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ABSlf?ACT 

,:i<) 
Operation CASTLE presented an opportunity to obtain-&we&&h&. 

I i L,.d air pressure data in high and low pressure regions from surface bursts 

i i p--a of high-yield weapons. 
fa 3’ 
‘r am Air-pressure measurements using self-contained, flash-initiated 
p._-p ga&es were 'successful. Over-pressure data were obtained up to pressure 

l+~ls of 250 psi. 
g newly developed self-recording 
8 were obtained over a dynamic 

results. Two distinct curves 
ed from the two blast lines 
roximately 180' apart,,one being 
er on Site Uncle. The pressures 
as much as 20 percent lower than 

the pressures n Uncle. Evidence exists which 
seems to indi heavy rainstorm was localized over the Tare 
Complex at ze t would seem possible that a significant re- 
duction in pressure result when the shock wave passes through an 
area in which preci ion is occurring. 

The validity o r yields as great as 15 KC 
appears to have bee 

The dynamic pr apparently in agreement with 
theoretical values, 

Vhen the overpreseur obtained on all shots were scaled to 1 KC 
at sea level and plotted, 1.6 IKT free air curve appeared to be the 
best fit. 
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Chapter I 

1.1 PRIXARY oI?J!xTIvE 

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 4.C 
psi through 200 psi, Improved versions of the self-contained, flash- 
initiated, mechanical gages, which had been used during Cperation 

/@iLci UPSROT-KNO~OLE were utilised (see Reference 1). The measurements 
: 3 bi. vere to e.xtend the scaling laws, to increase funtinentdl air blast data, 
i \ ?aml to improve the prediction of blast parameters produced by the 
is:5$detonation of high-yield nuclear weapons, 

f"Z 
: ‘1 

l..gjl Secondary Ob,jectives 

1 t _14 
6,,.~$ Secondszy objectives of this project were to: (1) obtain 

e measurements for Project 3.3 within a tree stand and to 
to undist,urbed medium measurements at similar ground 

the gages and aid in the analysis of both pressure- 
..* -: I’;--- data for Project 1.8. (3) provide full-scale 

tests of newiyl Q;L_;*' 2 ..1 self-recording gages iesieped for the measure- 
ment of dyn?ui!la,~rc~3.;urcs, ground accelerations, and pressure-time; 
and (.4) estaSl.i !33 f!:,: va'L.i.dity and accuracy of the records obtained by 

comparisons with electronically recorded 
measurements. 

1.2 RACKGROUD 

litary effects of nuclear weapons 
requires adequate arious phenomena which occur 
during and after t A basic phenomena is 
the pressure-the-u of air shock waves resulting from 
the detonations of these veayons. eration IVY was the first oppor- 
tunity to study the blast phenome of a high-yield device and 
further the IVY Mike shot was ond surface burst of a 
nuclear device. n was obtained not only in 
scaling, but also for determi points of the height-of- 
burst curves. “%c experiment were obtained from 
Sandia Corporation measurements Because of 

d at pressure levels 
greater than 20 psi; however, data that ned tended to verify 
the scaling procedure. It was rcco&ze that additional 
data in the hi&her pressure regions of a &st would be of 
great value. i:!.!~: 3LSTLE were 
instrumented to provide air pressure data in high 
regions from surface bursts of high-yield devices. 

13 
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The high yields 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 SAZI?TOh'E and cZIEENHOUSE. An extremely flexible 
f;eld layout and operational organization was mandatory, because of 
Fh~e widely scattered test areas srhich,were located on both kniwetok 
@$ Bikini Atolls. The flexibility required was further stressed by 

---the zodlficat Len,- J made during the course of the operation, not only in 
e_~cctod yiuld cf'the shots, but also in .the particular shot locations. 
Ergny @&ages in gage ranges aad stations were required. As an extiLlpl_e, 
one sho&_originaJly planned for Bikini was shifted to Eniwetok. The 
instrtis&ation at the new test location was not firmly established 
until after $?4 cancellation of another shot, planned for Eniwetok, 
L-\'-%.'--~ %->A '~~~pl.etely instrumented. I . . I. In a matter of a few days 8l.l 
. . , . . ( . . 0: ‘.:. from the canceled shot area was recovered and trans- 
. ,.. . 

” ‘> : _., I ’ ‘2 :’ with additional new instrumentation to the new loca- 
tion and installed"~$$surveyed stations. All work of station locations, 
surveying, 8nd in&$~ation for this shot was conducted by project 
personneil 

2.1 STATION AND IXXl? 

A total of 71 gag 
obtain data from the s 

were used during the operation to 
These stations were scattered over 18 

islands and along reefs locat in the two atolls of the proving 
grounds; in addition to the i rumentation instaLled to accomplish the 
primary objective, m&y stat1 were constructed by project personnel 
to obtain the data required b he secondary objectives. Table 2.1 
indicates the number of stations an e nmber and the types of gages 
used for each shot. 

2.2 FIELD LAYOUT (BMST LIXES) 

Predictions of the expected overpres es versus distance were 
required for each shot in order to locate ge stations in the region 
of interest as well 8s to SeleCt the prop gage ranges. The composite 
curve of free-air pressure versus distant : ,.‘ry k 2 Xl! fron Operation 
TWBLER Shots 1 to 4 (see Reference 3) was . ,' pressure predlc- 
tions. The use of this curve for predictions elieved justified 
by the reasonable correlation with Shot Klke. 

The gage station5 were located by scaling distances by the 
cube root scaling law. The ground distances for the actor 
installed stations, l22-series and l23-series, were b upon the 
average expected yields published for the various sho the early 
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FQJ&.$$ 122 Series station prior to backfill. 

,. rl ‘1 
,.-_ -- 

‘! 
..-: 

‘1 

.’ I. 
- 

- I 

._ : 

..’ 

.I 

Figure 2.2 One type of I.24 Series station c&u-ing construction. 



: 

. 

.‘ ~,%$ j 

Figure &$;Typical 124 Series station with "q" and pressure- 
,<)]ttie gages installed. Station 124.25, Shot 6 . 

r-x& 

surface. mist t-ion in the preparation phase is illustrated in 
Figure 2.2. In ases, the gages were fitted with a ;3-inch pipe 
15 inches long, . Figure C.16. A l2-inch-square plate was 
welded to the bo 
'gage and assenblcd pipe 

pipe to provide a be‘aring surfocs. The 
then buried in the ground with the top of 

the gage level with the Wd surface. 
Those stations, a ages Vere ‘also located, required 

the installation of a This aount consisted or' *iprtica.l. 
pipes buried in the ;oximately 2 feet of the pTy>s pro- 
jecting above grade. g surface was provided by nttaching 
12-inch-squrtie plates to the f each pipe, These p-lpc~s .Jprc 
accurateu leveled and sighted on ~"0 o insure p:x:cr \2ricnta- 
tion of the gage. 

A typical 124 series station (St 25) cons !a+,tnr; of tr;o 
pressure-time gages end two "q" gages in Figure 2.3. 

333~Series:. Tree Stand Station. Thi ies of stations v:rs 
used 55 instrxxnt the Gee stud on Site for ProJect 3.3 md 
was project insttilled. The description of the'l24 serf& r;!ll also 
serve for these stations. 

The station nmbers in parenthesis listed i:: 
designate Sandia Corporation stations immediatek. :,, ? I. to Pxjtxt 
1.2b stations. 
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2.2.2 Station Locations 

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

The blast line layouts fir the various uhots are shown in 
Figures 2.4 though 2.7. 

-1% Instmkuts were installed to measure the air shock ovekpressure, 
/>$e dynamic pressure 
1 

, and the ground acceleration. JW. of the gages 
[ xgre self-recording and flash-initiated requiring no external power 

3% # l*_*j i 

l!Am 2.2 - station L.xrtlonl, Build MoU, Gbot 1 

source or cabling. The design of the instrumentatio 
basic ideas of the gages used by Project 3.30 (BRL) 
KNO’EOLE (Reference 1). 

rporated the 
LrPsIiO!r- 

The cotin feature of the three types of press e gagea, the 
peak pressure gage, and the aynsmic pressure gage was the nested 



3970 

2501 

2850 

4590 

5'r20 

6520 

3300 

9BJ 

17cm 

lmo 

55% 

3657 

I 

?t 

252' 15' 49' 4 

e8°4'w‘ 3 

a9°ca*z= 3 

252' 15' rs' 3 

252*15'4'? 3 

252O 15' b-z? 3 

252' 15' 49‘ 3 

267' 16' ll- 3 

78025'35= 2 

@o"bL'yT 2 

83'12'W 2 

ae41r5r 2 

84O37'5b= 2 

83' 55' YJ= 2 

tYP28~W 2 

e@ 37' 19' 2 
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4 Blast Line layout, Shots 1 and 2. 

Figure 2.5 Blast line layout, Shot 3. 
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Figure 2.7 Blast line I~OU~, Shot 6. 
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TABLE 2.5 - Station Locations, Bikini Atol..l., Shot b 

SiXTIO?i 

122.09 

122.10 

l22;lJ 

122.l.2 

122.13 

122.14 

l24.01 
(120.04) 

m 

JJQg 

m--Y 

J-Y 

Fox 

Fox 

Fox 

George 

George 

it&---- 

DlSXNCE 
I 
AZpivTH 

THCMGZ(Fp) FROM GZ 

9900 

XL460 

13396 

14500 

15900 

15426 &lo 54l og” 

358O 31' 13" 

9' 42' 32" 

24' 14' 37" 

31° 36' 17” 

38O 50’ zr” 

48’ 23’ 33” 

55O 29’ 00” 

64O 04* 43” 

TYPEAKDNUKESf 
OF KUS- I - 

Pt 
- 

3 

3 

3 

3 

3 

3 

2 

2 

1 

- 
P 
P 

- 

1 

1 

1 

1 

1 

1 

1 

hYi&tEM,- Station Locations, B&kini Atoll, Shot 5 

diaphragm pressure sensing element. The ele I was interck.*mgeoble 
between gage types and was avaIlable in varioj&Wessure rcu?glcd fro3 
O-l psi to O-kI0 psi (see Appendix B). i._kx 

The earth acceleration was o btalned by install. 
P 
e5pecixl nccele- 
rL\ ration element5 in the pressure-tka gage. Any my-.,-.*... yp 'Ii*? cLlzcnt5 

was 5cratched on the recording disk of the gage (,: ‘i! ::: -1 . t E). 
An extremely low-pressure gage was used for ~. ,. . I. . * ., .,,,, . #. c!;s'ue- 

time phenomenon at distance5 from 30 to 160 miles f%the d~f%or.~~tlon 
point. One gage of this type was placed baside the Sandin Coqx:rntlox(s 



TABLE 2.7 - Station Ipcatiour, Eblwetok Atoll, 8hot 6 

Pressure-time 

Peak pressure 

microbarograph station on Site Elner for test shots fired on Blkinl 
Atoll. On a number of test shots, anoth age was located on one of 
the task force ships. Although these me emnts were made with 
experimental. gages, the results appear t a te (see Appendix F). 
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' 3.1 SHOT 1 
f 

Chapter 3 

RESULTS 

3.1.1 Recovery 
i f 
\ 1 [-‘I Of the 32 gages 
%>!overed. 

used to instrument Shot 1, all but four were 
Station 123.01, the reef station neare'st ground zero, was 

blownf$t of the coral. Neither the gages nor the nounts.trere found 
aftertlhe shot. 

3 ; 
3.1.2 *~WOY~S 

ii L 

rds on Station 122.05, the station nearest ground zero, 
because excessive overpresstl-re caused the pressure cap- 
XL pressure capsules used at Station 122.06 were 

stressed appr 75 percent above their rated range. This caused 
a permanent s diaphragm, and the stylus did not return to the 
zero baseline. c capsules of the same range were calibrated to 

rated range in an attempt to evaluate records 
obtained by this method may be in error as 

15 percent. records of pressure versus time from the 
remaining static-.-y -;-.*k ;“-Y* for obtaining positive-phase durations, 
because of the 1 :. . . : Gtcessive 
hash and high-f: - *_ 
to be due to turn<able'wobbl aused by poor bearings and lack of pre- 
cision workman:M.p in the ga 

3,.1,3 Presentation of Data 

The station numbers, dist ival times, duration of 
positive phase, end peak overpress 2 obtained are listed in 
Table 3.1. All pressure readings although some readings 
are questionable. Brief explanati ding the reliability of the 
reading, type of reading, and func f the gage have been iccl.ud- 
ed under the remarks column. essure versus distance is 
presented in Figure 3.1. !I% erages of vaLues 

from records considered to be reliable. Yalu r arrival_ time 
versus distance are listed in Table 3.1, but not been plotted. 
These values may be less than those obtained ectronic measure- 
ments because of the delay in the fusible li ion system. Ro 
plot has been attempted for the positive phase dur because of the 
scatter and need of a better method of determining 

The values of the peak over-pressure have bee uced to 1 a 
at sea level and plotted in Figure 4.1, along with educed values 
of succeeding shots and a standard 1.6-K? free-air curve. 

24 



3.2 SHO!F 2 

3.2.1 Recovery 

Gages and records were recovered from all positions instrment- 
I, except positions C and D of Station l22.O7. The gage mount was 

C, 
D: 

122.06 c 
si 
Ci 
D 

122.07 A 

B 

C 
D 

l22.08 A 

B 
C 
D 

122.09 A 

123.01 

123.02 A 

5 

D 

123.03 A 
B 
C 
D 

40532 

96~ 

~871 

15925 

218 

252 

2% 

)oo-15( 

!59-15( 
w-20( 
!02-15~ 

!.%-15( 
!76-15( 
!36-15( 
ig3-15( 

96-w 

170-50 

!85-15( 
?78-15~ 

La-50 

?50-15( 

:::zc 

64-25 

86-25 

a2-25 

Peak 
werpreseue 

(Psi) 

- - 
- s 
- _ 

267 
260* 
256 l 
45 

163 l 

141 

180 l 
201 

l20* 

29' 
u9* 
eu 

4.5 

_- 

31.0 + 

19.1 l 
20.0 l 
la.2 l 

_ _ 

*_ 

0.5 
0.34 
-* 

0.55 

0.5a 
_- 
a_ 

13.4 

me 

2.0 
2.01 
- s 

I - 

_ - 

28 
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I P1 I)I 

Csi;e @topped when 
s?lock bit - P.P. ml 

Pmr P-T record 
Peak preDalus only 
Que$tionable record 

discounted 

I Good P-T record 

I Gases and mutts were 
blovn out of the 

I station end Y&-C not 
recovered 

Fair P-T record 
PRlr P-T Record 
Gage started Vhen 

obock hit 
Peak presoure only 

Peak preesure mly 
Poor P-T record 
ynlr P-T record 
Good P-T record 

Capoule split disk 
broken 

cspsule split 
capeuls split 
Ccipsule split 

fQwstlonable P-T 
Qxestionablc P-T 
Questlurable P-T 
Stylus did not record 

Irxmplete P-T record, 
pea!4 readlq only 

Ca-,aul.c wrrstressed- 
record discounted 

Penis pre*sure cnly 
Quieatiocable P-T 
record diwounted 

.' 

* r-* 
blown into the lagoon, and only two gages from t,&kt%station were re- k 
covered. . pk3 

3.2.2 Records 

The installation of the gages for Shot 2 was ished at 
the same time the gages from Shot 1 were recovered. ore, the 
records from Shot 2'had the same possible sources of error from gage 
assembly as mentioned in Shot 1. One source of error not present on 



01 NCE FROM GROUND ZERO (K FT.) 

Figure 3.1 Crowd 33ure versus diatazx, Shot 1. 

Shot 2 was that of overstressi e pressure capsule t-x%Lse of a 
greater yield than ei~ected. d was 1e-x thaa Shot 1, 
the gages apparently received ion, jud.~5g from the 
high frequency oscillation o s and the facts that 30me of 
the gage3 stopped vhen hit b so, tha: me of the 
glass recording dicks ‘rias br Ic that zest of this 
was due to using the szme mounts, which may e been s‘reken loose by 
Shot 1. 

3.2.3 Presentation of Data 

The station mrzbers, distances, arrival ti dz-ation of 
positive phase, and peak overpressure, where obta r-e listed in 
Table 3.2. A curve of pressure versus distance i f%ed in Fitwe 
3.2. The points plotted are averages of readings froo each statiOn. 
Arrival times versus distance from pound zero kre listed in Table 
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tation 
and 

ooltlon 
A 

22.05 A 
B 

C 

D 

22.06 A 
B 
C 
D 

22.07 A 
B 
C 

23.02 A 
B 

C 

23.02 D 

23.03 A 

B 

C 
D 

Dist.-.nce 
rm c2 (ft) 
Actual A-Scale 

5630 252 

290 

328 

345 

536 

586 

723 

TABLE 3.2 - multa 0r shot 2 

EC2 
253-150 

?49-150 

%?2-200 
m-150 
!51-150 
lo-loo 

19-100 
176.50 

2:::: 

77-25 

27-15 

51-15 

21-15 

30-15 
7-10 

-i 
PW& 

verpressure 
(WI 

215 

1% 

91 
-_ 

102 
62.5 

25.2 
-- 

18.2 

25.3 

12.0 

15.2 

16.0 
16.0 

-. 
r1-rti : 
Time : (s=c) , 
-_ 
-_ 
_ _ 

__ 

- _ 

0.18 
__ 
_- 
_- 

__ 
__ 
_- 
-_ 

-- 
-_ 

0.17 
-_ 

_- 
-_ 

3.44 

_- 

3.e3 

__ 

- _ 
a _ 

_ _ 

1.11 
_ _ 
-_ 
_ _ 

- _ Questionable P.P. 
_ _ G$.ieatlonable P-T 
_ _ Gage not r?covered 
__ '%e not recovered 

-- 
-_ 

3.36 

__ 

3.91 

-- 

4.33 
- _ 

DISTANCE FROM GROUND ZERO 

'Record?cg disk broken 

I C-e StoFped Vben sha 
hit - P.P. only 

Ran preahot time - P. 
OdY I Peak pressure only 

4ueutlomble P-T 
QUest?onable P.P. 
QWstionable P.P 
Peak presmre oaly 

Questloxble P.P. 
Water entere1 gage- 
Ccx%tinng off disk 

Questionable P-T 
Peak pressure 0.al.y 

Peak pressure only 
Can find na record oc 
disk 

DIscovat record - 1n.1 
hole Cl,>,zfiJed 

Peat press;lre only 

LIl:;comt rec,*.<d_lnlet 
hole closed 

Ran preohst t?me a 
P.P. only 

Gx-3 T-T 
Penk preasue *ray 

Figure 3.2 Ground surface pressure versus distance, Shot 2. 
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FROM GROUND ZERO (K ft.1 

Figure 3.3 Ground surfac ressure versus distance, Shot 3. 

3.2, but have not been Rlotted, !ihes ues should not be used for 
drawing conclusions of any kind, owin the lack of a time constant 
for the lag in the the_rmaI. initiators 

The values of the peak overpre been reduced to 1 KT 
at sea level and plotted in Figure 4. ith the reduced values 
of succeeding shots and a standard 1. -air curve. 

3.3 SHOT 3 

3.3.1 Recovery 

Of the 31 stations instrumented on Shot g 
cords were recovered. Due to the low yield, there was 
the gages or mounts. 

d re- 
ge to 

3.3.2 Records 

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

All records had small deflections, which increased the per- 
centage of error. It is felt that even with the small deflections, 
the pressures presented are accurate to 2 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 
$he tl:o blast lines are plotted in Figwe 3.3. Here can be seen two 
distinct curves, one from stations on Tare Complex <and.one from 

that there was considerable attenua- 
e due to a rainstorm on the Tare Com- 

This will be further discussed 

s of the peak over-pressure have been reduced to 1 KT 
at sea leve ed in Fi,ve 4.1, along with the reduced values 
of succeedi d a standard 1.6-X? free-air curve. 

On Shot 4 there e 31 gages used to instrument the Dog Com- 
plex. Of the 31 Gages d, al.1 but seven were recovered. Station 

three gages from Station 122.11 were 
es from five of the nine stations 

were blown or washed out of p on and over the islands and reef on 
the ocean side. Most of the s were recovered by using a heli- 
copter, although it was neces se a DUE34 to recover those in 
the ocean. 

3.4.2 Records 

ee were readable. All 
pressure-time gages used on Shot A detailed 
description of the modification can be f n Appendix B. Although 

* On Operation REZINING three of the four gages 
were recovered. Although the gages had been su 
over two years, there was no evidence of water 
records vere good andwhen the cut-off switch w 
motor still operated from the original battery. 

tation 122.13 
d in water for 
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22.16 A 

B 

C 
D 

22.17 A 
B 
C 
D 

24.04 L 
R 

24.07 L 
R 

z4.a L 
R 

!4.o9 L 
R 

!4.10 L 
R 

!4.ll L 
R 

!4.lz L 
R 

!4.13 xq 
X¶ 

!4.14 xq 
xq 

!4.15 xq 
xq 

2.1.5 A 
B 

C 
D 

2.18 A 

B 

c 

D 

22.19 A 
B 

C 

D 

493 

561 

3349 

2817 

2b3 

2147 

1458 

2147 

1734 

1615 

7a2 

904 

lo68 

TASLE 3.3 - Results of Shot 3 

I[ d 

capeul 
and 
Rwe 

Pealr 
Gverpreas 

(P.iI 

330~JO 

354-40 

3;:-2 _ 

n6-?o( 
Eo-2% 
553~40( 
>50-40( 

4-5 
la-5 

10-5 
45-15 

6-10 

S-10 

%;I:: 

41-15 
89-25 

a3-50 
.iJ-50 

g-g _ 

!06-50 

60-15 
44-15 

49-15 
35-1: 

3::::: 

55-150 
>4-150 

16.150 

13-50 

5Q.150 

W-200 

34-50 
93-15O 

91-150 

37-150 

50.0 

50.0 

55.0 
-- 

35.0 
45.0 
_s 
-_ 

0.97 
1.08 

1.2 
1.4 

1.8 

- _ 

2.36 
-- 

3.5 
-_ 

4.6 
-_ 

_- 
21.0 

2.3 

20.5 
20.0 

2Q.4 
_- 

__ 

14.9 

14.5 

-_ 

10.8 
-_ 

10.3 

-_ 

30 

_ _ 

0.121 
_ _ 

_ _ 

__ 

__ 

em 

2.07 
*_ 

__ 
__ 

-_ 
__ 

__ 
__ 

__ 
-_ 

__ 
_- 

1.17 
__ 

0.83 
_- 

Poslt1v 
hlat10 
(set) 

em 

-_ 

0.597 
-- 

_- 
__ 
-- 
-_ 

-- 
-s 

__ 
-_ 

-_ 

-_ 

-- 
-_ 

__ 
__ 

-- 
_- 

1.36 
_- 

__ 
_- 

-_ 
-. 

-- 
__ 

1.58 
r.58 

1.52 
1.53 

o.ag 
_- 

1.19 
-- 

-_ 

-_ 

I .* _ 

Remarka 

Cage did not run; reed. 
:ng queetlocable. 

AM prcshot tlm; P.P. 
only. 

Fair P-T record 
Ho rctible record 

Poor P-T record 
Q_veatlonabla 
io retible record 
No reedable record 

Did not etart; P.P. ml 
Pair P-T record 

Did not run, poor P.P. 
Cacd P-T record 

Ran prdwt time; P.P. 
OnLy 

Rae preshot time; no 
record 

Did not run; P.P. only 
Ran pres?Iot tine; 110 
record 

Did not run, P.P. onl. 
Ran preshot time; no 
record 

&x-d P-T record 
Ren preohot time; no 
record 

Sood P-T record 
Zml P-T record 

hod P-T record 
$0 rctible record 

Yo resdable record 
jocd P-T record 

hir P.P. real3l.q 
'air P.P. reading 

kd P-T rccwd 
;ood P-T record 

iocd P-T record 
ti P-T record 

'air P-T record 
.%.'I Preahot time; P.P. 
on4 
'nlr P-T record 
0 readlible record 

m preehot time1 no 
readr\ble retard 

cyil~shot time; P.P. 

bm preahot tine; P.P. 

ion tlm smll 

'Dar T-T record: sae+U 
deflectlan . 
hflectlon too emsll 
to read 



TABLEi 3.3 - Results of Shot 3 (cont'd) 

s.tat1c.n 
and 

PosItion 

c 

D 

l22.21 A 
B 

C 

D 
XC 

L22.22 A 
B 
C 
D 

!lj.Cl L 
i R __._ 

)33.02 $ 

k 
pJ 

b33.03 L 

A 

133.04 L 

R 

T 

03.05 L 

R 

T 
X9 
Xq 

333.06 t 

R 

333.07 L 

A 

333.m L 

R 

>33.09 T 
XC 
xc 

>33.10 T 

so:09 xq 
XC 

6520 

9380 

'3292 

i 
8807 

9891 

wO8 

6500 

,ce 
:(ft) 
L-SC&k 

1234 

1586 

1634 

1735 

i 

1653 

1948 

6163 

l280 

?31-50 
175-50 

L3L50 

191-50 

50-15 
57-15 

LU-25 

71-25 
23-15 

t17-25 
58-15 
l22-25 
74-25 

29-15 
75-15 

88-25 

154-25 
34-15 
39-U 

28-15 

m-25 

10-15 

a-25 

18-15 

20115 

96-25 

.36-25 
33-15 
49-15 

2- 

54- 

38- 

37-s 

19-15 

52-15 

2-5 
16-5 
17-5 

u-5 

19J40 
L72-50 

PC& 
5ucrpreseurf 

(Pet) 

7.5 
7.'( 

7.1, 

7.5 

::f 

.3.9 

::: 

::; 

::; 

4.7 
4.7 

-- 

:::, 
5.20 

1.32 
.79 
-_ 

-_ 

t% 

XI-1V.i 

TE, 

2.081 
-- 

2.2% 

__ 

4.x 
-- 

__ 

-- 

;.es 
-- 

3.16 
2.81 

__ 

3k.l 
-- 
__ 

‘ositlve 
hirat 1om 

(see) 

1.00 
_ _. 

- _ 

_ _ 

1.66 
- _ 

_ _ 

_ _ 
- _ 

_ _ 
-_ 
1.64 
_ _ 

1.50 
1.51 

__ 

1.56 

::2" 

-_ 

1.79 

-_ 

__ 

-_ 

-_ 

__ 

__ 
-_ 
-- 

-- 

-_ 

-_ 

-- 

-- 

-- 

_- 
__ 
-_ 

AffkJ 

C.xd P-T record 
Ran presbot time; fair 
P.P. 

Fair P-T: szall de- 
I lect& 

Cad P.P. record 

Gxd P-T record 
Ran preshot tine; P.P. 
odY 

Ran preohot time: P.P. 
OtiY 

Fair P.P. record 
Peak reading only 

Fair peak reading 
Fair peak rrail~ 
Good P-T record 
Cacd P.P. record 

kcd P-T record 
Good P-T record 

Ran preshot time; no 
record 

Good P-T record 
Caod P-T record 
Co& P-T record 

Ran preshot time; DO 
record 

Good P-T record 

Ran preallot time, 00 
I-X02-d 

Ran preshot time, no 
readable record 

Good P.P. record 

?an presbot time, no 
record 

Rnn preshot time; no 
record 

!lO rcumae record 
z‘xd P.P. readinq 
P.P. OolYi overshoot 

no e&i 

Ran prcshot time; no 
recmd 

Coed P.P. reading 

Rm presbot tine; no 
P?COrd 

Fair P.P. reading 

Rnn preshot tlmc; no 
record 

Peak pressure reading 

Qr\estloaable P-T reco! 
P.P. retiing only 
P.P. re:u!l~~; overelm 
not readable 

tlo readable record 

Caod P-T record 
Gti P-T record 
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TABLE 3.4 - Results of shot 4 

station 
and 

Povltlon 

122.09 A 

5 
D 

122.10 A 

L22.lZ A 

122.13 A 
B 
c 
D 

122.14 A 
a 
C 

: 
a 

124.01 A 
B 

C 

l24.02 A 
B 

124.03 A 

.ce capsule 
(ft) and 

.-SCaled Range 

343 lag-50 

-t 

174-50 
io8-50 
247.50 

3go 215-50 

179-N 

220-50 
171-50 

210-50 

203-50 

::z-:o" _ 

128-25 

151-25 

al-25 

132-25 
150-25 
137-25 
144-25 

36-15 
-15 
-15 

l ,’ II . 

94.0 
94.5 
94.2 

-_ 

75.5 

72.2 . . 
70.0 

46.2 

40.0 

40.7 

40.3 

30.0 

19.9 
-_ 
20.7 
20.5 
20.0 
29.2 

17.1 
17.2 

16.2 

14.1 

irrival 
Time 

(=c) 

ositive 
urat1on 
(set) 

_ _ -- 

0.257 2.407 
__ __ 
-- _- 

-- -- 

0.252 2.790 
-- _- 

__ 

-_ 
__ 
_- 

-- 

__ 

-. 

-- 
__ 
-_ 
-- 

1.327 
_- 

-_ 

4.498 
4.437 

4.310 

-- 

-_ 
-- 
-_ 

-- 

_- 

__ 

-- 

-- 
__ 
_- 
__ 

_- 
-_ 
2.785 
*_ 

::g 

3.44 
__ 

_- 

::% 

-- 

Remarks 

coat 1r.g peeled‘ 
Rir P-T record 
started when shock hit 
'mlk preDsure only 

lo record, bad coating 
on drua 

1e.n preahot time; P.P. 
O=LY 

?-T record, flat top 
?e& pressure record 

?an prsuhot tiae, P.P. 

QdY 
vat recovered 
Yet rsEoYered 
lot recovered 

?an preshot time; P.P. 
Q& 

iin prrstlot time; P.P. 

QdY 
?an preohot time; P.P. 

oalv 
Peak pressure record 

P.P. only 
Gxd P-T-record 
Good P-T record 
mot recovered 

P-T record - "3-a gage 
Stylus left d:nk 
Cccd. P-T re4ln.q 
Paall pressure rrrord 
Gxd P-T readtq 
Coc4 P-T record 

CoA P-T record 
Ran preaLmt time; P.P. 
Qplr 

Peak pressure rr.rord 

tied P-T record 
Good P-T record 

Coed P-T record 

no daupine tzaterial. was used in the prcssu’ inlet holes of the 
pressure-time gages, the records sholred li e 01‘ rro overshoot. mrrc 
there were fcur gages per station, the aL;r cnt ecn the-n was 
excellent. At no station did the indicate eak pressure vnry 
more than f j percent about the mean avera 

j. 4.3 Presentation of Data 

The results of Shot 4 are listed in Table 3.4. 
peak overpressure versus distance plotted in Figure 3.1 

une for 
ists of n 

man average of the values obtained at each station. 
The values of the peak overpressure have been r to 1 I\“1 

at sea level and plotted in Figure 4.1 along with the reduced values 
of succeeding shots and a standard l,f%CI free-air curve. 



3.5 SHOT 5 

3.5.1 Recovery 

On Shot 5 
Dog Complex riere 

only three of the nine gages used to instrument the 
recovered. Due to the excessive washing the islands 

3 

DISTANCE FROM GROUND ZERO 

Figure 3.4 Ground ace press-z-e versus distance, Shot 4. 

received from Shot 4, stations were left with usable mounts. 
Since the mounts were from 12 to 18 inches above the 
original ground gages each were installed at 
Stations 122.10 as feared that these stations would 
be trashed, and the postshot r ery proved these fears to be justified. 
Of the five gages installed a ation 122.14, two were lost and three' 
were recovered. ented and distances are listed 
in Table 3.5. 

3.5.2 Records 

T,ro of the three records recovere duced good pressure 
versus time traces. The third gage ran; the stylus appexently 

during the decay that pressure versus left the recording disk 
time was lost. -. 

3.5.3 Results 

The-results from 
peak overpressure point 

Shot 5 are summed up in??$ure 3.5* where one 
is plotted. The yield is 13.5 &IT, so a curve 
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Figure 3.5 Ground 

to 30 

E FROM GROUND ZERO 

( K FT.) 

e pressure versus distance, Shot 5. 

P-T record 

parsllel to the pressure versu, F distance curve of this is 
plotted in Figure 3.5. 

The values of the peak overpressure have been re to 1 K-T ,. 

. 
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at sea level and plotted in Figure 
of succeeding shots and a standard 

3.6 SHOT 6 

3.6.1. Recovery 

4.1, along with the reduced values 
1.6-KT free-air curve. 

_On.Shot 6 there were 32 pressure-time and 10 "q" gages used to 
instrument 14 stations. 
(Station 124.16) 

All gages except one "q" gage on Gene 

recovered. 
and one "q" gage on Helen (Station 124.19) were 

The gage mounts at these stations failed, apparently due 

Figure 3.6 

2 

OISTA 
Ground sur 

lb 40 

M GROUND ZERO (K FT.) 
ssure versus distance, Shot 6. 

to high'ove-rpressure and excessive hing of the islands. The 
stations instrumented and distances e listed in Table 3.6. 

3.6.2 Records 

Of the k8 records recovered, all b 
Good pressure-time records, free of accel 
ed at over-pressure values up to 150 psi. 

educed readable data. 
effects were obtain- 

essure measure- 
ments were obtained, with a maxbum recorded va 
a(greement was obtained between peek 

f 197 psi. Good 
overpressur any one station. 

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 



TABLE 3.6 - Results of shot 6 

statioa DlstMSe 
d rrom cz (rt) 
Posltlon Site Actdl A-Scded 

235 
1w 
175 

-- 
- - 

130 
-- $2 

Zti-150 138 

518-200 
?-Loo 

Questlorable P-T 
Questionable record 
Q.xstionable P-T 
started vlth shock 

Not recovered 
not recovered 

Pair P-T 
Nq eppsrent record 

124.18 A 
B 5-1501 z I I-- -- 1 &estlomble P-T 

239-150 
233-50 
136-50 

. . 

. . 
1.55 
-- 

Fair P.P. 

No apparent record 
Cwd P-T 
Stylus broke, Questior 
able P.P. 

P.P. only 

. . 

. . 
.5% 

. . 

2C9-50 36 
51 
-. 
-- 

$5 

:Y 

- . 
. . 
. . 
. . 

;.&3 
2.41 
-- 

1.27 
1.19 

. . 

. . 

. . 

. . 

.88 
1.71 
-- 
-- 

G8 

~ 214-50 
243-150 
no-150 I 

P.P. ml; 
llot recovered 
Not recovered 

124.21 A 
B 

' Incomplete P-T 
Ceod P-T 
Good P-T 
Gxd P-T 

Coti P-T 
Good P-T 

Ran preehot time; 
P.P. only 

Drum gsje; record 
broken 

Coed P-T 
Good P-T 

Did not run. ouestlon- 

216-50 
7-7-25 
201-50 
235-50 

202-50 
10%25 

119-25 

102-25 

222-50 
19 

124.22 A 
B 

26 
26.5 

27.5 

-- 

23.5 
37.6 

22.2 

124.23 A 

. . 

. . 

. . 

. . 

. . 

3.22 
3.24 

124.24 A . . 

1.99 
2.20 
2.15 

I able P.P.' - 
Gxd P-T . . 

. . 

. . I Gwd P-T 
Cad P-T 

124.25 A 
B 

I 204-50 205-50 
78-25 1 

% 
D-3 
4 

L24.26 A 

- . 
c. . . 

I I 
Stylus did not reconl 

--: -. Goti P-T 

-- -. C+qc dld not run; no 

76-25 

148-25 

I 131-25 

26.6 

752 . . 
record 

Am prcshot time; 
gcod P.P. 

ccal P-T 
'Cad P-T 

17.4 

16.8 
23.7 

-. 

14.0 

-. 
19.2 

2 
147-25 
105-25 

i24.27 A Irene 9584 I Stylus left disk, no recozd 

26-15 
22-15 

..- 

. . 

. I 

2.50 
3.37 

preshot time, 
P. only 
u11 did not record 
P-T 

P-T 
P-T 

. . 

. . 

124.28 A 
B 

m&J 8.3 
7.5 ::: 

8.34 
Lo blast, fair P-T 

Cage wutsd side-on 
to blast, good P-T 



mean average.of the values obtained at each station. 
The values of the peak pverpressure have been reduced to 1 KT 

at sea level and plotted in Fime k.1, alcng with the reduced values 
of succeeding shots and a standard 1.6-1~ free-air curve. 

3.7’ DYNAMIC PRESSURE MEASURENENTS 

During the present zries of tests, a gage developed at BaUistlc 
Research TLaboratories was. used to measure dyrlamic pressures. A 

ailed description of the gage, its operation, and method of 

c; 

Ibrati,)n is presented in Appendix B. The definition of dynamic 
ssurc in this case is the difference between the stagnation over- 

: 
1 5 

pzfssure and the static or side-on pressure. A photographic enlcrrge- 
b< L2 a 

TABLE 3.7 - Dyxmic Pressures 
& _- 

I Distance 
i; 
i tat;co I from GZ (Pt) 
$Xlmbm m [ A-Scele~ 

1,616 

1,615 

L7P 

124.18 

124.21 

124.23 

124.24 

124.25 

124.26 

static Total 
overpreeowe ove~l-eser;re 

(Pail (PS~J 

7.48 8.60 
4.43 5.20 

3.80 4.27 

3.25 3.75 

20.0 29.2 9.20 

122 

32.5 

23.5 

22.4 

19.0 

16:8 
PT ‘ f 

319 197 135.0 

56.0 23.5 20.3 

37.6 14.1 12.8 

34.5 12.1 11.1 

27.8 8.8 8.2 

23.7 6.9 6.5 

Dynemic, 
Preeeure 

(P.1) 
-- 

1.32 

0.77 

0.47 

0.50 

1.10 

0.76 

0.47 

0.50 

a.50 

*NOTE: he application of the pre e scaling factor produced no 
sipiilcant chmc;es in the ressure vn.lues. Consequently the corrected 
dymzlc pressure values ha een plotted agafnst the appropribte reduced 
dlstarxea in Plgure 4.5. 

ment of the initial portion of a t 1 record is shown in F&we 
3.8. The data from all shots on w dynamic pressures were =casur- 
ed are listed in Table 3.7. The v of dynamic pressures versus 
distance from Shot 6 are plotted i The peak dyz~tic 
pressure values corrected for the compres bility factor have been 
reduced to 3. KT at sea level and plotted Figure 4.5, along with a 
theoretical dynamic pressure curve based a yield of 1.6 ITT in free 
air. 

3.8 GROUND SURFACE ACCELERATION NEASURENENTS 

During the past year research has been ca& 
Explosion Kinetics Branch of the Ballistic Research 
develop a sFmple accurate means of measuring ground 
It was found feasible during UPSHOT-KNOTHOLE to use 
disk of the ERL mcchanica.l pressure-time gage for rccoz&iig acc?lera- 
tions. With proper orientation the acceleraneter elements wil_l. record 
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Figre 3.7 Dynamic pressure versus distance,' Shot 6. 

DISTANCE FRCM MOUND ZERO (KFl) 

both vertical 
of constructi 
presented in 

ntal acceleration versus time. The details 
f recording, results and calibration are 

3.9 LOW PRESSURE 

e obtained on Site Elmer (on Eniwctok 
ired on Bikini Atoll, except Shot 3 

ned for Shot 3; however, the 
reoely small and no ettcngt 

was nzde to read a peak value. excellent records were 
obtained fron a gage placed on b he USS Curtis on Shots 2 and 3. 
The records obtained compared fa ably with those obtained by the 
Sandia Corporation's microbaro@ The shapes of the 
recorded pressure waves, althou coiaprcosed time-wise, were 
similar. Pnotographic en.larCem e initial portion of the 
record and the complete rccordi cc located on Site 

3.17. A comparison 
of four BRL and SC records are presented in 

3.10 tJES!HOD OF DATA REDUCTION L__t 
@*- 

3.10.1 Record Reading 

Al.1 records on Shots 1 through 6 were read 
a Gaertner Toolmakers Microscope. Direct measurem 

the aid of 
ere made from 
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the recording disk by use of the optical system of the microscope for 
emplifi&ation. Readings of the deflections on the records are 
usually made to the nearest l/2 mil or O.CGO5 inch, although it is 
possible to read to 6.0001 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 thiwess of the aluminized coating arid the pressure 

Figure 3.8 Initial portion of st veqreesure vemxs time ma 
total overpressure ve cm the ~Ldynx.xl.c 
pressure gage. Erch cdibr ote$ represents 1 psi. 
Shot 3, Station 124.15. 

of the stylus C= the recording disk, ide ions were not aWaya 
obtained. 

Uoen the recording is centered on the mi 
it is possible to read tine along the record in 
rotation. T&e rate of turn of the recording di 
broken down to 1 revolution per 20 set or 18' rotation per sec. The 
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w :rFigure 3.9 Record pf pressure versus time, showing high-frequency .,,,..' 
j--y 'oscillation due to play in the turntable. 
! I 

Shot 2, 

2 I station l23.03. Caldbration step: 5 psi. 

-. I_.. ..___. _._,._.__- . . . ..-. -. I 
ressure versus tine, ShOKk!g a slow rise 
veling off &ue to over-damping arId ciog@q3 
:‘:--e inlet hole. Shot 2, Station 123.03. 

i:, : '% ..:q :. 
._ __. :‘._ _:_ _._ .__.__,,~ _ _ _ _ ? 

-_. _. . _’ _ --. _ 
.- . _ j 

-1 
4 
I 

. ., . ._ , 1 

Figure 5.11 Record of pressure versu 

, Calibration ctcp: 

angl.llar rbtatio 
fore the redin 
m this IXthOd CWriVd. the 

minutes. Ttxre- 
tL,ine to 1 zaec. 

Of pOSiti 

the records. a projection attachmnt was 

. 40 
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3.10.2 Record Photography 

For ease in reading 
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igure 3.12 Initial portion of a pressure versus time record, 
ShO~*-i~i; the improvement after modification. Shot 4, 

p'? 
t. : Station 124.02. Calibration Step: 7.5 psi 

I, . P- 
.--. ,.. . -% 

.* .’ . ‘. 

I 

t 
, ? I 

1’ : 
! : 1 

1 -_Au,*i 
.__ _--. _._ -... ._i i.... _ ____-1 ._ . . ___. L+ .,._ _---xl. . - 

Figure 3.13 Microscope vith photo phic attachment and projector. 

used to project the 2~~s on a ground-&as The film holder 
and ground glass screen from a I+ x 5 comer modified to fit the 
projection attachment (see %&We 3.13). I is 
were taken on a 4 x 5 film for detail 

manner photographs 
study The cali- 

bration steps on the er-larged records were put o cans of multiple 
exposures. All of the record except the base lin blanked off and 
exposed. After exposure the record holder was mo he proper dis- 
tance in nils to represent a particular pressure the calibration 

4l 
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Figure 3.14 Co,~p?+~~, _ A:‘e record as made from a photographic 
c:$a~g!?r. Shot 4, Station 1.22.05. 
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Fl.gu.re 3.15 Peak pressure record with -~~~::. 
4k ,^ ~. _ .,A 

calibration 
steps. Shot 4, Station : .‘:::, ;;2. 

curve. The base line was then ,exposed and the process ated until 
the desired number of steps was obtained. Photographi argemcnt s 
of the injtial portion of the pressure time record a10 th the 
calibratiin steps are presented in Figures 3.8 through Prints 
of the complete trace were made of each record using an enlkger and 

42 

I .i 



-.-T . . . . . A__.__ _I-.._-‘._ _.__ ~~“.-_-;-rr-..-~~~~~~~--l-r-~..~..- .___ u---t-.i- 
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~Bigure 3.16 Enlmgement of initial part of preseure the curve 
i f 
i ----‘i 

obtained from a VU gage located on Site ELner,, Shot 2, 
r...,,* 

Figure 3.17 Cowl&e record disk obt#E&d from a VI2 gage 
located on Site Elmer, SF?52. 

projecting on sensitive paper. Photographs are sh 
time curve in r'igure 3.14 and a peek-preseure reco 
Calibration steps were put on the peak-pressure r 
shot and can be seen in Figure 3.15. 
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Chapter 4 

DISCUSSlON 

4.1.1 Ci:.m!ZctI?t:) ?il Ycaeurements --_ 
: g 
1 5, ? ‘1 
\ i jj The program of measurements 
'k&&luded with a reasonable amount 

undertaken for CASTLE was 
of success. Overpressure data were 

obtain&d covering +.he rage from 0.3 to 230 psi. Pressure-time 
rccordbiwere obtained from each shot. The positive-phase durations 
are t 9 1_.., hated for each shot and presented in Chapter 3. The values 
obtained&e not consist.ent, but a continuing program of investigation 
has been init&?ed at ERL to insure better time measurements on all 

* 8 future tests(:p,-i 
The pc& ovez-Press.ures obtained agree with measurements made 

In most cases, the variation 
A eomparison of values is 

_... 

4.1.2 Pressure. tion on Shot 

ous results. On this shot two 
tance were obtained with a 

2.5, two blast 
lines were instrumented appr One blast line 
covered the Tare Complex, wh her extended along Site UNCLE. 
The pressures obtained along mplex were as much as 20 

arable. distances on Uncle. 
indicates that the shot was 
on the Tare Complex. Photo- 

graphs taken by TU-9 during the sho m a station on Site Oboe show 
a general diffuse light but no fire . Further evidence was found 
in some aerial radar photographs ect 6.1 before ar,d after 

shot time. These photographs sh a cloud with a high 
moisture content or a rain storm was ten over the Tare Complex. 
The Tare Complex is completely obscured, tes Uncle Victor, 

and 4.3). Still 
ditions is the 
c Tare Complex. 

The flash initiators of the pressure-time d+;:!:; f',.:':'.loned satisfac- 
torily on Site Uncle out to and including the f,.:. '::. : ,:.._.:: at a 
distance of 9380 feet from ground zero,. On the ',. . ‘: ’ 
6300-foot station was the furtherest out station at WI 
tors functioned. h 

Eecause of the low yield, Shot 3 was a disappointment to many 
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of the agencies atte measure various parameters. It was, 
nevertheless, an ide checking present-day theory on 
the attenuation of b e expected from various yields 
due to the ?i.quid wa t in the air. !Fhe knoxI Fara- 

.. meters are the pe& s distance along a clear blast 
line and rain blast associated with the cLr:lr bL:st 
line. The unknoxn quantity bein amount of liquid water pr*:sc:;t 
in the air as the shock slave pass IJquid water co;;tcct 
in the air is expressed in terms er cubic meter and the 
symbol "c" is used to designate quatlon to follow. 

and Gauvin (Referexn:] 5, 
it takes to ccmplrt~:Ly 

iven radius. The 
ence 5 as t!lat 
usual fashion fn 
r placed in its 

path. The radius of complete evaporation does not mdct? the rcrfius 
within which all water would be evaporated if the e were fird 

the shock 
That radius is less than Rl, 

~$4 
in rain or fog. 

appears to come from a progressively 
since{* rbin or fog 
smalJ+ 

1 
c?la.r^r,;c cs it 

moves out evaporating the water that is engulfed. An empirical equa- 

48 
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200 500 1000 4 ,A 

DISTANCE FROM GROUND k&b 

3000 SO-00 

Fi6pre 4.1 Composite ground surface press 
distance (scaled to 1 K!l? at se 

rsus 
1). 
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L...? c .: 

Fig& 4.2&q?@ ar photograph of the Shot 3 test area 
5 :,ti9. before zero tine. Clouded area apparently 

ica’ies precipitation over the Tare Ccmplex. 

F 
---;_~.“hdL.-,,, - ----_ ..-___-__.-. .___-__ 

7,.-T -.--.-.v .__*__ 

k 

t --T- 1 
I 

‘ , - 
L 

1, . 
L_L_._,._..__.. ..: _ *__ __ . .._... _ __.- _:,. ;._ - _.__._ 1 

Figure 4.3 Radar photograph of the Shot 3 te ea just 
after zero time. Clouded area ap 
indicates precipitation over the T& 

tlY 
Complex. 
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tion is presented (Reference 5) where the radius of complete evapora- 
tion for rain is dependent only on charge weight. 

Rl = 5.1 ($/3)1*1%t (4.1) 

Where : W is in lbs of TNT 

The apparent yield obtained by I!RL on the clear blast line was 
was established by use of the composite free air pres- 

to be valid.' Bjl the same method 
0.50 is used as 
applied for a 

TNT yield of 150 Kt or 3.0 x 
(Reference 5) he predicts that 

ZX fired in clear weather gives the same shock energy 
that a charge of weight W gives when 'fired in the 

1 and is a function of R and W. The equation 

(4.2) 

For calculati:::, 
the usual procedure 

nuation of pressure due to rain or fog 
choose a W and c and calculate 2 

ue of W along a clear line is known 
along a rain blast line and the values 
ne are known. 'Therefore, the follow- 
ine the amount of liquid water content 

substituted in Equation 4.2 and 
solved for Z. When a value of Z etermined for a particular c it 
was inserted in the following emp and checked for the 
actual value of Pr obtained from t This equation holds 

consider&ions. 

Pr = PZ 
0.63 

(4.3) . -, 

In order to find the distance at w 
?4Sh 

ven rain drop will 
be completely evaporated, substitute (ZW) uation 4.1 and 
determine R . If the R used when substitutin 
01, then &he value of Pr is valid. If R is 

uation 4.2 is 
the assumption 

is no longer valid because all of the water a 
been evaporated. 

Avalue of c = 0.9 m/m3 seems to 
it signifies that a rainfall of slightly 

fit the e i&!!ent best and 
less than 1 in/hr was falling 



during the s 
!3 
ot. 

c = 0.9 @l/m 
A table of values are listed below assting a 

. 

TARLE 4.2 - Preeaure Attenuation for c = 0.9 g&3 
, 

[ 3 14 
P(ps1) Fl(rt) ,11/3 x lo z R (z&3 RI 

38.0 3cm 0.6 0.969 -37.2 662 6&S RI-R Valid 

x.5 4cco 0.16 0.911 19.4 648 6742 RI-R Valid 

16.0 4500 0.25 0.862 14.6 637 6605 X1=-R Valid 

12.7 50X 0.36 0.800 11.0 f&O 6hiO RISR Valid 

10.5 55co 0.52 0.705 a.4 595 6132 R1=-R Vllld 

9.2 5- 0.63 0.65 7.0 5B0 59X R13'R Valid 

a.9 6ccn 0.71 0.589 6.4 560 57X RI-CR kt Valid 

i i It may be assumed that beyond 5600 feet there will be some 
i+&her evaporation but not complete evaporation and that the shock 
fr'dKt~'wil+.~ove out in the usual manner or as though it were generated 
from a cl+&e of (ZW) energy whore 2 equals approximately 0.65. If it 
is assum&$%that there is no furthe 
moisture/@r$n the equation Pr = 

6 &ss in energy due to evaporating 
PZ ’ 

yond 5800 f@et..MXZ is held constant. Therefore, Pr = ~0.65 
& = ~~~762. (<I9 

should hold for distv:gg ",J- 

" 

37.2 
19.4 
l-l.0 

I:: 
4.95 
3.92 

l 2 la hrld constant be 

The above values are plotted in 

4.1.3 Instrumentation 

In general, the g Some difficulties 
appeared after Shot 1. shot far exceeded the 
preshot prediction. Consequently, most ga e subjected to pren- 
sures considerably in excess of the rated 'pressures. Ezesnive 
overstressing and permanent sets obtained i pressure capsules 
caused most readings to be in error by 2 15 percent, ti ezmination 
of the Shot 1 records made it apparent that t'-.? .--.$I? fere susceptible 
to acceleration effects as indicated by a c,:..... 8: .,::.'amount of hash 
and oscillations. Figure 3.9 is a photograph of a%y$ical. record 
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Figure 4.1, Comparison of measured and cal cd 
attenuation of pressure, Shot 3. ‘,, 



. 
showing acceleratl->n effects on the gage as 'transmitted to the record 
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 overpresbures of 150 psi. Further, a program 
of postshot gage inspection was initiated (See Appendix D) 60 that 

TABLE 4.4 - t3mm-y Data of CA3’r.e shotr 

cb.racterletic Sph4 Shot 1 S!Iot 2 S!lCd 5 Shot I !3ot 5 Shot 6 

Date 

Tlw 

Location - Atoll 

Surface wld: 
Direction - Degrc 
speed - Knots 

scale Pactore for 
1 a at sea Level: 

Dietuce: Sd = 

14 .%y 

Or;;? 

mivetolr 
HLkc crate 

147,750.a 
57,740.a: 

Nectar 

1.733.3 
(Fire 

2-Q) 

. Q 
i 
lCC6.0 

79.9O P 

w” 
19 

0.0836 

information would be nvailable icable in explalnj.ng defects in 
gage recordings. 

Ground acceleration records wer btained at a number of 
stations on Shots 1, 2, 3 azd 6. me ords appeared to be 
entirely satisfactory. Datsils are pr 

4.2 PEAK OV-S!~PRESSURE V-EIRSUS DISTANLT, A-S 

The peak pressure-distance data 1:: ‘c:::.b r the CASTLE shots 
have been reduced to the equivalent 0~' 1 ?.Y (;i;') standard sea- 
level conditions (14.7 psi atmospheric pressure, 
The basic characteristics for each shot and the s factors are 
listed in Table 4.4. 

The IVY Mike data generally compared favorabl the TUKfLILEIR 
composite free air pressure versus distance curve for 2 KT as prepared 
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Figure 

by NOL (Reference 2, 
reduced CASTLE data, 

DISTANCE FR GRCUND ZERO (FT.1 

4.5 D;-n&c pressur erws distance, 
reduced to 1 KT sea level. 

31. A si2xilar COE? on been made with the 
ard a co.wsite curve of t data (Figure 4.1) 

are compared k'ith the TUXBXR free air curve SC to 1.1 KT for 
pressure levels rw-~ging from 3 to 250 psi. 

The ove,pressures on Shot 1 fall slightly 6 KT curve 
at the higher pressmes, b1.k these values are from qu able 
records because of the overstressing of the capALes. pressures 
measured along the reef fall below the 1.6 K!L" cxrve. later 
field expertients it xas found that the lower val.ues'&~% function 
of the tme gage mount used and that the.actueL values could be as 



much as 20 percent higher. This correction wculd place the data 
from the two reef stations more nearly on the 1.6 KC curve. 

'. 
'J%e high-overpressures recorded from the land stations on Shot 

2 sre,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 
other shots at similar scaled distances. 

The peak overpressures recorded on Shot 3 fall on both sides 
of the 1.6 ICI! curve, but this was expected because a yield value 
f 

K" 
30 KT was used in scaling both blast lines. If the values from 

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

If?- 
[J&J_ 

i Tare Complex scaled from a 110 KT yield the pressure values 

P d fall much closer to the 1.6 KT free air curve. 
L-,~' Shots 4, 5 and 6 are all in good agreement with the 1.6 KT 
curve.~ IMeasurements. from these shots were from land stations 
and th$@.lues recorded are felt to be reliable with but one 
exceptfonr- Station 124.18 on Shot 6. 

%.....A 
4.3 D$UMIC $%&SURE 

i'&\ 

Althoug$&e measurement of dynamic pressures was a 
objective a&.??:\ 

secondary 
"-::-- used were in the developmental stage, excellent 

results were " . * ::. The major effort in these measurements was 
made on Shots Ij a11 On these shots extensive instrumentation was 
used, not only for evaluation, but also to obtain data for 
Project 1.8. All of dynamic pressure were corrected for 
compressibility an ic flo.4 where applicable. 

The measured essure values and the corrected values 
for all shots in& reJisted in Table 3.7. In Figure 4.5 
the corrected dynamic p rsus distance (reduced to 1 K!l! at 
sea level) are plotted. pheric pressure was so near standard 
that the scaling factor smount o less than 0.5 percent and was not 
applied. The solid line in Fi 4.5 is a theoretical dynsmic 
pressure curve co values obtained from a 1.6 
kLT free-air curve tion: 

Where: q = 

pO 
= atmospheric pr 

Ps = 

Although the surface pressure measurements show only a 
from a scaled 1.6 KT pressure versus distance curve, t 

deviation 
ed 

dynaaic pressure values 
1.6 icT &me of side-on 

. 

plot higher than would be 
pressure versus distance. 

from a 

i 



Chapter 5 

CONCLUSiONS and RECOMMENDATIONS 

5.1 INSTRuF@~ATICN 

jq> The family of self-recording gages for measurement of blast wave 
11 1, arameters obtained results which in some respects compared favorably 
i i &th corresponding electronic instrumentation. Peak overpressure 
(__~,_I$easurcments agreed very well. Reasonably good agrecmcnt was apparent 
---iwhen,wave shapes were compared on 

wasi&ed. 
shots in which the modified gage 

&en though the field modifications to the pressure time 
gagbjalleviated a large portion of the acceleration effects, addition- 
al b&difications appear to be advisable. 

L_T&e ge produced excellent results which compared very well 
with the onic instrumentation. Continued use of these types of 
gages on ture tests is strongly recommended. 

The ch-type self-recording accelerometer appears to be 
good results and should be more fully utilized in 

5.2 TEST RES 

The validity of ube root scaling la,d to scale distances for 
yields as great as 1 appears to have been well substantiated. 

The dynamic pre obtained on Shots 3, 4, and 6 are appnrent- 
ly in agreement with cal values over a dynamic pressure range 
0.43 to 135 psi. 

The overpressure atte tion observed on Shot 5 would seem to 
indicate that a significan eduction in pressures can result when the 
shock wave passes over an ch precipitation is occurring. 

The overpressures obtained o 1 shots sppenr to substantiate an 
assumption that the over-pressure ained from a surface burst on 
water and coral atolls are the s s would be obtained from a burst 
of 1.6 the yield in free air. 

The zero intercepts of t burst curses as .?ublished 
in TM 23-200 appear to be ;a1 of the reasonably ;;ood aL:ree- 
ment with the results of these shots. ._ 

From the records obtaine rding cageq there was 
no apparent evidence of the existence of a p sor on any of the test 
shots. i’ ;:I2 

p-__” 
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Appendix A 

PERSONNEL 
Personnel of the Explosion Kinetics Branch, Terminal Ballistics 

Laboratory, Ballistic Research Laboratories served in a supervisory 
capacity in the preparation, field operation and i?ata analysis phases 

c>30f this project. 
/ / l..i 

These personnel were: 

$ ] ;.-> 
\ i_.! g 

J. J. Meszaros, Project Officer 

'*-._., J C. N. Kingery, Deputy Project Officer 
i,-.* K. S. Burden, Technical Croup ieac?er. 
i i C. Ii. Hoo.mr. Technical Group Le&er 
: i ; i R. E. Reicler, Technical Group, Leader 
1 L., 
‘, .._,...1 

Certa& military personnel were retained at these laboratories 
after Ope&6$.on lJ?SHCYl!-KWI'HOLE to assist on O-,eration CASTLE. The 
primary a~&.~nments for these personnel cc indicated below: 

e, USA, As.swiate Tec:hznical Group Leader 
eli USA, Associate Technicsl Group Leader 

, Associate Technical Gr-ug Leader 

F. L. 
E. 0. 
D. C. 
J. E. 
w. E. 
M. M. 
R. N. 
R. C. 
w. L. 
R. A. 
R. J. 

, Technical Group 
TecZhnical Grxp 
AF, Accelerometers 

Wagner, USAF, 
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Appendix B 

VWRUi%3JNATIOM 

.I. Pressure-sensing Element 
4 

OESIGN 

I 6, i 

[ 
i 
!&he basic component, comzzon to all the types of pressure gages 

usTd,yq the project, during CASTLE, e%cept the very low pressure gage, 
was~_$_,~capsule consisting of two concentricaLly con.roluted diaphragms: 
nested to-&her to reduce volume, and sil.:er soldered around their 
periphery; !These pressure capsules or eleven+ .Us were essentially idcnt- 
ieal to tl/&e incorpacated into gages used by Project 
UPSHOT-KX$ikN.E, (Reference 1). 

3.3 during 

_ 1 ,.-,i Briefly, during operation,, air enters 
the element thr a small pressure inle.. h3Te causing expansion of 
the diapkaps. light spring stylus r;oj.dered to the center of one 
diaphraa tran is motion and produces a scratch on a coated 
glass recordin The ezqlitude of this scratch is proportional 
to, the mo-;exent J 1”. n:nv*qp. .L . ..A. ._A A sapphire pointed phonograph needle 
soldered to the :;:;lx i;; used to insure a fine scratch. The basic 
characteristics of th lements are as folious: 

Diaphragm Materi ________,__ -_ii~sp~C 

Deflection (at R 
Ma~~~~_________--- __-~-------- 0.060 inches 
Mini_____-_----- __,___-_--_-3.Q2O inches 

Lir~earity_-__-------- ____-_.._.. 3.5 percent 
Hysteresis_________._------ --------T 0.5 percent 
Natural Frequency (undamped 
Eise Tie___________------- ___-----~ msec or less 

:c rated pressure 

on pressure range) 

The very low pressure gage uses a 
uted diaphragm, 5 j/4 inches in diameter. 

hosphor-bronze, convul- 

Tha diaphrqn forms one side of the g%~ Any pressure dif- 

ferentiaY_ existing between the inside and o‘~ de pf_ 
-3 
he gage causes 

the diaphragm to deflect. This deflection is tran&%ted to and 
scratched on a coated glass recording blank by a s$$& soldered to the 
center of the diaphragm, The stylus point '_s the ~~ as used on the 
basic pressure elements. 

The various pressure elements used are shown in F 

B.1.2 Recording Blanks 

The recording medium of the scrstch tme self-recording gages 
was py-rex glass. The various sizes and shapes are shown in Figure C.2. 

66 



An aluminized surface 
machinist bluing used 

coating was used on the blanks instead of the 
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 scratch 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- 

. 

r-1 h-j tion of blanks it was not always possible to do more than approach 

r’ $%j / 
these ideal conditions. 

/j *>J B.2 PRESSURE-Tm CzAGE (STANDARD) 

-f~ 
( i" L.. $.2.1 General ' 

1 \ r-5 
; ..J ,; The pressure-time gage was the basic instrument used during 
4..._ ; (l&_jJp to o btain the measurements required by the objectives OP Project 

l.;lbi. Several pilot models were field tested by ERL during UPSHOT- 
KX$$OLX (Reference 1). The basic ideas and the test results were 
comb&ned and a final design prepared. A quantity of these gages were 
fa&r&ted_ and shipped directly to the Pacific proving Grounds. Lack 
of time uded any preliminary tests on the gage. The gages were 
either p initiated or thermal initiated and used a small D. C. motor 
to drive recording disk. A delay switch was incorporated which 
would st pcrafing at zero time and stop the recording at any pre- 
set time up to I.-:!/;? ninutes. The entire unit was encased in a 12 
inch length of z--i.nch pipe. A 3-inch pipe cap was welded to the bot- 
tom of the pipe,?o?give an auxiliary mounting system. The gage assem- 
bled to a 3-!:: nfi :):;!I ;.:-*:::t. is shown in Figure C.16. An adaptor ring, 
with &inch ::::I::':~:_:. ;:.i,$: Threads was bolted on the standard &inch 
pipe mount Eiii -.‘: : ,,$__:-!., 1’: :: ted inside the mount and bolted to the adap- 
tor (see Fig.:, '-*. ,:rder to insure quick recovery, three methods 
were provide.!.: with adaptor ring attached could be un- 
screwed from t he gage could be unbolted Prom the adap- 
tor ring and the entire ga lifted from the mount, and (3) the top 
plate and entire gage mesh sm could be unbolted from the flange of 
the gage case the case still in place inside the 
mount. 

B.2.2 Recording Sjrstem 

The recording blank consi ated glass disk 
3 l/2 inches in diemeter. ntable which was 
mounted perpendicular to the plane of e pressure capsule. The stan- 
dard pressure capsule was plate of the gage with 
the stylus in position against the recordin 

The drive motor was ea A. W. Eaydo 0 series chrono- 
metrically governed, 6 volt D. C. motor. type BA 210/V 
battery provided the power to the motor. cations indica- 
ted a speed variation of 1 percent or les if the motor 
were subjected to vibrations of 5-300 cps imun accelera- 
tion. The various major components of the gage ar ustrated in 
Figures C.3 and C.4. 

The recording speed selected was 3 rpm whit almost every case 
insured that the fuJ.1 pressure-time phenomena was recorded on a sin&e 
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revolution of the record disk. The ,base line was retraced every 20 
set making a maximum of 4 l/2 revolutions if the full recordin time 
was used. The turntable speed at the stylus point was 0.5 in. sec. 

~.2.3 Initiation Systems 

These gages could be initiated either thermally or by means of 
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 Tao 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. 
4T~~,,plunger actuated a switch which completed the motor drive circuit 
{a@;started the recording mechanism. 

The phototube initiating system was easily assembled. Requiring 
the plunger and the addition of a latching relay inside 
The phototube (Type 917) actuated a strobtron (Type 

phich in turn caused the latching relay to close completing 
the mo$.c$..,,drive circui,t. The photo initiation was used very little to 
due toW& susceptibility to moisture, 

i"‘> 
causing premature initiation. 

~.2.4 Field/#@fications 
I I 

The &&ive detrimental effects of acceleration on the gage 
records as obtaine'?$ Shots 1 and 2, indicate-that, if usable 
pressure-the rt y- ,+~--;:b*... $ . . . going to be obtained immediate modifications 
would be requir>:! the mac,hine work on gage components, 
though commercial.1 le, was not of the precision required to 
insure proper operation r conditions of high acceleration. 

The following mo ations were made on a number of gages used 
for Shot 3, and all th ed in Shots 4, 5 and 6: (1) The stylus 
arm was shortened to d e moment arm of the stylus point. 
(2) A number-of adjust and rubber tipped friction brakes were 
machihed and ass6 he turntable. By adjusting this brake 
the backlash of the turntabl s dampened. (3) Additional set screws 
were provided to hold the tur le more solidly on its shaft. (4) The 
turntable and motor coupling shaft ngs were replaced with new 
bushings. The new bushings were ma d more accurately and length- 
ened to provide more bearing surfac prevent wobble. (5) The turn- 
table coupling shafts were replaced rccisely machined shafts having 
a good sliding fit in coupling shaft !.I:.;? 

These modifications apparently ':'. completely alleviated the 
acceleration effects. It is felt, howcve that many more modifica- 
tions should be made on these gages prior use in any future opera- 
tion. !--X 

tL 
B.3 DRUX TYPE PRESSURE-TI!! GAc;E 

f ,,---A 
* 2 1 *r y 

B.3.1 General 

The drum type pressure-tame gage was designed self-re- 
cording scratch gage incorporating the feature of a r g blank 
whose base line was not retraced after the first revolution. 

The recording blank was an aluminized glass cylFnder with a di- 
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meter of 3.15 inches and height of 1 inch. An aluminized ccatTLg was 
applied to the outside surface (see Figure C.2). The cylinder L-as held 
in a drum-like assembly mounted on a threaded shaft. 'l'hrough a set of 
gears, a 6 volt D.C. chronometrally governed motor drove the dz-zm 
assembly along its .&aft. The drum rotated at 6 rpm and adi-arced 0.025 
inches per turn. The stsndard pressure elements were used Ln -he gage. 

jl w; 
Q; 

The recording drum moved past the pressure element stylus PO>: at a 

i 
speed of approximately 1 in./sec. and a helical base line was g'serated. 

f $! Figure c.6 shows a view of the gage without its case. In acL.Exisn to 
[_j i : i 

lJ 
the pressure element, two accelerometer elements could be i--tied in 
,the gage on post provided for them. Dry batteries supplied :~-er to 
J$Q initiation ci.rcuit and motor, 
1 f#tained. 

the instrument being complecc~;r self- 

"e -I ,j The gage was fitted with a rubber sealing gasket and erased in 
a--sho$ section of s-inch pipe. A pipe cap velded to the b&_-cm of 

2. z 

6 V. 

Figure B.l Drum g schematic diagram. 

the case sealed it and allowed the e screwed onto a f-inch 
pipe if that method of installation was d red. A steel nc*z_",T%g- 
ring was provided for installing the gage the regular 6-Lzch pipe 
mount. 

FF 

x3.2 Initiation 
I a.,, 

The drum gage was started by a photoelec&%J cir_c$it (see Figure 
B.l for Drum Cage Schematic Diagram). This Circuit w 
the incident light from the detonation would permit e 
flow through the coil of the very sensitive Sigma rel 
contacts to close. The Sigma contacts closing energi 
relay and power was supplied to the constant-speed motor. The l?ti 
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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 eqosed film was capped 
around the phototube and a cardboard collimator wrapped the tube to 
further insure that premature triggering would not take place. After 
the gage .das started, the fact that the phototube might be blown away 
was of no consequence as the hold contact of the advance relay kept 
.f%@ motor circuit intact. 
/ 

t 

The gage ran until the advancing drum de- 
&ssed the limit switch. This limit switch was usually adjusted to 

\ *,p': how the drum nine revolutions or 1 l/2 minutes running time. 

a _” 
> j 

B.4 lfl?~SSUiXE-TIME GAGE, CLOCK TYPE 
i $ 

@z clock type pressure-time gage or "C" gage (see Figure C.7) is 
essen$&&ly the same as the pressure-the gage as used in UPSHOT- 
KUO!FH&~by Qroject 3.30 (see Reference 1). It records pressure-time 

a pressure sensing capsule on a rotating aluminized 
disk is rotated at 5 rpn by a. 6 volt vibrating-reed 
on is accomplished by a 24 hour clock which depresses 

nitiation systen was modified to perrt setting 
of start t&e up proximately 96 hours prior to shot time by using 
two szitches corn in series. One consists of a set of contacts 
geared to the arm t of the clock so the contacts close every 96 

oswitch closed by the pointer arm of the 
clock every 24 hours. former provides a coarse time adjustment; 
the latter permits a f ime adjustment (2 2 min) and also limits 
the running tine of th approxizzately 20 minutes. Both the 

s are adjustable so the starting time 
can be readily set for from 0 to 95 l/2 hours in adv;mce. 

B. 5 -pEp_ic PRESSURE GAGE 

Tne peak pressure gage was cxt y stiple in construction con- 
sisting essentially of six major co 

(1) Standard Pressure Ca 
(2) Gage Plate. A l/2 i steel plate, a l/2 I?rhes 

in diameter. A pressure inlet hole ches in diasister was 
drilled through the plate slightly 
was mounted on the plate with caps 
through the plate. 

(3) Glass Record Blank. The blank 
of glass coated with an aluminized surface 
blank dixnensions were l/2 inch wide and 1 

(s 
inc , in operation the 

blank Tr;as ceroented to the slide. 
(4) Slide and Slide Holder. This unit pro 

for the glass blank and was mounted beside the capsul 
plate. The holder was so mounted that the capsule st 
on the glass blank. 4 screw adjustTent was provided 
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 l/2 inch diameter pipe threads to permit auxiliary 
mounting. 

(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 instnliation, is' shown in Figure C.17. 

The gage was ca.l_ibr&Ted as a complete unit. The calibration pres- 
/~;~xsure steps were placed on .Lhe record blank. 
: dblank was advanced. 

After calibration the 
3 :’ This movement caused a base line to be scratched 
i 5 3--on the blank. The cover was then assembled and the gage was ready for 
\ 1-j 3 
5 “-._ ._ i installation. Figure 3.15 is a photograph of a record blank showing 

thercalibration steps, the base line, and a typical peak pressure 
rec&cl E3 l 

h : z 

T&&WC pressure gage or "q" gage is a self-initiated, self- 
recording gag$$Y& measuring dynamic pressure. 
stagnation prch& 

Static pressure and 
res are recorded on a single aluminized glass disk 

by the action ure sensing capsules. 
e C.9) is 38 inches long and 3.8 inches in 

rlcal nose. The static pressure inlet is 
rant of the gage and has a diameter of 0.15 
ressure inlet is 11 inches long with a di- 

or the first half inch from the front 
inch. Two 3-inch far;ale pipe weldolets 

are welded to th the gage for mounting. The gage is mounted 
3-inch pipe, broken I.8 inches below the 
te ery. Projecting laterally from 

the rear of the gage are a photo and a fusible link for initiation 
of the gage. 

B.6.2 Recording System 

zh e pressure sensit%ve capsule e mounted with the axis of 
each 90 apart in a plane through the face of the recording disk. 
!I% capsules are positioned such that will scratch 
concentrate traces 1 13/1.6 inches and 1 5/ es in diameter on the 
aluminized coating on the,disk. 

Rigid mounting and precision machi 
consisting of the recording disk, turntab 
(see Figure C.IO)., Because of a 2-to-1 g 
is driven at 5 x-pm by a 10 x-pm chronometric gover 
giving a stylus to disk speed of 0.471t5 in./sec. 
element and 0.4254 in./sec. for the static elemen 

cal in the unit 
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~.6.3 Control system 

The control section (see Figure C.ll) consisting of the timer 
switch, the timer motor, the 6-volt motor power SU-@$, the 45-volt 
photo initiator power Supply, and the photo initiator chassis is 
mounted in.the center section of the gage. The components are mounted 
on spaced metal disks. The unit is held in place in the gage with set 
screws, and is readily removed through the rear of the gage. 

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

sATpressure-sealed connectors. The thermal switch is held displaced by a 
/ f'&,bsible link which fails at about 155' F. Para.Uel with the thermal 

f 1 f* switch is a locking relay which is closed by photoelectric action. A 
{+=+&rrent flow of 400 micro-amps through the tube closes a sensitive 
'"$ela~=~which in turn closes the locking relay, providing a.closed 
circpft for the drive motor and the electrically parallel timer zotor. 
An a#l$ustable cam on the shaft of the timer motor opens a normal-closed 
mic&&itch, stopping both motors after sny predetermined running time 
of f&o+0 to,-30 sec. 

f. ‘i 

~.6.4 Pre$&nary Shock Tube Tests 
>.. 

r‘ I? i 
In the :i!:Ve!.opment of the "q" gage a series of tests were run 

at the BRI, s!~ock tube to determine optimum dimensions and dsmping of 
the orifices. 7.x.?? i :.:i..; covered static pressures from 3 to 30 psi. 
Various sizes 0:' ::<:._;y '1 pressure orifices, damped and undsmped, 
andvarying quant?Me damping material in the static and stag- 
nation pressure inlet e tested. From these tests, it was coscluded 
that optimum result.; .d be obtained using a stagnation pressure 
inlet of l/4 inch dL;i:,,_,,: “‘!.f’rbr with a 3/16-inch-diameter choke l/2 inch 
long in the nose, withw4- n glass wool damping in the static 
pressure inlet and no dampi aterial in the stagnation pressure 
inlet. 

B.7 CALIBR4TION OF PBESSUB 

B.7.1 General 

Since all pressure n a given. range, were not 
identical, a static calibration was re Each scratch 
calibration in the form of a group of was recorded on an 
aluminized glass blank as used in the pressure gage. 

The element sras mo he recording blank. 
To insure good response from the diaphragm, 
exercised by applying the rated pressure abo 
pressure was adjusted to a pre-established n 
check made at rated pressure. The pressure eps vae then 
applied to the element and the fixture manip duce the flag 
calibration. 

The record was read with a precision micrr-.:. -? 2 calibra- 
tion curve similar to Figure B.2 was drawn for e::!: ::!A: . ..'.. 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 BBL calibration 
simulating actual gage mounting of the elements. 
correlation was found. 

In most cases good 
A step calibration, in addition, was made for 

each pe& pressure gage on its shot recording bltis (see Figure 3.15). 
the manufacturer's rating and 
following tabulation gives the. 

PRESSURE (P.S.!.) 

1 
FLAG CALIBSATION 178 

27 fEt?.“UAAY 1954 

15 20 

Figure B.2 Typical dalibrati ve for a pressure element. 

maximum pressure to which each ran elements was normally calibra- 
ted. 

Element Rating 
(psi) 

16 
15 
25 
50 

100 
150 
200 
400 

25 



B-7.2 Calibration EauiDment 

A calibration panel built at BRL was designed to be a complete 
field unit in itself, only a 110 V A.C. power source being ryquired 
for field operation of the panel. An aircraft high:pressure air com- 
pressor and reservoir and a vacuum pump were part of the calibrator. 
ese and a 28 V selenium power rectifier were mounted on a collapsible 
and and connected to the calibration panel. 

Flexibility,' ease of operation, and safety were prime considera- 
ons in the designof the panel. Use of numerous pressure elements 
the various shots of the test series made easy operation important. 

So~Iz~~id valves and a simplified controJ. system were incorporated. 
R$~.tors alloved a quick setting of pressure steps. The interlocking 
r 'l@$jsystem and locations 
% 

of operating switches and buttons prom&ed 
th -s&fety required by the high pressures sometimes used in the cali- 
brator. f*e pne-umatic system was built very tight. for accuracy in the 
applicatio& of the pressure steps. A front vies? of the calibration 
panel is's!?o.n71 in Figure C.15. 

D.ree large, precision gages (20, 100, 500 psi ranges) were 
used in setting/The pressure between 2-500 psi during calibrations. 
The 20 psi st+bd was a differential-pressure gage and was utilized 
for all vacul;ri' ‘? Lz&Jure~nct G . A water manometer was used in conjunction 
with the caller_ _6tion~~_~z:l for the setting of very low pressures. 

B.7.3 Special Calib@$'ons 

Because some elements were overstressed in Shot 1, 
overstressing calibr run on a group of elements of each of 
these ranges. The e fered a slight permanent deformation. 
Too high an over-pressure cause considerable bulging in the 
diaphragm and then ruptur Biaphragm seal. 

A slight deformation was und to be beneficial; then the 
element could be recalibrated t he higher pressure wi.thout further 

deforming the element. While t calibration-after-overstressing 
curve was never a straight line e low-pressure region, it 
was a smooth c*zve a stressing pressure. This 
overstressing technique extended the r of many of the higher rated 
elements used in subsequent shots of t est series. 



Appendix C 

PHOTOGRAPHS 

. 

Figure Pressure-sensing elemerts. 

‘. 
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. 

; 

- . .I,. :,.i 

Figure C.2 Various types of recording blanks. 
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Figure C.4j (?&sure-time gage w/o case, 
%<‘C, 

thermal. initiated. 

Figue C.4 Pressure-time gage w/o case, photo initiated. 



Fig&&!!.5 Installe.tlo~ method-pressure-tlmo 
ge in 6-inch pipe mount. 
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7 CLock-type pressure-time gage w/o case. 
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Figure C.8 Peak-pressure 
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Figure (2.9 Dynamic pressure gage. \ 

‘._._ .-_ . . ___* __. VI -. . 

Figure C.10 Xose section, clyaamic pressure gage. 
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C.12 Accehrmeter elements. 

_ . .._*:_e.._ ._ ____ .:.-. _ ._._ 

Figure C.13 Very-law-pressure gage. 
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Very-low-pressure gage, disassembled. 

Figure C.15 Operation of cakibration p 



sure-time gage asse7hled to 3-inch pipe aunt. 

f 
,’ 

A.._ ai 
I. i 

Figure C.17 Peak pressure 
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Appendix 0 

POS7SHOT PRESSURE-TIME GAGE INSPECTION r‘3. 93 
1 *“I / 

I 

Many of the gages were inspected'after the shot to obtain informa- 
1; j tion applicable in explaining defects in their recordings. Thus, by 

r,r' *J cczparison of gage faults snd record defects, a correlation could be 
Unfortunately, the number of variable factors affecting the 

fix$;~;I_l:;;essure ranges 

i 
, combination of faults, orientation, etc.--vas 

1 $co large to promise a highly reliable correlation, and thus measure- 
\ !_ >J ?t x .,.,'$-c'& s made during the inspection of the gages were concerned more with 
‘S‘~~eq~~ssing the faults in relative terms than directly, and were not 

-A+ &o a high degree of accuracy. 
i @xternal damage to each gage was recorded in terms of the angles 

-Lhrb.&h which protruding parts were bent, depth end extent of chipping 
< .- : 
.-._ .Si' .nd b+qsting by flying particles, and burning of exposed flammable 
materials Pn\the gage. 

An ifirnal‘inspection was made, first, of the turntable drive 
rechanismj I 
s%ift aL0 J=k 

ai etermine the extent of free movement of the turntable 
g 1's the amount of wobble of the turntable (the 

distance its ed LcL be moved in a direction parsallel to its axis 
of rotatio::) r.? *:y ?jris pevendicular to the shaft axis, <and the 
slip in th..> : : ..?':'L! :'I'~ :, 
the angle ‘.:- : .:;j: :.i: :,;” 

weep the motor and turntable (measured as 
he 

of resistance). 
turntable could be turned with a minimum 

The capsule was - for any res!dual distortion or leaks 
and the stylus arm w I,, * r - for parallelism with that radius of 
the turntable which ; ough the center of the capsule, nnd t!le 
stylus was checked to see t it was perpendicular to the recording 
disc. Any discrepancies we 

The capsule was then r ved and the amount of damping .ar:d its 
condition and the quantity matter in the orifice VRS 
recorded. Also, as a trip1 gage assembly lists, capsuLe 
rxmbers were recorded against ga 

The traces of the recording then rechecked for 
s-,ecific defects which could be rally as, (1) th.2 cc::? of 
no record where either there was atsocver or Vherc the 
trace disappeared before it , {2) the case of an 
ticcurate record in which a record was : i 1: i :: but did not z,;:.~-,s: with 

other gages in the same cluster, and (3 
record where the truce was instable bot 

he m of a distor'.ltd 
s td p.Jme and ampli:I:dc. 

By comparison of the notes on gage inspej an and those t:~l t!lz 
k recording discs it was generally easy to find8&3rcason for gage 

zii_function . Where yields were far above those-&e , fail.2re to 
achieve a record was caused by such large pressures the c :;:;:111.‘3 

i;tzc permanently distorted and often in such a way lift the 
stylus away from the disc. &so, the discs often, these CX~:CSS 
pressures, and occasionally, under lower pressures, 
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off the turntaole. At lower pressures, a stopped-up orifice might 
prevent the formation of a record or, as occurred in one or two cases, 
the failure of the timing arrangement allowed the gage to continue 
ruuning until a reference line hod been scratched on the disc so 
broad that it masked a small record. In a few other cases, the reason 
for lack of record was not isolated. 

. 

!'1,1'9 
In some instances records were obtained but differed from those 

1 i; kg ! 
produced by the other gages at the same station or presented unlikely 

5 r-, - a characteristics. 
i_s' ‘;A 

Selzeral possible explanations have been offered, 
some of these being turbulence created at the front gages causing an 

---erroneous pressure to be measured by the rear gages, dynamic effects 
ii'/% ich cause the responses of the various pressure elements to fluctu- 
4 5 ate about their static calibration responses by differing amounts, 
;~...$M_ations in the degree of dw~ping of the capsules, and obstructions 
"*.&hic&have found their vay into the orifice. As yet, a thorough 

inve#.gation has not been made of the first three cases, but where 
the $4~ of a record was clipped above a certain pressure, it was 
four$L!that some of the permatex which was used to seal the element 
gasketZFhady.been squeezed into the orifice thus forming a sort of 
pressure se&$tive valve that wa3 forced closed after the pressure 

.reached a &ain value and which did not reopen until the outside 
pressure 4 eca;red sufficiently that the air trapped inside the 
capsule c force,the "valve" open again. In another instance of an 
erroneous ord the orifice was found to be jammed with a very fine, 
hard packed dust; 

The most :;:-iT-&t. se and, thus, the most disturbing was that 
of distorted Y',:: Ire:;. n au attempt is made to compare the gage 
inspection data with cccrds an unfortunately scattered array of 
data presents itself, 'Y;? a.:~!: gage has its own peculiar combination 
of turntable wobble, &\:j.*;i and 
gages are submitted to% 

shaft slippage and very few of the 
magnitude of blast pressure or 

intensity of shocks cau3ed 
chips on gage surfaces). 

lying debris (as indicated by depth of 
again, it may be difficult to separate' 

over-shoot in the record fr he effect of vibrations except where an 
indication of the extent of Even a process of list- 
ing the gages in the order of the ity of a particulsr fault and 
then looking for R trend in the co ondiug records is co~~plicated 
by the interplay of separate fault .g., the ssme amount of turn- 
table wobble in two gages in the ure range may give varying 
effects on the record depending on the e the stylus arm m&es with 
the plane of the turntable. 

A cursory e.xan.i.mtion of the record and its comparison vith the 
notes on the gages,. neglecting as it wou ~ ::: ::9 the interplay of 
gage defects, points to the wobb l .:.l 1 as the chief cause 
of the amplitude distortion of the records. I$ d difficult to tell 
whether the backlash present in the gears of %4+e drive motors is t 
alone responsible for the distort.ion of the recor& on ttc time axis 
or whether it is a combination of this and the olip coupling 
together. This is a valid point of doubt since the ble shafts 
in some of the gages bound in their bearings thus cr a braking 
effect (similar to that of the braking added to some emodified 
Pt gages) which would tend to prevent backlash. 
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A detailed examination of the data was made at F!RL and the follow- 
ing modifications were made on the gages used on Operation TEAPOT. 

1) 
2) 

Revision of the turntable drive bearing system. 
An improved coupling between turntable( and motor to 
elMnate the motor reduction gear backlash and slip 
at the couplings. 

(3) An improved method of mounting the recording disc to 
prevent its cracking under shock. 

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

(5) Revising th e specifications on the placement of the 
stylus arm on the capsule to insure that it moves 
parallel to the plane of the turntable. 



Appendix E 

GROUND SURi=ACE ACCELERATIOM 

MEASW3ENTS 
; I*> 

i i ? i ‘XL, j 
;-R-1 II4'TRODUCTION 
4 i. . . j 
$ ; ; : 3 --,-: 
f 5 .. 

During the past year the Explosion Kinetics Branch of EBL has 
,,_ :.qi$ertaken the problem of developing and proving the feasibility of a 
.--self -contained, self-recording scratch type accelerometer. 

'titer considering several methods of approach it was decided to 
modifyithe Engineering Research Associates (ERA) elements already OII 
hand,! &9xally the 0x9.~ components of the ERA elements that were 
retai&d)were the springs. Essentially the prototype WL accelerometers 
were constru%$d somewhat like the original ERA elements, save the 
modificatio&heeded to convert the elements to a self-recording type. 

_j ; i ‘; 

E. 2 IW'R&R'JkTIC$, 
,t /i_ '. 

E.2.1 ,El,ements ~~+~'=~.;: 
1% I i j 

The new ac'&&ometer elements have a mounting post, an E54 
spring, a mass at the @<pf the spring, a stylus spring with stylus . 
attached to the end of'fihc ~~.;is and a damping plate. Figure C,12 
shows the complete :..:::~Y:': 1 y _'or both the standard gage and the drum 
gage elements. The ':*;'. :!:.l: \caIL members of the elements are the ERA 
springs and the weights of t sses. A frictional dsqing between 
the stylus and recording dis as used rather than a viscous fluid 

damping. 4 i 
LJ 

E.2.2 !4ounting of Elements T"_ ; I-_-i 

The elements that were moun{ed%n the Pt gages were oriented in 
a vertical and horizontal plane so@~at vertical and horizontal 
acceleration could both be recorded on t!jGj same disc as the pressure 
versus.time record. This mounting systq $s shown in Figure C.18. The 
drum gage had only one element which mea$qed vertical accelerations. 
The gage and mounting post are shown in F&-he C.6. -_ iF"--? 5 ,%,.i 
E.3 CALISMTION OF ACCELEROMEYER ELEZGXTS i i--: 

: ‘: ““~’ 
E.3.1 Static Calibration 

'; *. s_j 

;"& 'I& 
The prototype accelerometer elements were calijbrated at the Naval 

Ordnance Laboratories (XOL) facility at White Oak, N$$+hd. A low 
speed centrifuge was used to make static calibration.$.~~:~~&e centrifuge 
is known as the "NOL Centrifuge (low speed) XL-LA". A mounting device 

78 



- .- 

with a motor driven disc table was used for all calibrations. By 
setting the mount at varyLng 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 

4C 

30 

ELEMENT F i/s A 

O- STATIC 

e- DYNAMIC 

24 AUGUST 54 

T 
. 

ACCELERATIW IN G’S 

i-;ZIl 

Figure E.1 Typical sta_@c_ and dynamic calibration 
curve of 4 ~3% accelerometer element. 

accelerations applied to each el &t. *From the coqiled results a 
calibration curve of deflection in m.ils k?sus acceleration in C's was 
drawn for each element. a i 

E.3.2 Dynamic Calibrations 

The elements were a.I,so given a dynamic;&i$bration on a drop 
tester, This tester is kno;m as the "NOL Dro$ &$ter (12") l>Te lA". 
The mount used on the centrifuge was also used-for the drop test. By 
varying the drop heights and the lead slugs on the cu:.iiL, each el~~ment 
was exposed to selected values of accelerations. 2.:. .._;?r !::$ L; of each 
element k'as oriented tangent to the radius of the di;sk!ti, &ain opt+imum 
results. Typical calibration curves of both static &d.~'d,ynamic 
accelerations are piotted in Figure E.1. 
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Shot I. * 
a--'"2 CT.3 
%' ’ i 1 Station 122.05 
I 4 : .i I& : i No readable records. 
f : f i‘ 

Gage only ran a short time. Curves very 

;_ LJ i distorted. 
.,..._J 

Station l23.03 

Horizontal Vertical. 
.Acceleration Acceleration - 

Element and range D (O-20 g's) F (O-15 g's) 
Deflection in mils 19'3 ml13 30 mils 
Acceleration in gcs. APprox. 50 g's 7.2 g's 

&ation 
(extrapolated) 
6.8 seconds 2.2 seconds 

F$+quency 6 cps Not readable 
Qrbspure . ..’ 19 PSI 

StationiJ23.03 was located 15,925 feet from CZ an ti reef between 
Charlie and :D&. Low tide was at 0736 on shot day, Seaving most of the 
gage mounts;a$otie the water level. To explain the extremely high 
horizontal or &di&acceleration at this station we must consider that 
the gage and g~ge'&nt acted as a pendulum when the shock wave passed 
over it, This reading .KZLS of no value to ground acceleration, but it 
is probably an explanation for the failure of some of the pressure-time 
gages and the distortIons of their records. The vertLal. acceleration 
is probably a trr:er v magnitude of actual acceleration. The 
shock wave was irmpress a coincidental plane with tine gage and 
gage mount, with the c eef actFng as a baffle to the gage itself. 

Shot 2 
Station 122.05 ; 1 

Bo resd%ble records. C4!gk only ran a short time. Curves very 
distorted. 

Station 122.07 
Cage lost. only 

Station 123.03 

Rlement and range 
Deflection in 11111s 

1st peak neg 
2nd peak pos 

Acceleration in ggs 
1st peak neg 
2nd peak pos 

Duration 
Frequency 
pressure 

L_i 
r-“l 
$ r_:..A 
4 
i L, 

two gages re@+ered from this station. 

Lf 

[‘l 
Horizontall i 
Accelerati&J 

Vertical 
Accele3tlon 

I -x 
Ii’ ro-5 g's) i r--j : i.._. c (O-15 g's) 

2 

u3.4 nils 
; j” “_ 

424.6 mils i.-."..? 5.3 Mm3 
A., JO.7 mils 

6.5 g’s 
24.2 g's 
3.4 seconds 
9 CPS 
15.7 Psi 



Station 123.03 was located 16,140 feet from GZ on a reef between 
Charlie &XL Dog. There was a low high tide at shot time, a~#n leaving 
most of the gage mount above the water level. 

The high horizontal or radial acceleration wascpi-cbably 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 t%e frequency 
pattern of the gage mount, which is predominant. Again t2e vertical 

: ‘, j : acceleration is probably 
i '$ ; _ 
: -: 

The coral reef once more 
* 1.. i was again impresced in a 
i i I- f _’ :,&he gage. 

_ _. : I 

L ; ,. Shot 3 
: j: Station 122.17 

a truer indication of the applid acceleration. 
acted as a baffle to the gage. Ze shock wave 
coincidental plane'with the vertical axis of 

*Gage did not run until shock wave arrived. If there are any . 
acceleration records they are indistinguishable from the resulting 
hash;during the process of putting the elements in place. 

;, 
':.&&on 122.19 
No verti'cal acceleration record. 

: 3 : 2 j. : , i‘ i’ : ! : 
>b 1 i 

Horizontal 
.i &. _..~ i._i Acceleration 

;’ i-> -: 
Element ~di&-&e I (O-30 g's) 

Acceleration in 

Duration 
Freq@cy ot readable 
Pressure 10.5 @T$~ 

I ; 
station 122.19 was located 5,42G'feet 

Uncle. L-1 
from GZ in the clearing on 

Ihe acceleration indicated on this 
limit8 expected. 

&@e is acceptable *Ilthin the 
5 : 
i $ 

Station 122.20 
i ; 
!.J <..“’ _‘.~ 

“, *_.--: 

Horizontal : i __, Ve:r',icaL 
Acceleration I :‘_:I Acceleration 

: -, 

Element and range 
Deflection in inils 
Acceleration in g's 
Duration 
Frequency 
Pressure 

L (O-20 g's) 
3 mila 
143 
1.66 seconds 
1.75 cps 
7.4 psi 
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Station ~2.20 was located 6,520 feet from GZ in the clee on 
Uncle. 

Both the horizontal and the vertical acceleration records at this 
station are acceptable within the expected limits. 

1 ., ’ ’ jEZ_ement and range 

v8s not set properly. 

time. 

Horizontal 
Acceleration 

H (O-5 g's) 

Vertical 
Acceleration 

A' (O-5 g's) 
Deflection in mils 

1 : 

: -: 1st pk neg 96.5 mi1s 101.4 nils 
i 1 9 2nd pk pos 32.2 mlls 97.3 mils 

Ac@eration in g's 
Jst pk neg * + 

,2nct pk pos 4.55 g’s * 
mation ; i i. 
fiequencji ; 

Not readable Not readable 
Not readable Not readable 

Pre s s~&,_W _ _,__~ 
\ ’ 2.2 psi 

, I’ 

* i-1 i 

* Calibr$$@xves are not complete enough to 
cover th?se ranges. 

I..,_, 
Station 124.07 was ed 10,900 feet from GZ on Peter. 

The readings at thi tion are probably in great error because 
the gage did not run. 

Station 124.11 R 
No,visible record. 

Station l24.11L &x 
The vertical acceleration recorq &n not clearly defined. 

1 
Horizo&,> 

Aqceleration r-~ 
* f 

XLement and range A (C-30 g's)/ [ 

Deflection in mils 2 ? 

1st peak 2 mils 
k,i :* -"~..l 

2nd peak 2.5 nils 
I * j. I ; < .~i . . 

3rd peak 2 mIils ; z 
Acceleration in g's : L. 

6 g’s 
. . . ..___ I 

1st peak 1 ,-- .L~. 
2nd peak 9 g's 

; g-e; '1, 

3rd peak 6 g's 
! 3 j i 1 

? i r 
Duration Not readable 4 i 

,i B,, 
Frequency Rot readable 

&..,l... y 

Pressure 8.15 psi 
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Station l24.11 was located 5,596 feet from GZ on Sugar. 

NOTE: Readings on Stations 120.08-R, 170.03-R, and P 1 are on drum 
gages. All records are distorted. 

Shot 6 

E.5 

Station 124.16 
Record discounted. Excessive oscillations make record questionable. 

Station 124.19 
Element and range 
ZDeflection in mils 
;Acceleration in g's 

!S&ation 124.20 
Element;snd range 
n:.: _- ..!.I ! . . ._ .,.. In mils 
,...:,. ,' ,...:. : .a., .I - I .,_ ._,. . . . . . . . in g's 

j :-‘i i -, ..: i._ 
Station 12k.z@> 
Element an&'~&$ge 
Deflection,-&@.ls 
Accelerati&&&i g's 

Station 124.23 
Element and ran 
Deflection in m 
Acceleration in g's 

Station 124.24 - 
Element and range 
Deflection 
Acceleration in g's 

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

CONCLUSION 

Horizontal Vertical 
Accelerations Accelerations 

I (o-30 g's) 
28.4 mcls 
li.5 g's 

;$@;'s) 
. 

9.5 g’s 

F', (O-40 g's) 
16.5 mils 
15.0 g's 

E (lo-40 g's) 
Not readable 
-_ 

;4(;-zlf's) 
. 

10.4 g's 

c (O-20 g's) 
55.8 mils 
9.8 g's 

J (O-15 g's) 
23.3 mils 
5.4 g's 

L (O-20 g's) 
No record 
-- 

F (O-20 g's) 
23.%liiD.s 
3.5 pii!q 

i r.. : 
i f 

B (i$ g’@j 
13.8 mils\ 1 
1.8 g's ! i 

: j LA 

K' (O-20 g's) 
36.0 ails 
4.2 g's 

It is the author's opinion that these sc$atch-type accelerometers 
are feasible and recommend that more time andTk&%Power be used to 
develop them for their maximum efficiency. , -...j_ * ‘* I (.‘, : 1 ; ; L i ; I I , 

i ? i : z I 
3 ; / ; j 
L ._I 2 



Appendix F 

i_/ -_ 
* ( ; 5 .The very low pressure (VT_P) gages used in Operation CASTLF: were 

tf ~&signed and constructed at RRL. They are simple in operation and 
t i require a minimum of'maintenance. The stations for this operation were 
'L.-attended by one technician although they can be modified to start at 

zero#me by the use of a photo-cell initiation circuit. The gage is 
selfjcpntained and self-recording and is capable of measuring pressure 
differentials in the 0 to 0.500 psi range with a sensitivity of 0.001 
psi. :_..--1 ;; 

.-- .-. 

F.2 DESCR@'$~ON 
,; L 

The &--g&ge itself consists of four major parts: 
I -. -.. 

:- ;-3 r 
1. A pres@e~_sensing diaphragm which consists of a single phos- 

phor-bronze convo@!&l diaphragm, 5-3/b inches in diameter, having a 
stylus arm with &,kb$phire tipped needle soldered to the center to 
transmit its motion t":"pJ recording disc: 

\"-*.. 
2. The recordi a five-inch diameter glass disc, l/16 

inch thick, with an a coating. A trace of less than one mil 
wide and approximately ches in diameter is recorded. The width 
of the trace will vary with quality of the coating and stylii point. 

3. me drive motor wa spring driven chart drive type with a 
recording speed of one revolution Der--#'our hours. The turntable which 
held the-recording disc was mounteq @-ectly to the 
motor. i j7 

4. The gage case is a steelyox e$g$t inches 
and seven inches deep with a removable cc@@ on the 
gasket 'yes used to seal the lucite cover 

W 
ing the 

Two views of the gage are shown in Figure&C.13 and 
i---*"-* 
i i”“’ 

F. 3 CALIERATION 
i 
i i,..,; 
; ~ .i 

drive shaft of the 

square on the front 
top. A rubber 
gage air tight. 
c.14. 

The gages were not completed soon enough ~.~~ckLlow an accurate 
calibration before being shipped to the field. They +r~e hovever 
calibrated soon after their return to the laboratory.! rv$ng a small 
valve on the side of the gage, 
this type VLF' gage. 

a vacuum system was usjejlrtb calibrate 
: i.!:” 
L _.f 



F.4 FIELD OPERATION 

.7l t r---I In field use, the gage is placed in a louvered box which serves 
$ , i I 2 5 ) _ ; f ; i 

to minimize wind effects.' The spring drive motor isrwound and started 

; ; ; a 
2 5 f f 

approximately six hours before the desired recording time. During 

* -9 p 
this period, the pressure rel _ief screw is open permitting pressure 

s /, “._ " j .-j <- ‘3 equalization. This permits the base line scratched on the disc to be 
g ::i a true representation of the ambient pressure. Just prior to the 
I it y ’ ; j:. expected phenomena, the pressure relief screw is closed making the gage 
a:-’ i 5 f 1, 1 completely pressure tight. 
L.” r,.i At some time prior to or foaovirk< the recording of the pressure 

_'I-p'henazena, time ?ips are placed on the record disc. This is accom- 
: f &shed by removing the relief screw and inserting a small rubber tube. 
i : Ajvery slight suction is ap$ied by mouth deflecting the diaphragm and 
'V:V$roducing a sharp pip on the record disc. A number of pips are record- 

ed in=jthis manner at accurately known time intervals. 

F. 5 : F$RE%Wl'A!l'ION OF DATA : __. 

The datPiT~recorded by the 7T.P gages are presented in two forms. 
One form isjthe actual enlarged photograph and the other form is a 
linearizedjc1&ve of pressure versus time. These.are presented to show 
the correl&ion between this method of measurements and those made by 
Sandia Corporati$-$iFing microbarographs (see Figures F.l, F.2, F.3, 
F.4). Four reprqkentative records were chosen for this comparison. 

&_+; ) 
F.6 DISCUSSION &$DD~~CO.MSNiM!fIONS 

The comparison ords made by EiRL and SC at the same 
locations show excel The only differencebeing on 
Site Elmer on Shot 1 record from the ERL gage shows evidence 
of a leak as it does no aXI. of the pressure flux indicated.by 
the SC record. 

In addition to being s and constructed of few 
parts the gage records dire on the recording disc and does not re- 
quire the-additional calibration o 

% 
"a~~l~~~~~_ ___L.s and recording equl;;mient. 

The amplification of the record isjobtaineci through the optic s~s!;rm 
of a too.lm&erls microscope. i 

The gages were usually placed&i.the field six to eight hours 
before shot time and could be left unattended, if necessary. For an 
inexpensive, self-recording, sensitive ptqsure time gage the V?J? gage 
has proven itself to be reliable and accpte. 

I 1 
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Figure F.2 Comparison of VW, and 
gage records from Site 
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microbaxograph 
Ekner on Shot 2. 
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., .‘.... ..’ 
. ‘.’ .. ,’ . . 
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