde- was held
in a drum-like assembly mounted on a threaded shaft. Througz & set of
gears, a 6 volt D.C. chronoretrally governed motor drove the &r:
assembly along its shaft. The drum rotated at 6 rpm and adva-:z=d 0.025
e _ inches per turn. The standard pressure elezents were used iz <ke gage.
Dl S, The recording drum moved past the pressure element stylus poiz= at &
1] speed of approximately 1 in./sec. and a helical base line wzs zzanerated,
Figure C.6 shows a view of the gage without its case. In addizicn to
the pressure element, two accelerometer elexents could be inszelled in
Fhe gage on post provided for them. Dry batteries supplied rower to
fi % initiation circuit and motor, the instrument being completzly self-
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] ?ggtained.
i%xiﬁ The gage was fitted with a rubber sealing gasket and ezcased in

‘é;éhont section of 5-inch pipe. A pipe cap welded to the botzzz of
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the case sealed it and allowed the gage t e screwed onto & Z-inch
pipe if that method of installation was desired. A steel mouzting-
ring was provided for installing the gage iif the regular 6-irnzh pipe

mount, -

B.3.2 Initiation o

-

zon

The drum gage was started by a photoelectrtézciggg;t {zee Pigure
B.1 for Drum Gage Schematic Diagram)., This circuit wat iz==1 30 that
the incident light from the detonation would permit e éTc::rent to
flow through the coil of the very sensitive Sigma relay! %o s2 its
contacts to close. The Sigma contacts closing energized.fhe s3vance
relay and power was supplied to the constant-speed motor. Tte 1PLO
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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

ff@a motor circuit intact. The gage ran until the advancing drum de-
#assed the limit switch. This limit switch was usually adjusted to
L EkLow the drum nine revolutions or 1 1/2 minutes running time.

=

B4 BRESSURE-TIME GAGE, CLOCK TYPE

H
S
i

gh% clock type pressure-time gage or "C" gege (see Figure C.T) is
essen%Laklj the same as the pressure-time gage as used in UPSHOT-
KNOTHOT ‘bj Froject 3.30 (sece Reference 1). It records pressure-time
by the actloﬁ 3f a pressure sensing capsule on a rotating aluminized
glass disk. e disk is rotated at 5 rpm by a 6 volt vibrating-reed
motor. { tion is accomplished by a 24 hour clock which depresses
a nicro- swl\.chw The~initiation system was modified to permit setting
of start time up fdﬁh@nrox1mately 96 hours prior to shot time by using
two switches connebfed 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 I¥ a mieroswitch closed by the pointer arm of the
clock every 24 hours. former provides a coarse time adjustment;
the latter permits a fi ime adjustment (¥ 2 min) and also limits
the running time of th e to approximately 20 minutes. Bolh the
depressor arm and geared~tuntges are adjustable so the starting time
can be readily set for any va from O to 95 1/2 hours in advance,

B.5 PEAK PRESSURE GAGE

The peak pressure gage was exti .ﬁiy simple in construction con-
sisting essentially of six major co ;ggents~

(1) Standard Pressure Cap

(2) Gage Plate. A 1/2 1 tn steel plate, 8 1/2 inches
in diameter. A pressure inlet hole O. 152}ghches in diameter weas
drilled through the plate slightly off cejter e pressure capsule
was mounted on the plate with capsule inl hole in line with the2 hole
through the plate. A

(3) Glass Record Blank. The blank wa§ & rectangular pi.cce
of glass coated with an aluminized surface (see; Ffkure C. 2) The
blank dimensions were 1/2 inch wide and 1 inch lén§ in operation the
blank was cemented to the slide.

(%) Slide and Slide Holder. This unit pro mounting
for the glass blank and was mounted beside the capsul dﬁ the gnge
plate., The holder was so mounted that Lhe capsule st us/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
provided with 2 1/2 inch diameter pipe threads to permit auxiliary
rounting. '

(6) Adaptor Ring. An adaptor ring was provided which
bolted to the gage plate and was provided with 6 inch internal threads
for mounting on the standard gage mount.

The gage without the cover is shown on Figure C.8., The gage with
cover, ready for installation, is shown in Figure C.17.
The gage was calitreted as a complete unit., The calibration pres-
¢~ ssure steps were plsced on ihe record blank. After calibration the
{ { Ublank vas advanced. This movement caused a base line to be scratched
rion the blank. The cover was then assembled and the gage was ready for
. iﬁinstallation. Figure 3.15 is a photograph of a record blank showing
~ thescalibration steps, the base lihe, and a typical peak pressure
re?érd.

B.6 -DINAMIC FRESSURE GAGE

;o
B.6.1 Geheral
;ii‘é
Tiéﬁd%n%g;c pressure gage or "q" gage is a self-initiated, self-
recording gage{fqﬁ measuring dynamic pressure. Static pressure and

stagnation pronslires are recorded on & single aluminized glass disk
by the actlon gﬁi;fo pressure sensing capsules.
-(ge

The gag e Figure C.9) is 38 inches long and 3.8 inches in
diameter with a b rical nose., The statlc pressure inlet is
12 5/8 inches from ront of the gage and has a dismeter of 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 5/ inch, 7Two 3-inch fewale pipe weldolets

are welded to the bottom of jthe 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 facilikate recovery. Projecting laterslly from

the rear of the gage are a photof??} and a fusible link for initiation
3

of the gage. !

B.6.2 Reccrding System ig*

¢ 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 siy, will scratch
concentrate traces 1 13/16 inches and 1 S/S.Zgiies in diameter on the

aluminized coating on the disk. ™
Rigid mounting and precision machinidg#ye critical in the unit
consisting of the recording disk, turntable, mounty—amd.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 iﬁ% 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 Ls_volt
photo 1nitiator power supply, and the photo initiator chessis 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 initlated elther thermally or
photo~electrically. The thermal switch and the phototube are located
on the rear chamber and are connected to the control section through

jp;essure -gealed connectors. The thermal switch is held displaced by a

{ I fi1sible link which falls at about 155 F, Parallel with the thermal

] switch is a locking relay which 1s closed by photoelectric action. A

_*»turrent flow of W00 micro-amps through the tube closes a sensitive
“relaywhich in turn closes the locking relay, providing a closed
circuit for the drive motor and the electrically parallel timer motor.
An aﬁéustable cam on the shaft of the timer motor opens a normal-closed
microsu;tch, stopping both motors after any predetermined running time
of frem®0 tQRBO sec.

B. 6 L Prelﬁninary Shock Tube Tests

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

at the BRL shiock tube to determine optimum dimensions and damping of
the orifices., 7~ inshy covered static pressures from 3 to 30 psi.
Various sizes o uf .m1+n pressure orifices, damped and undamped,

end varying quantrties damping material in the static and stag-
nation pressure inletézgéfe tested., TFrom these tests, it was concluded
that optimum result:; 2ind be obtained using a stagnation pressure
inlet of 1/b inch dirgiter with a 3/16-inch-diameter choke 1/2 inch
long in the nose, witﬁ%&fh- in glass wool damping in the static
pressure inlet and no dampingimaterial in the stagnation pressure
inlet.

B.7 CALIBRATION OF PRESSUR S

I

B.T7.1 General

Since all pressure elementjyfz ven in a given range, were not
identical, a static calibration was required for each. Each scratch
calibration in the form of a group of "fillags" was recorded on en
aluminized glass blank as used in the p pressure gage.

The element was mounted in a fi e with the recording blark,
To insure good response from the diaphraga, e c?;%ew element was

. exercised by epplylng the rated pressure abou§ 10 times. Stylus

pressure was adjusted to a pre-established nogﬁ;gnd a gasket leskage
check made at rated pressure The pressure cuum steps were then
applied to the element and the fixture manipulated ?Sgﬁﬁ{QuCe the flag

calibration.
~ The record was read with a precision micr** ¢ 'nrd a calitra-
tion curve similar to Figure B.2 was drawvn for e.'l »lL.- .'. 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 HRL 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 elerents were elastic beyond the manufacturer's rating and
were calibrated above this rating. The following tabulation gives the
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Z
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§ 2s T gf;;i r///" ELEMENT 26-153

LY Eio, -
x A : FLAG CALIBRATION 178
o

{E:!; 27 FEBRUARY 1954
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Q:D
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-25—10 -5 0 5 10 8 20 25
PRESSURE (P.S.1.)

Figure B.2 Typical dalibrati{uﬂ rve for a pressure element,

i
maximum pressure to which each ranﬁi‘ elements was normally calibra-
ted.

-
Element Rating Makimum Calibration Pressure
(psi) (psi)
5 . 3 10
10 iz 16
15 %’“ 25
25 ] 4o
50 73
100
150 4 §§§
200 A
Loo 50
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B.7.2 Calibration Equipment

A calibration panel built at BRL was designed to Be & complete

§§ ?E field unit in itself, only a 110 V A.C. power source being required

i §§ for field operation of the panel. An aircraft highipressure air com-

% J pressor and reservoir and a vacuum pump were part of the calibrator.
P 2se and a 28 V selenium power rectifier were mounted on & collapsible

% stand and connected to the calibration panel.
ﬁ% Flexibility, ease of operation, and safety were prime considera-
gftons in the design of the panel. Use of numerous pressure elements
he various shots of the test series made easy operation important.
uol‘]Old valves and a simplified control system were incorporated.
ng?lato*s allowed a quick setting of pressure steps. The interlocking
qégg system and locations of operating switches and buttons promoted
the--gafety required by the high pressures sometimes used in the cali-
brator. Tbe pneunmatic system was built very tight for accuracy in the
application of the pressure steps. A front view of the calibration
panel is’shewn in Figure C.15.
Three large, precision gages (20, 100, 500 psi ranges) were
used in settlngsthe pressure between 2-500 psi during calibrations.
The 20 psi standﬁid was a differential-pressure gage and was utilized
for all vacuus medsurements. A water manometer was used in conjunction
with the L&¢L‘ ation pauol for the setting of very low pressures.

st s

mmdnmmwrh

i)

B.7.3 opPCIal Callbt&%ipns

' Because some Lézagrange elements were overstressed in Shot 1,
overstressing calibrationg mdre run on a group of elements of each of
these ranges. The elementg~§uffered 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 bve recalibrated toj §he higher pressure without further
deforming the element. While thg jcalibration-after-overstressing
curve was never a straight line en in the low-pressure region, it
wag a smooth curve all the way to the §V stressing pressure. This
overstressing technique extended the r e of many of the higher rated
elements used in subsequent shots of tE;ﬁ%est series.,
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Appendix C
PHOTOGRAPHS

'

L ——

[o-iPs ]Evs,so,us;zs,so',nco.'so, ps]l0-200, 400, rsi]

Figure C.2 Various types of recording blanks.,
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Figure C.4 Pressure-time gage w/o case, photo initiated.

L]
Lo}
S
]
o
4
o .
5 %
- ¢ s < &8s i
sy R ¢
h: 2¢ w
g R 1 T¥lo ;
P~} { 3 H
5 P ILILERs |
nwa 4 i ww ' ¢ H
M@ w T e R At(i.rL.U..RL a ! - “
: EN
H © ' i
i o ! :
HE .- ,
H > t V!
LB b
® b
b
Q w.u .
= : g
» fo i
' L !
: o
0 . i
@ , |
o v !

TR IR

¢ s o s s

68



. G RN I ke

s T ki

et

g

LN

-l
- S

——. Vol ariian,

e Y

1
1
H - ¢
W M ) ; S
m“ul resmm———y I 5
] ) i{%&LM DI
i

B AT

Lria
P DR
~ 1A .9
(RN e L

5 !
; hd 3 L - {
} g !
H T YR : e o
; e ] > %
It N
' v ] .
4 i P

ar;

)

’ th
—
1
"
-l
a
A
o

"’:@age in 6-inch pipe mount.,

i

f

[

i
8% .
TRV

[
B A4 0 T

H

.
< ied SLass
O

Figure C.6 Drum-type pressure-time gage w/o case.

F
e et it de S a bl "”"”“"“""""’_'-"““"'v%:" o
i1
Cf
{
s
7
£
£
!
&
k
i
i
/
:
<

! ’
N
b
o
o L
........ I
g -0
m &...FL - . i
1 4. A — -~ b i b sl N »
b R
Nt s

P

g,

——)

i §
| S—

87



Lpee g e

S

I

g

" T ey

v
+ i\:r»lol..;k.,&trrflm b

IV &

-

.
) f B, i
f 3 B :u‘ \ B A m .
! . . g T w“?l
i i 000 F
£ st
w ' .‘. .k
{ ; N - .
N 4 | i
\ - 1 { 0
L Y Jo [N
w, ‘n i r}/ It w >
L — : o
. 0
! ! o
g ,...aw.,,. : . ) u
9 ' . "~ : - ] %
3 ' ﬂvk/ ) X 32
- H ; m
A UK B Y H b“.
] d
. V]
i B
!
e, i
N § ©
. ' .
. . O
R . .
Q,\uo , ; : [ ,
/ ‘- ! W
/ N
- ; | =
. i |
¢ . yo
S . ) |
. . 3 {
2 i : T
- 4 '
v S i ' : i
F) m . N 3. L ; w i ;
3 .7 i P
i g bR : o ;
¥ b s E4 J i e - i
Soe s X ) M )
et " % fiid " ~ - " e
g,
, xr:?-s:* Jz

RAR—
Sorotor i
e
o
7 o
S
-
| S—
o—
o #
EO—
.

68



-

PR

COI P Y

O —

o e e ey

3
4 .
_ }
} :
H :
. :
M ’
B e ]
i 4 : .
o
\ h :
5 7 -
; \ 2
B i
.
“o

SRS

?
|

Nose section, dynamic pressure gage.

-

By
Tvumnrazie sy uw?w!{ o

NS oCrze

REv ~opr,

Figure C.10

T peravig

69



-

[

Py

i

SAR—
 —
L

S 3
[ 7

B e, mtrond

i

ﬁ_ {0', P4 - 1
z o y
{
¥
iﬁ:ﬁmn l>
Ly fj };;

Figure C.11 Control section, dynamic pressure gage. 3




R e T
,/"
0 :
HIE L . ; N
ijg § “ e ‘-.‘-_.5
N M
IRV . ,
i ; L B DRUM GAUSE ACCELERONETER !
iy o
U\J
H : A
i, " i

i PRESSURE TIME GAUGE ACCEILEANHETIR :

e e e - i g

e

e = -

'
]
3
1
1
1
1
.
)
i
|

Foassom,
~y
AE
F R—
i

- T s
S

[
: i
1 |
!
"% i
i
; I
} {
1
L - !
gosast !
H 1
by i
Fa 3
. |
ST | 1
grors meae, i
i
i i
{

Figure C.13 Very-low-pressure gage.

71



A ednce

PR Ty

..0‘ £

RTINS
<
oS e ke e ot ki o s e st

ey

Rl

it i

o
| ——

zz%.,ﬁ
e
—

igsﬁ;seligzi

oS
@
a
f=)
@
w
12}
o
n
o
o .
i % . 4
) Y .,
@ . B
A N :
y i o !
| 5 ! m _,
o i ® ;
- N 1
. : 4
- vy R : '
[ SRS o~ ———t
¥ . o ( .
a S T s |
5 4 4 [N i
m.. M Sy . / ,
- = :
3 z ! Y “
. : > 3
# ! :
o - ;
. ..ﬁ i b ;
Lk ” ; :
St i :
E e ]
o . |
g i . 3
N “ '
! S o e e st e

Figure C.15 Operation of calibration p

72



i it e

i

R .

SN

1 G,

,
e
st omiminy

P
bevmseremrscmrensnt

PE—

f

[TP——

PR

| I—

gt

oy R T AR
G e L el e wd

mount.,

< e ey

.

B
T iy

r
s
b
H
4
i

st A e

essure-time gage asgerbled to 3-inch pipe

g~ e ——— ey

U AN T TRy oy JUREIPRPI ¥

Figure C.1

58

Figure C.17 Peak pressure gage,

73



ot L,

ki e, ot i

-y

2 St

R

*8IUSWATE J939WOIATI008 FuTMoys 2983 awTy-oanssaxg 910
. ' 1“1;.,:3_ ; e = . .
3 At St B PUPUN v. FIYEAER N RS S BEPE Ik
y,,“. aylagee ! C g ILINONTARILY TVLNOTINOH , : o .
de\mw-ww.lhn ) .w;‘.,.xx.’i.r»xy. - e PO B 1% 3 ov:m.cu‘.“
¥ ' ToyarInowdII0Iv YOI B zunssavg
! o o o R .

e e et b b b 1

R L TR N N N SRl

s o3
i . )
I
A
t
W \
B TP,
M - »
8
_ !
(a3 |
L L ,
h Ranuante R
1
L, et A “
SN,

féft, ot ki 3Bt L

oy e,

w,.s:N .

e

Bt g
- S
e s oy
Tnmiriatiagoe #

ti.ﬁa. ii&%&
1 i,

| SS———— |

e sy,

u
?553551
i)

LT TT——

{
!

[ E——

Ty

e

3mMSTY

S i e ey

H

74



ATl by L e cosnds et

7

et o
| SN—

Appendix D
POSTSHOT PRESSURE-TIME GAGE INSPECTION

Many of the gages were inspected after the shot to obtain informa-
tion applicable in explaining defects in thelr recordings. Thus, by
ccrparison of gage faults and record defects, a correlation could be
*“toualned Unfortunately, the number of variable factors affecting the
1 gzges--pressure ranges, combination of faults, orientation, etc.,--was
~*oo large to promise a highly reliable correlation, and thus measure-
ivnts made during the inspection of the gages were concerned morec with
expressing the faults in relative terms than directly, and were not
zzde fto a high degree of accuracy.

§§External damage to each gage was recorded in terms of the angles
throdgh which protruding parts were bent, depth and extent of chipping
21 send bla@tlng by flying particles, and burning of exposed flammable
raterials égithe gage.

An i ﬁnal ‘inspection was made, first, of the turntable drive
==chanism ﬁ}Géwcetermlne the extent of free movement of the turntable
shaft alo s ax&g the amount of wobble of the turntable (the
distance its ed e, uld be moved in a direction parallel to its axis
of rotation) *“-"f“v axis perpendicular to the shaft axis, and the

slip in th.» *etween the motor and turntable (measured as
the angle - '.roachowh Hzﬁhe turntable could be turned with a ninimum
of resistance). &Q;‘ ‘

The capsule was *. ™ ' ° for any residual distortion or leaks
and the stylus arm w'. *, ' ' for parallelism with that radius of
the turntable which . =3 ough the center of the capsule, and the

stylus was checked to see tHat it was perpendicular to the recording
disc. Any discrepancies wedel recorded.

The capsule was then rdmpved and the amount of damping ard its
coandition and the guantity of foreid matter in the orifice was
recorded. Also, as a triple checl‘zl gage assembly lists, czpsule
ruzbers were recorded against gag bers.

The traces of the recording ;;EES were then rechecked for
specific defects which could be giuped generally as, (1) the cuose of
no record where either there was no tragejwhatsoever or where the

trace disappeared before it reached iubg f't, ‘2) the case of an
inaccurate record in vhich a record was, :E:‘* but did not zyvrer with
other gages in the same cluster, and (5 e gasg of a distortnd

record where the trace was lngtable both as to %1me and amplitude,

By comparison of the notes on gapge inspeg ien and those cn tha
recording discs it was generally easy to find:v € reason for gage
zalfunction. Where yields were far above thosg predicted, failure to
echieve a record was caused by such large pressures the ¢ sules
were permanently distorted and often in such a way Fgo lift the

dar these cxcess
cked and i'ell

stylus away from the dise., Also, the discs 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 timirg arrangement allowed the gage to continue
ruining until a reference line hed Meen scratched on the disc so
broad that it masked a small record. 1In a few other cases, the reason
for lack of record was not isolated.

In some instances records were obtained but differed from thoae
produced by the other geges at the same station or presented unlikely
characteristics. Several possible explanations have been offered,
same of these belng turbulence created at the front gages causing an

g ~~grronecus pressure to be méasured by the rear gages, dynamic effects

ig"i‘&x

ich cause the responses of the various pressure elements to fluctu-
te about their static calibration responses by differing amounts,
Jvhriations in the degree of danping of the capsules, and obstructions
whichghave found their way into the crifice. As yet, a thorough
investigation has not been made of the first three cases, but where
the &@p of a record was clipped above a certain pressure, 1t was
founﬁ that some of the permatex which wasg used to seal the element
gasket§ had, been squeezed into the orifice thus forming & sort of
pressure se@g&tive valve that was forced closed after the pressure

. reached a eé%taln value and which did not recpen until the outside

pressure igcajed sufficiently thdat the air trapped inside the
capsule could force. the "valve" open again. In another instance of an
erroneous racord the orifice was found to be Jjammed with a very fine,
hard packed duat.

The most (% “pdt case and, thus, the most disturbing was that
of distorted -&cf?ﬁu. en an attempt 1is made to compare the gage
inspection data with + f‘“'k e2crds an unfortunately scettered array of
data presents 1tself, ¥ .ncl gage has its own peculiar combination
of turntable wobble, iﬂ; .Zuy, and shaft slippage and very few of the
gages are submitted to ] nagnitude of blast pressure or
intensity of shocks c«used by iflying debris (as indicated by depth of
chips on gage surfeces). And, again, it msy be difficult to separate
over-shoot in the record from jthe effect of vibrations except where an
indication of the extent of wpingﬂi% given., BEven a process of list-
ing the gages in the order of the geverity of a particular fault and
then looking for & trend in the coi ponding records 18 couplicated
by the interplay of separate faults, e.g., the same amount of turn-
table wobble in two gages in the cgasle pregsure range mey glve varylng
effects on the record depending on the e the siylus arm msXes with
the plane of the turatable.

A cursory examination of the recordé¢r; and its comparison with the

notes on the gages, neglecting as it would - .:% -7 the interplsy of
gage defects, points to the wobble in the < - ‘... as the chief cause
of the amplitude distortion of the records. Ik;is difficult to tell
whether the backlash present in the gears of e drive rnotors is
alone responsible for the distortion of the recoras on tne time axis
or whether it is a combination of this and the slip he coupling

together. This is a valld point of doubt since the $ ble shafts
in some of the gages bound In thelr bearings thus cr g & breking -
effect (similar to that of the braking edded to some ‘vf~the modified
P gages) which would tend to prevent backlash.
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A detailed examination of the data was made at FRL and the follow=
ing modifications were made on the gages used on Operation TEAPOT.

1)
2)

(3)
(%)
(5)

Revision of the turntable drive bearing system,

An improved coupling tetween turntable and motor to
eliminate the motor reduction gear backlash and slip
at the couplings.

An improved method of rounting the recording disc to
prevent its cracking under shock,

Research on the control of quantity and kind of
damping material best suited.

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.l INTRODUCTION

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

! iundertaken the problem of developing and proving the feasibility of a
z*self—contained, self-recording scratch type accelercmeter.

. After considering several methods of approach it was decided to
modifly;the Engineering Research Associates (FRA) elements already on
hand.f ;Actually the only components of the ERA elements that were
retained: were the springs. Essentially the prototype ERL accelerometers

were constructed somewvhat like the original ERA elements, save the

modlflcatloa' needed to convert the elements to a self-recording type.

E.2 mommnon_

‘ E.2.1 Elements

The new ac%éle*ometer elements have a mounting post, an ERA
spring, a mass at the gagjpf the spring, a stylus spring with stylus
sttached to the end ﬂ”“““ ~~353 and a demping plate. Figure C.12
shows the complete ... y Jor both the standard gage and the drum
gage elements. The -:75% ori-ical members of the elements are the ERA
springs and the weights of th masses. A frictional damping between
the stylus and recording disq as used rather than a viscous fluid
damping. i

E.2.2 Mounting of Elements

The elements that were mounted*in the P, gages were oriented in
a vertical and horizontal plane so;&bat vertical and horizontal
acceleration could both be recorded on tﬁ“isame disc as the pressure
versus time record. This mowunting syotum s shown in Figure C.18. The
drum gage hed only one element which mea%ured vertical accelerations.

The gage and mounting post are shown in Flgure C. o.
E.3 CALIFRATION OF ACCELEROMETER ELEMENTS

E.3.1 Static Celibration

The protctype accelerometer elements were calﬂbrated at the Naval
Ordnance lLaboratories (NOL) facility at White Oak, M&ry%ahd. A low
speed centrifuge was used to make static calibrations.’- The centrifuge
is known as the "NOL Centrifuge (Llow 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. Each element has a calibration 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 —
ELEMENT F w/s A /

o~ STATIC
e~ DYNAMIC

24 AUGUST 54 /
300

e e

200

OEFLECTION IN MiLS

=

T NN

10 20 k 30
Rl ACCELERATION IN G'S

©

Figure E.1 Typical staftic and 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 ?@rsus acceleration in G's was
drawn for each element. i

PrEne—

i
[T

E.3.2 Dynamic Calibrations

£

The elements were also given a dynamicicalibration on a drop
tester. This tester is known as the "NOL Drop Tester (12") Type 1A".
The nmount used on the centrifuge was also used..for the drop test. By
varying the drop heights and the lead slugs on the auvil, each elament
was exposed to selected values of accelerations. 7y uxis of each
element was oriented tangent to the radius of the d@ségtb gain optimum
results. Typical calibration curves of voth static;gﬁ@fdynamic
accelerations are plotted in Figure E.l.
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E.4 EKRSULTS

Shot 1
Station 122,05

No readsble records. Gage only ran a short time.

distorted.

Station 123.03

{ Element end range
~ Deflection in mils
Acceleration in g's

Duration
.Erequency
Bréssure

Station: 123 03 was located 15,925 feet from GZ on » reef between
Low tide was at 0756 on shot day, leaviug most of the
To explain the extremely high

Charlie and D@ .
gage mounts/

ove the water level.

Horizontal

.Acceleration

D {0-20 g's)
190 mils

Approx. 50 g's
(extrapolated)

6.8 seconds
6 cps
19 ps:

yom

Curves very

Vertical
Acceleratygg

F (0-15 g's)
30 mils
7.2 g*s

2.2 seconds
Not readable

horizontal 0r>rédial‘acceleration at this station we must consider that
the gage and guge 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 disfortions of their records.

is probably a truer vajue in

shock wave was 1mpre¢sé@jig a coincidental plane with the gage and
gage mount, with the cgzq; reef acting as a baffle to the gage itself.

rd

P

Shot 2
gtation 122.05

f?

Ko readsble records. qu% only ran a short time. Curves very

distorted.

Station 122.07

.
[
i

Gage lost. Only two gages raéovered from this station.

Station 123.03

¥lement asnd range

Deflection in mils
1st peak neg
2nd pesk pos

Acceleration irn g's
1st pesk neg
2nd pesk pos

Duration

Frequency

Pressure

ig
??

Eorizontalg
Acceleratieg

H! (0-5 g's)

—

113.% mils
Lok 6 mils

6.5 gts
24,2 g's
3.8 seconds
9 cps

15.7 psi

80

Vertical

AccelaTation

¢ (0-15 g's)

{hQ scconds

37 cps

The vertical acceleration
magnitude of actual acceleration. The
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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, sgain leaving

most of the gage mount above the water level.

The high horizontal or radial acceleration wass, pirohably 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, vhich is predominsnt,
acceleration 1is probably a truer indication of the appl*ed acceleration.
The coral reef once more acted as a haffle to the gage.
was agein impresced in & coincidental plane with the verticel axis of

the gage.

Shot 3
Station 122,17

Gage did not run until shock wave arrived.

Again the vertical

Tza shock wave

If there are any

acceleration records they are indistinguishable from the resulting
hash; during the procegs of putting the elements in place.

‘Station 122,19

Ho vertical acceleration record.

nge

Deflection mils
lgziyéak .
2nd pe ~*i
3rd pe?kg

Acceleration in Séif
1st pe
2nd pesk
3rd peak

Duration

Frequency

Pressure

.5 gls
=
iR g's

o3

Horizontal
Acceleration

I (0-30 gt's)
1.5 mils

2 mils
2 mils

5 seconds

;
. ot readable

10.5 ipgll
H

L .
Station 122.19 was located 5,§2p£feet from GZ in the clearing on

Uncle.

The acceleration indicated on this

limits expected.

Station 122.20

Element and range
Deflection in mils
Acceleration in g's
Duration

Frequency

Pressure

L

Horizontal

Acceleration

L (0-20 g's)

gﬁge is acceptable within the

Vertical
Accelaration

iLI(0-15 g's)
ils

*%¢85 seconds
Not readable
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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
. Flement and range H (0-5 g's) At (0-5 g's)
“"Deflection in mils
b lst pk neg 96.5 mils 101.4 mils
iy 2nd pk pos 32.2 mils 97.3 mils
Ac¢eleration in g's

st pk neg * *

.2nd pk pos 4.55 g's *
Duration; 7 i Not readable Not readszble
Freguency Not readable "~ Not readable
Presgsure: 2.2 psi

* Calibragﬁég.Curves are not complete enough to
cover thdgsé ranges.,

Station 124.07 was {@E@?ed 10,900 feet from GZ on Peter.
S

x,
The readings at thié?%tétion are probably in great error teczuse
the gage did not rum. o

Station 124.11 R i
- No visible record. g

Station 124.11L [
The vertical acceleration record is not clearly defined.

H gred
Horizort}
Acceleration s

£
&

Tlement and range

Neflection in mils i}
1lst peak 2 mils =
2nd pesak 2.5 nils
2rd pesk 2 mils

Acceleration in g's
1lst peak 6 g's
2nd peak 9 g's
3rd peak 6 g's

Duration Not readable

Frequency Not readable

Pressure 8.15 psi
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Station 124,11 was located 5,596 feet from GZ on Sugar.

Shot 6

tation 124,16

Station 124.19
Element and range

I Deflection in mils
: jAcceleration in g's

! Station 124.20
Element,and range

% ‘n mils
¢t in g's

Statlon 12%,82
Element ané\range
Deflection, ;ﬁz@lls
Acceleratlégfkn QN
Station 124.23 ﬁz
Element and ran 3
Deflection in mily
Acceleration in g's

Station 124.24
Element and range
Deflection
Acceleration in g's

Station 124.27
Element and range
Deflection in mils
Acceleration in g's

E.5 CONCLUSION

Horizontal

Accelerations

I (0-30 g's)
28.% mils
1i.5 g's

F' (0-40 g's)
16.5 mils
15.0 g's

D (0-20 g's)
84.2 mils
10.4 g's

J (0-15 g's)

[T —————

Readings on Stations 120,08-R, 170.03-R, and P 1 are on drum
gages., All records are distorted.

Record discounted. Excessive oscillations make record questionable.

Vertical
Accelerations

K (5-40 g's)
11.8 mils
9.5 g's

E (10-40 g's)
Not readable

¢ (0-20 g's)

55,8 mils

9.8 g's

L (0-20 g's)
No record

Kt (0-20 g's)
36,0 mils
k.2 gts

It is the authorts opinion that these scé&%gh-type accelerometers
are feasible and recommend that more time andeanpower be used to
develop them for their maximum efficiency. -
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Appendix F
THE VERY LOW PRESSURE (VLP) GAGE

F.l INTRODUCTICN

. "The very low pressure (VLP) gages used in Operstion CASTLE were
désigned and constructed at BRL, They are simple in operation and
i pequire a minimum of maintenance., The stations for this operation were
“.attended by ene technician although they can be modified to start at
zero time by the use of a photo-cell initiation circuit. The gage is
selfécpntained and self-recording and is capable of measuring pressure
differentials in the O to 0.500 psi reange with a sensitivity of 0.001
psi.: "=

F.2 DESCRIPTION
The ViF;gége itself consists of four major parts:

1. A preséx _sensing dlephragm which consists of a single phos-
phor-bronze convolubéd diaphregm, 5-3/4 inches in diameter, having a
stylus arm with & sapphire tipped needle scldered to the center to
transmit its motion tgﬁ?@g recording dise.

o
2. The recording™disc is a five-inch diameter glass disc, 1/16
inch thick, with an a%i%ipﬁzed coating. A trace of less than cne mil

wide and approximately E-B/h?f?ches in diameter is recorded. The width
of the trace will vary with th quality of the coating and stylii point.

. 3. The drive motor waiN spring driven chart drive type with a
recording speed of one revolution per-four hours. The turntable which
held the recording disc was mounte% §irectly to the drive shaft of the
motor. e

. i
4, The gage case is a steel Box eight inches square on the front
and seven inches deep with a removable c@v%r on the top. A rubbver
gasket was used to seal the lucite cover ?$king the gage air tight,
Two views of the gage are shown in Figur%3§0.15 and C.1h,

gt enmmty

F.3 CALTERATION

calibration before being shipped to the field. They were however
calibrated soon after their return to the laboratory. : ggng a small
valve on the side of the gage, a vacuum system was uée@,tp calibrate
this type VLP gage. R

.

i
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F.4 FIELD OPERATION

In Tield use, the gege is placed in a louvered box which serves

to minimize wind effects. The spring drive motor isswound 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 ambiesnt 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
HE henomena, time pips are placed on the record disc. This is accom-

t plished by removing the relief screw and inserting a small rubber tube.
: 1 Acvery slight suction is applied by mouth deflecting the diaphragm and
“.producing a sharp pip on the record dise. A number of pips are record~
ed iA ‘this menner at accurately known time intervals.

F.5 .FRESENTATION OF DATA

The data:recorded 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 Corporatiqnﬂysing microbarographs (see Figures F.l, F.2, F. 3,
F.4). Four reprasentatlve records were chosen for this comparison.

.\,’ ’.

F.6 DISCUSSION AHB“RECOMMEIHMYPIONS

The comparison oft %ﬁé records made by BRL and SC at the same
locations show excell rrelation. The only difference being on
Site Elmer on Shot 1 bf the record from the ERL gage shows evidence
of a leak as it does not rec%tﬁ all of the pressure flux indicated by
the SC record.

In addition to being SLi% e to operate, and coanstructed of few
parts the gage records d;rebzgy on the recording disc and does not re-
quire the-additional calibration ofsmplifiers and recording equipment.
The amplification of the record is Kols ta;nua through the optic system
of a toolmaker's microscope. f .

The gages were usually placediﬁn the fleld six to eight hours
before shot time and could be left unattgnded if necessary. For an
inexpensive, self-recording, sensitive pﬁ ssure time gage the VID gage
has proven itself to be reliable and acchrate,

H

u- qe—
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