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BSTRACT

R

Mechanical, plezoelectric, and Wiancko pressure- timc gages and ball-crusher peak-
pressure gages were used to measure the underwater {ree-field pressures {rom the deepdo G ’“"')
explosion of an atomic bomb predicted to have the energy of 66 x 10' ‘Ib of TNT, Gages were
located at distances {rom Surface Zero from about 2000 to 12,000 ft (it-wna—necessxrrtu*dcw
-termine.final-gage-locations by computations-hased.on.shock arrival times) and were suspended
at depths down to 2000 ft from buoys, LCM hulls, and YFND barges. Although many of the
gages and records were lost, there was an adequate number of backup systems that provided a
wealth of detailed pressure data, _The principal results of this experiment were:

1. The peak pressure vs dist\nce curve for free water in the region measured was essen-
tially as predicted by Project 1.1 ai\d was similar to one which would have resulted from an
explosion of TNT having a yleld equidalent to ’/, the radiochemical yleld of 32 metric kt.

2. The best estimate of the first bybble period was 2,878 see, from which was calculated a
TNT yield equivalent to ¥, the radiochemical yield. This can be compared with the Pre¢ject 1.1
prediction of 2.88 sec, The second and third bubble periods were 2.6 and 1.9 sec, respactively.
Migration of the bubble to about the time of the first minimum was 400 {t,

3. The elfect of the temperature structure in the water in refracting the shock wave was
essentlally as predicted—increzsing the pressures and decreasing the duration of the shock
wave,

4. Shock-wave energy flux and linpulse varied with distance differently from TNT in a
homogencous medium when corrections were made to account fcr the time of integration, The
differences are belleved to have arisen from a basle difference between the shock waves pro-
duced at Operation Wigwam and these {rom: TNT or from refraction effects.

S. There were at least three botiom retlections, all attributable to the primary shock s being
reflected from suceessively decp botlom layers,
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PREFACE

Project 1.2 was one of three projects to measure underwater pressures on Operation
Wigwam, each covering separate regions with some overlaps. The other projects were Project
1.2.1, conducted by the Naval Research Laboratory, which measured pressures cloger to the
bomb, and Project 1.3, conducted by the Navy Electronics Laboratory, which measured pressures
farther {rom the bomb. Prcject 1.2 represented the major effort of the Naval Ordnance Labora-
tory (NOL) on this operation and, together with information from the other NOL projecis (1.1,
Energy Distribution Studies; 1.4, Bubble Phenomena; and 1.5, Gross Surface Phenomena), was to
ohtain an over-all pictura of the free-field elfects of an underwater atomlc burst. Techniques
used by Project 1.2 were developed {rom allied techniques used on previous operations, princi~
pally Operation Castle, and on routine research on high explosives conducted over a perlod of
several years by the NOL and the Underwater Explosives Research Laboratory of the Office of
Scientific Research and Development. Although most of the funding for thls project was supplted.
by the Armed Forceg Sceclal Weapons Project, a substantial fraction was supplied by the Burean
of Ordnance, - .

Twus report contains the results of Project 1.2 completed up to the time of writing,
although further analyses of the data may be worth while at later times.

Since there are so many facets to this project, there Is some repetition so that readers
concerned with one phase to the exclusion of others will not have to read portions beyond thelr
immediate interest. For example, the baslc results are discussed in detail in Chaps. $ and 7
to 9 and are summarized in Sec. 10,2. Instrunientation is discussed In detall in Chaps, 2to 6 and
is summarized in Sec, 10.1, Although it was beyond the scope of Project 1.2, Appendix A, which
is a discussion of the effects of the Wigwam shot on ships’ sonar apparatus, s included slnce it
is a subject of considerable military-interest on which little information is available elsewhere.
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CHAPTER1

INTRODUCTION

i.1i OBJECTIVE

The objective of Project 1.2, Operation Wigwam, was to measure peak pressures and
pressure vs time under water in the region from about 1500 ft to ubout 12,000 ft from Surface
Zero (SZ) arising from the explosion of a nominal 30-kt atomic bomb fired at a depth of 2000 ft-
in about 15,000 ft of water. Table 1.1 gives some of the basic datn describing the Wigwam shot.
Measurements were to be made {rom depths of 25 {t to 2000 {t, including the region where
large scaled models of submarines were located as targets.

1.2 GENERAL CONFIGURATION OF ARRAY AND METHOD

The general array of bomb, targets, instrumentation platformns, and gage strings has been-
described in detail in other Wigwam reports, For purposes of this report, it is probably suffi-
clent to say that the array comprised a tow about 30,000 {t Iong, nt one end of which the bomb
was suspended from the bomb-support barge (YC-473). Free-fickl underwater pressures were
measured by the Naval Research Laboratory (NRL) from this bargo to a depth of 1200 ft as
described in reference 1, and arrival times were measured to within about 15 [t of the bomb by
the Armour Research Foundation (ARF) as described in reference 2, Between the YC-473 and
the nearest target (SQUAW-12) at about 5200 ft from SZ, Project 1.2 suspended pressure-gage
strings of three types: ball-crusher peak-pressure gages, Naval Ordnance Laboratory (NOL)
mechanical pressure-time gages, and electronic plezoelectric and ¢lectromechanical pressure-
time gages. The ball-crusher gages were suspended from towline floats with separate rubber
recovery buoys, The mechanical pressure-time gages were suspended {rom wooden floats held
off the towline by 150-ft spars; the electronic gages were suspended from two modified LCM’s
(0-1 and 0-2), The ball-crusher and mechanical gages were compluiely self-recording, whereas
the electronic gages were to have their signals recorded cn magnetic tape in buoys which were
to be freed from the LCM’s by the arrival of the shock. Each of the three instrumentation
barges (YFNB's 12, 13, and 29) was to kave two gage lines on the poriside for this Project and
one gage line on the starboard for Project 1.3 (see reference 3). ‘fhe gage Hn2 from the port
bow was to support electronic gages, and the one from the port stern was to sepport the ball-
crusher and mechanical pressure-time gages, On the YFNB’s 12 and 13, an underwater camera
for the bubble-displacement measurements of Project 1.4 (reference 4) was also to have been
on the mechanical gage line. Measurement of the {ree-field underwiter pressures In the regioa
between the YFNB-29 and the towing tug, with the exceptlon of a slngle string of Project 1.2 ball-
crusher gages, was to have heen made by Project 1.3.
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Table 1.1 ——WIGWAM SHOT CHARACTERISTICS

Location: 289 39.6° N + 0.25 mile 126° 10.5' ¥ + 0.5 mile

(SOPAR X
28° kb ) { 126° 16° W (NAVIGATIONAL
Time: 1300 PDT 1% May 1955 ‘ :
Surface Conditions: Wind: NNE 18 Xnots
Humiditys 65 per cent (Relative)
] Temperature: 15%
Barometric Prassure: 1025 millidars .
t‘?g Sea State: . 9-ft sea, T-ft swell,
"‘1‘ I and 8.3 £t conbined
2-[‘; (sverage of highest .
ot oue-third waves) !
% '
Depth of Water: About 15,300 £t
Depth of Charge: 2,000 ¢

Time of Actual Zero After Fiducial: 29 msec {BGLG) !
) . 12.5 msec (KRL)

13.0 msec (Used in this
Report, unless othervisef
noted)

Metric Kilo ton: Meagure of mergy Equal to .18 x 10 19
ergs a3 1012 ga-cal

P L
)\). ‘_

Yield (RC): 32 + 10% Ketric KT (LASL October 1955)
35 + 10 - 3.5 Metric KT {NRL October 1955)
30.5 ¥ 1 Metric KT (ARF HYDRODYRAMIC
Cctobver 1955)
70.6 x 106 1bs of TNT at 1000 gn-cal/gm
{froz 32 metric KT)
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The over-ail guiding principle for PQQC QaEN HAL all instrumentation in one or

more ways {0 be sure-that at least the minimum requtrd informmation was obtained, ‘This was
done to an extent not cften achieved even on 22 cperation of lhe scope oi Wigwam; and, as it
resulted, most of these precautions were actually needed. In the instances where backup
instrumentation systems were not essential, they provided enough check data to give con-
siderable weight to the values obtained and a basis for estimating the accuracy and precision
of the results,

1.3 OPERATIONS

1.3.1 Preshot Operations

Instrumentation was designed and bullt at NOL, White Oak and Indian Head, Md. Prelimi-
vary testing was conducted there and at the Navy Electronics Laboratory, San Diego, Calif,
LCM modifications and other comparatively heavy construetion work were done by the Naval
Repair Factlity, San Diego. Sea trials were made off the Cal‘.!omia coast on several occasions
during the period Jar...zry to April 1955. '

1.2.2 Shot-time Operations _ T,

To prepare for the actual shot, personnel (see Table 1.2) were split into three main
groups——one aboard the USS Comstock to prepare and set into operation the LCM instrument
stations, one aboard each of the three YFNB's to prepare instrumentation located theveon, and
one aboard the LST’s 975 and 1048, to install the free-floating ball-erusher and mechanical
pressure~time gages. The latter group actually made the gage instatiations from the USS
Butternut (AN-9), the USS Bolster (ARS-38), and the LCM's operated by the Task Group 7.3
(TG 7.3) Beat Pool. .

By D-2 all systems were considered ready to be installed and operated, and boats 0-1 and
0-2 were attached to the towline. The spars for the mechanical pressurc-time gages were also
attached to the tow. It was planuned to lower the gage stiings as soom as the tow was completed,
which was scheduled for 1030 on D—1. Actually, the four ball-crusker-gage strings, one of the
mechanical gage strirgs, and the gage strings from 0-1 and 0-2 were put into the water rather
late in the afternoon ca D-{, although the tow was not completed evea by that time, The YFNB
strings, except the port stern gage line on the YFNB-12 which was never Installed, and the
remaining mechaniea? pressure-time string were put into the water on D-day, the former in the
predawn hours and tha latter shortly after daylight, During the morning of D-day, both 0-4 and
0-2 buoys broke {ree {xom the modified LCM’s as a result of sea action, The 0-2 buoy broke
{re2 at about H--6, and the 0-1 buoy, at about H-4, Since the apparatus In the buoys required
starting signals from radios In the LCM's, but external to the buoys, no data were obtained
{from these two systems,

1.3.3 Recovery Operations

After the shot and after permission was granted, recovery commenced on the night of
D-day with the haulinz up of the two NOIL, gage strings on the YFNB-13. The remaining YFNB
strings were recovered during the morning of D+ 1. It was not until the afternoon of D+1 that
it was possible to start recovery work on the equipment which had been attached to the towline,

Searching was done by two helicopter surveys of two craft each and by the USS Tawasa (ATF-92),

By evening the latter had recovered the 0-1 buoy, both spar gage lines, and two of the ball-
crusher-gage buoys from which the gage strings had been lost, The 0-2 buoy was recovered the
next day, and two of the ball-crusher-gage lines and buoys were never seen,

Tables 1.3 and {.4 summarize the Project 1.2 data that were recovered and used as a
basls for the preparation of this report. Chapter 10 summarizes the results of this report,
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Table 1.2—NOI, FIELD GROUP, PROJECT 1.2 OF OPERATION
WIGWAM

- XI. Abcard USS COMSTOCK to Prepare and set in operation the ex-
LiM's, 0-1 and Q-2

"C. J. Aronson - Project Off{icer
R. S. Price - Crew Chierf, 0-1
J. P. Slifxo - Crew Chief, 0-2

R. L. Knodls - 0-1 J+ R. Mitchell - 0-2
C. B. Horkins « Q-} : R, J, Stattel - 0-2
D. H. Nitowitz - 0-1 E. G Nacke - 0-2
L. D. Cooley - 0-1 D. B. Wilhite - Q-2
FI #~board YFNB's
B. J. Cuning - Chief, Electronics Gage Systems

¥. J. Oliver
P. S. Bengston
J. ¥. Bampfield

Chief, Mechanical Gage Systems
Crew Chief, YFNB-12
Crew Chief, YFNB-13 .

V. P. DeVost Crew Chief, YFPNB~29

B. E. Cox YFNB-12, Electronic Geges

B, W. Baggott - YFNB-12, Ball-Crushers -
W. G. Zuke - YFNB-12, Mechanical Ceages

J. F. Fitz ~ YFNB-13, Electronic Gages

H. H. [aug - YFNB-13, Ball Crushers

J. B. Lerpsey = YFNB-13, Electronic Geges
H. B. Benefiel - YFNB-29, Mechanical Gages
A. B. Jones - YFNB-29, Ball Crushers

C. W. Mangold - YFNB-29, Electronic Gages
C. H. So:ners ~ YFNB-29, Electronic Geges

{1X. Aboard IST's to put down free floating ball-crusher and
Dechanical pressure-time geges

M. A. Thiel - Chief, Ball-Crusher Group
V. F. Carver - Mechanical Gages
D. L. Marks - Ball-Crushers
C. F. Yout - Mechanital Gages .
J. W, Thompson - Ball-Crushers
J. 8, Baker - Ball-Crushers
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Table 1.4—PROJECT 1.2 NOMINAL GAGE DEPTHS FOR
USABLE PRESSURE-DATA CHANNELS

Horizontal Nominal Distance (ft)

Pvet/Pvst|Pvst] Pp[Pvst|PvstiPuay {Pray [PVst

2900 | 8700 5600 7860 ) 7860 { 8035 [10,865 (10,865 [11,030
Mech | Mech PE B/C | Mech PE | Meca n/c PR

50 50 25 15,15,25 50 25 S0} 259 V 25
10 | 300 254 35,45 | 100 25l 100] 309 252
300 | 750 50 | 55,65 | 300 50 200| 358 25
500 - 00| 75,85 | so0 200 300! k08 50
- - 200 | 95,205 750 | =200%| 500} k58 | 200

Mech | Mech 2009 115,125 | 1000 500 7501 508 300

Poax | Puex | 500 135,145 - 1000 | 1000] 556 | 1000

200 - 1000 [155,165| - 1000 - | 606 |1000

- 200 | 10004 175,185 -~ [iancko - | 655 [Wiancko !
- 500 [Wiancko] 195,205| =~ (P vs % -1 705 [pPvst !
- | 1000 |P vs t J215,025] - 100 -1 754 100 i
- - 200 | 235,245| - 200 - | o4 200 i
- - 200 | 255,265| - 200 - 853 200

- - 300 | 275,322 - 300 -1 903 300

- - 500 | 369,417 - 500 -1 952 500

- - 500 h6h,512 - 500 -* 1 1002 500

- - 1000 | 561,611| - 1000 - - 1000

- - - 660,709 - - - - 1000

- - - | 758,807 - - - - -

- - - | 856,905 - - - - -

- - - | 953,008 - - - - -

b 31 Gages which recorded on twc chaunels.
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1. C. B, Cunningham, Free-field Pressures, Station Zero, Naval Research Laboratory,
Operation Wigwam Project 1.2.1 Report, WT-1006, December 1955,

2. F. B. Porzel, Close-in Time of Arrival of Underwater Shock Wave, Operation Wigwam
Project 4.4 Report, WT-1834 (in preparation).

3. T. McMilllan, Free-field Pressure Measurements, Project 1.3, Operation Wigwam Project
1.3 Report, WT-1007,

4. G. R, Hamilton =t al,, Bubble Phenomena. Operation Wigwam Project 1.4 Report, WT-1008.
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CHAPTFR 2

BALL-CRUSHER PEAK-PRESSURE MEASUREMENTS -

2.1 PURPOSES R v ' ’ E

The priacipal purposes for making ball-crusher-gage underwater peak-pressure measure-
ments were to provide a simple, reliable backup measurement system for the pressure-time
gages and to obtaln peak-pressure measurenienis at a.large number of positions,

2.2 "DESCRIPTION OF BALL-CRUSHEK GAGE

2,2,1 History

The ball-crusher gage consists essentlally of a steel piston, a eopper ball, and a steel
a1 as shown in Figs, 2.1 and 2,2, One end of ihe piston is in contact with the small copper
sphere which rests on the anvil. The other end of the pistc is subjected to the shock wave from
an explosicn. These gages, in groups of four, are clamped to lines suspended {rom foats. Such
gages have been used extensively to obtain peak-pressure data from underwater explosions of
charg’es weighing from 50 1b to 45 tons. A discussion of some such experiments 1s given by
Cole,

On shat Baker of Operation Crossroads and on shots 1, 2, 4, S, and 6 of Operatioa Castle,
the peak pressure vs depth and peak pressure vs distance relations were obtained by the use of
ball-crusher gages.

As on Operations Crossroads and Castle, ball-crusher gages were used on Operation
Wigwam to obtain peak pressure vs depth ahd peak pressure vs distance relations 23 a supple-
nment to ke pressure-time recording.

2.2.2 General Gage Details

Flgure 2.1 shows the gage components, a waterproofed gage assembled with a ’/.-ln.-
diameter sphere, and a block of four gages.

Figure 2.2 is a cross-sectional drawing of an assembled gage. Two sizes of spheres, ’/,,
and ¥% in, iz diameter, can be used in these gages. The ¥,-in. sphere Is used with the spacer
ring, as shuy#n, and the i’ndn. sphere Is used without the spacer ring. The purpose of having
two sizes {5 to widen the pressure range covered by the gages.

The dvzamic calibration curve for the ’/,,-ln. spheres is ncarly linear for deformations

O {rom 0,01 to 0.05 in., ard for the ’/.-in. spheres it is nearly linear for deformations from 0.01
\:.:-:.: to 0.09 in. These deformations correspond to a range of peaX pressures for a step wave of
&s s about 300 to $500 psi (5,-in, spheres) and about 700 to 8000 psi (¥,-in. spheres).
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Fig. 2.1-—Ball-crusher gage components, waterproofed gage, and gage block,
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Fig, 2.2——Cross section of a bali-crusher gage.
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Errors in measured defoxgxatlons are estimated to be £0.0005 in.; hence, for a final defor-
mation of 0.01 in., the error in measurement alone is about %5 per cent, Thus, for deformations
smaller than 0.0t in., the errors due to measuring the spheres become extremely serious.

22.3 Theory

The theory of the ball-crusher gage has been discussed elsewhere.~$ In brief, it has been
shown that the response of the gage up to the time of maximum deformation is equivalent to that
of 2 mass and spring subjected to a force applied to the mass and that the differential equation
of a linear oscillator results for the motion of the piston. This equation can then be Integrated
for any assumed pressure variation. In the use of the gage, therefore, it is necessary to know
the shape of the pressure-time curve and certain other factors, In small-charge work most of
these faciors have bcen well known; in the instance of the Crossroads Baker work, pressures
were calculated on the assumption that the shock wave was a step function. A limited number of
pressure-time reccrds indicated that this approximation was good to 10 per cent or better, On
Operation Castle the ball-crusher gages were subjected to a slowly increasing pressure wave
rather than a shock wave. The gage acted then as a static pressure gage, and peak pressures
were calculated by using only the [inal deformations of the spheres and their static calibrations.

Since the ball-crusher gages were waterproofed and were to have been used to depths as
great as 2000 ft on Operation Wigwam, the effezt introduced by the predeformation of the
sphere by the hydrostatic pressure must be corsidered, The theory of the ball-crusher gage in
which the sphere has been predeformed by the hydrostatic pressure has been discussed in
refercnces S and 6. The deformations discussed in reference 6 have been used to calculate peak
pressures by the method of reference 5, and 2 comparison showed that the two theorles, refer-
ances 5 and 6, gave the same values of peak pressures for the region of measurement.

. 2.2.4 Andiyais

Ball-crusher peak pressures were calculated by the method outlined in reference 8, using

Pp = {%(x.. +x9) - P.] (1 +2 -‘i) (1.1)

where Pp = the peak pressure above hydrostatic pressure, pounds per square inch
= the dynamic force constant, pounds per foot
K, = the static force constant, pounds per foot
A = the area of the piston (0.197 sq in,)
Xm = the final deformaticn, inches
X,y = the initial deformation, in inches, caused by the hydrostatic pressure; it is equivalent
to (12 X 0.434D,A) /K,
P, = the hydrostatic pressure, in pounds per square inch, to which the gage is subjected;
it equals 0.4410,
Dy = the depth, in feet, to which the gage is lowered
p =1/, where @ is the time constant of the shock wave, seconds
w = the YKp/m, where m is the equivalent mass of the moving system

The dynamic {orce constants were obtained by the NOL from drop test equipment as usual’
and were

Kp= 1.40 X 10° b/ft {for ¥%,~in. spheres)

Kp= 3.38 x 10° Io/ft (for ¥;-in, spheres)

The static Jorce constant for the ’/,z-!n. spheres was obtained by placing waterproofed gages
in a pressuve pot :u~d measuring deforaiations produced over a range of pressures. The static
calibration for the ¥;-in. spheres was taken from reference 6. The lot of spheres used in the
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work described in reference 6 is the same lot of spheres used in Wigwam., The static force
_ constants were s

[

T skl b, i ran et b

. Ks=1.21 x 10% 1b/ft (for ¥%;-in, spheres)

K, = 2.84 X 10 1b/tt (for ¥,-in. spheres) . .

The correction for the decay of the shock wave, 1 + (1/2)(s/w), was J€ss than 0.5 per cent
for an exponentially decaying shock wave with a time constant of about 30 msec, and hence it is
. omitted in what follows,
. Substitution of numerical values in Eq, 1.1 and simple algebralc reuryangement giver

“Pp = (1.15 x 10 x ) — 0.178D, (for ¥;-in. spheres)
Pp = (296 X 10° x o)) - 0,186D, (for ¥;,-in, spheres)

2,2,5 Gage Preparation

The copper spheres were measured using micrometei calipers. The tolerances were
£0,0003 in, from a nominal diameter for the ¥-In, spheres and £0,0002 in, for the ¥y-in.
spheres, The spheres were checked at three diameters, and any sphere which fell outside the
tolerance was discarded, - *

The gage components were.washed in ca:bon tetrachloride to remove ¢i} and grease trom
the outside surfaces to ensure adhesion of Tygon primer and paint (Tygor paint and primer are.
manufactured by The United States Stcneware Co., Akron 9, Ohio). The piston, with spring in
place, was checked in the cap. The gages were then agsembled with the desired size of sphere.

Tests conducted with 8- and 50-1b charges showed that the method of waterproofing that
was used on Operations Crossroads (see also Sec. 9.9) and Castle affected the response of the
ball-crusher gage at least when the gage was subjected to a short-duration shock wave,®
Further tests were conducted to obtain a waterproofed gage .hat would have the same response’
as a nonwaterproofed gage.! The method that was developed and was used on Operation Wigwam
13 oullined helow:

To waterproof the gages, a rubber cot (the finger cots were manufactuyed by Killashun
Sales Division, Akron, Ohlo) was pulled tightly over the piston end of the gages and held in place
with a rubber band, Each gage was checked ta ensure that no air was trapped under the cot at
the piston end of the gage. The sides of the gages were wrapped with Uskorona tape (Uskorona
tape is manufactured by The United States Rubber Company, New York 20, N, Y.), and Bostik
No. 1015 cement (Bostik cements are manufactured by the B, B, Chemical €o,, Cambridge and
South Middleton, Mass.) was applied to the point between the tape and the €6t at the piston end
of the gage and between the tape and the gage at the other end. Two coats of Tygon primer,
TP-107B, were painted over the tape and the Bostik cement.

The sides of the waterproofed gages were wrapped with two layers of fiiction tape and
inserted into the blocks (Fig. 2.1).
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2.3 GAGE RIGGING AND MOORING

b e -

2.3.4 Gage Rigging

The ball-crusher gages were to be suspended in vertical strings at nominal horizontal
distances from SZ% of 1520, 1920, 3520, 5440, 7860, 10,865, and 11,900 ft, The gage strings at d
~@. 5440, 7860, and 10,865 it were to be hung from the YFNB's; however, the bail-crusher gages at .
AN 5440 ft were never Installed, The remaining four were supported oy flotation buoys on the tow
cable.

. Figure 2.3 is a schematic drawing of the ball-crusher-gage strings which were suspended .
% from the flotation buoys. The gage blocks were suspended between wire-repe pendants, From
. the surface to 300 {t they were spaced at 10-{t intervals; from 300 {t to 1064 ft they were at
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50-ft intervals. The gage strings at 1920 and 3520 ft were 2000 It long. Gage blocks were at
100-1t Intervals trom the $000- to the 2000-ft depth on these two strings.

The gage strings at 1520, 1920, and 3520 ft from SZ had a weak link, a ¥,-in. shackle,,
between the top gage block and the flotation buoy. (This weak link was expected to break at the .
time of the shock-wave arrival)) A ¥-in.-diameter wire-rope safety or recovery line raa along-
side the gage strings. The recovery line was slack and was clipped to the gage string every 50 ft,
At the surface the reccuvery line was connected to a safety float, a 600-gal rubber buoy, with
about 80 ft of slack cable. The safety float was not connected to the towline, Gage depths were
determined from the lengths of the wire-rope pendants and the gage blocks. !

The ball-grusher strings which were hung from the YFNB's were combined with the me-

. chanical gage strings. The main support cable was ¥,-in.-diameter wire rope to which seven
mechanical gages were attached (see Chap. 3). Each ball-crusher string, a series of gage
blocks and pendants, was clipped to the ¥;-in. wire rope by means of ¥;-in. steel rods (see
Fig. 2.1}, which were welded to each ball-crusher-gage block. The pendants between the ball-
crusher-gage blocks were slack since the mechanical gage string supported all the weight. To
make up for this slack, an extra bail-crushar-gage block and 50-ft pendant were added to these
strings. The depths of the gage blocks which were near mechanical gages were oblained from.
the depths of the mechanical gages, Depths of the remaining gr.ge blocks were estimated by
assuming that the ball-crusher-gage blocks were spaced evenly between mechanical gages.. .

2.3.2 Installation and Recovery of Gages

On the YFNB’s the ¥~In. wire rope was lowered from a drum on a winch, It was nuz cver a
block at the end of a boom which projected over the side of the barge. The mechanical gages and
the ball-crusher blocks were attached to the cable as it was Jowered. The weight of each com-
binad string was supported by its winch. A pendant from the ball-crusher strlng was secured to
a bit on the deck of each YFNB to serve as a safety cable.

A complete gage string was lowered Irom the YFNB-13, and a partial string was lowered
from the YFNB-29, The string on the YFNB-12 was not lowered,

The ball-crusher-gage strings that were hung on the flotation buoys were lowered lrom
the USS Butternut (AN-9) or the USS Bolster (ARS-38). The gage strings were connected to-

o ts WP e B

gether on deck and lowered over the side By mcans of tumbllng hooks. The Eage sliings were
taken by M-boat to the towline. Because of heavy seas it was not possible to secure the gage
strings to wire-rope pendants hung from beneath the buoys as planned. At most of the positions
the gage strings had to be connected to the ring on top of the flotation buoys.

On the YFNB's all the gages that were installed were recovered. None of the ball-exrusher
gages which were hung on the flotation buoys were recovered. At the 1520-1t position, aeither
the flotation nor the safety buoy was recovered, At the 1920-ft position the flotation buoy was
not found, but the safety buoy was retrieved; however, the recovery line had parted belweea the
buoy and the first gage block. At the 3520- and 11,9001t positions the flotation buoys were .

recovered, Neither of these positions had a safety buoy.
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CEAPTERS

MECHANICAL PRESSURE-TIME GAGES AND SYSTEMS

3.4 INTRODUCTION T S s,
3.4.1 Objectives

The development of a self-contained mechantcal-recording pressure-time gage was inltiated
for use on Wigwam to provide a backup system for the 'NOL electronic systems.

The objectives and requirements were:

1. Pressure sensing and recording using techniques different from those of the electronic
systems, .

2. Starting of the recorders to be independent of the Edgerton, Germeshausen & Grier
(EG&G) timing system, )

3. Iudependent attachment to the towline.

. 4. Principal shcck peak-pressure measurement accuracy of £10 per cent over a range

from 500 to 3000 psi.

5. Time resclution of 2 msec or better for events lasting up to 100 maec,

8. Time accuracy of 1 per cent for intervals ¥, zec long,

3.1.2 Backgrouwnd

. dicasurement of underwater shock pressures by means of a self-contained pressure-time
recorder was first accomplished on an atomic burst by the University of Washington on Crogs-
roads.'™* Two designs werc used, a linear recorder and a banjo or logarithmic recorder
(Fig. 3.1).

The linear recorder was housed In 2 1200-1b cylindrical contalner, 30 {a, Jong and 25 In, in
diameter. It could measure pressures up to 1000 psi and could withstand shock up to 1000 g

PR R SN R

. without damage, It could be started In advance electrically by a blast switch or timing signal,

) Its sensing element was a 10-in, diaphragm acoustieally damped so that it did not overshoot z
F:f“' more than § per cent for a step pressure pulse, A stylus fastenad to the diaphragm scratched '
;w:._-: a chrome-plated disc 3 in, in diameter which rotated a fixed number of turns at 4 rpm, !
'_\“‘.“-:. The banjo or logarithmic recorder was 8 in, In diameter and 3 in, thick. It also used a H
YK diaphragm as a sensing element; however, the diaphragm was effectively damped by sponge |
::1‘:.:-; rebber, which gava characteristics about the same as those of the linear recorder. The stylus i
:‘]_‘.:, of this gage recorded by scratching on a flat surface of a rod which moved in a straight line :
.“.‘ - under the action of a spring, The initlal recosding speed was about 1 in./sec, The rod was {
r..,~ restrained by a piston moving in oil so that its displacement varied logarithmically with time, '
o tarting was accomplished at sheck arrival, Neither gage used any time marxer system, which ;
’\:s:.'_'- meant that time measuremants were obtained from a cclibration of the recording speed which }
:&‘-\\: was conducted under the circumstances of no shock, .
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Photographs of some of the better University of Washington ariginal pressure-time records
of the principal shock phase sre shown in Figs. 3.2 and 3.3, The complete recordy may be seex
In the analysis study made by the University of California.’ The time scale shown was con-
structed using recording speed and enlargement information furnished by the University of
Washington. The marks do not represent positive durations and are provided only as an ap--
proximate time scale,

It is obvious that there was considerable time distortion present in the princlpal pulses
Irom both types of recorders, This distortion in the log or banjo recorder must have been due
to the fact that the recording surface was sensitive to linear acceleration. In the case of the
linear recorder, the University of Washington stated that the probable cause was staprage of
the motor or gear train, slipping of the recording dise, or gear backlash,

Pressure distortion was also present, but the amount is difficult to determine. If the
principal pulse was made up of two to five very short duration pulses as concluded by the
Uriversity of California,* the gages may have been too slow to fully respond. In addition it
seems that some pressure.sensitivity to linear acceleration should have been present.

From the foregoing the reader can obtain an idea of some of the difficulties to be overcome
in making a sclf-contained recorder capable of withstanding 500- to 1000-g shock and at the
same time glving an undistorted record. For the Wigwam shot a new design was necessary
because:

1. ‘The linear recorder was too heavy for handling with seven gages ona string dropping to
a 1000-ft depth, ’

2. The linear-recorder case was too weak for expected shock pressures.

. 3. The logarithmic recorder could not be readily modifted to give sufficient recordlng time
for Wigwam without sacrificing time resolution,

4. Neither recorder had any provision for a timing trace, which was felt necessary to
determine what speed changes, if any, occursed during periods of heavy acceleration.

5. There was some doubt about the acceleration sensitivity of the pressure-sensing
diaphragm under shock,

3.2 GENERAL DESCRIPTION

Tha mechanieal pressure-time recorder (Figs. 3.4 to 3.6) developed by NOL recorded
small rotary displacements of the sensing element directly on a rotating smoked-glass drum.

The sensing element was a hollow iwisted tube which rotated so as to uatwist when internal
pressure was applied, There was a stylus on the moving end of the elemem. The moving end
of the clement was supported in a bearing, and the stylus arm was bajanced to reduce linear
acceleration effects, The stylus weight was held to a minimum to keep the rotativnal inertia
down and the natural frequency high, Shock pressure entered the water-filled twisted tube
through a water-filled spiraled lead-in tube having an orifice at its entrance, The system was
theoretically quite Insensitive to linear acceleration,

The deflection of the stylus was roughly 0.017 in, for the rated pressure of the element;
however, it was found that the rated pressures of the element could safely be increased by two
or three times, The range of the sensing element was further increased by means of a negative
bins obtained by charging the inside of the gage housing with air pressure ranging from 400 to
1000 psi,

The drum was driven through worm gearing by 2 modified Army M-500 fuze movement,
which for this recorder was called a clock or spring motor. This unit was used because it
could withstand heavy shock loads and because it could start in 2 or 3 msec. Power was taken
off a gear fastened to the escapement wheel of the motor,

The escapement was released by a trigger eaergized by a Natlonal Bureau of Standards
explosive motor, BS 25, which was energized electrically.

The shock-excited reed provided a timing trace. The record was reproduced by photo-
graphing the trace through the eyepiece of a 40 power microscope or by wrapping film around
the transparent recording drum and exposing it to an internal light.
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The recorder was housed in a 7-in.-diameter bronze ball. It was separated from the
housing by elght lead plugs and eight rubber washers which acted as shock absorbers.

For the Wigwam test, two methods of starting were employed. The first utilized a blast
switch of novel design (Figs. 3,7 and 3.8) which closed by shock pressure several milliseconds
before shock arrival at the rocorder. The second method utilized a relay closed by the EG&G
system,

3.3 DEVELOPMENT

The principal problems encountercd by NOL during the development period arose from the
lack of a calibrating facility which could provide a step pressure rise of known amplitude and a
rectangular pulse of known duration. '

The first was solved by constructing a pressure vessel in which one or more ND-24
detonators could be fired. A diaphtasin straln gage (Fig, 3.9) made by Control Engineering
Corporation of Norwood, Mags,, having a 20,000-cycle/sec natural frequency, was used for the -
measurement of pressure, Before the shot this apparatus had only been developed to the point ’
where it could be used for damping studies. After the test the apparatus (Fig. 3.10) was refined
s0 that pressure comparison butween mechanical and strain gage records was sulficienlly
accurate,

A rectangular pulse of known duration was provided by the use of a conical charge of TNT,

25 ft long,’ This was {ired in the Potomac River, and it produced a rectangular pulse 8 msec
long at 6000 psi, Only two such tests were made. Some additional information was obtained by
the use of small conical charges giving a rectangular pulse 1 msec long; however, these were of
little use because the recording speed was too slow to make it possible to read time to 1 msec.

In the course of developing and checking out 40 gages, many time-consuming problems
arose, In brief some of these were:

1. Leakage of sensing elentents at points which were silver soldered,
2. Sensing element {riction.
3. Stylus design.
4, Escapenent wear and hreakage.
5. Shock mounting,
6. Stuffing-gland leakage,
7. Trigger design,
8. Worm-gearing backlash,
. Starter leakage,

10, Damping,

Although solutions to ail these prohlems were found, it became apparent during the program
that there was not sufficient time to make all the usual tests before the shot and still have time
for corrective design. It was decided that it was better to have all the gages in use, although
some deficiencies wera expected, rather than to perfect a few gages.

<

3.4 DETAILED CHARACTERISTICS

The following Is a brief summary of the characteristics of the gage and the blast switch,

3.4.f Sensing Element

Type: Wiancko twisted tube, which rotated a 1-in.-long balanced magnestum stylus arm with
a diamond stylus of 0,002-in. tip radius

Maximum displacement; 4 9,050 in,

Response: Frequency undimped, about 1000 cycles/sec; critically damped response time,
about 1.0 msec for the step pulse

Nominal sensitivities used: 150 to 1000 pst
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Fig, 3.8—Starter for mechanical pressure-time gages.
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Type: Microrecording, on a 1.0- in.-diameter smoked-g!ass drum, with spring-powered
motor, escapement speed control, and worm geartng

Recording time: 10 to 15 sec

~ Drum speed: About 0.2 rps or 0.0006 in./msec
- Timing trace: By shock-excited 50-cycle/sec cantilever reed and stylus

Line width; 0,0005 in, (0.5 mil), representing 0.5 per cent maximum ptessure displacement !
and about 1 msec in time ‘

Recorder startings Explosive- motor-actuated escapement release Ieve:;yowet require-

4 ments, 2 volts and 0,2 ma; available force, 10 Ib; stroke, V.ln.

Starting time: 2 msec

Weight of recorder: 5 1b

Weight of recorder housing: 75 Ib

3.4.2 Recorder

3.4.3 Blast Switch

Operating pressure: 75 to 100 psi

Operating time: 0.1 msec

Depth range: 0 to 2000 {t

Power pack: 180-volt battery paralleled by a 4-pf condenser .

Size: 2.5 in, in diameter by 18 in, in length e
Weight: 10 1b ' :

3.5 INSTALLATION ‘ ' ; ,

Plans were made to install five strings of gages In the region straddling the SQUAW targets,
as foilows: T
. Buoy string No, 1, 2800 {t {rom the YC . !
. Buoy string No, 2, 4500 ft from the YC g i

- YFNB-12 On the after port quarter about 170 {t aft of the piezoelectric and

YFNB-13
. wi tri
" YFNB-29 ancko gage string

Each buoy string was designed to be suspended by a 4- by 4- by 4-ft solid wood buoy
{Fig. 3.11) which was towed at the end of a 150-t spar (Fig. 3.12) by a 100-ft wire-rope pendant,
as shown in Fig, 3.13.

The buoys were made of solid wood to withstand the water shock without collapsing. The
purpose of the spars was to keep the gage strings away from the towline, which was expected to
sink after the blast and which might carry the gage string down with it. The spars were designed
‘0 release the buoy pendant when the towline end of the spar was 50 {t deep. The buoys also were
designed to release the tow pendant should the buoy be dragged under by §0 ft. Each gage on the

. buoy line was suspended in an antifouling frame designed to shed the tow cable should it drag by
{see Fig. 3.14).

Because of the heavy weather and the resuilant difficulty in connecting up the tow, lowering
of the gage strings was delayed as long as possible. During the afternoon of D1, buoy string
No. { was lowered and connected to its 150-{t spar. The spar {or buoy string No. 2 was not
spread out that night, On the morning of D-day, buoy string No. 2 was lowered {ront the USS .

. Bolster (ARS-38). This string was-towed to the spar location, but the spar had parted its forward !
pendant and had fouled up the tow bridle, As there was insufficient tirae to free this, the woodesn
buoy was secured to the 4700-ft towline buoy by means of a 40-ft pendant. The spar and buoy of
bucy string No, 1 were riding satisfactorily on the morning of D-day (H-4).

fowering of the YFNB strings was done after midnight before D-day. This work was
hampered by darkness, inisuse of handling equipment, and activity on the YFNB stern, where
repairs were being made to the SQUAW pontoon lashings, Strings were lowered, however, on ;
the YFNDB’s 13 and 29. Figure 3.15 shows the gages packed, prepared for lowering, and just i
before enteriny the water,
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Fig, 3,16 —Underwater arrangeinent of mechanical pressure-time gages.
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Tne buoy strings were installed 2s follows:

1. Buoy string No. £ at 2800 % frum zero, secured at the end of the 1501t spae,

2. Buoy string No. 2 at 4700 ft from zero, secured to the towline buoy.

The vertical arrangement was as shown in Fig. 3.46.

On each string, two independent starting circuits were used, four gages on one circuit and
three on the other. A blast switch was connected to each circuii at the 2800~ and 4700-1t sta-
ticns, On the YFNB strings, three gages were connected to a blast switch, and the other four
gages were connected to a power supply in sertes with tbe EG&G relay set for closing at zero
time. These latter relays were connected after the strings were lowered.

At 2800 {t both switches were located 275 ft below the 1000-{t gage because the Shack {iant.
was predicted to approach from below. At the 4700-ft station the prediction was uncertain, so
one switch was suspended at 1275 ft and the other at 300-1t depth, by means of a trailing float.
Howaver, because of hedvy seas and rough handling the trailing float parted from the switch and
the starter settled to approximataly 00 it beiow the surface.

On the YFNB's the 50-, 100-, and 750-ft gages were conuected to a blast switch located at
the 300-ft depth. This was based on the prediction that thermal refraction would cause the
shock to arrive at intermediate positions of the gage string before it arrived at the top and
bottom positions and would thus give plenty of starting time.

The following operations were done on each gage siring before lowering it into the water:

t. The inside of each gage housing was charged with air between 300 and 1009 pst, depend-
ing on the element rating. This procedure increased the range of the gage, kept water out if
leaks developed, and gave a2 method of checking for leaks.,

2. Frames were bolted onto housings.

3. The lead<in tubes were vacuum-{illed with water. This was done to remove all air
bubbles. v

4. Blast switches were spliced into the line.

5, Blast switches were closed, and voltage checks were made at each gage.

6. Circuits were closed, and continuity checks were made,
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3.6 RECOVERY

Late In the morning of D +1, the USS Tawasa (ATF-32 was made available for hunting
{nstrument floats. Neither the Bolster nor the Butternut {AN-9) was available as originally
planned because of other assignments.

The YFNB-13 string was raised during the night of D-day. The YFNB-29 string was
ralsed on the morning of D+ t.

The wocden buoy with string No, 2 was located and raised first, The mine release had not

. operated. The 75 {t of ’/.-in. wire rope which had heen atiached to the mine ¢clcase In the buoy
was missing, indicating {allure at the spliced eye. The starters were found where expected—
one at the 600-t depth and the other at the 12751t depth. ‘The wire rope and electrical cable
were radioactive at depths above 300 ft. Measurements were taken of radloactivity as the wire
was raised. It was then cut free and thrown overboard.

The wooden buoy with string No. 1 was recovered next. The instrument cable had parted
somewhere around the 600-t depth, resulting in the loss of the 750- and 1000-{t gages and the
starters., This buoy"showed more radioactivity than the other, as did the wire rope and the
electrical cable. The mine release had not opened, and attacked to it was a 30-{t length of the
Y,~In. wire rope, with a frayed end.

Both buoys were in perfect condition and were returned 'c San Diezo, Neither 150-ft spar
was found. They were presumed to have suuk with the towkine to which they were attached,
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CHAPTER 4

ELECTRONIC PRESSURE-TIME SYSTEMS

4.4 INTRODUCTION -

’

Electronic pressure-time recoraing equipment was located on two LCAT's (the 0- and 0-2)
and the three YFNB’s. The basic pressure-sensing elements used at each of the five stations
were of two types—the tourmaline piezoelectric gage and an electromechanical gage manu-
factured by the Wiancko Engineering Co., Pasadena, Calif, The plezoelectric gages were sug-
pended in the water on low-noise coaxial cables which were, in turn, supported throughout-their
Iength by a steel cable, The Wiancko gages did not require the use of special low-noise cables.
At each of the two LCM stations the signal cables terminated in an instrument buoy suspended
over the water at the stern of the LCM, whereas at the YFND stations the signal cables were
fed through a port in the side of the ship and then into an Instrument trailer located within the
YFNB. At each of the five recording stations the mechanica} configuration of the equipment
was dictated by the prime requirement of having the elecironics as jsolated as posgible {rom
any accelerations which might have interfered with the recording of the data.

4.2 MECHANICAL WORK ON LCM’S

4.2.4 LCM Hulls

The LCM-based recording instruments were within the limits of what was considered to be
the area of total destruction and consequently nacessitated a speclal housing and shock~-mounting
procedure for the electronic recording equipment, Since the LCM’s served only as a floating
base from which a buoy containing the recording equipment was suspended, the modifications to
the LCM hulis were centered around the buoy and its suspension system,

The basic medifications to each 50-It LCM hull were ag follows:

1. The two engines, screws; and drive shafts were removed,

2. The engine-room casing was removed.

3. The conning tower, rudder, and rudder linkages werc renwoved.

4. The ramp at the bow of the LCM’s was welded shut instead of having the water seals
repaired around its edges.

5. An elevated platform with a cradie for nesting the buoy when in the “servicing” position,
along with a sheave for lowering the signal cable string, was constructed cn the quarter-deck of
each LCM, Fig. 4.1,

6. A boom, supported by an A-frame, was designed and built to serve as the supporting
structure for the instrument buoy. Additional interior bracing was installed along the sides and
the stern of the LCM’s to distribute the load imposed by the A-frame, boom, and buoy.

1n addition to the above-mentioned modifications to the LCM’s, a meta! shelf for supporting
the EG&G radio recelvers was constructed in the well of each LCM,
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The LCM’s were held in position in the target array by the tow cable which connected all
the array ships together, Initial towing of the LCM’s was accomplished by connecting 8
“secondary” cable from the bow of the LCM’s to a floating marker buoy which was, is turm,
fastened into the main towline, To keep the longitudinal axis of the LCM"s parallel to the
direction of the tow, the main towline was passed through two eyelets on the portside of each
LCM. The line was free to slip in the eyelets but was restrained from too much fore and aft
movement by clips which were attached to the towline. After the main tow cable had been-
secured in the eyelets, the actual towing operation was transferred to the maia cable.

The eyelet was part of a bracket which slid into a vertical track welded to the side of the
LCM and was intended to break loose under an extreme vertical force or, should the u:u sink,
by a hydrostatic release,

Figure 4.2 shows the bracket through which the main tow cable was passed.

4.2,3 A-frame and Boom

The A-frame with its assoclated boom was the major structural addition made to the LCM’s

and was the structure around which most of the other LCM modificalions were made. R

The A-frame was built of two pleces of 6-in. steel pipe and welded together at one end to™
form the apex of the A, The base of the A fitted into two brackets—one on either side of the
stern of the LCM —and hinged on pins which permitted the A-framework-to be raised or
lowered, Reference to Fig. 4.1 shows how the legs of the A-frame straddled the buoy cradle
and were attached to the deck of the LCM.

A triangular truss boom was constructed of 3-in, sleel pipe and rested on and pivoted
around the cross bar of the A-framework and thus served as the immediate supporting structare
from which the buoy was hung, The lower end of the truss boom was [astened to a slider which
was, in turn, able to be moved along the length of a greased 6- ln.-pipe guide rail which was
rigidly {astened to the deck of the LCM. Figure 4.3 shows the relation between the truss boom,
A-frame, and the gulde rall,

In practlce, the position of the slider on the guide rail was set by pulling it along the rail by
means of a rope and block-and-tackle arrangement. This action determined the position of the
triangular truss boom and thus that of the buoy. For rellability, the A-frame, boom, and fosnds-
tions into the LCM hull were designed to withstand and transmit, without . mechanically falliag, a
10-g acceleration to the buoy—signal-cable assembly.

4.2.4 Winch and Generator Power

There was a need for two sources of mechanical power on each LCM, one to drive a gea-
erator for charging the nickle-cadmium batteries installed in the fnstrumentation buoy and the
other to supply power for clectricity and a winch, The mechanlcal power requirements were
met by Installing two surplus four-cylinder engines in the original englne compartment of each
LCM. Cooling for one of the two 15-hp water-cooled engines was accomplished by Installing
“keel coolers,” a gridwork of coollng plpes located below the keel of each LCM; the other
engine made use of a conventional radiator and fan for its cooling.

Each of the two engiues was directly connected to a three-phase 3-kva 110-volt aliernator,
and the port engine on each LCM was, In addition to drlving an alternator, connected througha
reverse gear unit to a worm-gear winch located on the tank deck. The winch was used pri-
marily for handling the gage-support cable and secondarily to ald in attaching the tow cable to
the LCM's.

The portside engine and alternator supplied electric power into the wiring system «f each
LCYM, and the output of the other engine-alternator unit was {ed directly into a three-phase
electric motor which was, in turn, mechanically connected to a standard 50-amp-capacity
aircraft type generator., This aireraft generator .ad been modified slightly by adjusting its
carbon-pile voltage regulator In order to produce a regulated output of 35 volts {instead of the
normal 28 volts). ‘The 35-volt output was used to charge the nickel-cadminm balterivs used in
the instrumention buoy. It was found that this method of charging the buoy batteries permitted
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them to be recharged in the shortest time and without any danger of damaging the Dalteries or
of excessive gassing. The complete charging time could be limited to about 30 min with this

system,

3
m—n A

4.3 MECHANICAL DESIGN OF INSTRUMENT BUOYS

438 Buoy-desiga Coaslderations

To ensure umnterrupted recording at-shock-wave arrival {ime and 2 minimum of damage
to the electronic recording equipment during the recovery interval, the buoy housing the re-
cording equipment at locations 0-1 and 0-2 had to meet the following design conditions:

1. Be suspended from an expendable floating unit and be clear of the water during the
critical phase of the underwater shock.

2, A means of relzasing the buoy from the LCM should the suspension point for the buoy
experience a vertical acceleration of more than4 g, -

3. The buoy had to withstand both dynamic and static pressures of 100 psi as well as to
maintain leak integrity lhroughout the test and for an anticipated recovery delay of three weeks, -

4. Safety releases bad to be provided to prevent the buoy from being dragged down should .
it or its attached cablcs become entangled with other sinking equipment.

S. The total weight of the buoy had fo be kept to a minimum in order to facilitate Its
handling and servicing under sea conditions. It was alsp required that fhe buoy be buoyant
enough to remain afloat while supporting the extra weight of its associated cables and gages.

Buoy

The basic booy was a modified 550-gal gas tank manufactured by the Buffalo Tank Corp.,
Dunclilen, N, J. Tt was comstructed of a ¥-In.-sheet-steel cylinder and two ’/“-ln. elliptical
ends, The outside diameter of the tank was 41 in,, and the over-all length was 108 fn, The net
welight of the tank was 1300 Ih,

To provide a support for the tank while on land, legs were made of 4- by 4- ln. I-beams and .
dog-legged away from the booy for added stability, Each leg was fitted individually into a socket \
near the top for torsional stability and then bolted in a tongue-in-groove fashion to a guard near '
the base of the tank, -

The basic layout of the individual parts of the buoy, Including the following NOL modifica-
tions, can be visualized by reference to the buoy schematlc, Flg. 4.4,

1. Upper access port: The upper end of the tank was cut away 4 in, below the top edge of )
the cylindrical section, and a reinforced flat top with an elliptical 30-in,-dlameter port section \
was welded in place. A flanged head served as a lid to scal off the port.

2. Internal bracing: Relnforcing ribs were welded to the inside of the tank to fncrease its
resistance to external crushing furces after a hydrostatic pressure test performed on the tank
showed it to be necessary. The results of this test showed buckling along a lap weld at 65 psi,
indicating a marginal strength and a need for the relnforcing ribs, After reinforcing with the .
ribs, the tank withstood a test pressure of 100 psl without any leaks or other damage. ‘

3. Lower access port: The bottom end of the tank was fitted with a flanged 12-in, port in ‘
order to provide an access to the recording-equipment cables (located inside the tank) which
were to be connected to the gage cables prior to the lowerlng of the gage string,

To maintain water tightness at the base of the buoy where the signal cables passed through,
a gage-cable connector plate was designed for bolting over the cable-port opening. The design
of the connector plate was dictated by the requirement of maintaining a high electrical Impedanca
of the gage cables and by the necessity of making the connections through the bottom of the buoy
after the electronics had heen Installed. The plate consisted of a 14'/z-in.-diameter aluminum
disk 1Y in. thick, with 12 eable entries as shown in Fig, 4.5, The plate had spectal clongated
bolt hioles which were desigued to permit its removal without removing the Allen bolts {rom the
port flange. This design eliminated the danger of dropping either the bolts or the gasket Into the
water while servicing the buoy at sea, A cable snubber was incorporated into the plate to pre-
vent the gage cables from belng accidentally pulled out at the stuffing glands and thus causing
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WATER-STOP CONNECTOR  ELECTRONICS

(BUGGE COAXIAL) " CABLE CONNECTOR
(BENDIX AND SCINFLEX) L. s

WATER-STOP TUBE

LU A%
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P74 WATEI.I S[DE

. GAGECABLE .. - -1,
STUFFING GLAND (TYPE 21) ‘ ’

CABLE SNUBBER C T
o : : {ALUMINUM) » . LT :
Fig, 4.5—Connector plate. ‘ e o
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Fig. 4.6 —Water-stop cable eatry. .
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damage to the water-stop connector. The use of be'e‘sk\*boer and the tests applied to it
are covered more fully in Sec. 4.3.6.

The pressure plate was tested hydrostatically to check for water tightness. Lesks developed
around the weldments and the Bendix gaskets (%, in. thick) but were remedied aftcr reworking
the weldments and increasing the thickness of the gaskets to ¥y in.

Previcus experience in the use of buoys for underwater tests showed that conventional
stuffing glands were inadequate for maintalning water tightness at the cable-entry points.

When cables parted, either in handiing or undar shock, the water would seep through the cable
casing past the stuffing gland and into the buoy. For this reason the cable entries to the buoy
were specially designed to provide-z secondary water stop in the event tic cables paried.
Each cable entry consisted of a 2-in.-0.D. by 1-in.-L.D. tube fitted at one end with = stuffing
gland and at the other end with a water-stop connector. Each connector and connector-plate
assembly was pressure tested hydrostatically at 100 psi. Details of the cable eatry are shown
in Fig. 4.6.

4. The conical guard: A conical-shaped guard was welded to the be ttom of the Luoy to
protect the vulnerable connector plate and the tables coming from it and also to reduce the
water-entry shock to the buoy and its electronics when it dropped into the water. In addition,
the guard served as a frame to which the steel cable, used to support the gage string, was -
attached ond 23 a support point for the buoy Iegs. An effort was made to avoid securing any :
equlpmenl under toad directly to the buoy shell. Details ot the conical guard and the leg- . .
attachment points can be seen in Figs. 4.7 and 4.8.
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4.3.3 Electronics Chassis and Buoy Chassis Mount
To support the electronics within the buoy, a lightweight aluminum structure was designed

which consisted essentially of four channel uprights, two plug-in plates, and two batlery boxes. %
The unit was 43 in. high, 20 In. wide, and 24 in. deep. Four 3-in. aluminum channcls were R
bolted in pairs, flange to flange, and formed the vprights and the maia structure to which the i
tape recorders, the panels, and the battery boxes were bolted; The matched flanges provided ‘

two diametrically opposite keys which guided the completed assembly into the chassis mount
located within the buoy, The panels, ¥-in, aluminum plate, were fitted with special quick locks
and plugs to {acilitate the electronic component replacement and li<tallation. The two battery
boxes, 14 in, wide by 10 in. high by 10 in. deep, were made of 'A-hx. aluminum plate and

housed 23 nickel-cadmium storage batteries each. The boxes were bolted back to back to the
bottom of the channel uprights and also served as a stand to support the electronies assembly
when it was removed {from the buoy. The tape recorders were bolted back to back at the top of
the uprights. By loosening six bolts the aluininum framework could be split into two Independent
sections, each containing a complete recording installation. Details of how the component parts
are fitted together can be scen in Fig. 4.9,

To support the electronics within the buoy and isolate it {from shocks and high-frequency
oscillations, a rack, shown in Fig. 4.10, resting on shock mounts was fitted in the n the upper | half of
the tuoy. ‘The rack consisted of two slotted vertical rails, 43 in. high, that were ire bolted to two
braced horizontal channels, The vertical rails served as guide tracks for the electrunles
chassis, and the channels served as a base on which the chassis rested. The rack assembly was
isolated {rom the buoy framework by two shock mounts at the.top and four at the bottom. To
install the electronics, the vertical rails were pulled up against the mounts by tighiening bolts
in them which served to compress the shock mounts and thus permitted the electronics chassis
to slide in freely. When the chassis rested on the base channels, the vertical rails were re-
leased, thus clamping the chassis securely. A retalning bar, bolted to the top of the ralls,
further locked thie chassis in place.

4,3.4 Buoy-suspension Unit

The buoy-was suspended over the water by a one-point suspension system to reduce the
possibility of angular acceleration to the buoy during its release; this was important because
the recorder tape reels, within the buoy, were seasitive to angular accelerations. The bucy-
suspension unit, shown in Fig. 4.11, consisted of a tensile bar, a collet, and a three-strand uridle.
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Fig. 4.11—Buoy-suspension unit.
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Tensile and shock tests were run on sample tensile bars to compare the strength charac-
teristics under shock and static loading. Annealed copper and both 25-3 and 64S-T6 aluminum
were tested, and it was found that the brealking strength of eack material, under short-duration
shock loads, was greater by an amount approximately equal to the per cent elongation of the
material than its breaking strength under a static load. Aluminum {615-T6) was selected for
the tensile bar to reduce the load on the M-boat boom when under shock and was designed pri-
marily to recease the huoy under a minimum of £ g of acceleration. The tensile bar consisted
of a 6-in.-long bar with a 2-in.-diameter shoulder, a ¥\-in.-diameter neck-down shaft, and a
1Y;-in.-diameter threaded stud. The bar was supportsd in the boom hub by means of a split
coltet and screwed fnto the wire-rope socket. The wire-rope socket was similar to conventional
sockets with the exception that three strands of wire were bonded into a three-hole socket. Each
strand was made up of ¥-in. wire, 10 in. long, with & ¥,-in, thimble eye. A 1%-in.-LD, bridle
ring made up of ¥-in.-diameter rod ran through the wire-cable thimble eyes and provided an
attachment for the bridle. The bridle itself consisted of three 2-ft lengths of chain, joined to
the bridle ring with ’/. in, U-shackles, and three Mk 3 Mod 5 hydrostatic reieases fitted with
¥%-in. wire-rope grommets.

The split collet—the supporting member for the tensile bar—provided a quick and simple
means of securing the entire buoy assembly to the boom hub. The tensiie bar was simpiy
thrust up through a 2-in.-diameter hole in the hub, the collets were dropped into place at the
top of the hub, and the bar was then pulled down until the shoulder rested on the collets;

‘The three-strand gocket 'was designed to provide a {lexible Yink betwecn the tensile member
and the bridle which, by pulleylike action, directed the shock load axial to the bar regardliess of
the orientation of the M-boat. The bridle, in turn, and through three hydrostatic releases, sup-
ported the buoy from three suspension ears which were spaced equally around the rim of the
buoy. This arrangement allowed ample space between the bridle members for removing the
35-in.~-dlameter buoy }id and’afforded enough headroom to lift the electronic recording equipment
in the event componcnt replacement became necessary.

A tensile test, uslng a 6-g tensile bar, was run on the complete suspension unit {o evaluate
the assembly, and it was found, after a {ew modifications (such as Increasing the diameter of
the wire-rope gromumet to s/,. in.), that no mechanical lailures accurred even when a shock i
sufficient to break the 8-g tenslle bar was applied.
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4.3.5 Buoy and Peml:mt Releases-

The suspens!on system used for each of the buoys made use of uu-ee hydrostatic releases
which formed a connecting link between each of the supporting ears on the buoy and the bridle
ring (Fig. 4.11). Thelr purpose was to free the buoy from the M-boat if the initial shock should
fail to break the tensile bar, in which case the M-boat would sink and drag the buoy down with
it. The releases were¢ slightly modified by installing hecavier springs in them to prevent them
from being triggered by the shock. However, if the tensile bar did nct break and the M-boat
did drag the buoy under, the releases would have freed the buoy at a depth of 200 ft.

In addition to the three releases in the suspension harness of each buoy, there were two
other hydrostatic relesses used to ensure the {lotation of the buoy. Reference to Fig. 4.4 will ;
show two hydrostatic pendant releases, one fastened to the side of the buoy near its top and the i

other within the conieal guard at the base of the buoy, These two releases were connected in ‘
parallel to ensure agalnst a premature release during handling and were intended {0 relecase .
the steel cable supporting the signal cables from thu ouoy should sinking equipment become !

entangled in the cables and pull the buoy down,

The pendant release consisted of two modified Mk 3 Mod § hydrostatic releases and a
suspension bracket linked together with a % 4-in. chain. As a result of laboratory tests with an
air gun for checklng the response of the releases to pressure pulses, the release bellows were
modified to delay their actuation time from 0.1 to 15 sec. This was necessary to prevent their
actuation by anticipated pressure pulses following the entry of the buoy into the water, After
modifying the releases to prevent them from being triggered by long-duration (of the order of
100 msec) pressure pulsas, they were essentially tested under hydrostatic conditions to de-
termine their actuation time. It was found that the orifice type of release actuated in 10 to 30
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sec and the stem-leakage type actuated in 5 to 30 sec. It was decided to usq the lattey type siace
there was less chance of its becoming clogged while in service. The modifications to the
pendant release are shown in Fig. 4.12,

To test the complete suspension unit for wear, the buoy was left hanging from the M-boat
truss boom in the ready position and allowed to swing free for a one-week period. The test was
run at dockside with no load or pendant on the buoy. It was found that no apprectable chafing
was observed on any of the strands in the wire-rope socket; only the marline winding had worn
away. Then, with the buoy still in the ready position and with a 4500-1b weight hanging 25 {t
below in the water and attached to the suspension bracket of the buoy, the M-boat was towed"
at g knots to test the bridle for resistance to drag loads, No apparent damage was cbserved to
any of the components in the suspension systema. . ’

4.3.6 Upper and Lower Cable Cutters -

Control cables for the buoy and the NRL gage cables, secured to the top of the buoy and to
electronics aboard the M-boat, had to be cut away if the buoy dropped from the boom,* Cutting
had to be dorne without putting strain on the cable connectors in the buoy or accelerating the
buoy angularly. The upper cable cutter, shown i Fig. 4.13, was deslgned {o utilize.the ‘energy
of the falling buoy for cutting free both the electrical control cables and the NRL cables and to
apply the cutting load axial to the buoy. The unit consisted of two thin-walled cylinders, one
fitting within the other. Essentially, the inner cylinder held the cables fast in spentally milled .
slots while the outer cylinder cut them free. One cylinder was fastened to the boom, and the.
other was fastened to the center of the buoy lid. As the buoy fell, the cylinders were pulled
apart, and thus the cables were cut.

In addition to severing the buoy control cables and the NRL gage cables when the buoy
dropped away {rom the supporting boom, there were gage signal cables coming {rom the bottom
of the buoy which had to be cut if they became entangled with other sinking equipment and
dragged the buoy down, The hydrostatic pendant release (described in Sec. 4,3,5) would have
actuated at a depth of 100 {t and released the steel supporting cable to which the gage signal
cables were {astened, thus putting the entire weight of the signal cables on the connector plate
(described in Sec. 4.3.2) and still endangering the oy, Because of this possibility, a cable
snubber unit was designed and made a part of the coanector nlate (Fig. 4.5). The edges of the
slots in the snubber unit were designed to cut rather than simply restrain the cohles, Aleo, the
cahles were assembled so that six pairs of cables differed in iength by 2 in,; therefore the
entire weight of the pendant (1500 1b) would be broaght to bear ia turn on each of the cables.
Tests conducted with dummy loads connected to relatively short pieces of signal cables to
simulate the weight of the total length of the signa? cables showed that none of the cables pulled
out at the stulfing glands when the hydrostatic pendant release was actuated and that the cables
were severed neatly at the cutting edge of the snubber as intended,
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4.4 OPERATION OF INSTRUMENT BUOY

4.4.t Plan of Operation

The two LCM’s (the 0-1 and 0-2) were ferrivd oot to the Pacific testing grounds in the
LSD-19; and, before belng launched, the following cperations were completed: The buoys were
hung from their respective booms, the gage signal cables were connected, the electronic re-

q
A\

i

;A

]
o
el

S cording equipment and sensing gages were checked, the buoy batteries were charged, the EG&G
[..;'.: radios were tested, and the hydrostatic relenses were set. On the LST-1048 the tow-cable

attachment fittings were Installed and checked.

*At —1 min, the buoy was 1o have been armed and operating independently of the M-boat
controls, and the NRL data were to have been recorded prior to the arrival of the shock wave
at the LCM.
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BELEASE MK 3 MOD §
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{TURNED DOWN ‘ 8/
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IN DIAMETER) -

e : . Fig. 4.12—Modified Mk 3 Mod § release.
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Each LCM was towed to the tow wire by a powered LCM on D2, and 60-ft wire pendants
were used to attach it temporarily to the main tow cable. The winches on board the LCM's
were then used to raise the tow cable and place it in the side brackets {Sec. 4.2.2), first the
forward bracket and then the one near the stern. Safety chains were attached, and the boats
were then considered secure in the main tow,

On D-1,the ¥,-in. nontwisting steel supporting cable was payed out over the stern sheaye
on each LCM, and the signal cabies wi:i the pressure-sensing gages (Figs. 4.14 and 4.15) were
fastened to the steel supporting ezble at intervals varying from 12 to 50 ft. After theé steel
supporting cable with its attached signal cables had been let out, the end of the steel cable was

attached to the bottom of the buoy. Then the buoy, with the use of the winches, the A-frame, and
the truss boom (with the buoy), was moved to its outboard position to complete the setting opera~

tion. The EG&G radio control receivers were again checked, and a visual inspection of all the
gear was made to check for points of wear to ensure its proper-operation. All machincry and
loose gear were then secured.

At H—1 min the buoys were to have been operating independently of their LCM’s. It was
planned that each buoy, at that time, would be ready for the following sequence of events:

1. The arrival of the shock wave and the resultant movement of the LCM would break. tbe
tensile bar supporting the buoy.

2. As the buoy fell away from the LCM, the topside electrical cabies would be cut by the :

cable cutter.

3. In the event that the buoy &id not {ail {ree (cwing to insufficient g units to break the )
tensile bar) and the LCM sank dragging the buoy down, the gage cables would be cut free at a_
100-1t depth and the buoy would be released {rom its support bridle at a 200-{t depth and theu
f3oat up free.

4.4.2 Results of Tests (D-day)

Despite unfavorable sea conditions, the general plan of operation was followed, However, °
on D—1, emergency chains were used to support the towline bracket since the hydrostatic
releases, originally intended for this purpose, mechanically failed in the heavy seas premillng
at that time,

A Tew hours before zero time both buoys prematurely dropped free of the LCM’s because
of chaling or failure of the wire-rope socket units of the suspension bridles. This resulted in
cutting the buoys off from the radio arming signal, thus rendering them inoperative, Conse-
quently, no data were obtained. A survey of the equipment after recovery of the two buoys on
D+1 and D +2 revealed no further failures or damage despite the severe shock sustained during
bandling in rough seas. No leaks were ohserved even after the huoys had been in the water for
well over 24 hr, including the skst time. In general, servicing and handling of the buoys pre-

sented but few preblems and were relatively simple, Both LCM's survived the shot but were not

recovered,

4.4.3 Recommendations

The buoys, with minor modifications, could be used adequately in similar tests or where it
was required to place the buoys in the water, However, the following modifications are rec-
ommended:

1. The M-boat boom: should be raised sufficiently to permit installation cf the tensile bar
between flexible linkages and cutside the hub,

2. The cables from the electzonics Instruments should be made longer-—preferably long
enough to reach at least 3 {t beyoad the flanged port at the base-of the buoy to facilitate making
the connections,

3. Design the suspension hub 20 reloase the bridle hydrostatically with just one Mk 3 Mod 5
release instead of the three whick -were used in the present system.

4. The three-strand wire-rogee sling in the bridle assembly should be materially
strengthened,
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4.5.4 Trailers.

Three trailers were provided for the use of Project 1.2 to acconmmodate the recording
instrumentation and test equipment necessary on the YFNB’s. One trailer was rigidly mounted
in the forward section of each of the three barges. To have enoubh clearance between the top of
the traiiers and the overhead crossbeams of the YENB's, the trailers had their wheels, springs,
and undercarriage removed. Figure 4.16 shows how the chassis of each of the trailers rested
directly on, and was welded to, two 10-in. I-beams placed crossways at each end of the tratlers,
The I-beams were, in turn, welded to the deck of the ship. Extra flanges were welded to the
ends of the I-beams to increase their effective width so that there would be less chance of the
trailers “rocking” off. The I-beams on which the trailers rested were centered as well as
possible over the supporting cross members under the YFNB decks to distribute the oad'
imposed by the trailers better and to provide an even more rigid support.

Twao of the trailers used were standard refrigerated meat-transport trailers, and the other
was a conventional cargo carrier; the meat trailers were placed aboard the YI-‘NB’s 12 and 29,
and the cargo trailer was placed on the YFNB-13.

Power fcr the recording electronics was supplied from within the trailers by standard* .
Navy type storage batteries which were clamped into an angle-iron framework and bolted solidly
to the frame of the trailer. It was not considered necessary to shock mount the batteries in any
way.

A wooden box with a hinged top served as a compartment for the batteries and also formed
a working shelf when the lid was closed. Alr-entrance holes were drilled at one end of the
compartment to permit the exhaust fan, placed at the opposite end, to discharge any accumulated
gases formed during the charging eycle to the outside of the trailer, Tungar rectifiers were
mounted on the side wall of the trailers above the battery compartment for the purpose of re-
charging the batteries.

Wooden workbenches with padded pigeonho!es were designed and built to house the test -
equipment and other spare parts associated with the recording equipment and were secured tc
the trailer floor with wood screws. It was not considered necessary that the workbenches be
able to survive the shock but rather that they simply afford some measure of protection to the
test equipment,

A first-aid kit and two fire extinguishers, with reduced charges to compensate for an
anticipated large temperature rise, were mounted in the rear of each trailer.

P ——

4.5.2 Traller Instrumentation Mounts

The meat-transport trailers were constructed with heavy reinforcing members in the roof
and s‘des but with little relative strength in the flooring. The car<o type carrier, on the other
hand, had its main strength in {ne fiooring, and its sides and roof were thin and weak. This
built-in cetling and wall strength of the meat trailers was utilized by bolting four steél plates,

. with hooks welded to them, directly to the cross braces in the ceiling and four similar plates
to the side walls near the floor. It was from these hooks that the recording instrumentation was
suspended by means of shock cords. A metal boxlike framework had to be built inside the cargo
trailer to increase its strength and to hold the eight suspension hooks, but otherwise it was
similar to the other two trailers. Figure 4.17 shows the type of corner construction used in
the cargo trailer, and Fig. 4.18 shows a general view of the type of suspension used in the meat
trailers.

In all cases the equipment was suspended in the forward section of the (railer by multiple
strands of ¥%-in, shock cord radiating from the equipment to the hooks fastened near the ceiling
and floor. The suspension used in the YFNB-13 {the cargo trailer) was “softer” than that used
{n the meat trailers and resulted in a natural vertical period of about 1 sec vs ¥, sec for the
other type system., The YFNB-13 system also had a much 1ower rotational period about its
vertical axis ({ sec) since a center-point suspension system was used (Flg. 4.19), as compared
to about ‘/3 sec for the other two. This was nreaczary hecanse the recording cquipment used at
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the YFNB-3 station was more susceptible to tape-speed changes during the recording period
if the equipment experienced excessive torsional accelerations,

The desizn of the suspension system was such that should the displacement of the suspended
recording eguipment ever reach its limit (touch either the side or the floor of the trailer) the
rastoring forces tending to bring the instrumentation equipment back to its center position
would have been about eight times gravity. The maximum elongation experienced by any of the
shock cords under such a condition would have been a 100 per cent increase in its initial (un-
stretched) length, still some 20 per cent below iis breaking poist.,

4.5.3 Stgmai-cable Flow

The instrumentation signal-cable flow was stmilar at each of the YFNB stations; the cable
bundle, consisting of about 15 signal cables with the attached gages, was fed over the side of
the ship and attached at intervals of 12 to 20 ft to a steel supporting cable as it was slowly
lowered into the water. The steel cable was guided from the controlling winch on the top deck
of the YFNB by running it through several pulleys welded to the deck and then out to a boom
located near the port bow of the ship. Upon completion of the cable-lowering operation, the
signal-cablé bundle was lashed to the horizontal member of the boom to prevent chaling of the
cables and then fed into an 8-in. pip2 protruding through the bulkbead and slightly lower than
the top of the boom. .

Inside, the cable bundle was clamped every 2 ft to a vertical steel plai: which ran from the .
pipe opening down to the deck of the YFNB. The bundle was thea rum along the deck beside the.
tratler and ¢izmped down every few feet until it reached to within about 5 ft of the front of the
trailer. At this point the cable bundle was split, one half rising vertically to a port on the right
side of the trailer and the other half being fed under the trailer and then up and through a

. similar cable port on the left side of the traiier. Inside the trailer each of the two groups of
cables was “saaked” up one of the shock cords which extended from the floor to thé suspended
recording equipment and then lashed into place.

Power cables for the instrumentation equipment were also “snaked”™ down, lashed at each of
the crossover points on the lower shock cords, and then fed into the battery rack.

.

4.,5.4 Instrument Booms and Winches

Three iastrument booms were instailed on each of the YFNB’s. The forward port boom on
each ship was for the Project 1.2 electrical pressure-time measuring gages, the starboard
boom was for the Project 1.3 equipment, and the after port boom was for the combined use of
Project 1.2 mechanical pressure-time gages and ball-crusher gages. On the YFNB’s 12 and 13
the after port boom was also used for the Project 1.4 camera unit,

The booms were designed so that when swung outboard they would bold the steel support
cable with the attached signal cables and sensing elements far enough from the side of the barge
to prevent rutbing on the hull if the YENB rolied as much as 30°. One boom was tested witha
static load of 9300 Ib, although it was expected that it would hold twice this amount of weight
before failing. Some of the booms had ladders and other special attachments added to facilitate
the cable rigging.

The winckes used were those previously removed from the after cranes of the YFNB’s, the
doubie drum winches being used for the starboard and forward port booms. The single drum

(‘t.} A

,:” slewing winckes had their drum flanges built up to hold 2200 it of ¥%,-in. wire rope and were used

e with the after post booms.

SR The standard d-¢ electric control with magnetic braking was found to be excellent for lower-
Lv_._{ fng the instrument cables, The manual controls for the clutch and brake normally used in cargo
-9. . handling were not used.

‘:"g‘! 4,5.5 Plan of Operation

s )

&\,‘1 4 A few days before the YFNB's were towed out 1o sea, the instrumentation system for each
,\-'\ 3 trailer was suspended on the shock cords. The task of stretching the conds to reach the mounting
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" hooks In the ceiling and near the floor was done by tying nylon rope to the free ends of the shock

cords with & girth hitzh, passing the nyloa through a pulley fastened within 2 few inches of the
hook and then through a block and tackle arrangement which was, in turn, anchored to another
“of the eight hooks. By stretching each of the shock cords in turn and loopirg its “eye” over its
respective hook, *i: complete job of shock mounting each recording station could be completed
by twe men in 2bcut 3 hr. The units placed in the meat trailers {on the YFNB's 12 and 29)
weighed about 400 1b each, and those placed in the cargo-trailer unit (on the YFNB-13) weighed
nearly 525 Ib. Power and control cables for the equipment were installed and checked while in
transit to the testing grounds.

It was intended that the signal cables dbe lowered into the water on'the afternoon of D—1 dut
was postponed until nearly 1 .M. of D-day because of the rough weather, Jt was decided that
this was the Iatest possible time the operation of Yowering the cables could hegin and still be
completed in time to have the necessary last-minute cquipmerit checks. The operation of
lowering the cables was hampered by darkness and slippery decks but was, however, completed
in about 4% hr, leaving only 2 hr for clamping the cables {o the deck, securing loose gear, and
making the final adjustinents on the recording equipment,

Aifter the lowering of the signal cables had been completed, the cable bcom on the YFNB-13
was extended at a right angle to the axis of the ship (contrary to the original plan and design of
the boom) in an attempt to keep the cables from chafing on the hull of the ship; the YFNB was
drifting sideways and over the cables. Since the original steel bracing cables for the boom were
too short when the boom was extcrded at a right angle, a rope sling was uged to secure the boom,

A preplanned and detailed check-off list was found to be extremely useful for the last-
minute preparations and reduced the final equipment adjustments to a purely mechanical
operation,

A% H-1 min the controlling sigaals from the EG&G radlo on each of the YFNB's had served
its purpose, and all control was transferred to the timing and control circuits within the re-
cording equipiment; the tape-transport mechanism was energlzed; calibration signals were re-
corded on the tape; and the equipment was made ready to record the initial and any succeeding
shock waves,

4.5.6 Results of Shock on Trailers and Recording Equipment

Weldments bonding the I-beams to the trailer chassis and to the decks of the YFNB'3 were
inspected on D H' no cracks or other indications ol failure were noticed, Inslde, the commer-

thelr origina! mo,un!s. Operabill!y alter the tw was not checked, but there §8 reason to believe
that the unit in each of the trailers was in retatively good condition.

The workbench located in the trailer on the YFNB-12 was found overturned In the center of
the floor, whereas the workbench on the YFNB-13 merely tore loose the sma}l wood screws
holding it to the floor, There was a brokea light bulb found in one of the light sockets at the
rear of the YFNB-12 trailer {all bulbs near the recording equipment in each tratler were re-
moved from thelr sockets prior to the test as a precautionary measw,2). There was essentially
no damage at all in the trailer located on the YFNB-29, the locatlon jarthest from SZ,

Displacement measurements taken ia eack trailer by means of stringg Laving one end tied
to the recording equipment and the other end fixed to a rigld support in the tratler !ndicated
that the maximum relative vertical motions ol the trailers with respect to the suspended
equipient were as follows: YFNB-12, 5Y% ia; YFNB-13, 4Y, in.; and YFNB-29, 2%, in. There
were no indications that the equipment at amy ol the stations experienced a Jateral displacement
with respect to the traller,

4.5.7 Conclusions

The installation of the traliers in the YFNB’s and the design of the instrumentation-
suspension systems proved 1o be quite satisfactory; no univreseen problems arose which
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necessitated a changa in procedure or plan of eperation and the-saine iype of monnting cowid de ;
used very well oa a similar type of test. ' '
The winches on the YFNB's performed smoothly and afforded good control over the steel ‘
cable supporting the gage signai lines at all times, '
It is recommended that the booms be made lunger —by perhaps 5 ft —to hold the signal
cables farther from the sides of the ships and lessen the danger of their chafing on the hull.

"
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CHAPTER S

ELECTRONIC PRESSURE-TIME GAGE

5.4 WIANCKO PRESSURE GAGE

5.1.1 Introduction

Wiancko gages, using type P9-1005 transducers, and tourmaline gages were used by NOL,
to measure underwater pressures vs time in Operation Wigwam, Mechanical pressure-time
gages (discussed in Chap. 3 of this report) were also used by NOL in Operation Wigwans. In
brief, the operation of the Wiancko transducer was such that when pressure was applied to one
end of a flat Bourdon tube twisted about its longitudinal axis, a rectangular pad (mounted on the
other end of the tube) rotated about the tube axis away from the pole faces of two -shaped
cores, Two coils, mounted on the cores, were used as inductances in a modified Hartley
oscillator. Thus, as the pressure In the Bourdon tube increased, the oscillator {requency in-
creased. The Wiancko transducer and oscillator were mounted inside a watertight case, and a
cable was used to deliver pawer from the surface to the osclllator ana to transmit the f-m
signal {rom the gage to a magnetic-tape recorder on the surlace,

This gmge was evolved from the NOL Wiancko gage which was used to measure underwater
pressures In Operation Castle,! Some of the difficulties encountered in the development of the
NOL Wiancko gage were in the pressure transducer which, when subjccted to underwater shock
waves, produced a permanent change in {requency and a distorted signal (usvally oscillatory)
in the demodulated output, Although these effects were somewhat reduced in time for use in
Operation Castle by the expedient of shock mounting the transducer from the e case, it was
apparent that more Jevelopment work was necessary to produce a rellable gz for Operation
Wigwam,

In January 1954, after the Castle gages were shipped to the field, this work was resumed
at NOL, and two prototype gages were produced, the results of which were good as determined
by laboratory pressure tests and one underwatey shock-wave test.

In these gages the two transducers were moallied by securing one end of a short shaft to
the pivot point of the rectangular pad, the shaft being aligned with the extended axis of the
twisted Bourdon tube, and terminating the other end in a bearing mounted to the gage case. In
one transducer, damping fluid was inserted in the bearing, and in the other the tluid was in-
serted between a disk mounted on the shaft and a flat plate which was secured to the gage frame
and aligned paralle! to the disk. Thus optimum damping was possibie by adjustment of the
length of the bearing, the adjustment of the gap between the disk and plate, and hy the use of
different viscosity damping fluids. Furthermore, the bearing was to reduce translational move-
ment of the pad —the cause of spurious signals,

The Wiancko Engincering Company was then requested to produce similar prototype gages
incorporating the above transducer mndifications and other improvements suggested by repre-
sentatives of both NOL and the Wiancko Engineering Company. The rosults of tests at NOL
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showed that the response of the prototipe gages was [ast and essentially free of spurious.
oscillations. However, large “permanent” frequency changes were obtained, and after four
underwater shock-wave tests the dampizs mechanism was so badly damaged that this modifi~
cation of the transducer was considered impractical to be a pressure gage for use in Operation
Wigwam, The Wiancko Engineering Coxpany then introduced a type P9-100S transducer in
which spurious movements of the rectazsular pad were restricted by two cross wires! that
secured the pad to the gage frame. Six prototype gages using type P9-100S transducers were
produced, and slight modifications were made by the manufacturer since acceieration and
shock-wave tests conducted by NOL indicated z need for tmprovement. An additlonal 33 of the
improved gages in pressure ratings of 730, 1000, 1500, 2000, 2500, and 3C00 psi were thea
purchased for Operation Wigwam. These gages were calibrated in a pressure chamber and.
subjected to underwater shock-wave tests at NOL for evaluation for Operation Wigwam. The
description of the Wiancko gage as used in Wigwam and the development and performance of
the gage are described in this chapter.

5.1.2 Description of Wiancko Type P9-1005 Gage

The gage was contained in a stalnless-steel hollow c)llnder (see Fig. 5.1) § in. in diameter
and 3% in. In helght. A recessed groove 1%, in. high and ¥, in. deep was cut around the lower
end of the cylinder for mounting the gage to the gage array. All gage components were mounted
on the inside of the top plate (Vig, 5.2); and the cable packing gland with cable terminating pins
and pressure Inlet with damping {itting #as mounted on the outside of the top plate. The top
plate was screwed in flush with the top of the cylindrical case, and a watertight seal was ob-
talned with an O-ring. '

The oscillator tube (type CK 6111) was shock mounted cn cie end of a flat spring which
was spiraled about the tube. The other ead of the spring was rigidly secured to a metal block
on the top plate. A hole in the top plate {2¥; in. i dlumeter and '3’,. in. in depth) permitted
large movements of the tube without bottoming. The wire leads from the tube were tied to the
flat spring and terminated in three smail holes drilled (under the cover plate, Fig. 5.2) in the
top plate. The oscillator components, the output transformers, and the cable terminal pins were
also mounted in these holes, which were filled with wax,

Each of the two F-shaped cores was rigidly clamped to the top plate with four hardened
steel screws, and the contact surfaces cf the top plate and cores were increased and roughened
to increase the friction, Two stralght wires, which crossed at the midpoints to form an X,
were firmly secured at thelr junction to the center of the rectangular pad (Fig. §.3) at the point
where the pad was welded to the twisted Bourdon tube, Thece wirespunder toncion, ware
terminated in four solid posts protruding from the top plate. The Bourdon tube was inserted in
an enlarged hole in the top plate (Fig. 5.4), and at the pressure-inlet end the wall of the tude
was welded to the top end of this hole. Thus both ends ol the Bourdon tube were secured to the
top plate, and the cantilever movement of the tube and pad was greatly reduced, resulting in
almost purely rotational movement about the tube axis as pressure was applied or relcased.

An additional improvement in the P9-10%23 transducer was the removal of part of the F-shaped
cores at the center gap (Fig. 5.3), thus eliminating contact with the pad during its rotational
movement, The mass of the pad, which was made of 0.025-in,-thick mu-metal, was reduced by
tapering both ends, thus improving the gage response. Furthermore, the pole faces were

milled flat ané aligned parallel to the armature pad. The latter improvement resulted in a more
uniform magnetic {ield In the gaps and made possible the construction of gages with more uni-
form characteristics,

A damping fitting (Fig. 5.4) was attacked on the upper side of the top plate on the extension
of the axis of the Bourdon tube. A small orifice about 0.35 in. in length and 0.0315 in, in diam-
eter, but enlarged to 0.090 in, in diameter for a length of abcut 0.15 in., was used to connect the

——n -

N s: pressure inlet of the Bourdon tube to an ealarged opening (reservoir), A small wire, 0.009 in.
e in diameter to 0,025 in. in diameter, depending uoon the pressure range of the gage, was taserted
.\ in this orifice to decrease further the rate of flow of oil to the Bourdon tube. The reservoir was
"5 divided into approximately two equal volumes by means of a thin ncoprene diaphragm, the .
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Fig. 5.1=—=Wiancko gage, type P9-1005, expanded view,
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purpose of which was to prevent loss of oil in the Bourdon tube and the damping orifice and to
prevent foreign particles frum getting in {he fine damping hole. The upper chamber of the
reservoir was connected to the pressure gource by means of three holes which merged into &
single hole about 0.10 in. in diameter at the pressure inlet. A Yi-in. copper-tube flare fitting
was constructed on the pressure inlet for static calibration. The damping fitting and the
Bourdon tube were filled with 100-centistoke oil (DC200), under a vacuum, to eliminate air
bubbles,

$.1.3 Development

Large accelerations are imparted to recording gages vsed in the measurement of large
underwater shock-wave pressures. Values of 12,000 g were measured on a cylindrical gage
case from a step shock wave of about 1700 psl,’ The forces were so great that vacuum tubes
(in the oscillator circuit) were damaged, wires in the inductance coils were broken, and the
flat Bourdon elements were distorted. These acceleration effects, however, can be reduced by
proper shuck mounting of the components of the gage and by using rugged components. The
approz. .1 to this problem in the NOL Wiancko gage used on Castle was to “shock mount” the
transducer (type P-2007) from the gage case by means of soft-copper tube which also trans—
mitted pressure to the Bourdon element {n the transducer. Thus the acceleration of the
transducer was reduced; however, the transducer was not designed for rugged use, and hence
the output signals were still somewhat distorted. (See Chip. 3 of reference 1 for typical
pressure-time signals.)

The approach to this problem chosen by the representatives of the Wiancko Enginzering
Company was to use a rugged transducer (s¢e description above) mounted directly to the gage
case, The full effects of the shock wave were imposed upon the transducer, The first two
prototype gages received from the manufacturer for evaluation from underwater shock-wave
tests® were completely covered with foam yrubber about '/. In. thick, supposedly to reduce the
effects of acceleration on the gage, The results from one underwater acceleration test, how~
ever, showed that large signals, roughly similar in shape to the shock-wave signals, and a large °

- permanrent change in oscillator frequency were obtained. In the underwater acceleration tests,
the gage and gage case were subjected to the shock wave; however, the normal operation of
the rectangular pad was restricted by replacing the oil with air in the {lat Bourdon tube and in
the pressure fnlet and then sealing off the pressure inlet {rom the water. Upon examination of
these gages at NOL, it was found that the permanent frequency change could be reproduced.by
tapping the F-shaped cores with « hammer, Furtherniore, the permanent change in frequency
was greatly reduced when the contact surfaces of the F-ghaped cores and the top plate were
roughened and glued, Unfortunately, that particular glue (or the method of application) was
unsatisfactory, for the bond falled after several simulated shocks with 2 hammer. The manu-
facturer, also cognizant of the cause of the undesired frequency change, modified the subsequent
transducers by roughening the contact surfaces of the F-shaped cores and the top plate, by
increasing the area of the contact surfaces, and by clamping the F-shaped cores to the top plate
with two additional (total of four for each core) hardened steel screws (see Fig. 5.3). Three
. 3000-1b prototype gages, with the modified ¥F-shaped cores but without the foam rubber coating
which was not used again on the Wigwam Wiancko gages, were then subjected to several under-
- water shock-wave acceleration tests, with the result that a maximum permanent frequency
change of about 5 per cent of the shock-wave pressure was obtained on two gages and about
!’/2 per cent un the other. The recorded acceleraticn signals, however, were quite large and
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*Truncated-shaped charges? 4 and 6 {t long were used In the underwater acceleration and
performance tests. The shock-wave pressures for the 4- and 8-t charges were essentlally
constant for about 1 and 1%, msec, respectively, and then decayed with time. The pressure
amplitude, also measured with ’/'.-ln.-diamemr tourmaline gages at the same distance, was
varied by adjusting the charge-to-gage distance and by using different size charges so that the
pressures would not exceed the pressure rating of the Wiancko gages. In some instances the
charges were lengthened from 4 to 4’/, ft.
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were similar in wave form to the shock-wave pressure-time signals but with a superimposed
ring of about 5 ke. The amplitude of the acceleratica signals from the three gages was between
10 and 28 per cent of the shock-wave signals. Similar accele.ation tests were also performed
on three prototype gages rated for 750 psi with similar modifications to the F-shaped cores.

The results were encouraging since the maximum permanent change in oscillator frequency was
only 1 per cent of the shock-wave pressure and the amplitude of the recorded acceleration signal
was between 3 and 7 per cent of the shock-wave pressure. The recorded acceleration sigaal was
also similar in wave form to the shock-wave pressure except for a superimposed ring of about
3.8 kc. These s_mpe:'unposed oscillations were caused by the movement of the ends of the ree-
tangular pad, relative to the F-shaped cores, as the shock excited the flat Bourdon tube and the
pad into resonance. These oscillations were eliminated by using 1000-centistoke oil im the end
gaps, The manufacturer made a significant development in the securing of the X wires to the
rectangular pad, thereby reducing spurious movements (and signals) of the pad. The oscillator
tube mount was also effective, for only two tubes failed during the development tests: one

after two shots and the other after 10 shots. Therefore the resuits with the improved prototype
gages showed that the permanent [requency change was sufficiently reduced for acceplance for
Cperation Wigwam, However, the acceleration signals were still too large, but furiher develop-
ment and investigation were impossible because of the lack of time in preparation for Operation i
Wigwam, The 34 similarly improved gages were then calibrated In a pressure chamber and. . '
subjected to the underwater shock-wave performance tests for evaluqtioq for Operation Wigwam. :
These results are discussed below.
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5.1.4 Performance Tests of Wiancko Gages

The purpose of the performance tests was to determine how faithfully and quickly the ) N .
Wiancko gage (type P9-1005) responded to an underwater shock wave and to determine whether
the gage was sulliciently rugged to withstand the shock wave and hydrostatic pressures expected
in Operation Wigwam. Since the gages were rated for pressures which were only slightly less
than those that would probably impair the performance of the gages, the shock wave and calibra-

ion pressures never exceeded the pressure ratings established by the manufacturer, These
tests differed from the shock-wave acceleration tests described above in that normal operatioa
of the transducer was permitted by filling the [lat Bourdon tube and pressure inlet witk §90-
centistoke oll under vacuum and by removing the seal at the pressure inlet. Although the dara-
tions of the shock-wave pressures were short compared with the durations expected from the
Wigwam shot, nevertheless the amplitudes were about equal, and these tests showed that the
Wiancko gages were in general ruggedly constructed. The gage cases, the cable packing glands,
and the O-ring seal in the top plate were sufficiently rugged to withstand hydrostatic pressures
of at least 3000 psi. In a few gages, however, the pins used to connect the cable leads to the
gage oscillator were loosely secured in the glass seal. Examination of the few gages that
performed erratically during the shock-wave tests showed that a wire lead was broken at a
terminal, the screws on the F-shaped cores were loosened, the glass seal at the cable termina-
tlon was fractured, and the oscillator tube was microphonic. These defects, however, were
readily corrected before use in Operation Wigwam, thus assuring a higher percentage of de-
pendable and rellable gages. The underwater shock-wave acceleration tests, although desirable,
were not made on these 34 improved gages tecause of lack of time, For the same reason, only
one shock-wave response test was made on cach gage. However, in some cases where the
response was not satisfactory on the first test, a modification, when possible, was made o the
gage and the test was repeated. (The primary modifications were the addition of 1000-c=ntistoke
oil to the end gaps of the transducers whea necessary to climinate oscillatory sigrals super-
imposed upon the shock-wave signals and the replacement of the oscillator tube or repair of
broken wires when discontinuous signals were obtained.)

The arrangement of the charge and gages used in the underwater shock-wave performance
tests (Fig. 5.5) was as {ollows: The charge and gages were set about mid-depth in 22 ft of
water. Two tourmaline gages (’/. in. in diameter) were mounted tiie same distance from the
small end of the truncated charge as were the pressure inlets of the Wiancko gages. All gages
were arranged symmeirically about the extended axis of the truncated chiarges so that the
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LN pressure vs tiine was the same® at all gage positions. To obtain large frequency deviations and
:)-":‘ to determine whether the gage was sufficiently rugged to withstand its design pressures, the
,;'_- ‘ shock-wave préssures used were approximately 60 to 90 per cent of the pressure rating of
! ::;\‘ most of the gages tested. The various values of shock-wave pressures were obtained by using
TN different sized charges and by changing the charge-to-gage distance. The duration of the nearly
g - constant pressure of the shock wave was 1 or 1’/, msec, depending on which charge length was

used. This w8 suffictently long for the response of the Wiancko gage and the associated record-
ing equipment Since the rise time of the Wiancko gage and the frequency discriminator was
about ', msec. Typical pressure-time curves obtained with tourmaline and Wiancko gages are
reproduced iu Fig. 5.8. The frequency of each gage oscillator was measured immediately before
and after each shock-wave test to determine the permanent change in frequency. .

o

NS C

R v

§5.1.5 Calibration of Wiancko Gages-
Before thi# shock-wave pressurcs could be evaluated from the record obtained with Wizncko

-
N g 5]

G gages, it was first necessary to know the pressure frequency relation of each gage. This rela-
SV tion was obtained from two types of hydrostatic calibrations performed on each gage for use in
3 :7'3 the shock-wavé@ test. In one calibration the pressure was applied lo the flat Bourdon tube in the
“'7-*,1' transducer by means of an oil-filled tubing which connected the flare tube fitting on the pressure
1:."-’ inle! to a high-pressure pump. In the other calibration, the entire gage was, immersed in an oil-
; ﬂ'j tilled pressure chamber (9 in. in diameter and about 24 in. in length) with the gage cable let out
® of the chamber through a packing gland. In the latter calibration the pressure was applied
D simultaneously fo the gage case and the pressure inlet as it would be in the measurement of
4' underwater shock-wave pressures. ‘This calibration was performed with increasing and de-
,‘.‘: ’»;, creasing pressures to determine the hysteresis. In both callbrations the same EPUT meter
;'.(»‘: : (the EPUT metér is an Events-Per-Unit-Time Meter manufactured by the Berkeley Scientifie
QASS Corp., Richmond, Calif.; the Bourdon pressure gage was calibrated several times with a dead-
Soxo, weight tester and w2s found to be accurate and reproducible) and Bourdon pressure gage were
‘ used to measure, respectively, the frequency of the gage oscillator and the pressure on the
Wk Wiancko gage. Approximately 10 calibration points at equal increments of pressure were ob-
f}_ﬁ.‘._{. tained on cach gage in the range from hydrostatic pressure to the rated pressure of the gage,
‘3?:’;} A smooth curve connecting these points was called the calibration curve, and one is shown in
R Fig. 5.7.
'::::w’:; In the secomd procedure, where the dynamic response to shock loading was measured the
N f-m gage sigra) was applied directly to the input of the discriminator, the demodulated output

of which was féd into an oscilloscope. The signals on the cathode-ray tube were photographed
on a 10-in. strip of 35-mm {ilm moving at right angles to the tube signal deflections. Since the

A

‘f:-.,_} responses of the oscilloscopes and demodulators were linear, the tube signal deflections were
\X :-'.' proportional o the frequency produced by the gages, and the trace in the directlon of the move-
-:‘.": mant of the {ilm was proportional to the tirae. In addition, the following calibration signais were
;:-}: photographed: an accurate time signal apglied simultaneously with the shock-wave signal and a
SENE discriminator ealibration signal obtained by applying a frequercy “step” signal to the discrimi-

4 nator input. The latter signal was produced by a [requency step-signal generalor which was

A essentially an oscillator that was capable of changing the frequency of oscillation from oae value
to another valye within a cycle (about 0.2 msec) without changing the amplitude. The two valzes
of frequency were preset before the shock-wave test and were measured with an EPUT meter.
Hence the discriminator calibration signal {photographed from the cathode-ray tube as a square
step with a rise time of about 0.3 msec) represented a known change in frequency. To convert
the photographed shock-wave signal into a pressure-time signal, the amplitudes of the shock-
wave signal wére first measured at desired time increments, and each amplitude was compared
with the amplilusde of the discriminator calibration signal to obtain the corresponding change ia
frequency produred by the gage. Since the frequency-pressure relation of the gage was non-
linear, the hydrostatic calibration curve (cusve A, Fig- 5.7) was used to convert each of the
above changes ia irequency into corresponding changes in pressure. A sufficient number of such
pressure poinis were thus obtained to construct a pressure-time curve (Fig. 5.6). It should te
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noted that the instrumentation described above as beizg used in these shock-wave pemm
tests differed considerably from that used during the Wigwam shot where, for ¢xample, record-
ing was done on magnetic tape,

5.1.86 Comparison of Wiancko and Piczoelectric Gages in Shock-wave Tests

The results of the shock-wave performance trsts showed that the pressures recorded with
the Wiancko gages were smaller than the pressures recorded with the two Y,-in.~diameter -
tourmaiine gages. The Wiancko gage pressures were evaluated from the gage-calibration corve
obtained by applying hydrostatic pressure stmultanecusly to the pressure inlet and the gage-
case. The average value of the ratio (R) of the Wiancko gage pressure to the tourmaline gage
press® -e* was 0,89 with a standard deviation of the mean (0,;) of 0.01 for gages rated for 1000
psi In tha 23 measurements obtained. The values of R for gages with varjous pressure ratings
are shown In Table 5.1, Application of Table 5.1 to particular gages was made by using the:
gage rarges listed in Tables 6.1 to 6.3, :

Table 5.1 -~RATIO OF WIANCKO GAGE TO TOURMALINK
GAGE PRESSURES

Cage Rating Pressure Hatle % Nusber of
(psi) (R) Msasurements
1000 0,89 0,01 3
1500 0,88 0,02 12
2000 0,90 -— 7
3000 0,79 -— A

5.1.7 Hysteresis and Permanent Frequency Change of Wiancko Gages

Mecasurements of the gage-oscillator frequency before and after each shock-wave test
showed that a small “permanent” change in frequency was obtained on most of the 34 improved
gages tested for Operatlon Wigwam, The results showed that the permanent frequency change,
expressed in pressures, was equivalent to, or less than, { per cent of the maximum shock-
wave pressure recorded (about 600 psi) by the gages rated for 1000 psi in the 33 measuremensts
made, The errors due to the permanent change in frequency for gages rated for 1500 psi were
1 per cent or less of the maximum shock-wave pressure (about 1200 psi) recorded in 10 meas-
urenments and between 1 and 2 per cent in two measurements. The errcrs were somewhat
larger for gages rated for 2000 and 3000 psl; six values were obtained ai less than 1 per cesd,
four between 1 and 2% per cent, and a valus each at T and 8, per cent of the maximum shock-
wave pressure recorded, which for these gages was about 1500 psi. In geaeral, 3t was found
that the gage-oscillator frequency was smaller after the shot than before the shot, at atmos-
pheric pressure, ’

The results from the hydrostatic calibration showed that the gages poszesssd hystereais.

arger values of gage-oscillator frequency were obtained, for a particular pressure, when the
pressure was being decreased than when it was being increased. The value of hyzteresis was
obtained for each gage size by expressing the difference in frequency, for several particular
values of hydrostatic pressure, in percentage of the frequency d2viation obtained at rated
pressure, The values of hysteresis averaged approximately 1, 1%, 2, and 3 per cent for gages

*In order to account for the slow response of the Wiancko gages and the discriminators, the
pressures used In these ratios were taken on the constant-pressure part of the pressure-time
curve just before the pressure began to decay, i.e., at times of about 1 and 1Y; msec,
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rated for 100Q, 1500, 2000, and 3000 pst,* respectively. In general, the maximum deviation of
the increasing- and the decreasing-pressure calibration curves occurred at approximately 5’,
the gage-rated pressure, and the two curves coincided at atmospheric pressure. The Bourdoa
pressure gage which was used to measure the pressure in the above hydrostatic calibrations
was itself calibrated with increasing and decreasing pressures {rom a dead-weight tester, and
no measurable hysteresis effect was observed.

5.1.8 Frequency Deviation, Stability, Temperature Effect, and Reproducibility of Wiancko Gages

The manufactorer of the- Wiancko gages succeeded in obtalning large frequency deviations. -
This was an important factor since the accuracy of the results was enhanced by an increase in
the signal-to-noise ratio, Although, in general, the frequency increased from a gage mean
frequency of about 10 ke at atmospheric pressure to about 13 ke at the rated gage pressures, ia
many gages {requency deviations were larger, being between 30 and 40 per cent of the mean
frequency, The stability of the frequency of the gage oscillators was good if a short warm-up
time to reach équilibrium was allowed, Most gage oscillators maintained the mean frequency .
within £10 cycles/sec during the few minutes required to calibrate the gages. However, many
gages maintained the mean frequency within £15 cycles/sec for over a month, even after being
shipped across the country. Several gages that were to be used at a depth of 1000 ft in Operation
Wigwam were calibrated at temperatures of about 9°C and also at room temperature (21°C). The
maximum difference between the two calibrations for any gage was only 35 cycles/sec or abeat
1 per cent when referred to the full range of the gage. No tests were made for the specific
purpose of determining the reproducibility of the gage calibrations. However, comparison of the
calibrations obtained before and after an underwater explosion test on gages that exhibited a
permanent change in frequency of less than 1 per cent showed that the reproducibility of the
frequency was better than :£40 cycles at any particular pressure. Another effect noticed during
the callbration of these gages was that the amplitude of the oscillator signal increased as the
frequency increased. On some gages the amplitude increased by a lactor of 2, but the wave
form remalined nearly slnusoldal.

- -
-

5.1.9 Rise Time of Wiancko Gages

The response of the Wiancko gages and the Ircguency discriminators used is shown in
Fig, 5.6, The rise time was approximately 0.6 msec for the discriminators and gages rated
for 1G00 pst and 1500 psi and longer for gages with higher pressure ratings. The rise time of
the discriminators alone, however, was about 0,3 masec, as determined by applying a frequency
step signal to the discriminator. The rise time of the gage alone, therclore, was avout 0,3 msee.,
This was shown to be the case when a few pressure-tiine records evalvaled from {-m signals
recorded directly on film were compared with the demodulated shock-wave sigaals obtalned
{rom the diseriminators, The rise time of the gages was perhaps Increased by the use of 100D
centistoke damping oll placed between end gaps of ihe transducer 1o eliminate the superimpesed
4- to 5-kc osclllator signals,

5.2 TOURMALINE GAGES

5.2, Introduction

The tourmaline gage is a plezoelectric transducer in which the hydrostatically sensitive
tourmaline crystals produce an electrical charge proportional to the applied pressure and to
the area of the crystai faces.’ This charge, when distributed over the connecting cable and
shunting capacitance, results in a voltage which is readily measured and recorded with a
voltage-sensitive device such as the oscilloscope. Tourmaline gages have bren used in Englasd

*Simllarly, the hysteresls could be stated as the dilference In pressure, for several par-
ticular values of frequency, expressed in percentage of the rated pressure of the gage, The
results would be approximutely the same as thosa stated above,
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since 1921 to record pressures produced by charges fired under water,® These gages, which
consisted of many tourmaline crystals arranged in a mosaic pattern, were quite large® and
hence were suited to the measurement of shock-wave pressures produced only by large charges,
Development of considerably smaller tourmaline gages for more precise measurements of
shock-wave pressures from charges smaller than service weapons was begun in this country
about 1941. More detailed information concerning the history and development of the tourmaline
gage is presented in reference 6.

Several materials exhibit piezcelectric properties, and some have sensltivities greater
than tourmaline.! However, for quantitative underwater shock-wave measurements, tourmaline

\_; . gages are generally used because of the hydrostatic sensitivity, ruggeduness, linear response to
*'-:‘3 pressure, freedom irom hysteresis, and simplicity in construction and use. Nevertheless, the
j ,:\é advantage of tourmaline does not preclude the use of the higher sensitivity crystals in gages,
Ty particularly in the measurement of small-amplitude shock-wave pressures in which the
: sensitivity of the recorder is too low for recoiding with tourmaline gages.
A The use of tourmaline gages (and piezoelectric gages in general) in shock-wave recording
:.( ’ has limitations, however, which must be considered before the gages are used, The limitations
LAY of the tourmaline gage imposed by -high-frequency distortion and cable-signal and spurious
'\.} electrical signal effects®® were either negligible or were not discernible with the Wigwam
‘:‘m instrumentation and hence will not be discussed here. Low-frequency distortion, however, is
' 1:"-{ of particuiar interest in the recording of pressures in the Wigwam shot since the shock-wave
h durations were quite long, This distortion 1s caused by the high internal impedance of the gage,
oy pyroelectric effect, and the “first-lime gage effect.” For practical purposes the plezoelectric
O\ gage may be considered to be an ideal voltage generator in series with a capacitance; when the
W] *  gage is connected to a cable, the voltage developed by the sudden application of constant pres-
\};ﬁ.:; sure will decrease expunentially at a rate determined by the product (RC) of the total capaci-
‘1'-“.;: tance in the gage-cable eircuit and the shunting resistance. Hence a large error will be incurred
A in the momentum ot a recorded negative exponential shock wave (or any pressure wave in which
X the positive or negative duration {s long) if the integration is carried out to Jong times (several
L times the shock-wave time constant) unless the gage-cable time constant (RC) is considerably
) larger than the shock-wave time constant. In the shock-wave records obtained on the Wigwam
\"“é_: shot the RC time consiamt was about 10 sec (about 300 times the shock-wave time constant), and
:?Q-; the error in momentum due to this elfect was estimated to be less than 1 per cent in the worst
A\ case, 1.e., the 1000-ft-depth gage at the YFNB-12 station.
ALy

Pyroelectric effect is the result of a polarization charge developed by the change in tem-
perature in hydrostatically sensitive plezoelectrie crystals. An increuse in the temperature of
tourmaline crystals of §°C will produce 2 charge equivalent to a deécrease In pregsure of about
20U psi. The increase in temperature by adiabatic compresslon of the tourmaline crystals s
negllmbie,‘ but the increase in temperature of the surrounding water by adiabatic compression
{s about 0.3°C per 1C00 psi and would resuit in distortion in the recorded shock wave were it
not for the fact that the insulation of the gage coating transmiis only a small fraction of the
temperature increase during the time of recording of short-duration shock waves,

Since the positive duration of the shock wave recorded on the Wigwam shot was considerably
Ionger than the duration in any previcus measurements, tests were performed to determine the
effectivenesas of the insulation of the gage coating by measuring the response of the coated gage
(the coating is described in Sec. 5.2.2) when the temperature of the water surrounding the gage
was suddenly increased and malintained while the pressure remained constant. The result was
that at 20 sec the rasponse was only 0.1 per cent of the response expected from a pressure
required to produce an equivalent temperature increase by adiabatic compression of the water.
The pyroelectric effect due to adiabatic compression of the gage coating was simulated in a
similar test in which a bare gage (edge insulation was also removed) was used in an oil medium;
the oil represented the gage coating of wax, The gage response was considerably faster (ultimate
response was obtained in 30 sec) than in the above test and In 1 sec was about 2 per cent of the
response expected from a pressure that would produce an equivalent temperature increase,
Therefore, consldering the time constant and the positive duration of the shock wave recorded on
the Wigwam shot, the above tests indicate that the distortion causcd by the increase in tempera-
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ture in the tourmaline gages by adiabatic compression of the surrounding water and the gage
coating may be neglected for practical purposes.

The first-time gage effect results in a low-frequency distortion the first time a new tour-
maline gage or a newly coated gage is exposed to shock waves, This effect Is characterized by
a larger negative displacement of the recorded pressure-time curve from a standard pressure-
time curve than can be accounted for by the RC time constant of the gage-cable circuit. Further-
more, this effect is greatly reduced or disappears entirely on the second and later exposures to
shock waves® of the same or smaller amplitude. The reason for this is not known, but it is
perhaps a pyroelectric effect caused by the compression of the gas bubbles in the gage coating
at the interface of the tourmaline. Since the gas bubbles are dissclved, the effect is not so
proncunced on subsequent exposures to shock waves, Nevertheless, the first-time gage effect
is believed to have been eliminated on the tourmaline gages used in the Wigwam shot since the
gages were “pre-aged” with detonators and alterward were exposed to at least two shock-wave
tests in which the pressures were larger than those in the Wigwam shot, These tests are
described in Sec. 5.2.4.

Experimental evidence of the magnitude of the errors caused by low-frequency distortion
1s shown in the comparison of the Wiancko gage results with the tourmaline gage results (Secs.
8.3.2 and 8.3.3), where the small differences obtained in the momentum comparison and the
peak-pressure comparison indicate that the combined effects of the hystercsis of the Wiancke
gages and the low-frequency distortion of the tourmaline gages were small,

. 5.2.2 Description of the Wigwam ’I‘ourmallne Gages

The tourmaline gages used In Operation Wigwam were constructed from thln disks of
tourmaline crystals, the faces of which were cut perpendicular to the optical axis (see reference
9 for construction of tourmaline gages). A stlver electrode was baked on each crystal face,
and the diameters of the disks for the three gage sizes used were ¥ in., 1% n,, and 2 in. Eight
crystals were used in the 1%,-in.-dlameter gages, and only four were used in the V3- and 2-in.
gages. In each gage, /, of the crystals used were arranged in a stack (with proper regard to the
polarity of the faces) on either side of a stecl ground tab to form a gage thal was symmetrical
electrically and méchanically about the ground tab, In this assembly thin stlver tabs were
sandxiched between the crystals with the “arms” of the tabs extending out of the stack, and the
assembly was sweated together. Araldite {Araldite Epoxy Resin AN 10f with hardener HN 951
was used; the manufacturer of these products is Ciba Cowmpany, Inc., Plastics Division, 627
Greenwich St., New York 14, N. Y,) was applied around the edges of the crystals to reduce
leakage that could result from handling bare tourmaline crystals, Silver paint was then applied
over the entire gage assembly {except at the exit of the positive leads) to provide an electricat
connection from the outside electrodes of the two outer crystals to the ground tab and to pro-
vide an electrostatic shield for the gage (see Fig. 5.8).

The essential diflerence between the '/.-ln. gages and the larger gages was In the type of
ground tab used and the method of mounting to the transmission cable, In the 1’/.- and 2-in,

- gages a split ground tab (see Fig. 5.11 of reference 6) was used to facilitate the mounting of the
relatively massive gages to a flexible cable, A copper tube ?/. {n. In cutside dizmeter and about
2Y, in. in length was soldered between the two tapered arms of the split ground tab, and the core
of the cable was inserted inside the tube, The high leads of the gage were then soldered to the
central conductor of the coaxial cable, and the braided shield was soldered to the copper tube
for a ground connection, A {airly rigid gage mount was thus obtained, and the stress was re-
lieved from the relatively weak gage leads and the cable central conductor (see Fig, 5.8), In
the ",—in.-diameter and smaller gages the steel ground tab was shaped like a {lattened {rying
pan (similar to the split tab but with only one arm) and was soldered directly to the cable
shield. Anocther steel tab similar to the ground tab in construction was sandwiched between one
outside crystal and the adjoining crystal, and it was soldered to the central conductor of the
cable, The strain was thus equally distributed between the two rugged steel tabs (see Fig. 5.8).
A waterproof coat was obtained on all gages by dipping the mounted gages about four timas in

narne

melted mineral wax (Zophar wax C-276 was used at a temperature of about 235°F; the wax is
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manvfactured by Zophay Mills, Inc., 112-130 26th St., Brooklyn 32, N. Y.) to a poist about

1 in, above the terminus of the cable jacket until the thickness of the wax was about ¥ in. at the
edges of the gages and about % In, at the center of the faces of the gages. Onc layer of Uskoroma
splicing compound (Uskorona splicing compound is manufactured by The United States Rubber
Company) was applied under tension over the wax, afte: it cooled, to a polnt on the cable jacket
about 1 in. above the wax terminus, Next a thin layer of Bostik cement (Bostik cement No. 5002
is manufactured by B, B, Chemical Co., Cambridge, Mass.) was applied; this was followed by
another layer of splicing compound and, finally, by a thin coat of acrylic spi. y (acrylic spray is
manufactured by Krylon, Inc., Philadelphia 46, Pa,). The waterproof coat was carefully applied
to reduce the number and the size of air bubbles. The elfectiveness of the waterproof coating
was determined by hydrostatic tests that are described below. Figure 5.8 shows two gages
mounted on cable before and after waterproofing.

5.2.3 Tourmaline Gage and Gage-cable Tests

These tests were designed to simulate some cox.ditions of Operation Wigwam not normally
encountered in the routine underwater shock-wave measurements at NOL. The object of these,
tests was to determine what effect, if any, these conditions would have on the performance of
the gages and cables used on the Wigwam shot and also to obtain only reliable gages and cables
for the Wigwam shot by eliminating those that performed poorty or doubifully in these tests.
These tests were performed in two parts, the {irst of which was to determine the imperviousness
of the gage coating and the cable jacket to water unider 1arge hydrostatic pressures. The second
part was to detarmine the effectiveness of the special transmission cables used in reducing the -
signals generated by the shock-wave pressures on the cables themselves.

In the first test the mounted gages and cables were placed in a water-filled pressure
chamber (8 {t in diameter and 30 {t in length), and the cable ends extended out of the pressure
chamber for about 2 {t so that the leakage resistance could be measured while the pressure
was applied. A speclal packing gland which would accommodate seven cables was used to seal
off the cable ends from the applied pressures, thereby reducing the time required to perform
these tests. The gages were mounted on iables which were cut to the exact lengths required for
the gage arrays on the five NOL recording stations on Operation Wigwam. Chamber pressures
of 600 psi were used on gages and cables expected to be used at depths fron, 300 to 1000 ft. To
. simulate lowering the gages In water and to determine the pressure at which failure occurred,

the pressure wag increased from atmospheric pressure by sicps of 150 psi every 15 min untit
600 psi was obtained, The latter pressure was maintained for about 3 hr. Leakage resistance
was obtalned with a megohmmeter (megohmmeter type 2423, manufactured by Briiel & Kjoer,

:: Copenhagen, Denmark, and distributed by The Brush Development Company, 3405 Perkins

X Avenue, Cleveland 14, Ohlo) at each pressure, and scveral readings were obtained at 600 psi.
:’-\' The elght gages and cables expected to be used at depths greater than 1000 {t were subjected to
f::a; - a maximum hydrostatic pressure of 1000 psi. The pressure was likewise tncreased by incre-
ﬁ.': f ments and malntained at 1000 psi for 1%, hr, These tests for imperviousness were performed
P, ’ on a total of 49 gage-cable assemblies, some of which were for the use of NRL on Project 1,2.1
,;—!M of Operation Wigwam and a few of which were repeats, In the total of 49 tests, seven failures
AN occurred, all of which were caused by a short circuit in the gages and by the imperfections in
'::-r::. the gage coatings, In general, the leakage resistance of the gage-cable assembly was of the
RN order of 10* megohms,
0 The electrical cables used on Wigwam between the tourmaline gages and the recording
AR equipment were especially constructed to reduce the “cable signals” generated by the shock-
A wave pressures, (The cable was manufactured by the Simplex Wire and Cable Co., Cambridge,
i 2 Mass.) The cable signals {rom this czble are negligible as far as underwater shock-wave meas~
e urements such as those conducted at NOL on high explosives are concerned, In Operation

ATy, Wigwam, however, the geometry of the gage and cable array was such that large portions of the

W) submerged cable lengths were continuously stressed by the shock-wave pressure during the
:-;t}‘ time of recording the shock-wave pressures by the tourmaline gages, Since the cable signal is
& -"; proportional to the amount of cable stressed and to the pressure applied on the cable,'®!! the
;h“.a 4
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cable signals generated could conceivably be large. Therefore, underwater shock-wave tests k
were performed on these cables at NOL to determine the effectiveness of these cables is re-
ducing the cable signal arnd to determine what errors would be incurred in the recording of the
Wigwam shot,

In these tests, approximately 200 ft of cable was arranged tn » compact colt (about 2% t 1n
outside diameter, 1 {t in inside diameter, and 5 in. in length) and set at mid-depth in 22 ft of
water with the mounted gage protruding out of the water. The axis of the tremcated-shaped.
charges (see reference 2 and Sec. 5.1.3) coincided with the coil axis, and the nearest end (small
end) of the charge was about 2 ft from the coil. Iz this manner the entire 200 ft of cable was
subjected to the shock-wave pressure of the order of 2000 pst almost simultaneously so that a
measurable signal would be obtained. : )

The actual cabie lengths varied from about 220 ft to about 2025 R, depending upon the gage .
depth on the Wigwam shot, although only about 200 ft of each cable was subjected to the shock- .
wave pressures in these tests. It was assumed that the cable-signal properties of the remainder C
of the cable were the same as those of the 200-ft section tested. .

Tests were performed on about 60 per cent of the cables used on the three YFNB statlons; :
these cables were attached to gages located at depths between 200 and 1000 fit. The largest ¢
slgnal recorded on any one cable was 1.7 % 10~¢ #:c/psi (micromicrocoulombs per pound pei' «
square inch) per foot of the cable expused to the pressure. Assuming that the same amplitude )
of shock-wive pressure was applied simultaneously to the gage and the entire mebmerged 1éngth .
of cable, the cable signal irom this cable was estimated to be about 0.2 per cent of the recorded
shock-wave slgnal on the Wigwam shot. (The actual eabla-gignal error should be smaller since
this hynothellcal case was not realized on the Wigwam shot.) However, the resulis from the
test performed on the remainder of the YFNB cables showed that the cable signals relative to the
recorded shuck-wave signals on the Wigwam shot were several times smaller han the 0.2 per
cent value, Therefore, unless the cable signal per foot of cable obtained from each 200-ft sec-
tion tested was muck smaller than that from the remainder of the cable, th2 cabie-signal errors
caused by the cables used on the three YFNB stations may be neglected.
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5.2.4 Toarmaline Gage Calibrations

All tourmaline gages used on the Wigwam sht were first calibrated by the manufacturer
{Crystal Research, Inc., 42 Concard Lane, Cambridge, Mass.) and again by NOL. I these
* static calibrations the unmounted gage (bare gage, without a waterproof coat) was placed in aa
oil-filled chamber in which the pressure was graduily increased with a hand pump to a pre-
. . deternained value that was measured with a calibrated Bourdon gage. The presswre was thes
. suddenly dropped to atmospheric pressure (within azut 30 msec by means of a quick-release
valve), and the gage output signal was obtained on 2 microcoulometer.’? A comparison of this
signal with the signal obtained by applying an accurately measured voltage step lo the gage
circuit was used to obtain the gage KA {gage sensitivity expressed In micromicrocoulombs per
pound per square inch). Each gage was thus calibrated about five times at one value of pressure.
. The reproducibility was about *'/z per cent, and the KA value used was the average of these s
calibrationy. The pressure values used on each gage were 500, 100, and 2000 psi. Not only did
this cover the pressure range of interest to NOL cn the Wigwam shot but the callbrations at the '
three pressures served to determine the linearity of the gage KA. )
Additional static calibrations were performed ca a few gages mounted oa Jow-nolse cable ?
and coated as described in Sec. 5.2.2. In this cahibration the mounted gage and about 1 ft of i
cable were pliaced in a water-filled chamber and calibrated as described atove. Because of the
limitations in the design of this pressure chamber, pressures of only 5C0 psi were used. It was
expected that the comparison of the static calibraticns on the mounted and unmmounted gages
would determine whether the gage coating had any effect oa the gage KA. It was found that the
bare-gage KA was larger in general than the coated (and mounted) gage KA but that the difference
in the KA’s was small, ranging from ~0.25 to +3.7 per cent. These results, however, are nat
conclusive since the number of comparisons (five) was small. Therefore a dynamie catibration
was performed on all gages used on the Wigwam shot to study this effect further, particularly
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since gages of these sizes (7, 1%, and 21a_in dmeter) have seldom been used in quanitiative
underwater shock-wave pressure measurements.

In the d,namic calibration, three ¥;-in.-diameter and six Wigwam gages were equally
spaced along the circumference of a f-ft-diameter ring, and the gages were arranged edge-on
toward the small end of a truncated charge.® The gages were arranged equidistant from the
small end of the charge and symmetrically about the extended charge axis so that the shock-
wave pressure at any instant was the same at the midpoirt of all gages. The responses of all
gages were recorded simultaneously on the nine channels of shock-wave recording equipment

Table §.2—SUMMARY OF TOURMALINE GAGE CALIBRATIONS

YFNB-12 YFKB-13
Gage | Depth | Dynamic | Static Gage ! Depth | Dynamic | Static
No. | (ft) XA KA No. | (£t) XA KA

891 25 8%.0 8.0 1032
1067 25 9.9 7.8 106
1026 50 23.9 3.9 810 82.9 80.0
. 1029 100 2.3 239 1033 23.% 23.8 -

5 23.8 240
25
50
200
1031 200 26.1 25.1 1065 200 83.1 1.6
1 500
1000
3000

82.3 16.2

823 200 9.7 a1.h 14k .0 139.3
825 500 - 119.3 811 79.0 61.8
623 1000 0.0 &.2 815 83.2 83.8
3 | 1000 1.6 &.1

YPEB -29 . e
Gage ! Depth | Dynamic | Buatic
Wo. | (rt) XA XA
103% 25 2.1 2.2
817 25 6.8 1.1
1036 50 25.2 (;3-5)'
1035 200 23.2 23.7
.23} 200 6.7 €20.5) .
7.9
02 500 § 126.5 | {126.5)
12¢.2
1066 1 1000 78.3 (78.9)
8.7
66 1 1000 76.8 (BN)
80.7

* Static XA values of costed gages are ewclosed in parentheses.

that is used by the EH division at NOL' in the measuremesnt of the shock-wave pressures in
explosives-comparison programs.
The pressure-time records from these catibration shots showad that the pressure was

esgentially constant, at about 1500 psi, from about 0.4 to 0.9 msec after the arrival of the shock

wave at all gages. (See Fig. 5.6 for the general shape of pressare-time curves produced by
truncated churges.) The shock-wave pressures were calculated from the response of the ’/.
in.-diameter gages at four different times in the 0.4- to 0.9-msec interval and from the static
{bare-gage) KA values of the respective %-in. gages. The dynamic KA values for each Wigwam
gage weve then calculated from the response of the Wigwan gages at each of the four times and
from the average pressure obtained from the three ’/.-in.-diameler gages at the corresponding
time. For each gage the KA value used in deterinining the pressures recorded on the Wigwam
shot was the average of eight dynamic KA values cbtained {rom two calibration shots. The
dynamic and static KA values are summarized in Table 5.2. ARl gages were ‘“aged” prior to the
calibration shots by firing detonators at close range.’
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The precision in the dynamie KA calibration was not so good as the precision in the meas-
urement of the static (bare-gage) KA values. In the dynamic calibrations of the 25 tourmaline
gages used on the three YFNB recording stations, the reproducibility of the eight measurements
on each gage was better tham :t 3 per cent of the average KA value, whereas the reproducibility
of the static KA measurements was about +0.5 per cent of the maan value. A falr agreement
was obtained between the dynamic and static KA’s (see Table 5.2); the dynamic values ranged
between +7 and —5.5 per cent of the respective static values. It was difficult to determine
whether the coating on the Wigwam gages (compared with the effect of the coating of the ¥%-in.
gages) had any effect on the gage sensitivity. The Indications, however, are that the dynamic
KA values, on the average, are slightly targer than the static KA values of the Wigwam gages.
Although the precision was not 80 good in the dynamic measurements as in the static measure-
ments, the dynamic KA values nevertheless were used in the analysis of the Wigwam results
because a direct comparison was obtained with small gages, which are used exclusively in
explosion-comparison work at NOL and other laboratories.
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6.1 INTRODUCTION

Five magneuc-tape recording installations were set up by Project 1.2 for electrical
pressurc-time measurements uaing plezoelectric and electromechanical gages: One was located
in each of the trailers mounted 0n the YFNB's, and two were mounted in bioys suspended from
the LCM 0-1 and LCM 0-2 (sites 1B and 2B). Electrically, all the systems were similar; me-~
chanically, howaver, the equipment at the YFNB-13 differcd in that the Ampex tape-transport
systems were used there instead of the Davies tape recorders which were used at the other
locations.

For pretection 2gainst a coimplete loss of data at any one station, the recording at each
location was divided into two systems asfar as practical. Each system consisted of a tape-
transport mechanism with afl the assoclated clectronic equipment. The two coniplete systems
for each location were rigidly bolted together.and suspended as a unit.

6.2 DIFFERENCES BETWEEN CASTLE AND WIGWAM

Designs for the Wigwam vloctronic pressure-time instrumentation circuits were based on

the premise tkat (e basic Castle system would be used where possible and would be changed
. only when either the requirenients for Wigwam or the experience gained with the Castle system

dictated the advisability of a change. (The Castle system is described in reference 1.)

It was found that the changes necessitated by the different conditions and requirements of
Wigwam were:

1. Higher gaio amplifiers {0 ircrease the signal levels from the plezoelectric gages used.

2. Parallel operation of amplitiers having different gains to make possible the measure~
meut of the initial shock wave A well as the bubbie pressures while using the same gage.

3. Additica of a radio-tranfimitled fiducial signal at zero time since there would be no
bomb flash.

R
'y ":'I: ‘.j";f:‘
.

'::'i 4. The addition of a recorded timing track to improve timing accuracy.
N §. The addition of a negatlve power supply.
- 6. Wigwam -equired about {wice the number of data channels used in Castle.
- 7. Reduction of the size and weight of the system for its use at the two buoy stations.
@ In addition to the above changes, unsatisfaclory Castle experlences necessitated the follow-
d ing modifications:
N 1. Addition ol muitiple calibration steps to ensure that at least one calibration step would
. be near the data point being read.,
W% 2. The addition cf equal negitive calibration steps to shorten the recovery time of the
b }"‘ calibration circuits.
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3. Direct coupling of all amplifiers to shorten their recovery time and make it possible to

apply time-constant cQrseciions i necessary.

4. Complete parallel operation of power supplies for improved reliability.
5. Longer warm-up time for the Logaten heaters.

§. Changes in the sequence timer to prevent the .rundown of batteries and the overheating
of equipment.
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7. Redesign of the primary activation circuits to protect against a possible premature
failure of individual timing signals.

8. More extensive use of unitized construction, check points, and system test gets to
reduce servicing and check-out times.

In general, a complete mechanical, as well as a major electrica!, redesign was undertakes
to improve the over-all operation and rellability ol the equipment. Rowever, the basie record-
ing techniques as used in Castle remained the same.

Figure 6.1 shows a simplified block diagram of the Wigwam recording equipment. There
are only six of the 10 recording channels per system shown here since the remaining four are

but duplicates cf one or more of these. Each of the units within the recording system is de-
scribed in the following sections,

[ B 4

L3

) _{: *6.3 TAPE TRANSPORTS
N
“"h 6.3.1 Davies Recorders

The four Davies racorders originally used on Castle were left unchanged mechanically
except for minor rewiring and the replacement of some electrical connectors. The single-
power supply normally in the recorder was removed to make room for a redesigned dual
supply which furnished all the power requirements {or both the recorder and the associated
‘ electronics. The power supply will be covered in more detail in Sec. 6.11.
In addition to the four Davies recorders already on hand, four more Davies recordcrs

(part of the Horizons, Inc., data-recording systen: developed under a contract with the Office
of Naval Research) were modified to be identical to those used on Castle. This modification

consisted in changing the original '/z-i_n. tape-transport mechanisms and the four-channel heads
to accommodate a 1%-in. tape and 10-channel heads.

. 6.3.2 Ampex Recorders,

The three Ampex top plates were changed only to the extent of replacing the capstan icler
solenold with a model providing a greater pulling force. Since the Wigwam design incorporated
a more elaborate timing and [lutter compensation system than was used on Castle, the preci-
sion capstan drive source was eliminated. Instead, the capstan drive motors were supplied with
110-volt 60-cycle power from two 28-volt d-c rotary converters mouated below the recorders.
Since all three Ampex top plates were required at one location to obtain enqugh recording

capacity (cach Ampex recorder had a seven-channel recording head), they were integrated into
one mechanical unit.

6.4 CONTROL SYSTEM

Previouz experience with the Castle control system Indicated a need for tmproved relia-
bility to enswie operation at the correct time as well as to prevent premature operation.
Additional characteristics to permit vesetting and return of the equipment to its initial state im
various call-off situations were also desirable. This was accomplished in two separate units,

-9 the two-out-of -three box and the sequence timer.
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Fig. 6.1 —Block diagram of ‘Wigwam tecording system,
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6.4.t Two-out-of-three Box CONE‘DEN“AL

The Wigwam equipment was desigaed to be activated by three radio time signals given at
—~45, —15, and -t min. To ¢nsure {1:3{ the equipment would run at the proper time, a coding
system was devised which would activate it if any two of the possible three predetermined sig-
nals were received. These three signals consisted in the closure of three relays at the times
just mentioned and were under the contro: of EG&G. Specifically, the first of the signals served
only to turn on a heater in the Logaten amplifiers to provide as much time as possible for them
to become stable since they were sensitive to thermal changes. The second signal (- 15 min)
turned on the power supplies and filaments in the recording equipment (15 min was considered
enough t:me for the amplifiers to become stable). The last signal (-1 min) served simply as a
“transfer” signal and took all control away from the radio receiver. If any one of these three
radio signals had been missing, the two-out-of-three box wculd have supplied the missing signal
at the proper time; the functions normally occurring at —45 mia would have been combined with
those at —15 mia if the —45-min signal had not been received. However, if the test had been
canceled even a few seconds belore the scheduled arrival of the —1-min signal, the timing
equipment would have been recycled and readied for another run. Furthermore, il a single
early spurious signal had been recelved, such as is beileved to have occurred on Operation
Castle, it would not have activated the recording equipment but would have been rejected by the
two-out-of-three box.

The schematic diagram of the two-out-of-three box is shown ir Fig. 6.2, and the mechanical
configuration of the waterproof model used at the buoy locations is shown in Fig. 8.3, Figure 6.4
shows the box as used at the trailer installations.

Prior to leaving the instrumentation stations on D-day, the “arm® switch of the two-out~of-
three box was closed to enable the signals from the radio to actwate it. The “ready” light
served only to indicate that the motor within the two-out-of -three box had homed, i.e., re-
turned to its initial setting, and was then ready to begin a new sequence of events.

A clock-controlled timer was used at the two buoy iocations to control the “gn™ time ol tisw
radio receivers. However, in contrast to their location in the buoys as on Operation Castle,
they were located within the canister containing the 1udio and were under tha control of EG&G.

6.4.2 Sequence Timer

The seqrence timer, in conjunction with the two-out-of-three box, controlled both the
order and d-ration of events within the recording equipment. The reception of the —{5-mia
radlio signai (through the two-out-of-three box) served to apply power to the 20-min timer
motor within the sequence thiner as well as to the filament circuits within the recording equip-
ment. Also at this time, partial power was applied to the power-supply dynamotors; then, after
a 20-sec delay provided by a thermal relay, full power was applied. This was done to preveat
arcing in the power-supply regulator tubes since they would have been operating under no-load
conditions.

Once the —1-min radio signal had beea received (or its substitute from the two-out-of-
three box), all control was taken away from the radio and the two-out-of-three box. Then the
timing {unctions were controlled completely by the sequence timer, a motor-driven switch
which determnined the proper sequence of events during the recording cycle of the equipment.

At this time (~1 min) both the tape-transport mechanism and a %-~rpm timing motor within
the sequence timer were energized. Aflter am interval of 10 sec, switches activated by cams
coupled to the Y-rpm motor caused the calibratica-voltage generator to inject a series of
calibration-voltage steps into the recording system. After 20 sec the Q-step circuit within the
calibration generator was energizéd, and at 30 sec a 10-sec gate was opened {or the tuning-
fork oscillator. After 2'/; min this complete cycle was repeated, thus providing a complete
series of calibrating and timing signals immediately after as well as before the arrival of the

data. After a total runaing time of 3 min, cams on the ’/s-rpm motor caused a relay to close,
which, in turn, blew a master fuse and prevented the equipment from 7 mning a second time and
destroying the tape. However, the ’/,-rpm motor continued to run uatil .  ~med, at which time
power was automatically removed from the motor.
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If neither a —{-min signal from the radio nor its substitute from the two-out-of-three box 1
had been received, the equipment would have continued to run (with qle exception of the tape !

';\’ transport and the sequence timer’s ¥;-rpm motor) until the batteries were depleted. The func- i
DN tion of the 20-mia timer motor in the sequence timer was to prevent just such an occurrence ]
:'3 by brezking momentarily the arming circuit after 20 min. i I
L. A summary of the sequence of events is shown below. The sequence-timer schematic P
U ) diagram is shown in Fig. 6.5, and its physical construction is shown in Fig. 6.8.
:R .\: .
o SUMMARY OF TIMING AND CALIBRATION SIGNALS
SO
.:%'_‘: —45 min Turns on 28 volts to Logaten heaters, In the event that the — 45-min signak
"\.} . is not recelved, the same function is accomplished by the —15-min signal.,
. ‘] : —15 min Turns on 28 volts to all heaters and power supplies (20-sec delay for full i ]
A | ) ) power to dynamotors). Starts 20-min timer motor in s2quence timer.
e -1 min Turns on 28 volts to recorder transport and starts ’/,-rpm timer motor in
‘.‘5‘ ’ sequence timer, ’ ]
'_:;\ —50 sec Sequence timer causes callbration-voltage generator to inject a series ol io
‘o . refrrence voltages into each plezoelectric channel.
W,
- @ —40 sec Sequen:e timer causes calibration-voltage generator to inject a 2-sec posi-
e . tive 1)-step into each plezoelectric channel.
- %y
: .“ —38 sec Sequence timer causes calibration-voltage generator to inject a 2-sec nega-
' . tive Q-step into each plezoelectric channel.
YR ~30 see Sequence timer opens gate, allowing 2-ke signal from tuning-fork cscillator
oA to be recorded for 10 sec.
Zero time Equipmunt ready {o record slgnals produced by shock-wavg and bubble !
pulses. !
+1 min 30 sec Sequence timer causes calibration-voltage generator to repeat series of 10
reference voltages into each plezoelectric channel.
+1 min 40 sec Sequence timer causes callbration-voltage generator to repeat 2-scc positive
Q-step.
+1 min 42 sec Svquence timer causes calibration-voltage generator to repeat 2-sec negative
Q-step.
+1 min 50 sec Sequence timer opens gate, allowing 2-ke signal from tuning-fork oscillator
to be recorded for. 10 sec.
+2 min All power is turned off (fuse blown), with the exception of the %-rpm
sequence-timer motor.
- +4 min Sequenca-timer motor homes and stops. ‘
o
b’
L 6.3 CALIBRATION-VOLTAGE GENERATOR
F ’-.:
‘-:-. §.5.1 Calibration-generator Operation ;
n" " H
f_ " In contrast to the use of just two calibration voltages (a high 7ud low calibration voltage) .
W as in Castle, the Wigwam calibration system made use of a step.'ng relay which wnjected a g
;-:._ \ series of 10 logarithmically spaced voltages into each plezoelectie ., .ge channel. The voltage :
I steps were applied 10 sec after the arrival of the —{-min signal and within a period of about
P,r:'.» Y4 sec. The use of 10 voltage steps ensured the placement of a calibration voltage near a data
‘,\ MG polint.
i
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Twenty seconds after the arrival of the —2-min signal (—40 sec), a 2-sec positive voltage
step and then (at —30 sec) a 2-sec negative voltage step were placed on each of the two calibra-
tion lines, termed lines £ and 2. Line t received 4-volt positive and negative steps, and line 2
received 0.8-volt positive and negative steps. The positive step (Q-step) served as a check on
the time constant of the input circuits of each of the cryatal pickup amplifiers, and the negative
step was used to hasten amplifiesr recovery after recelving the positive step. Line 1§ was used
to calibrate all type K amplifiers, and line 2 téd all G zmplifiers. The amplifiers are discussed
mote fuily in Sec. 6.7. The theary behind th2 calibration system using the Q-step method is
fully developed in Secs. 4.6.1 to 4.6.3 of the Caslle report.!

6.5.2 Calibration-generator Voltages

The standard voltages for the 10 steps were generated from two sets of voltage dividers
using a type 5651 reference tube. All even-numbered steps were fed {rom one divider, and the
odd-numbered steps were fed from the other. The two dividers, each with its assoclated refer-

k LN
. : ’ enr» tube, were, in turn, fed from separate pawer supplies for protection against a complete
A ‘{ § loss of calibration steps if one of the power sources should fail. U one of the power supplies
o failed, half the calibration steps still covericg the range would have Leen availzble, The
. ‘ schematic diagram of the calibration-voltage generator is shown in Fig. 8.7.
o . The voliage appeartng at cach of the 10 steps was:
Mosied .
E'".‘V:‘ Step Voltage Step Voltagg
:i; 1 t0.0 s 0.88
!.&-} 2 6.0 7 0.50
5 3 490 ? 030

o 4 2.4 9 020

X 5 1.4 10 0.12

The 2-sec posliive voltages used for the Q-step were oblained from the same dividers that
supplied the precislon step voltages, and the negaiive 2-sec Q-step was ebtained from a
divider connected across the 25-volt supply line. No attempt was made to regulate the negative
Q-step since its only purpose was to shorten amplifier reccvery time.
. The resistors used In the precision voltage dividers were all chosen to be withia +'1 per
> cent of the design values, The first and second step vollages were adjusted during a standard
“check run” of the equipment while using an infinite-im-edance type of voltineter designed
especially for the purpose. The remaining voltage steps were then measured (as a check) to an
accuracy of +1 per cent.

To ensure that the type 5651 voltage reference tubes would {ire in the darkness (tests
showed that the striking characteristics of the 5551 were erratic when placed ix the dark for
long periods), a small 6-volt pilot light was installed near the tubes and lighted by the —1-min
voltage. A picture of the calibration-voltage generator Is shown in Fig. 6.8.

6.6 TIMING SYSTEM

§.6.8 Tuning-fork Osctllator

For purposes of clarity, there were two separate oscillators used in the Wigwam instru-
mentation for the measurement of time {ntersals. One, a tuning-fork oscillator, was used as a
{requency standard and as a check on the base frequency of the other oscillator, an L-C
osciliator which had its output amplitude mo2slated. Both osciliators were constructed on the
same chassis and were referred to as the viming oscillators. The amplitude modulation of the
L-C oscillator output was, nowever, perfor.nsd by a separate unit, the scaler. The ,-C

asl

oscillator and the scaler will be covered in mere detall in Sacs. 8.8.2 and 8.8.3.
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Fig. 6.8—Calibration-voltage generator,
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Shortly before the data-reception period and then again immediately afterward (see the
summary of timing and calibration signals in Sec. 6.4.2), a 10-sec signal from the tuning-fork
oscillator was recorded on channel 1 of each recording system. The signal from the tuning~
fork oscillator could not be relted upon during the data-recording period since both its tre-
quency and amplitude were sensitive to accelerations. During this time the L-C oscillator was
used because it was considered more dependable, although it was slightly less accurate.

The tuning-fork oscillator was a commercially available item manufactured by American
Time Products and similar to thuse used on Castle. The Wigwam requirements, however,
necessitated the use of a 2000-cycle signal to meet the timing accuracies specified in the
originat planning of the tmstramentation. Stnce there were a tew 500-cycle tuning-fork oscit-
lators available which had been used on Castle and since the Wigwam requirements called for
a 2000-cycle signal, a quadrupler circuit was built into all the timing units. The additional
tuning-fork oscillators purchased for the project had a frequency of 2 ke, and thus the quad-
rupling circuit was not needed with these. The elimination of the quadrupling circuit was
accomplished by simply inserting a jumper into the circuit and bypassing it when the higher
frequency tuning-fork oscillators were used.

6.6.2 L-C Oscillator

The heart of the timlg system'used on Wigwam was a specially designed 2000-cycle L-C
oscillator using resistance stabilization. Laboratory tests showed that the {requency drift of
the Hartley-circuit oscillator did not exceed more than a few tenths of a cycle from a cold
turn-on until it had reached its final operating temperature. In addition, the amount of drift
was always the same, thus facilitating any frequency compensations which may have been
necessary later.

The output of the ..-C 2000-cycle oscillator was fed directly into the scaler, which, in
turn, amplitude modulated the signal before it was recorded. Unlike the tuning-fork oscillator,
the L-C oscillator was recorded continually.

Figure 6.9 shows the schematic diagram of the quadrupler circuit used with the tuning-
fork oscillator as well as the L-C oscillator circuit. A picture of the assembled unit is shown.
in Fig. 8.10.

8.6.3 Scaler

The output of the 2000-cycle L-C oscillator was coded by a series of a-m fluctuations and
served 10’ cnsure timing continuity through a period of high acceleration of the recording equip-
ment. This change in carrier amplitude was expected to facilitate the counting of the individual
cycles when the records were later analyzed. The coding was also a precautionary measure to
serve as a check for the total time in which the tape may have lost contact with the recording
heads during periods of high acceleration (up to 10 g). The coding ui the L-C oscillator, per-
formed by the scaler, was repeated every 0.3 sec; It was unlikely that the lime of a “drop-cut™
would excced this time of one complete coding cycle.

Basically, the coding was performed by modulating the 2000-cycle signal from the L-C
oscillator by a signal derived from a series of Berkeley counters. The counters, too, were fed
by the initial 2000-cycle {requency to keep the two signals —the L-C oscillator signal and the
modulating signal {from the counters —in synchronization. The desired output of the scaler s
shown in Fig. 6.11.

Analysis of the final records showed, however, that the code counters did not alwuys count
properly; it is thought that the amplitude and wave shape of the L,-C oscillator that fed the
counters were not matched properly to the counter Input requirements. A picture of the scaler
is shown in Fig. 6.12.

6.6.3 Fiducial Marker System

Supplementing the L-C oscillator —-scaler units was a radio marker system which served
as a backup provision for the other timing units in the system. Since, in Wigwam, there was no
visible bomb flash at zero time from which a signal could be derived, a radio link was used to
provide the necessary zero-time Information.
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R At zero time, and every '/z sec thereafter for 9 sec, a x"adio-slgnal was received and

| "'.*‘5' superimpesed on the same channel as the tuning-fork oscillator (refer to the dlock dlagram of

\ {, the recording system, Fig. 6.1). However, the short-duration high-voltage marker signals as
1N received by the radio link were unacceptable, as such, and had to be “matched” to the recordlng

instrumentation system. This was accomplishea }; the {iducial marker generator,

The operation of the fiducial generator was centered around two thyratrons that were ﬂred
by the radio pulse at zero time. After the reception of the zero-time pulse, one thyratron re-
mained in 2 conducting state and the other was quickly extinguished. Consequently, each suc-
ceeding pulse (every Y, sec) had no effect on the thyratron that was already conducting but did
aerve to fire the cther momentarily. At zero time the fiducial generator produced an output of
a positive-going 1-volt pulse with 2 duration of about 0.4 sec, and each succeeding ’/,-aec
timing pulse produced a negalive and much shorter duration pulse (about 1 msec). The rise
times of both the positive fiducial marker pulse and the negative ’/rsec marker pulses were,

S
[ A

Py

&
A

N ]
l‘r.l'J\,

“,.'{'

’ for practical purposes, instantaneous; the over-all timing accuracy of the fiducial and the fol-
. lowing ¥;-sec timing marks were dependent upon delays within the radio transmitting and .
) 4_3 receiving equipment.
A \:g The schematic diagram for the fiducial marker generator is shown in Fig. 6.13, and a
AR picture of the completed unit is shown in Fig. 6.14.
Y9

-1 . _

W% 6.7 CHANNEL AMPLIFIERS

> As the shock wave passed the piezoelectric gages, a voltage was generated, amplified, and

}_,,'. converted to an {-m signal, which was then recorded. The conditions of the test necessitated
25 the use of ampliliers having widely differing gains to ensure the adequate bracketing of the
AN pressure levels predicted for the various gage depths and locations. This amplifier gain
b ‘.“L' bracketing served also as a safeguard against major prediction errors. In addition, since the
L, . amplitude of the bubble pulse following the initial shock wave was expected to be as small as
‘ 3.0 that of the initial shock pressure, a high-gain amplifier was often placed in parallel with

= one having a low gain (refer to the block diagram of the rccording system, Fig. 8.1).

}.‘{, In contrast to the two kinds of amplificre used on Castle, the Wigwam instrumentation
: .‘-'_:4 made use of {ive amplifiers of various types for the crystal pickup channels. For purposes of

:-. identification, they were code named as follows: the K, G, B, C, and L or log amplifiers.

s These {ive amplifiers, ia turn, can be subdivided into two main groups: linear and logarithmic.
; ';: The linear amplifiers differ waly in their gain characteristics. In addition to, and in contrast
J to, the Castle instrumentation, #ach Wiancko channel made use of a bulfer amplifier (the W

. amplifier). Each is described in the following sections.

A7 - .

‘,“i/. .

N 6.7.0 K Amplifier
:::\ When the signal voltage fromn the piezoelectric pickup was sufficient to modulate the f-m
s oseillator fully {Fig. §.1), it was necessary 10 have only an impedance transformer to match
s . the plezoelectric sensing unit to the input of the oscillator. The K amplifier was designed to
A serve this purpose and was, essentially, rothing more than a specialized cathode follower that
:f_’?:‘ provided an input impedance for the piezoelectric pickups of up to 1000 megohms, making,
r‘.:-‘. possible time coastants of the order of 10 sec.

"’.-‘:,- Unlike the cathode follower used on Castle, the K amplifier (refer to schematic diagram,
,\“;{ Fig. 6.15) made use of bolh sections of the WE-5755/420A Input tube and employed d-c feed~
et back. In addition to the much higher stability provided by the new K circuit, its {requency

*:‘:;'5 response was flat {rom zero cycles to well over 10 ke. The K amplifiers provided a gain of
-~ @ about 0.97 and a linearity of better than & per cent for positive signals up to 10 volts.

% The values of Cp and Cg (Fig. 6.16) were computed {rom the known values uof: the KA of
.,':'.‘; the piezoelectric unit with which the amplificr was tu be used; Cg, the cable capacity; P, the
[ predicted peak pressure; and E, the desired peak voltage which the pressure, P, was to produce
‘:-.‘:' at the amplifier input. For easc of manipulation, Cs was made to equal C¢ + Cp; hence the
,:#} calibration voltage appearing at the amplifier input was equal to half thai produced by the
'.':.‘ calibration generatar.
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A picture of the K amplifier |3 shown in Fig. 6.17.

6.7.2 G, B, and C Amplifiers

The necessity of having several higher gain linear amplifiers ied to the development of but
a single "“master” amplifier. By altering slightly the master-amplifier circuit, the various
gain requirements were met. Thé eode G, B, and C simply referred to the gain settings of the
“master” amplifier and were adjusted for an average gain of 3, 5, and 15, respectively. Refer-
ence to the schematic diagram in Fig. 6.18 shows that the over-all gain of the amplifier was get
by changing the value of R,, which rontrolled the amount of negative feedback. Observe, too,
that the input circuit is similar to that of the K amplifier and thus affords the same high input
impedance necessary with the use of crystal pickups. The B and, C amplifiers were always used
in parallel with either the K or O {ype amplifier and hence did not need the insertion of a Cp ’
or Cg as was mentioned in the prévious section. The G amplifier, however, had an input circuit

_ which was an exact duplication of the K amplifier, and therefore it did require the addition
of the two condensers Cp and Cg, 88 well as a grid resistor.

Direct coupling was used throughout the amplifiers; a momentary overload in the higher
gain units, produced by either a gignal or calibration step, did not cause blocking. The time
constant was determined solely by the input-circuit impedance and the associated capacities of
the crystal unit and cable and the values of Cp and Cy. . .

The output circuits of the G, B, and C amplifiers were similar, ln many respects, to the
output circuit used with the K amplifier. The d-c level, in all cases, was contrdlled by &
potentiometer and adjusted for —1.4 volts to satisly the input requirements of the f-m oscillator
into which they fed. .

Figure 6.19 shows the mechanienal construction of the G, B, and C amplifiers. Mechanically
they were identical, with the exception of the addition of standoff terminals In the G ampuller
for the insertion of Cp, Cg, and the japut grid resistor. .

6.1.3 Logarithmic Amplifier

The primary function of the log.\ruhmic ampllﬂer was to supply, in one unit, a variable-
galn amplifier capable of huiviing the signala (uoti laige and smali) waich did not fail within
the range of the linear amplifiers. Consequently, it was used oaly in conjunction with a linear
amplifier. Essentially, it consisted of 2 modified B amplifier (gain of 5) which drove a Kay
Lab model 511CE Logaten {Kalbfel} Laboratories, Inc., San Diego, Calif.). The output of the
Logaten, in turn, fed another “master” amplitier having a gain of 10. Figure 8.20 shows the
complete schematic diagram of the logarithmic'amplifier, and Fig. 6.21 shows the over-all
gain characteristics of the amplifior, The characteristics of the Logaten unit alone are shown
in Fig. 4.13 of the Castle report.‘

Although the heater within the Logaten was turned on at —45 mia and the amplifier flla-
ments were cnergized at ~15 min to enable the amplifier to become thermally stable, there
was still considerable difficulty in inaintaining a zero d-c voltage level al the Logatea input.
In practice, the input amplifier feedlng the Logaten was “zeroed™ at —1 min during trial runs,
and then only after the complete unit had been subjected to the same heat cycling it was ex-
pected to receive during the data sun. A3 was done with the linear amplifiers, the d-c level of
the output was adjusted to ~1.4 volts. This value was hard to maintain, however, because of
the high gain of the logarithmic amplifier and the inability to keep the inpuat of the Logaten unit
at zero voltage.

Figure 6.22 is a picture of the vompleted amplifier.

6.8 DAVIES MODULATOR

The output of the piezoelectrie chanrel amplifiers (Sec. 6.7) =as coaverted from an ampli-
tude signal to an {-m signal before being recorded. This was accomplished by feeding the output
of the amplifiers directily into cornmercially available {-m oscillatoxs {Davies modulators) and

then to the recording head. {Text coatinues on page 130.)
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Stnve the expected data signal was a posrltive-going voltage and since it was desired to
obtain aé lnear a frequency deviation a3 possible from the signal, the Davfes modulator was
biased to operate near one end of its linear curve. Figure 6.23 shows the [requency vs input
voltage relation for a typical modulator unit.

Aftér a 15-min warm-up period from a €0}d start and with a ~1.4-volt d-c bias signal at
the input {duplicating the data-run conditions), the center frequency of the oscillator was set to
27 kc by wdjusting a small trirmamer condenser within the unit.

Motlulator compensation was used to elitinate an effect known as “drag-out,” the rounding
off of the leading edge of a sharply rising step function. It i believed that the input capacities
of the Davies modulators were responsible for this distortion, and consequently eack of the
plezoelectric channcls was affected to some degree, depending upon the particular modulator
used. The compensation consisted of an RC noiwork which acted as the complement of the
equivalent modulator input circuit and had to Lg tailored to the characteristics of each piezo-
electrie chanael.

Laboratory tests showed that the transient response of the modulator, after compensation,
was better than 200 psec and that the over-all frequency drift, after warm-up, was negligible,

The modulator units used with the Ampex recorder were modified slightly to provide in-
creased driving power for the Ampex heads and consisted only of tying together the screen
grid and plate of the output tube. A schematic diagram of the Davies modulator is shown in
Fig. 6.24, and a picture of the unit is in Fig. 6,25,

8.9 WIANCKO CHANNEL AMPLIFIER

Since the out.at of the Wiancko gage wag already an f-m signal, it needed only a buffer
amplifier o raise the signal level to a value high enough to drive the recording heads.

This amplifier was of coaventional design and consisted of a dual triode (12AU7); the
second hull of the tube was connected as a cathixle follower. The output of the amplifier was,
in the caso of the Davies recorders, capacitively coupled to the heads, and {ransformer coupling
was used with the Ampex recorders.

Thoe machanical dnelm of the nmv-!tﬂo.— I'Onahm'ﬂn:‘. tho s ;mpu."-” aOAu"v

pattern of constmcﬁonas was used wm\ the piezoclectric channel amplifiers,

I} .=
ar) 2 the sawie

6.1 CHANNEL ALLOCATIONS :

6.10.t Davies Recorder Systems

The vight Davies recording systems (two each located on the YFNRB’s 12 and 29 and the
LCM’s 0-1 and 0-2) were each capable of recording 10 channels of information. Of these 10
chanacls, only nine were available for recordinyg data; one channel in each system, termed the
reference channel, was used exclusively as a eheck on the tape recording speed (the operation
of this will be covered more fully in Sec. 6.13.4), Of the nine chanrels available for recording
data, there were but eight gages monitored —one of the pressure gages fed two amplifiers
connected in parallel {refer to the block diagram of the recording system, Fig. 6.1).

6.10.2 Ampex Recorder Systems

Becuuse there were only seven recording ¢hitnnels available on each of the Ampex tape~
transport mechanisms {the Davies recorders eiteh had 10-channe! heads), it necessitated the
use of three Ampex recorders and consequently the splitting of data among three reels of tape
at this statlon (YFNB-13).

Tables 6.1 {0 8.3 are presented to show thé relation between the head number, channel
number and type, and depth of gage monitored for cach recording system. The nominal pres-
sure ranges of the Wiancko gages are also shown,
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'.{{i ‘ NUMBERS, YFNB-12
\"‘:\- . :
v " . Tape £
[4 .‘\‘ - - . .
. Ke&& Chanuel Coage Gage
\ n R6- Xo. Systen No.* Depth
‘! I -
A XY : :
g i Y E 18206# 200°
3 ‘.i 2 2 . 3 1067 25°
W 3 3 3 1026 o
AN I L% B 623 200°
ul $ 5- . B 623 1000°
L 7 Y B 823 200
N 8 8 B 18207# 300
A 9 9- E 623 1000°
16 10 E 182001F 500¢
SSOAY I
[ -.' . ==y
R’y
Tape ¥
Hesa Chanpel Cage Gage
NS No. System Ro.2 Depta
i 1# r 891 25
2 2 ) 4 1029 100°*
3 3 | 5 lo3tr 200°
5 LS 4 181954 200°
5 5 r 825 500°
4 Y el ) 4 691 25¢
& 8 r 893 1000°*
9 9 ¥ 182128 | soo°
10 10 ¥ 18213#¢ | 1000
* Gage' pvwbers larger than 10,000 indicate Wiancko Gages
#* Dats ¢hennels No. 1 and 7 have a comwon sensing uait dut
different amplifiers.
-~ Datg §nennels Ko, 5 and 9 have a comwon sensing unit but
diffexsnt arplitiers.
# GCage Renge 1000 psi
## Gege Renge 1500 pst
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Table 6.2—CODE OF GAGE, TAFE, AND RECORDING-HEAD

NUMBERS, YFNB-29
Tupe 6
Iead Channel Gage Gage
d No. No. Systes No.* Depth
:-)ng- 1 1 G 821 200"
28 2 2 G 11558 100*
¥\ 3 3 G 111604 200"
t \.m{ 5 Y G 1034 25!
»}‘-’l}: 5 5 G 902 500!
;’«»« T T G 821, 200!
RS a 8 G 1066 1000° :
o 9 9 ¢ 18195¢¢ 300!
:v-":‘.;: 10 10 G 1 ¥ 1000*
o
Q.\ ~-. '
Y ’ -
o Head | Chsonel Gege | Guge
f.':-;.: Xo. No. System Mo # Depth
- 1 1% X 817 25
X 2 2 n 12608 200"
3 3 B 1819FF 506"
. 11 LY ) { 1036 50!
W\, 5 5 ] 1035 200"
VRN ‘g g‘* ) § g;z 25!
g X ‘ 1000
Bt 9 9 X 181568 | 500
Y ;:: v 10 10 X 18205%# | 1000°
AN

s.‘.

-

o

D
i
L]

P

Cege nuabers larger than 10,000 indicate Wiancko gages.
Data channels No. 1 and 7 bave a common seasing unit but
different amplifiers.

Gage Range 750 psi .

Gage Range 1000 psi
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6.41 POWER SUPPLIES CQNFIHENT!AL

For ease of treatment, this section is divided into parts covering (1) the primary power
sources (the batteries) and (2) the electronic power supplies located within the recordlng
equipment itself.

6.11.1 Nickel-Cadmium Batteries

Both weight and space limitations made the use of standard lead-acid storage cells as
well as silver-cadmium cells impractical at the two buoy locations. Instead, nickel-cadmium
cells {type B cells purchased from Sonotone, Inc., Elmsford, N. Y.) were chosen because of
their many advantages over the other batteries tested. It was thought that some of the more
important points in favor of the nickel-cadmium cells were: They were relatively Igghtwélght,
they could be stored in either a charged or uncharged state without harming the celis, they
were capable of an indefinite number of charge-discharge cycles (in excess of 1000), and they
had a nearly constant voltage output up to the time the cells approached the discharged condi- -
tion. In addition, the energy stored per unit volume was considered to be high in relation to ,
that obtainable from the lead-acid batteries. The dimensions of the nickel-cadmium cell are
1% by 3%, by 9 in.

Since each cell, when charged, produced 1.24 volts, it was necessary to connect 23 cells in
series to obtain the required 28 volts for each of the two recording systems per buoy.

After the reception of the - 15-min signal, the total current requirement of each tecord!qg
system was 25 amp. Since the capacity of each nickel-cadmium cell was 30 amp-hr, it was
possible to run three complete operating cycles of the equipment before the batteries had to
be recharged. Incidentally, at —15 min a dummy loaa was substituted for the tape-transport
power requirement in the Ampex equipment, and thus there was no over-all change in power
requirements at -1 min when the tape transport was energized. There was no need for a
dummy-load substitution in the Davies systems.

Complete recharging of the nickel-cadmium batteries could be done in a period of about
45 min by using a carbon-pile regulated generator which had been set to deliver 35 volts. The
initial charging current was as high as 50 amp but became less as the back electromotive force
of the cells was increased. Sectlon 4.2.4 describes the charging generator used, and Sec. 4.3.3
describes the placement of the batteries in the buoy Installatlons. A picture of a nickel-cadmius
cell is shown in Fig. 6.26.

6.11.2 Lead-Acid Batterles

In marked contrast to the buoy installations, there was but minor tmportance attached to

either the volume or weight of the batteries used at the three trailer stations. Consequently;
it was decided to use standard Navy type lead-acld batteries (model No, 6V-SBMD-130AH),
which were rigidly mounted in iron frames at the forward end of the trailers (Sec. 4.5.1).
Their ample capacity, 130 amp-hr, ensured about 14 complete operating cycles before they

. needed recharging. In practice, however, the batteries were placed on trickle charge (about
10 amp) for several hours (or until the speclfic gravity of the electrolyte reacied 1.230) after
every two or three operating cycles of the equipment. A total of 10 batteries were used in each
trailer, five for each recording system. To cbtain the 28 volts for operation, one cell in each
bank of five batterles was left disconnected.

Poh ...S; J‘;,‘x

6.11.3 Electronic Power Supplies

Design changes of the Operation Castle amplifiers required a regulated negative voltage
supply in addition to just the positive supplies used on Castle. This negative supply was neces-
sary since the amplifiers, employing direct coupling between s'ages, had to have a low d-¢
output level (-1.4 volts) to match the Input circuit of the f-m oscillators (Sec. 6.8) that followed.

In keeping with the general philosophy of “diversification of component regponsibility” used
throughout the recording system, each electronic power supply was, circuitwise, subdivided inta
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three independent “units.” Two of the wiil§ each provided an unregulated supply of +300 volts
and a regulated supply of +200 volts. The third unit in each system provided two sources ofa
regulated supply of —160 volts. If a fajldie had occeurred within the power supply or, more

likely, within the recording system itself and had disrupted the normal cperation of the power

supply, only half of the recording system Would have been affected.
The circuit {or the positive supplies Wwas, esseatially, the same as that used in Castle

(Sec. 4.3.3 of the Castle report?) with but & few minor changes. The complete schematic dia-
gram of the Wigwam power supply is shown in Fig. 6.27 of this report. Laboratory measure-
ments showed that the regulated supplies had a static output impedance of the order of 0.2 chsa.

Mechanically, the Wigwam power supplies (Fig. 6.28) were completely redesigned to fit
within the Davies recorders. Thirty-two 32’/z-volt Mini-Max batteries, used as voltage refer-.
ences, were wax sealed into a separate ¢an, which was, in turn, fastened into the main power-
supply chassis with Spring-Lock connectors, The use of Spring-Lock connectors (Simmons
Fastener Corp., Albany, N. Y.) permitted easy removal for inspection or replacement.

Initial operation of the power suppliés mounted within the Davies -recorders led to a high
rate of powver-tube failures within the poer supplies themselves. This was soon traced to
excessive heat and was remedied by installing a small centrifugal blower and vent holes in. .  * .

each of the Davies recorders.

6.12 INTEGRATED SYSTEM

6.12.1 Unitized Construction

The mechanical redesign of the recording equipment used on Castle was undertaken to
reduce the over-all size of the equipment and to facilitate its servicing. The new design made
extenslive use of unitized construction, {.8,, As many individual units as possible within the i
recording equipment were mechanically constructed to have the same outside dimensions. .
The result was a high degree of interchingoability between the individual units within the equip-
mentand, of course, an increased over-ull system flexibility. Reference to the photographs in
Figs. 6.17, 6.19, and 6.22, for instance, will show the mechanical similarity between the six
types of amplifiers used. -

The individual units within the recording system—amplifiers, timers, and fiduecial gen-
eratur ~—were pliugged into a master aluniinum panel that had been prewired, and thus the need
for interconnecting cables was eliminaled. Each unit was securely fastened to the panel by
means of Quick Lock connectors (Simmons Fastener Corp., Albany, N. Y.). In addition to
eliminating the problem of losing or dropplng bolts and nuts into the equipment, whick might
cause short circuits (considerable time win spent salvaging “lost” bolts on Operation
Castle), the units could be unplugged and changed within a few seconds. This type of construe~
tion also made 1t possible to have all theé components readily accessibla for testing while the

equipment was in operation.
The aluminun panel with its associiled amplifier and timer units mounted on it was, in

LU0

i .
®, . such frameworks, each with its complete recording system, were bolted back to back and thus
1{:\(_: provided a dual recording system for each Davies-recorder station. Figure 6.29 shows the
i:, ‘& assembled recording system and the plicement of the individual components. The Ampex re-
e corders were mounted on a different type of framework due to their heavier weight and differeat
,.n:«‘.p'; suspension requirements. All the electronie plug-in units were anodized (cach type a different
L:_:.; ‘ color) which served as protection {rom ¢orrosion as well as an easy means of identificatioa.

» "‘
E:v.r'w. 6.12.2 Test Equipment

D
L System test sets used for checking the electrical performance of the recording equipment
i Y were {ound to be extremely useful throughout the entire operation. The additional test equip-
5'@:'( ment, designed to felfill a specific need, was used in conjunction with and to supplement the
t:} o standard equipment normally used (vacutmrtube voltireters and osctiiators).
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The most versatile of the units was the test box, which by means of switches controlled
.any or all of the functions normally performed by the two-out-of-three box, the sequence
timer, and the calibration-voltage generator. For instance, by the proper selection of the
switches within the test box, each of the voltages produced by the calibration-voltage generator
could be “called for” and measured. The test box was also capable of simulating a zero-time
fiducial signal for purjoses of testing. All these functions could be performed by inserting just
one multiconnector cable into a test connector plug mounted on the frame of each recording

Ny system and another smaller cable into the two-out-of-three box.
; 4 1n addition to the test box, there was a power-supply tester, which provided a quick check
: {.‘:I on the operation of the electronic power supplies. By simply pushing buttons, one-was able to-
1 simulate the no-load and full-load conditions imposed upon the power supply by the recording
e ' equipment and, at the samo time, to check the change in output voltages produced by these
SO different load conditions. This measurement indicated how well the power supply was regulating.
' Provisions were also made for checking each of the eight reference voltages supplied by the :
= dry cells sealed into the reference-voltage box.
:\-, : - Two other pieces of specialized test equipment, the recording-head monitor switch and -

the amplifier output-level checker, were designed to simplify checking of the recording equip-

ment. The recording-head monitor switch enabled one to quickly “tap” into any of the recording

heads in the system and monlitor the head current (by measuring the voltage across a small

resistor placed in series with the head). The amplifier output-level checker, on the other hand,
. provided an easy way of detormining when the d-c output level of the amplifiers (-1.4 volts)

was properly set. It essentinlly provided a —1.4-volt bucking voltage and indicated, by a null

detector, when the amplifier output was equa.l to its internal voltage, thus providing an infinite-

6.13 PLAYBACK SYSTEM

N

\’\i‘t impedance-measuring device.
E\E Pictures of the four pleces of test equipment are shown in Fig. 8 30, .
3 ‘

The Wigwam playback system was, in many respects, similar to that used on Castle. There
were, however, a few important differences; these will be discussed in the sections that follow.

m $.13.1 Davies System
> The main difference between the playback system used on Castle and that of Wigwam was
'y the >ddition of two new Davles type discriminators and the use to which the old Castle dia~
criminators were put. The old discriminator originally used for the data channel in Castle was,
)-_". in Wigwam, used for the fiduelal {timing) channel, and the other Castle discriminator (originally
N used for both the referencsd and servo channels) wae used only for the servo channel. The two
Q new diseriminators purchased for Wigwam were used for the data and reference channels,
\; Tespectively. Timing on Casgtle was put on during the playback and required no discriminator.
{:2 As wag the case in Castle, the playback speed was reduced by a factor of 10to £ (to 8
: in./sec) vecause of the limited high-frequency response (arcund 800 cycles) of the Century
- string oscillograph.
u“,,:J
,.:_‘.: 3.13.2 Ampex System
::},- On Castle, electronic compensation was not used with the Ampex recorders to reduce the
e ellects of recording-tape speed variations. It was, however, used on Wigwam and reduced the
- noise from tape flutter by about a factor of 5. In addition, the use of electronic compensation
- .‘é served to make the data amplitude independent of the capstan drive speed. Since the Ampex
— heads are not all in the same line (as are the Davies heads), the amount of compensation
'." possible varied from head to head and depended upon the relative position of the data head with
s respect to the one used for the reference channel (liead No, 3).
- Electrically, the techniques used for playing back data from the Ampex recorders were the
a;: same as those used with the Davies recorders,
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5.13.3 Timing CONHDENHAL . | )

The amplitude-modulated output of the 2000-cycle timing oscillator (Secs. 6.6.2 and 6.6.3)
was superimposed on the frequency-modulated carrier of a Wiancko channel at the time the
data were recorded. Later, during playback, the two frequencies were separated by the use of
a 500-cycle low-pass filter. The timing signal wis then amplified and fed directly to the
Century string oscillograph, the end recording instrument; howsver, since the playback speed
was ’/,, the recording speed, the {requency of the timing oscillator, when played back, was only
200 cycles. .

6.13.4 Reference Qscillator

In addition to the tuning-fork and L-€ oscillators mentioned in Secs. 6.8.2 and 6.6.3, there
was a crystal oscillator which can, in a broad sense, be considered as'a part of the over-all
timing system. Its function was to supply a standard frequency (33.3 kc) and was recorded om
what was termed the “reference channel” of each recording system throughout its complete
operating cycle. Later, during playback, this recorded frequency of the crystal oscillator was
compared with another standard, and any deviations from the original frequency were inter-
preted as a shift in tape speed. The error voltage thus produced by the frequency deviation of
the reference channel contained only the “noise” component (produced by both low- and high-
{requency tape-speed variations) of the recorded data signal. The high-frequency noise as
obtained from the reference channel was shifted 180°and then added electronically to the’
signal, thus canceling the high-frequency component of the noise voltages. This produced an
over-all improvement in signal-to-noise ratio of about 5 to {.

Long-~term tape-speed drift was compensated for by using a separate discriminator and
feeding just the low-frequency components of the noise voltage to an elsctremochanical servo
system which, in turn, changed-the playback speed to match that of the original recording.

The compensation system as uged on Castle and that of Wigwam were essentially the
same electrically. However, in Wigwam an additional discriminator was used for the servo
link. The difference is shown in Fig. 6.31.

Th:e principle of the playback system is discussed more fully in Appendix A ol the Castle
xeport.

6.13.5 Cross Talk

Signal Interference between adjacent channels proved to be much more serious in Wigwam
than in Castle, even though identical recording heads were used because of the low signal level
recorded on Castle. In some cases the recorded signal from an adjacent channel was actually
stronger than that produced by the directly recorded signal and was a function of both the
recording {requencies and their amplitudes. Laboratory tests later showed that some hecads
were driven to as much as two and three times saturation, although this was not considered to
be the prime cause of the cross talk. B

In all cases, however, the interfering signals were attenuated by employing selective
filters.

6.13.8 Record Reproduction

Preliminary data records were reproduced on a cathode-ray oscilloscope and a Sanborm
recorder as a check on over-all amplifier gain and record running times. The Sanborn pen
rovement was capable of reproducing signals of up to only 50 cycles and thus indicated only
the general character of the recorded signals.

The final records were reproduced on 2 model 408-X Century string oscilloscope using
only four of the recording strings. The records, produced on 8-in. high-contrast paper, had
the fiducial and '/z-sec radic time slgnals recorded gn a cheancl near the top edge of the paper,
the data rccord near the center, and the coded timing signal {scaler output) near the boltom
edge. The feurth channel was left unenergized and served only to produce a reference base
line from which amplitude measurements were made. An atteauator panel was inserted between
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Fig. §.a1—Castle and Wigwam compensation systeins.

TRATIAIEBRRP:
Ei?,?gﬂ'f@k

[

- A G
; PR
o B

# e 23
ROS £
A ;

_:.,'-:.33-3 3y Jne :oeh};l.::&u'
1
CONFIDE

A
.

> -.'.\"_x‘_\" AT A » et

-

il

ITIAL

CAPSTAN
i MOTOR




. J T et R IR DL S T h ol TP
- - - c e - . “ em e n = wm wm ae . . - P et

. RS a ) FNTINL P

the string galvanometers and their respective driving sources to provide a means of matching
impedances and controlling signal amplitudes.

Paper speeds varied from ¥ to 12 in./sec, depending upon the degree of resolution
desired. Records that contained bubble-pulse data were run from zero time up to as much as
+100 sec to ensure the inclusion of this information on the final record.

A block diagram of the playback system is given in Fig. 6.32.

6.14. SYSTEM ACCURACY

As was true in the Castle test, the major factor affecting the over-all system accuracy
was the signal-to-noise ratio. Other factors cantributing to inaccuracies were the amplifier
gain drift, circuit nonlinearities, and calibraticn fnaccuracies. In Wigwam, however, these last
factors were small and considered to be neghgible in respect to the noise ﬁgurea.

6.14.¢ Plezoe!ectrle Linear Channels

Measured values of noise appearing on the linear amplifier channels seemed to fall within
Z to 4 per cent of the peak values of the pressures measured for the initial shock wave. This
. value of noise was by no means constant and varied quite widely from even one part to another
of a particular record. In general, the records obtained from the Ampex reccrders had loss
noise than those from the Davies recorders; this was due, for the most part, to the inherently .
*awer flutter components of the Ampex system.

. The use of d-¢ coupling throughout the amplifiers (except for the input circuit) reduced
errors arising from the fact that the RC time coastant of the system was not infinite, These
errors were found to be quite small—of the order of V, per cent at most.

. In general, the over-all accuracy from the linear amplifier channels of the Davies re-
corders was probably within 4 per cent, and those obtained from the Ampex were, because of
- the lower values of tape flutter, no doubt better than this,

&1

Rl
x ¥ 3R
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6.14.2 Piezoelectric Logarithmic Channels

Nearly all the reduced data were obtained from either the lnear amplifier or Wiancko

channels since the desired data fell within one or more of the ranges covered by these chinnels.
. Consequently, there were but few figures available for logarithmic channel accuracy com-

parisons.’

It may be said, however, that high accuracy was not a prime requirement in the use of the
logarithmic channels. Their only purposes were to serve as a backup for the other channels
and as protection against large prediction errors. Gain drift, alone, in the Logatens would
prevent measurements being made to an accuracy of better than about 10 per cent of full scale,

8.14.3 Wiancko Channels

Nolse measurements on the Wiancko channels showed a greater background hash than the
linear amplifier channels. This can be accounted for by the fact that the linear range of the

e Wiancko oscillators was reduced by the static pressure ol the water to which they were
oS subjected. The upper limit of this noise was, in general, around 6 per cent of the peak pres-
oy sures of the Initial shock wave. Here, again, there were wide varlations from point to point
N within a given record. However, the over-all accuracy of the Wiancko channels was probably
':’7 ; only a little less than that of the piezoelectric linear amplifier channels since there were
A several sources of inaccuracies In tha latter (amplifiers and RC time constants) which were
PALY not appiicable to the Wiancko channels.

£
4
A4

6.14.4 Summary of System Accuracy and-Errors

A
T e
e i

A summary of the varlous sources of errors for the two recording systems used (Ampex
and Davies) and their various channels (linear, logarithmic, and Wiancko) is given in Table 8.4,
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Table S b emSUMMARY OP INSTRUMENTATION AND READING EBRORS

Percentages®
Recorder Gage Type Exrors from | Calib. Errors from Drift } Total
System Sig.-to-Noise | frrors | non-linearities ; irrors | Errorvse
PR Livear b1f2 1 - - k1f2
Davies P2 |Logarithmic Lnn 2 1} 10 12
Wiancko .- 3 2 - b .- 612 ¢
PE Linear 31/2 1 - -~ 1'31/2
Aapex PE Logarithaic Lan 2 . b 10 12
Wiancko .- 51/2 2 - - 6

#* To nearest 1/2 per cent of full scale error.

#* Noise measured on high-gein {linear) part of lognrithmic curve and compared to peax
ypressures falling on low-gain part of curve, R

#4  sSquare root of the sum of the Squared Errovs.

Alt'hough some of the information concerning the percentage errors is based on data taken in
the laboratory, it must be emphasized that the remainder is based only on the best estimates
which can be obtained from the design characteristics of the recording and playback equipment.

In cases where an ervror is considered to be small compared to the other entries for the
same system, it has been omitted.

The table shows that, in general, the Ampex system is a liltle better than the Davies
system (because of the lower noise components due to reduced tape flutter) and that the piezo-
electric linear channels are slightly superior to the others. The logarithmic channels are the
least accurate.

8.15 CONCLUSIONS AND RECOMMENDATIONS

Electronically, operation of the equipment on Wigwam proved to be a successful under-
taking. There were a few instances, though, in which experience with the operation of the
recording equipment and its construction would dictate some changes. These are listed below
for reference purposes:

1. Calibration-voltage generator: It is suggested that a ground or zero voltage be inter-
posed between each of the calibration steps. Such a calibration sequence would offer two ad-
vantages over the present system, namely, (i) eliminate the cumulative effect of a postiive
(or negative) charge on the input circuit with the consequent introduction of the RC time-
constant error at this point and (2) facilitate in some cases the determination of the calibration
step being read during the {inal data analysis. Unfortunately, unless other changes were made,
the introduction of a ground between each calibration step would halve the number of available
steps and possibly introduce a larger source of error in the data analysis.

2. Timing system:

a. The proven accuracy of the L-C timing oscillator (Sec. G.6.2) militates against the
use of a tuning-fork oscillator in all but data-recording systems having a great many channels.

b. The use of the scaler (Sec. 6.6.3) has shown the need {or extensive redesign to in-
crease both its reliability and type of coding to facilitate reading of the finished records.

3. Amplifiers:

a. In Wigwam as in Castle, drift of the logarithmic amplifier gain proved to be ex-
cessive. This can probably be reduced by allowing even a longer warm-up time than the 45
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min used in Wigwam, but it is do<itfl if it would be a practical Salutien. The
more linear amplifiers covering a2 over-all greater dynamic range may prave ta be more
feasible,

b. A better design (or closer quality control) of the dscillators ln the Wiancko gages
would permit the recording heads to be driven directly by the output of the gage oscillator and
eliminate the need for the buffer amplifier used on Wigwam.

4. Unitized construction: It is felt that when a large number of similar items {over 20) are
to be built, considerable time and expense can be saved through the use of unitized construction.
The equipment for Wigwam was a major step in this direction. However, even better uniformity
of construction and ease of servicing can be achieved through the use of printed circuitry. A
good deal of time wes spent circuit tracing the Wigwam equipment to find initial wirinc errors.
5. Playback system: The plasback system, at best, was found to be cumbersome and
inflexible, The system required rather extensive changes whenever it was desired to change
the basic type of record being reproduced, i.e., {rom a Davies recorder to an Ampex recorder
or frow a piezueleciric gage recard to a Wiancko gage record. Time did not permit the
installation of switches to facilitate these changes and so connections had to be laboriously
changed by hand each time, with tte added possibility of making mistakes. -
Newer recording systems are being developed which will materially increase the over—nll
. accuracy and frequency response of the entire recording and playbnck system, necesasitating tln
' complete redesign of the playback system.
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CHAPTER 7
LOCATION OF GAGES : y
o ‘ B ’ ’
S
LN
D 7.4 GENERAL APPROACH TO PROBLEM : . . .
f‘—.&' To interpret the data oblained at various recording stations, it was necessary to know the
;‘-"fj distance of the statlon or gage from the ‘explosive charge. Since the array was considerably
.\\‘i distorted by wind and waves and the rate of tow was low, the distances could not be estimated
Li-}: with sufficient accuracy from the amount of tow cable between stations, the lengths of the .
ey barges, and measurements on deck. To circumvent this unexpected gap in the data, several ‘l
) A indirect methods were used to determine the radial distances from the vc-ﬂ: and, as re- :
‘: quired, the relations of one vessel to another. '

Probably the most accirate, most convenient, and most comprehensive informatioa could
have been obtained from an aerial mosalc wade at the time of the explosion. However, such a
mosalc was not available, although mosaica were made 30, 40, and 50 min before the shot.
Photographs of paris of the array were made at zero time by cameras located on the YFNB-13
and YFNB-29. Accurate data on the time of arrival of the shock wave at certain positions in the
array were available. From the latter two sources it was possible to reconstruct the configura~
tion of the major elements of the array, using the time of arrival to determine their distance
from SZ and using the photographs to determine their angular relations. A check on the dig-
tances between YFNB's was also made by measuring thie height of their masts in'the photo-
graphs. The calculated general configuration of the array at shot tinie was checked against the
available mosaics and wire tow-cable lengths to be sure there were no impossible arrange-
ments of elements. The calculatled configuration is possible and 1s reasonably consistent with
all data available to Project £.2.

7.2 PROCEDURE USED

The primary method of shock-arrival ranging was based on the following information and
asgumptionss

1. The sound velocity vs depth information, Table 7.1, calculated from information supplied
by the Scripps Institution of Oceanography (see reference 1).

2. Depth of charge, 2000 {t (see reference 2).

( ) 3. Time {rom zero fiducial mark until explosion, 13 msec {see discussion below).
et 4. Time vs distance data for the shock wave up to 1975 {t [rom the charge (see the pre- .
o0 Uminary version of refefence 3 and also see reference 4). !
}}‘ 5. Excess of shock velocity over acoustic velocity in accordance with reference S.
_;.'\:\ 6. Arrlival time of shock wave at the gages of Projects 1.2 {(see Chap. 8) and 1.3 at certain
e nominal depths.
.
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Table 7.1 —DEPTH VS SOUND VELOCITY COMPUTED

FROM SCRIPPS INSTITUTION OF OCEANOGRAPHY

LETTER OF OCT. 25, 1955, TO NOL

| Depth (rt) :::72:3 l Depth (ft) ‘(,27::?)'
o kok2.2 1010 4969.7

%9.2 1943.2 1332 48556
98.% %9%6.8 1660 4854.9
147.6 kok6.% 1992 4851.9
196.9 hoh8.h 2615 4852.3

246.1 %948.% 3245 4856.2
295.3 IR LL 3908 4860.1
3445 MWT.T 4871 4869.7.
377.3 koh8.% 473 14889,3
k26,5 %951.0 8215 4917.9
5h1.h %921.2 10105 kg8, b
669 390h.8 11963 4960.2
833 %883.% 13839 501k.0
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7. The assumption thaN L gmg o) Ae shock-wave path by the hydrographic structure
introduced negligible changes in the distances traveled by the shock wave from those of .
straight ray paths out through the region in which the NOL electronic pressure-time gages
were located.

The first operation was to determine the iocation of the shock front during its first 370
msec of travel. Porzel (preliminary version of reference 3) reported the time of arrival rela-’
tive to an electromagnetic disturbance (presumably the detonation) at distances from the charge
from 14 to 1226 ft. Cunningham' repoited the arrival time relative to the EG&G fiducial mark
at nomtnal distances 800 to 1975 {t from the charge. Although the two sets of instrumentation
providing these data were net on 2 common support cable, they were probably close enough = -
together that their arrivai time va dislaace curve should be reasonably smooth. In plotting the.
two sets of data together (Fig. 7.1), it was found that to obtain a smooth curve it was necessary
to assume that the fiducial mark occurred 13 = 1 msec before the explosion. A detailed dis- ’
cussion of the reasoning is given in Sec. 5.1 of reference 4,

The next ste» was to compute the shock-wave veloclty in all regions of interest so that the
position of the shock wave at various times could be calculated. Figure 7.2 is a replotting of
the data of reference 5 to a suitable scale for the range of pressures to be found in these
regions. From Fig. 7.2 and the expected (or measured) shock-wave decay with dlsta.nce, Flg.
7.3 was constructed.

In Fig. 7.3 the distance {rom 1000 to 13 000 {t from the charge was divided lnto 16 regions .
(Table 7.2), in each of which the extra velocity due to shock pressure decreased by 0.2 per
cent. The hydroeraphic data on sound velocity, Table 7.1, were plotted (Fig. 7.4), and average
velocities in eight zones of depth were determined. A large graph was made showing the
arrangement ol zones of depth and regions of distances from the charge, The shock-wave
velocity in each zone-region was then computed and tabulated (Table 7.2). Approprlate rays
were drawn on ihe large graph, and the position of the shock wave after each 0.1 sec was cal-
culated (Table 7.3). A section of the large graph is reproduced in Fig. 7.5 to show the method
of use.

A large chart of the array was then prepared, showing the positions of certain elements at
various times as determined from the aerial mosaics. The location of the: YFNB-29 was
measured and plotted for the times —50, —40, and ~30 min. From the sonic ranging calculations
an arc was plotted representing the possible positions of the NOL gage string on the YFNB-29
at zero time. The heading of the YFNB-29 was determined from photographs taken from its stern
by a camera which had its optical axis aligned parallel to the center line of the barge. Since a
line from the cameras on the YFNB-29 to the YC~473 was not necessarily colinear with the
basic grid line of the aerial mosalcs, a position was selected for the YFNB-29 consistent with
locations shown in the mosaics but with a distance determined by shock-wave ranging and a
heading determined by surface photographs. The exact orientation of the photomosaic grid was
not known to Project 1.2. The grid was merely convenient for comparing the relative motions
of the barges during the hour preceding shot time. Project 1.5 (reference 7) has determined
the actual bearing of the YFNB-29 {rom the YC-473 to be about 003°T, but this does not affect
the relations calculated in this chapter.

By the use of angles determined {rom the YFNB-29 photographs and of distances deter-
mined from sonic ranging, the positions of the YFNB’s 13 and 12 were plotted. The angles ob-
tained from photographs of the YFNB's 29 and 13 and the shock-wave arrival times at the stern
of the SQUAWSs then determined the rough locations of pontoons, SQUAW-29, and the LCM's.
The headings of the YFNB's 12 and 13 were checked by angles from the YFNB-29 and arrival
times at the NEL and NOL electronic gage strings.

7.3 POSITIONS OF ARRAY ELEMENTS

Figure 7.6 shows the estimated positions of the YFNB's 12, 13, and 29 at various times
as shown in the chart of the array. The shiits of position indicate that the elements of the
array were moving relative to one another and that perhaps the whole instrumentatior end of

(Text continues on page 163.)
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Table 7.3-~SHOCK-WAVE POSITIONS ON VARIOUS RAYS
{DISTANCES IN FEET)

Ray Angle | L S
b
Horizontal o’ 57 39" | 9° uhe | 13° 220 |19° 28* | 30° 5"
Ray .
Homber I 111 v VIL X X1I
Time in sec
after
‘ detonation
.2 1152 1152 | 1152 1152 1152 1152
.3 16577 | 16474 | 16474 | 1647.% 16474 | 1647.T
b 2141.1 2140.5 | 21%0.5 2140.5 |21%0.5 | 21k2.7
.5 2632.8 | 2632.6 | 2632.6 | 2632.6 |2633.5 | ©638.8
.6 2123.6 | 3122.4 | 3122.4 | 3122.% |3125.4 | 3132.3
T 3613.2 | 3612.3 | 3612.3 3613.2 |3617.6 | 3630.4
.8 4102.3 %102,6 | 4102.6 4103.5 [4110.1 | 4129.0
9 4590.9 5591.5 | hs592.4 4593.8 |4605.0 L627.2

5079.3 s5080.2 | 5082.0 s084%.8 |s5102.1
5566.9 | 5568.1 | 5570.8 | 5575.8 15599.3
605%.5 | 6056.0 | 6060.0 | 6085.5 |6096.5
6552.1 | 6543.9 | 6550.2 | 6563.0 |[6593.7
7029.1 | 7031.8 | 7040.% | 7059.5 .
7516.5 | 7519.7 | 7531.1 | 7555.8
8003.2 | 8007.6 | 8022.9 | 8052.0
8489.3 | 8495.5 | 8r16.0 | 8s48.2
8976.6 | 8983.4 | 9010.5 | 9okhk.b
9463.3 | 947L.3 | 9506.4 | 9540.6

*

o
mmwmramm:—-:ar-»—wb-wwww
WV FWNH OV &EWN - O

2
L
A R A e

.
" o

N . 9950.0 | 9959.2 |10002.6
Q-‘g . 10436,7 |10447.9 |10498.8
) . 10923.% |10937.2 20995.0
o . 11410.1 }11%26.5 |11491.2
SO . 11896.8 | 11915.8 |11987.4
. 12383.5 |12405.8 |12483.6
oo . 12870.2 | 12896.6 {12979.8
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Table 7.4—BEST ESTIMATES OF EQUIPMENT LOCATION
{VALUES ROUNDED TO NEAREST § FT)

On Aerial
Photo. Grid ! Radial Dist. .
OFT €6 { froxm Surface Slart Range
Item Measured Depth | Out [Side Zero - frow Charge
YFNB-29 EPP 25{ 11030} 190 11030 11205
String 50 - 11025 11200
100 11030 i1190
200 11025 11175
300 11025 . 11155
: . S0 . - 11025 11125
. 1000 11020 - 11065
YFNB-13 EPT 25| 8020 470 8035 6275
String 50 8035. &270
100 8035 6255
200 £030 8230
- 300 8030 €205
500 8020 8160
1000 8005 6065
YFNB-12 EPT 25 | 5505} 1095 5600 M0
String 50 5600 5930
100 5600 5915
200. . 5600 £280
300 1 5590 5845
500 5585 5760
1000 5560 5650
YFNB-12 MPT-BC 0 5350} 1000 5440
YFNB-13 MPT-BC - ol 1850 k30 7860
YFIB-29 MPT'-BC | 10865] =200 10865
MPT-Bucy No. 1 ol 27130 3hs 2900%
YFNB-12-NEL-EPT o[ 549S| 1000 5585
b YFNB-13-NEL-EPT of 7950 3% 7995
-
;Q;_ YI'NB-13-NEL-EPT 0| 10980 115 10980
:: MET-Buoy MNo. 2 - - -~ &700%
'::::‘:f;- * By Method of Section 8.2.6
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the array was surging slightly. The array seems straighter at zero time than at —30 min.
The differences between the zero-time plot.and the aerial mosaic plots seem consistent with
the shifts during the 10-min intervals between mosaics.

From the large graph of arrival time vs location and the large chart of the array, Table 7.4
was compiled. Tt shows various distances relative to the charge and the grid for a oumber of
gages and stations.

It is evident from these time-of-arrival data that the NOL electronic gage strings slanted
slightly toward the charge from the surface. This does not agree with an informal communica-
tion from Horrer® of Scripps which indicated that at a depth of 1000 ft the NOL piezoeleciric

. and Wiancko fime had a starboard excursfon of about 25 ft and a forward excursion of about 10°
' ft. However, the deviation from the vertical in either event was not serious since a moderate
surge in the array could reasonably slant the gage cables as indicated.

Some items could not be located by the methods described in this chapter. The NOL
mechanical pressure-time gage buoy No. 2 was not detected in any photographs, and the loca-
tion of the mechanical pressure-time gage buoy No. { from photographs only gave its position
% hr before sero. However, a technique described in Sec. 8.2.6 gave the accepted values listed
in Table 7.4. The NOL ball-crusher buoys on the tow cable did not yleld data, and no serious
attempt was made to locate ihem. The 0-1 electronic pressure-time gage buoy broke {ree aboul
4 hr before ahot time, and the 0-2 buoy broke free during the night before D-day. An unsuccess-

. . ful attempt waz made to locate them in photographs to find out what pressure they withstood
during the shot. Data on where {loating objects were recovered are (ragmentary (Table 7.5) and’
inconclusive, although all NOL buoys with deep gage strings were found in the same general
area. Table 7.5 was compiled from information submitted by various patrol and search ships.

In summary, it may be stated that data from surface photographs, arrival times, and ..
aerial mosaics yield a chart of the instrumentation array of reasonable configuration and con-
sistency. Although means of checking all points are lacking, the locations of the electronic
gages given herein should not be in error by more than ’/, per cent in the region 3000 to 12,000 {t

* from the charpe.
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CHAPIER 8 | ( ‘ . . I
RESULTS AND ACCURACIES. - = - C | R

8.4 BALL CRUSHER GAGE RESULTS AND CONCLUSIONS

Tables 8.1 and 8.2 summarize the results. Each table USts block number, depth, delorma-
tion of each gage in the block, slant range, the average deformation of the block, and the peak
pressure calculated from the average deformation. In several instances one deformation was ™
considerably less than the other three deformations from the same block. It Is presumed that
the low deformations were a result of gage leakage before the shot. The low defor ~~*ion was
discarded, and the average deformation was calculated from the remaining three.

In Figs. 8.4 and 8.2 the ball-crusher peak pressures are plotted against depth  aese
plots show a large scatter In the peak pressures near the surface. The cause of this scatter is
not known. Between the 400- and 700-{t depths both positions showed significantly high peak
pressures. The electronic gage results also showed trends to higher pressures at these
depths. These higher peak pressures were probably due to refraction of the shock wave by a
cold-water layer (sce Sec. 9.8).

Peak pressures from the ¥%-in. gages were consistently higher than those from the %,-in.
gages. Ball-crusher gages have always shown this discrepancy in the reglon of pressure where
the two sizes overlap. The discrepancy was probably due to the fact that the calibration curves
cf the copper spheres were not absolutely linear,

There was no systematic trend of peak pressure with depth along elther of the gage strings
except that attrituted to refraction (see Sec. 9.8). Any increase In peak pressure due to a de-
crease in slant range from the top to the bottom of the string would have been too small to be
indicated by the gages. The ball-crusher peak pressures agreed fairly well with the peak pres-
sures from the electronic gages.

The method of waterproofing was satisfactory. Only about 4 per cent of the gages that were
recovered had leaked. The general agreement of ball-crusher peak pressures with electronic
gage results and the lack of any trend of ball-crusher peak pressures with depth indicated that
the correction for hydrostatic loading was satisfactory.

Mooring of the gage strings could have been improved {or those gage strings hung from
fictation buoys by modeling the ball-crusher rig after the mooring system used on the mechani-
cal pressure-time gages.

8.2 MECHANICAL PRESSURE-TIME GAGE RESULTS

3.2.1 Record Interpretation

A photograph of a typical 1« cord as it appears on the drum is shown in Fig. 8.3. The Jowest
wrace was the timing trace. The record started at the left by closing of the blast switch and

(Text continues on page 173.)
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G Table 8.1 —BALL-CRUSHER DEFORMATIONS AND PEAK

- PRESSURES FROM YFNB-13

17 bty | 220 | p

b ep Range | Deformations ‘avg. Def. nax (B )}
w :2 Block (ft) (£t) (in.) (in.) (psi)(n

!

20"
oy 3ulx 1002 7923 | .0121 {.0121 0119 673
) 0115 }.0117 .
o 1180 953 7929 | .0256 |.0258 .0256 581 -
N 025k {.0255

A 81 905 7936 0247 }.025T .0250 572

Y 1.0248 |.0248

!’ ) k51 856 7943 L0248 |.o2hk2 0249 578

47 0254 |.0252 -

o 1137 o7 7951 .oaug .0255 : 0252 596
LY .025 .025 .
t g.%:. ; 235 758 7958 | .0263 |.0257 0259 626
'8 . 0256 |.0259

R 115k* 709 7966 | .0110 |.0113 .0112 675
0 ::," 00108 00115

K. 1206 650 7974 | .0248 |.0248 0249 614
{ .0256 |.024h .
- 76 611 7982 | .0257 |.0266 0262 662
| wj* .0259 1.0266
2 1164 561 7990 | .0259 }.0259 0258 660

t ,.;‘:' ;0256 .0259 :

o 1133 512 7999 | .0252 {.0253 -0256 663

Q“‘. .0260 |.0259 .

) 116 héh 8009 .0207#*}.0259 .0258 678

3 .0259 1.0256

A 123% h17 8018 |.0121 |.0107 L0112 127

o .0109 1.0110

o 1233 369 8028 |.0232 }.0231 0229 609

Y 0225 |.0229

L:; 1159 322 8037 0222 1.0209 ° 0216 579

‘® 0222 |[.0212
AN 15 275 8ok7 | .0217 |.0207 .021% 582 .
PR 0222 1.0210

3 1166 265 8ok9 .0129%%] 0211 0205 558
; "{3:‘ 0201 |.0202
R 1157 255 8051 0211 {.0199 0207 566
i 0211 |.0206

- Q. ]

5 TN

ve N . ocrzaticn is low - This value was not used in computing

el average.
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Slant
Depth Range | Deformations | Avg. Def Prax(p;)
Block (re) (rey (in.Y - (in.) (psi [
1152% 245 8053 .0097 [.0C91 .0093 621
0089 [.009% | :
1132 235 €055 |.o194 |].0216 .0208 - 572
) .0207 |.0215
re .0121##| ,0208
i 1169 . 215 g6o | .0206 |.0201 - 0208 576
TR ' ‘ 0214 |.0209
‘,,., 1196 205 go62 | .0202 |.0188 .0201 557
A . ' 0210 }.0205 °
SAR 237 195 go6h- | L0204 |.0200 .0212 592
LAY .0135%%] ,023%
}:3-.; No No.* 185 8066 | .0087 |.0082 .0088 596
R .0086 |.0096
1148 175 8068 .0199 |.0199 .0202 '565
.0208 |.0152%%
1160 165 8071 .0198 |.0200 .0197 552
.0190 |.0190
253 155 3073 .0213 |.0185 0199 560
.0200 |,0198
25 145 8076 |.0195 |.0205 0202 571
*1.0201 }.0208 .
1156% 135 8078 .0100 |.005%0 .0096 662
.0090 | .0105
1235 125 8080 | .0230 |.0232 0240 687
0236 |.026% |
1221 115 8083 0234 |.0215 .0223 639
0227 |.0215
. 172 105 8085 .0217 | .0205 .0209 559
0205 |.0209
1147 95 2087 .0201 |.0200 0209 601
.0205 {.0231
1226 85 €090 .0210 |.0161 .0188 540
0170 |.0212
1a37* 15 €92 |.o101 |.,0102 0099 895
.0092 |.0099
*  3/8-inch gage
*# Deformation is low - This vaiue was not used in computing
average.
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Table 8.1 —(Continued) -
Slant | . . -
) Depth Range |Deformations Avg. Def. Pmax(!i)
1 \;r Block (£t) (£t) (in.) (in.) . (psi)
2 ‘ , _ :
:‘\- K
Lot 1050 65 8ogh | .0177 | .olkoww .0199 5TT .
:..;‘3: . 00215 ¢020u ’
1165 55 8097 .0184% | .0179 © 0184 535
. .0178 | .0196 .
1101 ks 8100 .0166 | .0185 .0181 528 .
.0189 | .0182
1136 35 8102 0211 {.0199 0212 622
0202 | .0238
1150 25 8104 . | .0202 |} .0190 .0199 589
. .0196 | .0208
1234 15 8107 .0160 ] .0188 .0160 533
0178 | .0196 -
18 5 8109 0129 | .0127 .0125 370
.0126 | .0120
1142 5 8109 0140 | .0161 J0157- 465
.0165 | .0161
*  3/8-in. gage
** Deformation is low - This value was not used in computing
average.

P R A R N L R A R A T L

N T Ve

107
i MA““ 7l :‘ \ n:-—i(:” 7 3
{ s ; e L3 &J i“'3 5-"} 1

«m - -
LA AR R T N

A

- ow -

by o N T TN F K P T M el

“CONADENTIAL

AL N




A - e o S v g S

CONFIDENTIAL - -

Tiible 8.2—BALL-CRUSHER DEFORMATIONS AND PEAK
PRESSURES FROM YFNB-29
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ioges
R

R
o A
L

3
R
y gt |
J NS 2

’ L:SM 3 s a 4 P r
i Depth | Raxge | Deformations | Adv. Def., max (P;)
Black (£t) {£e) (in.) (in.) (psi) ~
2 n

1002 10,911 L0217 .0218 - 459
0215 ‘
.0219 )
) - 00220 *
1. jh9s2 ] 10,916  .0219 .0219 k71
' .0225 .
.0220
i ,0211
<903 10,921 .0210 .0210 L5k
,0206
’ : 0215
. ‘ .0209
. 6t |}i8853 10,926 .0208 .0210 463
. .0207
0207
0219
1207 2204 10,91 .0036%+ .0208 467
0210
.0205
_ 0209 .
0 sk 10,937 .0091 .0097 560
.0100
.CC95
113e 5 10,92 .0218 .0226 538
! .0238
‘ 0221
‘ .0226
1116-  §-5555 10, %8 0209 .0215 514
: .0215
: .0218
L .0218 ‘
1231 | €686 10,954 .0299 .0298 769
L0107%* .
. .0289
.0305

l“
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S,
o
el el e
kS

o
2]
@

*  3/8-in...gages
% Daeforzeittion is low - This value was not used in computing
averagei.
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Table 8.2 —({Continued)

Block

Depth

{re)

Slant
Range
(£t)

.Deformetions

(in.)

}

Adv. De

(in.) -

£.
(PSi)

ax (Py)

1138

1163

1187%

1151

10kl

1113

556

458

ho8

309

259

10,960

10,974

10,981

10,989

10,996

11,004

10,967

0249
.0258
0268
,0257
.0178
.0191
.0196
.0162
.0083
.0082
.oo&
.0087
0172
.0166
.0160
0377
0149
L0027#
L0148
,0156
.0156
.0165
.0157
L0149
.0150
L0149
L0154

0258
0187

,0083

L0151
.0157

.01k9

00169

660
k59
.gllf
hak .
360
'h08

393

*  3/8-in. gages

*% Deformation is low - This

average.

value was not used in computing
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" traveled for approximately 80 msec before shock arrival started the timing reed. This oscil-
Iation (206 msec per cycle} gradually decayed for about 530 msec, at which time the.timing
trace shows that the gages were shocked by something, perhaps by a tug of the cable, since no
significant pressure appeared on the pressure trace at that time. About 120 msec later the
gage was struck by the peak of the cavitation pulse.

The timing trace then gradually decayed until it was again shocked by the first bubble
pulse and by following shocks. These oscillations could be counted over much of the record
and provided a reasoniably accurate time measurement.

There was considerable harmonic distortion in the timing trace at the time of heavy shock.
This made it impossible to determine the speed regulatfon, using the timing trace, for periods
shorter than t cycle or 20 msec. Some information could be obtained, however, from the pres-
sure trace, especially If the pressure wave shape was assumed to be known a priori.

The pressure trace showed a conventional water shock wave. The distortion on the
pressure-decay trace was probably caused by high-frequency speed variations originating with
the escapement and amplified by axial play of the worm shaft. The double base line to the left
of the pressure rise js 2 measure of fricion in this gage. There was more friction in this
particular gage than in any other. The usual amount was one line width, After the pressure
decayed, the lower line showed the pressure cutoff by cavitation. This gage, belng at the 100-ft
depth, showed about 44 plus 15 psi, or $9 psi, below hydrostatic pressure until the cavitation
clgsed and created a.positive pressure pulse. The pressure signals after the cavi‘ation pulse
were bottom reflections and second or third bubble pulses, which occurred much later and
showed vp on this part of the record because the drum revolved for 2%, revolutions. The first
bubble did not occur on the part of the record shown in this photograph.

- 8] . by

'W-" - “if?”

After the operalion a preliminary cal’ibration of each timing reed was made at San Diego ’
with a Strobotac. The frequencies obtained were accurate to 2 per cent.

Subsequent to this, each timing reed was again caltbrated, this time at NOL, by recording

. on the drum, for comparison, a trace made by a phonograph cutter-head stylus. The head was

driven by a tuning fork, The clock motor was replaced by an electric motor to give higher
drum speeds and resolution. By this means the reed frequency was determined to within 0.4
per cent. An unsucceysful effort was made to improve the reading of the timing stgnal during
the shock phase by a study of the harmonic distortion of the reed.

The net result of this calibratiom was that the time could be read with a preciston of { part -
in 1000 only it no shock was present during that time and if the timing trace was continucus for
over 100 cycles. Shock tests indicated that, although shock caused a phase shift in the timing
reed, time could be determined to within 5 msec at each shock. This error, of course, could
accumilate if there wore several shocks.

. 8.2.2 Timing Calibration

\’;‘

4

-
wod
-

8.2.3 Pressure Calibration

7,7

. After the Operation each gage was statically calibrated twice, once before removal of the
sensing elemernt {rom I8 recorder and once after removal, In general, these callbrations
showed Unearity and lack of friction of the same excellence as that which extstcd before the
shot.

After its return to NOL, vach element was dynamically tested to determite the degree of
damping. Previous work had been limited to only a few elements.

The dynamic calibration pulse was obtained by using one to three ND 24 detonators in the
explosion chamber described in Chap. 3. The pulse was characterized by a rise time of '/,.
msec and an exponentisl decay of about 20 per cent in 2 msec. ’

From these tesis it was found thay, although some were properly damped, most of the
clements were rather gcriously underdamped. Figure 8.4 shows typical records. Measurements
were made on all gages which were siil! operable {about 18 out of 26) to obtain the amount of
overshoot of each stylus.
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A dynamic pressure calibration was then made on the eiements for the 50- and 500-ft
gages of buoy string No. 1. This could not be done on the 100- and 300-ft gages because of
leaks which developed after the shot. Because each calibration took about two weeks, it was
considered to be warranted only on the gages of string No. 1 since this string was located in
a region where no other pressure gages were.

The dynamic calibration pulse was obtained using ND 24 detonators in a pressure chamber
as before, but this time much effort was spent on the electronic recording to ensure a precisely
calibrated record (Fig. 8.5) from the strain gage. The two dynamic calibration curves obtained
are shown in Figs. 8.6 and 8.7.

The curves showed that dynamic sensitivity was lower than static sensitivity by about 10
per cent, The reason for this was unknown but was believed to arise from hysteresis of the.
Wiancko twisted-tube part of the sensing element.

No tests were made to determine the duration of this apparent hysteresis.. This meant that
the dynamic curve could only be used with confidence for step pressures. The amount that the
hysteresis changed during the time from pressure rise to cutoff may have been anything from
0to 10 per cent of the pressure; therefore the cutof{ pressures could not be measured so well -
as pressure rises,

8.2.4 Buoy String No. 1

Records were obtained [rom the five uppermost gages. ‘Lhe 750- and 1000-t gages were
lost for some unknown reason. The 50-, 100-, 300-, and §00-ft gages gave pressure-time
records. Both blast switches sperated properly. The 200-1t gage ran premdturely and yielded
on'y a peak -pressure record. Figures 8.8 to 8.10 show photographic prints of the principal
shock, the cavitation pulse, and the first bubble pulse on each gage. There were many other
pulses on the record which are not presented here. Pressure and time data are given in
Tables 8.3, 8.5, and 8.b. No results are given for the YFNB-12 (Table 8.4) because the string
was not lowered,

Pressure values based on dynamic calibration curves were obtained for the 50- and 500-ft
gages. For the 100-, 200-, and 300-ft gages, all pressures were based on the static calibration
curve {or each gage and increased {0 per cent,

Of eourse, the validity of the assumption that the results of tests on two gages applied to
all others was questivnable; however, this was considered to be a justifiable attempt to get the
most accurate data from the records.

Peak pressures were obtained from the records by replotting the curves on semilog paper
so that the exponential decay showed up as a straight line. Values of # were obtained by noting
the time at which the pressure had dropped to 1/e of its peak.

The estimated over-all accuracy of pressure measurements was 12 per cent. .

Positive durations (t;)* were obtained as follows:

1. The displacement of the drum was measured for several cycles of the timing trace
which were made at the time of the shock pulse,

2. An average speed of thc drum was determined.

3. The displacement of {: on the pressure trace was measured acd then dlvided by the
average drum specd to obtain the duration.

Values of t; were believed to be correct within 3 msec.

Photographs of the principal shock, Fig. 8.8, showed a repeating step effect on the pressure
decay. This may have been caused by the stop-and-go action of the escapement-controlied
motor. A stmllar effect was noticed in calibration work, but the number of steps which showed
up during the decay cannot be determined sufficiently to check the positive duration. From the
appearance of the record, there scemed to be a noticeable variation in speed, which might have
been partly caused by worm-shaft play. This should have averaged out for the longer pulses sa

that this error would not be expected to accumulate.
(Text continues on page 185.)

*Such quantities are listed in the data tables and are illustrated in Fig. 8.12.
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Table 3.3—MECHANICAL PRESSURE-TIME GAGE RESULTS (BUQY STRINGS
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N, Sensing| Klemant Slant. { zontal toxt Y
5‘3;, Loca- [Gage | Eleent| Range Depth | Range ] Range t]. I Bl
b.%ﬂ. tion Yo, No. (psi) (rt) | (e (rt) nsec From Table 7.3
?.\ﬁ Duoy | 4 49 | 1000 50 | 349 2900 645 3573 ey
b, 4..3 . String| 13 18 500 100 34601 2900 640 »
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T n |36 23 750 500 | 8550] 8700 - -
2 O ) 20 500 250 | 8500} 8700 - -
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Table §.4—YFNB 2 RESULTS! : | i/1
Tape i -
Gage| and Poot Range Pressures in psi (N_l
Type | Head No,} Notes] Xo. | Dezth |Siant | Horiz. || Po F1 P2 P P Ps Pg Py
3.4 E-2 e, & | 1067 251 5940t 5600 I} —} 920 ? B805) 2] - | —} —~ -—
PE P-1 e, h| 891 251 sou0f 5600 1} —} — -] =]l=7 - - —
PE -7 e, 891 25] 59401 5600 It -~} 955 —~1 8] -] - -
PR E-3 d 1026 50f 5900} 5600 {1t —} 915 | 710} -18J 0} -] — -—
PE P-2 4 1029 1001 59154 45600 |} —| 922 -1 —{255) —~] - -
PE by a, h 823 2001 58301 5600 -t -t -1t -t{1-t~-1-1 - &
"PEL BT {a,df 823p 200{ 50| 5600 ff —} 565 { a62] w0}l 9f —| — -
PE P-3 d 1031 200} 5830} 5600 {I| —} 910 -] —J06] —| — —
w E~1 18206 200 5830} 5600 8,1 855 4523 -93 1105 -— — 960
W | I 181961 200 5830t 5600 |} 79} ass | as2l-a04frs2 ) —f — 960
W E-8 182071 300 58451 5590 1288 875 | Jj-m2}f —~ | ~ ] — 960
PE F-5 825 5001 5780} 5585 -1 920 - —-1129] —~}] — -—
W E~10 18209 50071 578G} 5585 |[12221 970 § 1P |-220] — ] 35 {105 | 1090
W F-9 18212 5001 57801 5585 (2181 %20 565§ 25| 75 | 100
PE E-5 b,d] 623f 1000} s650] 5560 ft — ] 9.0 5 -} —] —~1 — -
PE 79 b, & 623} 1000) s650) 5560l —} — —! —1—] 53 }j1s -—
PE r-g8 4 8931 looet séset sséo !l —1 950 —_) -1 =] =] - -—
W P-10 18213 2000| 5650} 5560 |l426 | 88 2|-86] 2| 60]130 | 965
Average for 1000 ft gages (PE wnd corrected Wiancke) Py = 951 -
a8, Chamnels having a eomnon i.ndicathg mark ve*e recerdad rro- tho wo (uo.
b, Channels * . bd
€, "hanmls » L] » L/ L L] » - . » -
d. Records compensated for drag-out. .
¢, Data raworked and extrapolated to t 20 ¥k Q=35
h, Bad Calibration ,
i. Too High Cain "
Jo Wiancko corrected pressures, see Secticn 9,2 and Tables 5.1, 6.1, 6.2, am 6.3,
Tape .
Gage and Foot. | Cage L {2} Tines are In msee
Type | Head No,| Neted No. | Depth |Slant]| Horiz,|l e1' 2 3 , Ll U @
PE F-2 e, d] 1C67 251 59401 5600 |} 1181 ) 3 — - = -} -] -
PE F-1 c,h 891 25| 59401 s6oo [l 182 | 3 — —f =y =] =] -
PE P=7 c,e| 891 25| 59401 5600 jf 1181 | 2.3§ 1396] 57.5] ~] —] ] -~
PE E-3 d 1026 50 1 5930 5600 II 1179 6.2} 1394} 52.8f —| —] —] -
PE F2 d 1029 1C0 | 59151 5500 {] 1177 | 12,6 139%6] 54 -y - =] -
PE E~4 a,h 3 200 | 5830] 5600 f] 1170 | 4.4 -— —f =] =] el -~
P8 F? a, d 823 200 | 5880 5600 |} M0 FaL. St Ryt 7.8 ) —] - -
PE F3 d 1031 200 | 5880} 5600 {f 1171 | 24 154§ 54 —f =] =] -
W E-1 18206 200 | 5860[ 5600 |} 1170 | 23.9) 1ML 81.5{39%00] - ]5875] 6118
W Pl 18196 200 | 58801 5600 {] 1170 | 2L.1 ] MAds 104 - ~-] =] -
W E-8 18207 300 ) 58453 5590 1164 | 36.2 — ~) enl =] =} -
PE F=5 825 5C0 | 5780} 5585 sy {61 WU69] sk | 3955 -3 — -
W E-10 182¢9 5CO | 57801 5585 1152 | 61.5 — —{3965] 49.5 ] 5815/ 6055
W F-9 18212 50§ 57801 5585 1152 | é0 LT % 13957) A96)] —| ~—
PE E-5 b, d 623 I1CC6 | 56501 5560 || 1128 [127.5 — -1 =] -] —|si62
PE E-9 b1t 6231 1000} 5650) 5560 H 1129 1127.h} 1366¢ 77.5]3936]104.5 | 5728 5965
PE P-8 d 893 100G | 56501 5560 {| 1129 [127.6 — — §35411105.5{ ] 5934
W P10 18213 | 1600 | 5650f 5560 | 1129 f127.51 1566) 83 |3:m32)104 — | 5924
Average for 1000 ft gages (PE and corvected Hiancko) P =951
a, Charnels having a comcn ind.cat.ing mrk were rccorded frc: tho sans gagv.
b, Chamels ¢
Co chamels L L] " » » » L J » L ] L]
d, Records conpensated for drag-out. "
e, Data reworked and extrapolated to t = O with @ = 35
h, Bad Calibration
i, Too High Cain
f. =t -t, wvhers tg =13 msec ty = shock travel tins
183
wvr f-«'ﬁm":"“"" f.‘_t'-'.r'- ey ',«‘ & o T
“n ”". - ' a s s
sm.‘if‘:‘*- i RE) ?3.&:.:}
A3 ~-- .'-. “--‘~r ey "‘L)*

; AMHMT:T} NFIDER AL




- s s e MRy A wu s 4

. ~ COMFIDENTIAL

Table $.4— (Coutinged)

Tape '
Cage and Poot | Cage Rance l Tices are in msec
Type | Head No.! Notes] No.|Depth}sSlant | Foriz.f| P9 | “10] *Ia | 12| ®13 | tu:| 915
FE E-2 e, d|-1067t 25} s} séccoff -~ -] ~] —§ —~1] —1 —
PE P-1 c, h§ 891 251 50} S6CC ¢f ~— - — -— — —] -
PE -7 c, e} 891 B 590 ool — — -— — — —_] -
PE E-3 d 1026 50f 593y S500 ff — — — -— — —_] -
[ PE -2 } a 1029f 100} 5935 ssceff — | —~] ~] -] - —| --
IC Y] FE .2 a,ht &3] 200¢ 580] 5600} — -— -] - — — -—
&F" P2 7 taxal 823 2001 3880}F Heo0fl —F —1 —~f | —=] -} —
E"‘ PE F3 | a 131f 200} seeof ool — ) —~| —~|] -~} —~] -] -
ﬁ.;‘,: ] 1 182061 200 5830 {1 5500 |} 5960 | 6486 | 6500 | 6603 | 6636 }u7850 | —
AL w Pl 18196} 200] 5830] sS&KOf| — - — -— —_— —_—] -
A W E-8 18207f 300} 58451 S50 —| —] -~ - - ] -
. 13 P-5 8251 5001 57€0] 5585 }§ — - -~ | 6602 - e
W K-10 182091 5001 57201 5585 N €020] 6477 | 6492 § 6593 | 6629 | 7650 | 7925
S v | s w222p s00f 5700 Ssesfl — | —| —few| —] -|"=
\‘\\' PE 1251 b, d 623 ) w00 | 5650 5560 — - - | 882 -— — —
A PE B9 [ b,1} 623} 1000} 5650} 5560 )] 6108 | 6469 | 6492 | 6595 | 6629 | 7575 | 7982
AN PE P-8 ¢ 8931 1000t 5650 5560 1 - - —y s - - -
:['},;’: W F-10 18213 | 1000} 5650 $563 - -— -— | 6601 — — —
ff\:-:' Average for 10CO ft gages (PE and corrected Wiancko) Py z 951
st a. Channels having a co:mon mﬁcatmg Ik were reccrdod from Lho sm gaso.
,' b. chmmeh » L] - - "
F::": ¢, Channels » = » '“ w = » w ®» a w
;-::-. d. Records coupensated for drag-out. ’
AL e. Data reworked and extrapolated to t = O with o = 35
)% h. Bad Caldbration
SAEA 1, Too High Gain
_.h}a.
TN
Tape Range g Times are in nsec
Gage and Foot | Gage ( ¢
Type | Hoad MoJ Notes| o, | Dapth | stent | vortzgf Y7 Qs[4 [H-4 "-o‘g)ﬁ;( Tttt
PE 1 E-2 [e,d} 10671 25 } 59%0f 5600y —~| —~] —| -— --}1168 -] -
Is P-1L je,h] 891 25 59401 560N ~-f — - -— --11168 — -—
FE P-7 lc,e] 891 2§ 59401 0 —| — -t 215 — ]1168 138 -
PE 23 d J026 50 59301 5400 L -— 215 -— {1166 1384 -
Ps P2 ta 1029 100 | 5915¢ St} —] — -1 219] 12,6 {1164 1383 -
PE E-h }a,h{ 823} 200 | seso] scoofl —] —~ - - - 1ns7 -~ -—
PE &7 a2, d 831 200 58c0) 5200 e B -~ QLY 24,5 1157 1,01 —
PE F-3 {d 1031} 200 58301 secofy —|] —~ —~ 1 244} 24 1158 | 1,02 —
w E-1 182¢8| 200 58801 sécoilss22]l -~} 2810 2LLY 23,9 11157 1401 —
W F-ly 18196} 200 5850] S50 —] — ~~1 2441 24111157 | 101 o
v £-8 18071 300 | s85) 5590 -} — —| -—] 36.2 {1151 — -—
PE P-5 8251 500 57801 55854) —) —1 2801} 315§ 50 {141 | 1456 —
. W E-10 182091 500 | S780] 5535 ):3516) 59| 23813 —1! 2, 11139 —1 2864
L) P-9 182121 500 | 5780} 55851} —-] 49] 2805 315] 27.5 (1139 | 54| 285, td
FE E-5 b, d 623} 1000 56501 5560 —1to0 591 2818 -1 35 115 -1 2859
-~ PE E-9 |b, 1} 62311000 S650] 5560 18517 —1 2807t 437 — {1116 | 1553
P} P8 la 893{ 1000 | 5650} ssé0 ff —! —] 2812 -] 30 {1116 -
> W P-10 18213 | 1¢Co 56501 5360 -— 8§ 2803 437% 30 1116 1553 | 2838
e Average for 1000 ft zages {PE anmd corrected iXarcko) H=91
a a, Charnels having a comcn 1M1c1ung mrk .m rerarded froa tho aam gaga.
I b, Channels * b "
¢, Chapnels [ » - » » w ' » » " »
d. Records compensated for drig-out,
e. Data reworked and extrapolated to £ =0 Witk Q=135
fo tg = t1-t, where t; 313 msee  tg = shocik travel Lize
8 tg = Tim to vhizh O was measured
h, Bad Calibmtion
1. Tco High Caln
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Table 8.4 —(Contihued)

Gage z:dPG Foot. | Cage| - Range Times are in me-c ‘ni’anC 1ninlBs/
Type | Head No] Notes] No. | Depth [Slant | Heriz ] "B2 | "B3] v8"1] 12°1] o 1 X
PE E-2 e, d § 1067 25 15950 5600 (| =—| -~ - —_ -— -— —~
PE F-1 c,hi 891 25 1 5940% 3600 ~=f =] =~ — — - -
PE F-7 c, e 891 25 {5940 5600 - — — — - -— -—
PE E-3 4 1026 50 159301 5600 || o« ) —] o= — 26 — —
PE .} F-2 qa 1029) 100 § 5915} 5600} —~f —| - L - 33.6 - -—
B} =y a, h} 823} 200 }s880} seoef} —}p —} — -} -} -t -~ t
PE E-7 a,d} 8231 200 §5830¢ 5600} —| — ~— -— 4 -— -—
PE P e 1031 200 |5830) 5600 [ =~] =] —~— - 34,2 — —
I E-1 182061 200 |5880) 5600 | — | —] aou8f 5435 | 37.21 - -
L T 18196 200 | 5830 5600 -] -~ —_ - 37.1 - -—
W E-8 18207§ 300 | 5845) 5590 |] w={ -~ -— — 35.61 19,8} 1980
PE F-5 825 500 | 5780 5585 -— -— -— 548 33.5 27.9 2820
w E-10 18209 500 15780 5585 — | =] 4903} 51 | 32.5] 27.2| 2670
w F-9 18212 500 | 5780] 5585 —_— - - 5458 | 32,51 2/.51 2870
PE E-5 b,d | 623] 1000 | 56501 5560 || — | =--| 4634] 5487 | 32.8| 31.8| 2540
PE E-9 b, 1} 623] 1000 ['5650] 5560 (| ~~| - | 4836] subb - — -
PE r-8 d 8931 1000 | 5650 5560 )] — | — ] 4805] 5472 | 32.5] 3.6} 2n7
w F-10 18213 | 1000 .} 5650 | 5560 [{2700 {1900 { 4795{ 5479 | 42.2] 35.2] 2735
Average for 1000 ft giges (PE ard corrected Wiancko) Py = 951, @ = 35.8, I 33,2, (K) E = 2697

A, Channels having a common indicating mark were recorded from tha same gage, .

b. Channels * - " L] LB L} L} LI ] L] "

¢c. Channels * » - " L] " " n " "

d. Records compensated far drag-out,

e, Data roworked and extrapolated to ¢ = 0 with Q¢ = 35

he Bad Calibration

i, Too High Gadn

k. Ceomstrical average

Average for all gages © = 3.1

Bubble periods were obtalned by counting cycles of the timing reed, which fortunately was
sufficiently excited for the necessary time by action of the cavitation closure pulse. The accu-
racy of these measurements was believed to be tY, per cent.

There were several other pulses on the records which were not pregented or measured
for Whis report. These records will be available for further analysis if this should become
necessary.

8.2.5 Buoy String No. 2

Good pressure-time records were obtained {rom three gages. The remaining four failed
to start because the blast-switch cable was accidentally cut during Installation by the screws
of the USS Bolster. Thece gages yiclded peak pressure only.

All pressures were obtained from the static calibration curves arnd then Increased by 10
per ceat. Pressure-time records at 50-, 300-, and 750-(t depths were replotied on semilog
paper to obtain peak-pressure values as was done for string No. 1. The estimated accuracy
vas 12 per cent. Peak pressures from the remaining gages were obtalned by applying the
overshoot factor measured as described in Sec. 8.2.3. The estimated accuracy was 15 per
cent.

Positive durations (t,) were obtained as before. The 300-ft measurement was somewhat
uncertain and may have been anywhere from 16 to 24 msce. The other values were belleved to
be correct within 3 msec.

Bubble-period measurements for all three gages were poor because of discontinuous
timing trace. The reeds were quiet for up to 50 per cent of the records because of the absence
of any sizable cavitaticn pulse. To obtain timing values, it was necessary to estimate the speed
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of the drum during the period when the reed was still. However, measurements from periods
when-the reed was moving showed that Wrere wiy a1 consideradle varfatfon {n drum speed, and
thus the use of an average was unreliable. The values recorded, therefore, represcnt the
means between maximum and mininmum readings and have a spread of 400 msec.

This doubt might have been resolved and the errors reduced by a speed-time calibration
for each gage since it was likeiy that the speed changes would have been reproducible. This
work was not undertaken since there were excellent timing results obtained from the electronic
gages on the YFNB’s.

Thare were several other pulses on the records which were not measured or presented.

8.26 Location of Buoy Strings

As discussed in Chap. 7. the location of buoy string No. {1 was determined from photographs
taken ¥} % ar before shot time. Buoy string No. 2 could not be found in the photographs and there-
fore must have broken free before the photographs were taken. It was also possible that buoy
string No. 1 broke free during the last ¥, hr before the shot.

An independent check on positiom was made by replotting Brockhurst’s predlcled curves!
of pulse duration vs range in Fig. 8.11. Measured values from NOL electronic results on the
YFNB's are also shown for comparison. In general, the measured durations from the electronic
gages were a little lenger at a given distancs than Brockhurst’s. The NOL curves were extrap-
olated to the buoy string No. 1 position. This was quite risky, and not much faith was put in it.
The curves at 300 and 750 ft were interpolated.

The values of t;, measured by the mechanical pressure-time gages were then located on the
NOL data curves. The best value for buoy string No. 1 appeared to be 2300 ft; the best value
for buoy string No. 2 was 8700 ft. If a new set of curves based on the technique of reference 1
and the actual tempercture gradient existing during Wigwam were available, a slightly better
determination of the position of buoy string No. 4 might be made.

8.2.7 YFNB-12

Tkis string was not lowered becavse of malhandling, and therefore'it gave no results. It
was realized in advance that even having the ball crushers and the mechanical press-ire-time
zages on the same string would add to the lowering difficulties. The addition of the camera to
this was {2t to be quite risky, but it was desired to keep instrument strings {from the YFNB's
to a minimum to reduce the possibility of their fouling one another. Because the unusually
heavy weather required the string to be lowered at night at the last possible minute, there was
not time to correct the handling difficulties.

With { hr more of time, the mechanical pressure-time and ball-crusher gages could have
been lowered from the YFNB-12 without lowering the camera. In fact, at 0600 the first bail
crushers and mechanical gages were connacted to a spare lowering line, which was powered by
the niggerhead of the YFNB tow winch. At this point, power was secured on the YFNB-12 and
orders were given to evacuate. Considerable protest was made to the commanding officer, and
it was pointed out that, by changing the original 0800 evacuation time, many valuable data
would be lost. Nevertheless, the order remained, and the scientists were herded off the vessel
at 0630, S hr before shot time. On the YFNB-13 the evacuation was made at 0900.

8.2.8 YFNB-13

This string yielded six pressure-timne records. Unfortunatcly, the gages at the 3G0-, 500-,
750-, and 1000-{t depths all started after shock arrival by 15 to 45 msec. The 300-, 500-, and
1000-1t gages were connected to the EGZG relay that was set to close at zero time; this would
have given almost 2 sec of running before shock arrival. The reason for this electrical failure
is unknown.

The 750-1t gage was connected 1o a blast swilch at the 300-{t depth, and therefore it was
expected to start late if the shock front reached the 750-ft depth ahead of the 300-ft depth,

This may have happened, since the pressures were conskderably higher at 750 {t than at 300 ft.
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The values for p; and p, for the 50- and 100-ft gages were c!'btamed from the pressure-
time curves ard the static calibration curves with a 10 per cent dynamic correction added, as
was explained previously. For the 750-ft gage the percentage overshoot was obtained from the
bubble-pulse record, which was very clear, and was applied to the maximum disptacement of
the stylus to obtain a peak pressure to which was added tne dynamic correction. Na calibration
was made on this element because of corrosion damage.

Peak pressures for the 300-, 500-, and 1000-ft gages were obtained by reconstructing the
record on semilog paper in such a position that the cutoff (t,) was as recorded by electronic
gages on the YFNB-13. The slope of the pressure-decay curve was then extrapolated to zero
time and read for peak pressure. Then the dynamte correctton was addat as for-other gages.
Cutoff pressure values were also increased by 10 per cent. This method seemed satisfactory
for the 300- and 500-ft gages which were not delayed much in starting; however, there was so
much latitude in extrapolating the curve for the 1000-{t gage that results from the latter might
be as much as 20 per cent off. The other pressure values were belteved to be within 12 per
cent of the true value.

Bubbie periods (tg,, tp;, and tpy; or tg —t; in the case of mechanical pressure-time gages)
were determined by counting timing-reed cycles on the records from the 50-, 100-, and 750-£8~
depth gages; on records from the other gages the periods were determined by a combination of
counting cycles and estimating speed when the reed was still. The values for the former were
believed to be accurate to within 40 msec. The values for the latter could be off as much as
100 msec.

There were several other pulses, evident on all the records from this string, which were
quite distinct and which might be compared with those from electronic gages. Such a2 comparison
was considered unnecessary for this report.

8.2.9 YFNB-29

Seven peak-pressure records were obtained from this location. None of the gages
operated to give pressure-time records because of electrical failure, probably in the splices
in the cable. The blast-switch and explosive triggers were tested after recovery and found
satisfactory. Testing of the EG&G relay system was not possible, and testing of the cable
continuity after lowering was not practicable for lack of time. The molded rubber covering of
one of the splices was found damaged. This was probably caused by air pressure leaking from
‘one of the gages through the stuffing gland and up into the cable, where it probably blew up the
splice cover like a balloon. The fact that the charging pressure of 600 psi had all leaked out of
the 50-ft gage supports thig theory.

The elements of the 50-, 100-, 200~, 300-, and 500-ft gages were tested with the expiosxon
chamber to determine the degree of overshoot. The peak deflection was corrected by this
factor before obtaining a pressure {rom the static calibration curve. It was not possible to test
the 750- and 1000-ft gages In this manner. These pressure values, therefore, were not cor-
rected for overshoot. All values obtained were believed to be accurate to 15 per cent.

8.2.10 Conclusions

Although there were many casualties due to heavy weather and development was incom-

* plete, the results showed that the mechanical pressure-time gages actually accomplished the

purpose for which they were designed, i.e., to back up electronic instrumentation. A great
deal of interesting and useful information was obtained by buoy string No. 1, which became
especially valvable because of the failure of other systems in the region between the YFNB-13
and the YC-976.

No small credit for the success of this string was due to the method used for attaching the
string to the towline. There was evidence that the solid-wooden-buoy design was much superior
to cither the steel-buoy or rubber-buoy design. The 150-ft spar showed itself to be quite sea~
worthy and effective in separating the buoy string from the towline.

A great deal of experlence was obfained in rigging and handling floating objects in a sea~
way which is not reported here. In general, however, it was once again demonstrated that
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H_\:} inertia forces in a seaway arz great and that much wear and breakage result if the design is

$¢7:\ not flexible where connections are made. Steel cable or chain should sever be allowed to rud

; }2 against hard surfaces. Safety and ease of handling were greatly tmproved by the provision of -

. handling lines long enough so that connections could be made on the deck of the M-boats.

< The blast-switch starter system was fundamentally successful. It was reliable and fast.
Casualties were principally due to the heavy weather. The switch could have beea packaged
better, however, to facilitate electrical checks. More care in rigging the starter for buoy

S .
;?{::- string No. 2 could have prevented the cable from being cut. In the case of the YFN3's, not
'ﬁ-'\‘: much could have been done to improve the starting time because of the position of the string.
Sk If the string had been forward on the vessel, the starter could have been aft and adequate
:}" starting time would have been possible. The electrical failures were probably attributable to
L) . . the rush and the lack of time to make continuity checks after submersion. .
' ' Peak-pressure measurements were obtained from pressure-time records that, in general
SRS were believed to be within 12 per cent of the correct values, as indicated by comparison with .
:_ other gage results. An accuracy of 5 per cent would have been obtained for nearly all the .
\-\\} gages if development and testing difficulties could have been eliminated a little sooner. It
\:‘-?,i appeared that this mechanical gage was capable of measuring pressure as accurately as the
S x\‘ Wiancko electronic gage, since the principal errors in electronic gage measurement appeared
;;.\‘) to be caused by mechanical difficulties such as hysteresis.
'@ Pressure distortion due to shock was small and caused no difficulty. The balanced stylus
50 - with bearing support seemed to work out fine.
‘4.; ~3 Friction was low, usually causing not over one line width ('/z-mil error) The record
¥ 1;3 reading accuracy was therefore within 1 per cent for most values of peak pressure.
o An apparent hysteresis was the predominant error mechanism, and more study is needed .
.-‘:-{:g to understand and eliminate the trouble. This can be corrected by dynamic calibration using a .
‘QJ step pressure pulse, but after the step rise the magnitude of the correction is difficult to
; measure, especlally for decaying pulses.
( ) Pressurizing the gage cases turned out to be a nuisance on this test, mostly because of its
o .)_J effect on leaky seusihg elements and cable stuffing glands. It was not needed because predicted
:.,-.‘: ' values were accurate. Il predictions had been low by 50 to 100 per cent, it would have saved
;."'22 many records. The sensitivity advantage obtained was of little value because of the apparent
B hysteresis shown by the dynamic calibration. .
.‘{"1":{,' Timing-measurement accuracies were not quite so good as desired; however, they are
By probably satisfactory for cavitation studies and damage predictions, and in this regard the
J mechanical pressurc.time gage system was quite valuable, These measurements may not
-*‘.:,'J have been good enough for confirmation of some theoretical predictions.
:n,.:( The clock motor was reliable, but it was deficient in speed control. This, however, would
et not have mattered for long time measurements if a self-excited timing reed had been provided.
.\',',’ : Short time measurements would have been better if the harmonlics had been eliminated by re-
WV design of the timing reed.
;;_',;'; . The fact that the drumn turned 2% revclutions caused the styluses to retrace, which in turn
#. caused some confusion in record reading, as was expected. A spiral feed would have solved
SN this but would have complicated the design and introduced more backiash. A larger drum could
" be used at the cost of some increase in over-all size. A slower speed would have reduced the
3 ":' time resolution. A compromise was necessary to obtain 12 sec of recording time and good
_‘z-‘.". pulse-duration resolution. The best answer would hiave been to reduce the recording-time re-
\".{-,' quirement to 5 sec, which could have heen done in 1 revolution, and to use a +2-sec EG&G
A signal for starting on the YFNB's.
o 2 Recording on soot-coated glass with a diamond stylus tip gave good legibility and ease in
F\-*- obtaining photographic enlargements of records. Part of this success was because of the lead
B and rubber shock mounts which performed excelleatly in reducing the shock on the recorder.

Without the shock mounts some distortion would have been introduced because of chipping of

the glass under the stylus tip.
To summarize, the Wigwam test showed that this mechanical pressure-time gage did: |

[S\ 1. Measure step pressure rises with an over-all accuracy better than 12 per cent.
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2. Respord to step pressure pulses in a little less than 1 msee,-when critically damped.

3. Respoad to step pressure pulses in about '/, msec with 0.7 critical damping.

4. Measure pulse durations with a distortion of about +2 msec.

5. Measure time between events over 2 sec apart with an accuracy of 1 per cent when the
timing reed was kept in oscillation.

6. Produce rccords which could be quickiy and easily read and reproduced.

7. Operate satisfactorily under couditions of heavy shock without damage.

In addition, the experience ctialned sauwed ihat, with a reasasablie mount of further
development:

. 1. ¥or short pulses 2 time resolution of ¥, msee can be cltained by increasing the record-
ing speed by about eight times for gages located near the surface. In adMdition, the escapement
contrsi can Le eliminated in favor of a viscous brake, and the worm-shaft play can be lessened.

2. Time resolution of ‘/1 per cent for periods about 1 sec long can: be obtained and made
certain by using a cam-excited; rotary timing-signal generator, designad to minimize shock-
excited harmonics. ’

Further development might also give better pressure accuracy by virtue of a better
understanding of the apparent hysteresis effect of the twisted tube. The lack of a proved
standard makes this work difficult.

The addition of an oscillator-driven ragnetic stylus might Improve the timing resolution
for short pulses.
In conclusion, this backup system, consisting of mechanical recorders, blast switches,

wooden buoys, and 150-ft spars, was successful in obtaining reasonably accurate data under
severe weather difficulties.

8.3 ELECTRONIC PRESSURE-TIME GAGE RESULTS

8.3.4 Use of Wiancko Gages on Wigwam

Thirty-two Wiancko gages were set in the water on Operation Wigwam at depths of 200,
300, 500, and 1000 ft at recording stations 0-1, 0-2, YFNB-12, YFNB-13, and YFNB-29 and
at the 100-ft depth on the latter two stations. The pressure rating of the: gmges used at each of
the above locations was determined by the hydrostatic pressure and the pradicted values of the
shock-wave peak pressure, with the result that the actuai total pressure om the gages was
between 60 and 100 per cent of the pressure rating of the gr;2s. No perfexmance data on the
gages on stations 0-1 and 0-2 were obtained since the recorling equipmentk did not operate and
the gages were never recovered. Howeyer, all gages were operating satisfactorily at the last
check made before setting the gages into the water a fe'w days before shot ffiime. Pressure-
time records were obtained on 21 of the 22 gages used on the three YFNB s#ations, and a direct
comparison of results with tourmaline gages was obtained at depths of 200, 500, and 1000 ft.

8.3.2 Comparison of Peak Pressures frem Wiancko and Tourmaline Gages

An idealized sketch of a Wigwam pressura-time record showing the quantities measured
and defining terms is given as Fig. 8.12. (A portion of an actual Wiancko rewerd is reproduced
as Fig. 9.12)) A comparison of peak-pressure results {sez Tables 8.4 to 8.8) showed that the
values obtained with 14 Wiancko gages were between 90 and 99 per cent of e peak-pressure
values obtained with tourmaline gages at the corresponding locations. Howewer, two Wiancko
gage peak-pressure values were 114 and 111 per cent of the peak pressure recorded with a
tourmaline gage at the same location. These large values were contrary to.the consistently
low values obtained in the shock-wave performance tests (see Table 5.1). Alt'hough no reason
for this behavior can be given, it should be mentioned that these large values were compared
with a single tourmaline gage value which was unusually low. Furthermore,, the two Wiancko
gages were never subjected to the shock-ware performance tests. Excluding the two large
values, the Wiancko gages recorded, onthe average, 94 per ceat of the peak shock-wave
pressures recorded with tourmaline gages. This valuz is several per cent laxger than the
average pressure ratios obtained in the shock-wave performance tests.
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A comparison of the reduced impulse (momentum) in the shock wave (the positive area
under the shock-wave pressure-time curve) was obtained at depths of 500 and 1000 ft on the
three YFNB stations and showed that, in general, the results from the Wiancko gages were
again smaller (average vijue was 97 per cent, excluding two comparisons) than the resuilts
from the tourmaline gages at corresponding locations. Possible reasons why the Wiancko gage
tmpulse results were not quite so low, compared with the tourmaline results, as were the
corresponding peak-pressure results are that the pressures recorded with tourmaline gages
may have decayed too rapidly or that the Wiancko gages may have exhibited hysteresis during the
recording of the shock wave, or both. Since several effects, although cach may be small, may
cause the pressures recorded witn tourmaiine gages*'to decay too rapidiy and since hystéi csis
in the Wiancko gages, although small, may cause the recorded pressures to decay too slowly,
it is surprising indeed thal the diilerence between the Impulse comparison (97 per cent) and the
peak pressure comparison (94 per cent) was 85 swall.

Although no accurate measurement of the mean frequency (gage submerged and under
hydrostatic pressure) of the Wiancko gages was possible immediately before and after the
Wigwam shot to determine the “permanent™ change in frequency, comparisons of the hydrostatic
calibrations before and after the shot showed that the mean frequency (at atmospheric pressure)
changed by 50 cycles or 1¢ess on all yages but one. This particular gage, which gave a higher
value in the momentum comparison (106 per cent) than was ohtalned tor Wiancko gages on the
average, produced an incroase of 375 cycles In the niean frequency. Hysteresis in the Wiancko
gages was again observed jn the hydrostatic calibration after the Wigwam shot. The magnitude
of the hystcresis was approximately the same as that discussed above.

8.3.4 Wigwam Signal Ris¢ Times on Wiancko Gages

The rise times recorded with Wiancko gages on the Wigwam shot were between 1 and 2
msec. The accuracy in reéading the rise times was determined primarily by the time resolution
on the pressure-time records, which was abaut '/; msec, These rise times were large com-
pared with those recorded in the shock-wave performance tests, the increase in the rise times
being caused by the filter uied In the playback equipment. This filter was necessary In order
to reduce the high-frequency components of flulter and noise recorded from the magnetic tape.
Although the slow rise tim¢a caused an error in the recorded peak pressures, the results
entered in Tables 8.4 to 8.0 were corrected for this error by reading the peak pressure at the
intersection of the line representing zero time and the extrapolated straight line on the con-
structed log pressure vs time plot.

8.3.5 Damage to Wiancko Onges

The 22 Wiancko gages used on the three YFNB stutions were calibrated and examined for
possible damage after the Wigwam shot. Four gages were found to behave erratically durlng
cclibration, but only one of {hese failed to produce a pressure-time record. Broken wire leads
at the pin connection in the glass seal and a shorted power-supply lead caused the gage oscil-
lators in three gages to stop oscillating during calibration.

Although these three giages produced what seemed to b 2 pressure-time curve without
distortion, one of these gages recorded a very low peak-pressure value (90 per cent) but a
high value of momentum ({10 per cent) when compared with values obtained with the tourmaline
gages at the same position, The gage that failed to record pressures produced a gage-oscillator
signal that varied considerahly in amplitude and frequency during callbration. The gage cases
and seals held up very well for there wag no evidence of water in any of the gage cases,

*These effects are ligenssed in the tourmaline gage section In Chap. 5. The Wiancko gages
did not show these effects :and were capable of maintaining the frequency constant (within the
lmits of stability of the oyelllalor) when the applied pressure was held constant.
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8.3.6 Other Electronic Pressure-Tiwe Gage Results

Since the electronic pressure-time gages were considered to be the primary instrumen-
tation, with the ball-crusher gages and mechanical pressure-time gages ag backup instrumenta-
tion, most of the electronic gage results are discussed in Chap. 9. In general, however, coa-
clusions about these gages may be summarized as follows:

1. Both Wiancko and tourmaline gages were rugged, and they operated satisfactorily.

2. They gave peak-pressure results which agreed without correction to about 6 per cent.

3. Agreement between them on impulse measuremenis was within 3 per cent, on the
average.

4. The Wiancko gages apparently remained stable to within 50 cycles of their mean fre-
quency or to within about 2 per cent of their full-scale deviation.

5. Wiancko gages reco :ded rise times of about 1% msec on Wigwam because of playback
limitations; however, they viere capable of rise times as fast as 0.3 msec on high-explosive

clals vhere the playback did not limit the response.

6. Tourmaline gage cable signal was estimated to be less than 0.2 per cent of the recorded
shock-wave signal on Wigwam.

7. Dynamic calibrations of the tourmaline gages gave values agreeing with static calibra-
tions %o within 7 per cent. These dynamic calibrations were used.

8. Other effects from which tourmaline gages suffer, such as high- and low-{requency
distortion, pyroelectric effect, and first-time gage effect, were negligible as determined by
ﬂelfl and laboratory tests or were corrected for by suitable calibration or aging techniques.

REFERENCE

1. R. R. Brockhurst, Predictions of the Effect of Refraction on Peak Pressure and Duratica of
Explosion Pressure Waves, Woods Hole Oceanographic Institution Report §4-14, March
1955,

ce R B

» K megaas
W - - r‘} 1Y

a.s'?ﬁg.'zs: =pee ;ﬁ:;‘i D DAT;-va}

A e S0 e '?"‘-A-K_N bl

CONFIDENTIAL




- - e e e, e - [ -
- - - S A kM — AR -m « W <o e e~ —am .

COMEINTHTIAL

CHAPTER 9

ANALYSES

9.4 INTRODUCTION

The purpose of this chapter is {0 present a brief analysis of the data obtained by Project
1.2 from Operation Wigwam. The data discussed in this chapter were presented in Chap. 8 and,
where appropriate, were limited to the 1000-ft gages located at the instrumentation stations on
the YFNB’s 12, 13, and 25. It was fell (hat the data from these gages (rather than those at
more shallow depths) were the only data capable of providing frec-field information since they
were, by comparison, rejatively free from such phenomena as reflection and refraction effects.
In other portions of the discussion, data from shallower gages and other stations were used.’

9.2 PRESSURE VS DISTANCE CURVES AND TNT EQUIVALENTS - -

Figure 9.1 shows the peak-pressure measurements obtained at the three YFNB stations
for the individual 1000-ft-depth gages. It should be noted that the pressures obtained from the
Wiancko gages were usually lower thin those from the piezoelectric gages. It is believed that
such a systematic difference, althouyh not thoroughly understood, existed fairly consistently
whenever the two types of gages were used dynamically. In other words, as was discussed in
Sec. 5.1.8, if pressures measured during.a dynamic calibration of Wiancko gages were calcu-
lated on the basis of static calibratinn data, the piezoelectric gages read higher by about 10
per cent. If the dynamic calibration procedure was warranted at all, it was necessary to dis-
regard the differences resulting from the use of the static calibration constants (or curves)
and use the dynamic calibrations, «i least for shock peak pressures. At the time of writing,
there was no firm conviction that the Wiancko pressures were “right” and the piezoelectric
pressures were “wrong” or vice versa; however, since many of the data were to be compared
directly nr indirectly with TNT effects, it was decided arbitrarily to consider the piezcelectric
measurements as “correct” and to adjust the Wiancko Wigwam data, which had been calculated
by the use of static calibration constants, by correcticn factors* that had been determined during
the dynamic calibration process. The choice of piezoelectric over Wiancko measurements was
justified since the great bulk of high-explosive data on underwater shock pressures was de-
termined by piezoelectric gages and many empirical relations for pressure and other quan-
tities were based on such data.

Tables 8.4 to 8.6 give the Wiancko pressures before and after correction.

‘The equivalent value of 46.2 % 10% 1b of TNT to produce the same measured peak pressures
as were found in Wigwam was obtzined by taking the geometric average of the measured

*These correction factors arpw.lred o be 4 or 5 per cent .00 large in view of the actual

Wigwam resuits.
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pressures for the 1000-ft-depth gages al the YENS-12 and YFNB-13 stations and then com-
putiog the squivalent weight of TNT by lsserting it in the empirical TRT equation:®

P=z..16xm‘(!rj)w or '=x-’ ﬁ)“

where W is the weight of TNT in pounds, 2 Is the pressure Ia pounds per square inch, and r is
the slant range in feet. The pressures obtained at the YFNB- ™ stati.» were not used in this
determination because it was thought that, at this greater dist .ce¢ ci .o would be Introduced
{rom refraction effects (see Sec.9.8).

Figure 9.2 shows how the averaged (geometric) data from both the NRL? and the deep NOL
stations compare with the computed 46.2 x 10° Ib of TNT pressure line.

At this point it was of interest to investigate the TNT efficiency of the Wigwam shot as far
as pressure-distance relations were concerned. In the Project 1.2 preliminary report a value
of 40 x 10°1b of TNT was presented; however, upoa rereading the data and faking account of
varjous instrumentation errors discussed in previous chapters, the value of 46.2 x 10% 1b was
found to be a more accurate figure. This figure corspares extremely well with the equivalent
TNT value of 45.76 x 10° Ib predicted by Snay in reference 3. In October 1955, at 2 meeting of
Project Officers in San Francisco, the {ollowing radiechemical yield ﬁgures were given:

LASL: 32 metrie kt

NRL: 34 metric kt} Radiochemistry

ARF: 30.5 metric kt Hydrodynzmlc : ’
where 1 metric kt equals 2.205 x 10% 1b of TNT at 1000 cal/g. Alternatively, £ metric kt equals
10" g_cal or 4.2 x 10" eres. Informa? talks with Pzler King of NRL revealed that the difference -’
between the LASL and NRL figurec arose not from a difference in experimental procedures but
{rom the fact that LASL incorporated a number of correction factors unavailable to NRL and
based on LASL’s extensive experience in this work. Therefore the “efficiency figure™ for
Wigwam which may be defincd as

Yield (shock wave)
Yield (radiochemistry)

becomes

46.2 x m' 46.2% m‘ oss
32% 2205x 108~ 70.6 x 10°

9.3 ENERGY AND IMPULSE VS DISTANCE CURVES

Reference to Fig. 9.3 shows the relation existing betwecn the measured energy at each of
the YFNB locations and that which would have been obtained if 46.2 x 10° 1b of TNT had been
detonated. The shock-wave energy (strictly speuaking, this is the shock-wave energy {lux) for
46.2 % 10% 1b of TNT was computed from the cmpirical relation’

1 A 2.4
Eqyr = 244X 10% (W) ( )

where W is in pounds of TNT, r is the slant range in feet, and E, which is integrated out to a
time equivalent to 6.79, is in inch-pounds per square inch. The experimental points on this
graph are again the geometric averages of the energies measured by cach of the 1000-ft-depth
gages.

Since surface cutoff made it impossible to measure the energy out to 6.78, an equivalent
TNT energy line, which is shown adjacent to c¢ach of the dala polnls, was obtained by deter-
mining what the TNT energy would have been if it had been measured orly out to the same
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Fig. 9.3—Averaged Wigwam shock-wave encrgies measured 4
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time, i.e., to the same number of 8’s, as each of the 1000-{t data points. Tte curve showing
t5e relation of the total energy vs the number of 8's to which the measurement was made is
shown in Fig. 9.4. This correction procedure is bzsed upon two arbitrary assumptions: (1) the
curve showing the percentage of total ensrgy vs the time to whick the measurement was made
is the same for TNT as for HBX-2 (the data from which the curve in Fig. 9.4 was compiled)
and (2) that the shape of the underwater pressure-time curve generated by tL: Wigwam bomb
was the same as that produced ky TNT. It is, at present, thought that there will e no essen-
tial differences between the energy-9 curve as obtained from the HBX-2 data and that ob-
<aincd from TNT. Indications are, however, that the pressura-time relation, 224 hence the
total energy obtained In a nuclear-generated shock wave, may be different from that obtafned
from a TNT-generated shock wave.

In the range from 1000 to about 15,000 psi (the usual range of measurements), the shock
wave from a high-explosive detonation decays exponentially out to a time equal to or greater -
than the time constant 8 (as defined in Sec. 9.4). The decay of Wigwam pressure-time curves
could be examined only for the deeper gage positions where surface cutoff did not occur until
a time at least as great as 8. For these deeper gages the shock-wave decay was similar to
that of a TNT shock wave at the YFNB-12 position. At the YFNB-13 position the shock-wave .
decay rate deviated from the initial 8 value at a time equai to about %9 after the péak pres- -
sure; at the YFNB-29 positiop the deviation occurred even earlier.

Similarly, the shock-wave decay rate of TNT perhaps deviates from the initial 6 values
at peuk-pressure values of about 500 psi since an analysis of high-explosive data on the re-
1ation of the duration of the initial exponential decay rate relative to the value of 8 in the range
1400 10 15,0C0 psi indicates that this deviation is possible. However, since no high-explosive
data are readily available for direct comparison in the pressure ranges measured at the YFNB- .
13 and YFNB-29, the TNT and Wigwam integrals at the two greater distances are not neces-
sarily compa"able In other words, if TNT pressure-time curves at all pressure ranges decay
exponentially to at least a time 9§ at their original decay rate, then Wigwam pressure-time
curves are not similar to those from TNT. However, it 15 eniirely possible that the decay
characteristics of TNT pressure-time curves for pressures less than 1000 psi are not similar
to those of TNT at pressure ranges above 1000 psi. If this is so, then the Wigwam decay char-
acteristics may be similar to those of TNT. in either case the effect ui refraciioz on the
Wigwam values has to be considered.

Because of these considerations, it ts considered colncldentgﬂ that the measured energles
fall so closely to the theoretical 6.70 line for an equivalent amount of TNT (as determined from
peak-pressure measurements). Since no account has been taken in the above analysis of the
possible effect of refraction (see Sec. 9.8), the agreement may even be more coincidental than
it appears at this time.

Figure 9.5 shows the comparable impulse-distance relation which existed at the three
YFND siatlons. The construction of this curye followed very closely the same procedures as
were outlined for the energy-distance curve and was based upon the same assumptions and
limitations. The equation used for the reduced impulse from TNT was

wy 0.8
= Y [~
ITNT = 1.46W ( r)

where W 1s in pounds of TNT, r is the slant range in feet, and I is the {mpulse 1n pound-seconds
per square inch.!

The curve showing the relation of the total impulse of HBX-2 vs the number of 6's to which
the measurement was made is shown in Fig. 9.8,

9.4 TIME CONSTANT (6) VS DISTANCE CURVE

The data plotted In Fig. 9.7 indicate a rather wide variation between the measurcd time
constants and those which could be expected if the Wigwam bomb had been equivalent to a TNT
detonativn of 46.2x 10% 1, The equation for TNT whu:'x was used was
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where 6 is the time in milliseconds for the pressure {0 fall to 1/e of its peak value, assuming
that the unhal decay was maintained out to this time; W is ia pounds of TNT; and r is the slant
range in feet.t

The NRL values of 8 which are plotted in Fig. 9.7 are the geometric averages of the data
given In reference 2 for each slant distance. On the other hand, the NOL 6 values are the
averages for the 1000-ft gages on single strings. To gee if 6 varied with depth in any simple
fashion, some rough plots of 8 vs depth for each YFND string showed that § seemed largest at
about 300 ft and smallest at 500 ft, with tke values at 200 ft and shallower and at 1000 ft falling
between the 300- and 560-ft values. Jt was suggested that, if refraction were indeed causing
this variation, then large ¢ values should correspond (o small peak pressures and vice versa.
To test this, p/0 vs depth was plotted for each string; but these values also varied with depth,
with a sharp change in the curve at 500 ft. At any ralo It was concluded that the discrepancy
might well be attributed to refraction effects or to a real difference between the nature of 2
TNT blast and that produced by the Wigwam weapon a8 discussed above. It is well ‘o remember
the fact that the experimental detérmination ¢f 9 i3 made graphically and is subject to error, -
as can be seen by the scatter in the values of 9 presented In Tables 8.3 to 8.6. For this reason
no great reliability can be placed on the accuracy of those values; however, it might be noted
that ghe differences become somewhat smaller at the closer-in stations (those measured by
NRL®).

9.5 BUBBLE

From the electronic pressure-time gage records It was possible to speculate about certain
bubble characteristics. The following information was desired:

1. The bubble period {or each pulsation.

2. The bubble migration between bubble minima,

3. The amplitude of at least the first pulse.

4. An inter pretation of the wave shapes observed {n the various PUISCG' :

Measurement and analysis of the data showed tho above items to be interdependent. For
example, a knowledge of the shape of the first bubble pulse was needed in order to measure
either the period or the pressure. Some correction ws made for the fact that the gage loca-
tion affected the magnitude and arrival time of the surface cutoff on the bubble pulse; however,
no correction to “free-water values” was made for tho fact that the bubble migration affected
the shape of the pulse,

9.5.1 Bubble Period

The electronic pressure-time gage records of tho fjrst bubble pulse showed a sharp-
fronted wave at the end of a long, gradual rise in pressure (Fig. 9.8). Shortly thereafter the
negative reflection of the sharp-{ronted wave from the gurface was evident (see Fig. 9.8a).
Since there was some doubt that the sharp-fronted wave nccurred at the time of the bubble’s
true minimum volume, the bubble pulse as it would appear at the recording gage if no surface
reflection were present was reconstructed using the point-by-point system described on pages
381 and 382 In Cole.}

The usual problems of bubble-pulse reccastructfon were present in abundance, plus those
introduced by additional pressure pulses from cavitatfon closures during the negatlve phase
fol'owing the shock wave. It should be remembered that an additional reason for the low over-
all accuracy of the bhubble reconstruction was that the Wiancko gages supplying the records
used in these reconstructions were responding to trangient pressures which generated signals
almost at the noise level of the recording system during most of the bubble pulse. The records

o
e
1 4
gty

!"‘\f‘ read were selected on the basis of the d-¢ resporse of the Wiancko gage. The recording systems
;_“\b\ used with plezoelectric gages were thought to have poor response to negative pressures, and
o ‘
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furthermore it was not desired to have to consider gag:a timezonstant effects in the bubble-
reconstruction work. Actually, some of the piezoelectric gage channels might have yielded
good data, but it was not considered warranted to expend the large effort required to read all
the plezoelectric gage records available. One piezoelectric channel was interpreted as a
check; it had a high sensitivity and was designed to yield a large bubble signal. The bubble
records were reccnstructed by applying corrections for the increased math of the rcflected wave
over the direct wave and for drift due to incorrect assumption of the hydrostatic level. Figure
9.8b shows a bubble record before and after reconstruction with correction for drift. Figure
9.8c shows the corrected base line, and Fig. 9.8d shows the completely corrected reconstruc-
tion. The corrected base line slanted up or down because of the repetitive addition of a small
error, depending on whether the assumed hydrostatic pressure was Iow or Mgh. If the negutive
retlection from the surface were acoustic, the entire pressure-time history starting with the
shock wave could probably be accurately reconstructed; however, this was not the case, De-
cause of nonlinear cutoff the negative phase was distorted, and the reconstruction of the bubble
was affected by reflections and nonlinearities which carrled over from the shock wave and the
negative phase. .

Selection of the points between which to draw the corrected base line was based on changes
in curvaiure of the reconstructed record relative to the assumed base line. The point after the
peak of the bubble pulse where the slope of the reconstruction was about constant, either upward
or downward, was selected ag the second point; and the assumed crossing point (Fig. 9.8b) was
selected as the first point. On most records analyzed, the second point was found to occur.as °
long after the bubble peak as the first was before the peak, indicating a reasonable symmetry
of pressure on either side of the peak, except for the sharp-fronted wave, No attempt was
made to correct the reconstruction for the effects (if any) of bubble migratiom.

The reconstructed pulse showed that the sharp-fronted wave occurred slightly before the
time of the bubble’s minimum volume. From the reconstructed pressure-time history it was
apparent that the sharp-fronted wave was of lower net amplitude than the nxain bubble pulse,.
and, although the former did reach the greater pressure, it was not nearly so significant as it
first appeared. Table 9.1 is a summary of the various pressures measured on the first bubble
pulse,

By use of the reconstructed bubble pulse it was possible to correct the bubble period
{ts — t;) as shown ir Fig. 8.12 by the quantity C, (Fig. 9.8d). These corrections are listed in
Table 9.2. An additional correction, C,, which is caused by the migration ol the bubble and the
difference between the propagation velocity of the bubble pulse and that of the shock wave (bo-
cause of the different paths and pressures), also is shown. The sum of Cy + Cy = ty3. The aciual
time between the explosion and the f{irst-bubble maximum pressure, the so-called *“bubbl¢
mintmum,” is considered to be the corrected first bubble period shown in Table 8.2 as ty;. The
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";\.‘: average value of this for Wigwam was 2.878 sec, uncorrected for the presence of the ocean
'.-_-;:, surface or bottom (reference 3, Sec. 3.3). From this was calculated the equivalent TNT yleld,
H-_: in termis of the butdle period, using the relation
fl} wh

.Y} : = ——
o T =436 e
F; .
h‘&; where T is the pericd of oscillation ia seconds, W is the charge welght In pounds, and £ is the
:‘ N depth of the charge in feet.! This gives a value of W equal to 53.6 x 10° 1 of TNT. Finaily,
N from the relation®
"N
':\: wh
%18 A =128 ;-
e max T(H+ 33N
e . W
‘-:‘_‘- the maximum tubble radius (A,,,,) was computed ta be 375 ft. These data agree remarkably
::.-,: well with the predictions of reference 3, namely, T = 2.88 sec and Anmax = 376 &,
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The sharp peak on the first pulse may be analogous to th= "ancmalous” pulse often en-
countered in conventional explosives testing, which may be causéd by a jet of water rising
through the bubble and impinging upon the top surface of the hubble from within. Such an impact
would tend to unstabilize the bubble, perhaps leading to irregular Jater pulses.

The later bubble periods were measured without correction (Table 9.3); their peaks were
assumed to be at the time of maximum signal. They are shown 48 t3; and tgy and are equal, re-
spectively, to (ty to ty3) — (t; + ¢, and (tye to tyy) — (tyy to tgy). The range of values of the second
and third pulses was caused by the fact that their maximum »ignil was diffuse and complex and
5o actual peak seemed to occur. The points selected were chiosen only because they were de-
tectable at several gage.stattons and appeared about In the raiddic of the disturbances caused,
respectively, by the second and third pulses.

9.5.2 Bubble Migration

If the arrival time of a definite pressure transient is known at various gage locations on a
string and if certain other data are available, it is possible to calculate the location of the
source of the transient. Each bubble pulse displayed discontinuities or plps of sufficient
sharpness to permit ranging if the arrival times and other data were known with suificient
accuracy. In this case the effective base line for the ranging did not exceed 975 ft, the maxt-
muin distance between gages on a single string. If the discontinuity were reflected from the
water surface and i the resulting negative pressure were identifiable on the record, an
effective base llne over twice as long (2000 ft) would be availabl¢, Only the fivst of the bubble
pulses provided such a reflection.

An approximate formula has been derived for either method of calculation using the follow-
ing data: -

a = distance, in feet, between gages or gage and image gage
V, = velocity, in feet per second, of propagation from sourcc {0 nearer gage
V, = velocity, in feet per second, of propagation from source to farther gage (or 1-iage gage)
m = horizontal distance, im feet, from source to gage line

2_[Y2_ )(Vz ) ? z( ?_E_) 2
as:\/a (V} !+v‘m 7] 1m.+Vz A+Vz a

V 14718 via

V, Vlm
where A is the time Interval, In seconds, between the arrival at two gages on a string or be-
tween the arrival of the positive wave and its cutoff at one gage and X is the depth, in fect, of
the source from the nearer gage; X is negative if the sou.rce is above the nearer gage.

Application ol the above formula involves several quantitieg, all of which were approximate
and some of which were derived from measurement of the shock~wave phenomena. The distance
between two gages on the same string was known to better than { per cent; however, the dis-
tance between a gage and its image was not known so well because the gage line may have been
inclined to the surface and the actual depth of the gage would be uncertain. The horizontal
standoff was determined by arriral time and sonic ranging of the shock wave (see Chap. 7).

If two gages were used, the slope of the gage line was Lmportant since the minimum standoff
was roughly six times the base line (975 ft was the maximum between gages). Error in the
horizontal standoff was important in all cases because, in the equition {as used here), the

depth (X) was a function of the sum or difference of large numbers or thelr squares or products
and most of the numbers were of the same order of magnitude, {li¢ accuracy of the two propa-
gation velocitics used was rather low.

These propagation velocities were estimataed by calculating the average sound velocily
from an assumed source of the pulse to the gage and then correcting thls velocity to take account
of the fncreared velocity associated with the pressure of the pulge, Successlive approximations
of the path {or source location) weve made until the calculated and assumed positions of the
source were reasonably close together.

The equation is:

X-s
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Table 9.3 —VARIOUS TIME INTERVALS MEASURED FOR .
BUBBLE RANGING (INTERVALS IN SECONDS)
Description YFNB-12 YFNB-13- | YFNB-29

ts . 1275 .08k .0535
t6 1045 068 03717
t5 (1000 gege) -tg(200* gage) Ok
t5 {1000* gage) -t5(100* gage) .030 .010
t10 (1000* gage) -tjo (200' gage) | .017 '
t10 1000* gage) -tjo (100' goge) . 01 |
t11 (1000* gege) -ty1 (200' gage) | .008
ty3 (1000 gage) -t;; (100' gage) 011 *
tyo (1000* gage) -ty (200" gage) .008 -
t1o (1000 gage) -t,, (100 gege) ° 0L »
ti3 (1000* guxe) -ty (200" gage) .007
t13 (1000° gege) 33 (200" gage) 012 »
t16 (1000° goge) -tyg (200° gege) 012
t16 (1000 gage) ~ty6 (100 gage) 024 *
ty7 (1000* gage) -ty7 (200" gage) [ .005
tig {1000* goge) 47 (100" gage) .005 »

A * |+ Pip not identifiable at shallow gage.
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9.5.3 Bubble-migration Results CU\I -0 ENT | IAL

The ranged depth, 1000 + X, was determined by use of the cutoff times from the first
bubble pulse, as measured at the 1000-ft gages on the YFNB-12, and the following data:

a = 2000 ft
Vy = 4894 ft/sec
= 4936 ft/sec

» m= 5560 ft

A = 0.1045 sec

This gave X = 594 ft, and a ranged depth of 1594 ft; hence the migration Was about 400 ft.
Alteraatively, by use of the arrival times at the 1000- and 25-{t gages cn the YFNB-12,
the ranged migration was downward; however, when account was taken for an assur-ed slope
toward the charge of 40 ft per 1000 ft in the gage line, the migration was calculatedt. > 70 ft
upward. The-expected errors in this case were so large that further calculations werw. con-
sidered futile. Similarly, any raaging cf the later pulses would be hopelessly inaccurate. It
should be roted that only the source of the sharp pip was ranged. This does not mean that the
center of gravity of the bubble had migrated 400 ft.
The time intervals in Table 9.3 are given to illustrate the reason for abandoning the
. ' computation of the later migrations of the bubble. As later and later pips were considered,
Y .. the intervals became increasingiy smalier (which indicated migration in this case) and the
. errors in the measurement of time increased, as did the uncertainties in the calculation of the
propagatnon velocity. The angle of the gage string became important when the surface cutoff
was unidentifiable. To check the method, the location of the charge was calculated from the ty
values measured at the YFNB-12. V; was used in measuring the location of the gage in the
.sonic ranging method. It was used again here. V,; was calculated using the same method as that

~~f > [
': -AIJ/{

s used in the bubble ranging formula, from which the depth of the charge wag calculated to be
g 1950 ft. A difference of only about 25 ft/sec In either propagation velocity would have made a
i difference of about 50 {t in ranged charge depth. A 1-msec error In the arrival time would
.. have yielded an error of 18 ft. At best, it scemed that this approach to ranging was good to
about 50 ft in depth; at worst, the errors ran into hundreds of feet and the method was wseless,
9.6 BOTTOM REFLECTIONS AND LATER BUBBLE PULSES
9.6.1 Description of Records
The Project 1.2 electronic prescura-time records showed a fairly large number of com-
plex waves following after, but not adjacent to, the first bubble pulse. After careful comparlson,
certain wases or plps were identified on gage records at all YFNB's and at all depths on each
string, except that some of the points were unidentifiable at the shallow gages on the farthest
YFNB (YFNB-29). Although there were many other identifiable points associated with those
selected, represeniative members of each wave train were used. For example, even though the
" points at ty, t;;, and t;, were prominent and easily followed, no particular significance was
attached to their individual characteristics. On the other hand, the pressure waves at t, tg, and
ty, represented different phenomena, and their arrival times and amplitudes were significant.
The arrival times of various pips at different places are tabulated in Table 9.4. The
arrival times at the 1000-ft gages on the three YFNB's are plotted in Fig. 9.9. It can be seen
that most of the pulses arrived from the direction of the charge since their times of arrival
fall on lines nearly parallel to that of the initial shock. Three pulses arrived from almost below
the array, and they have been identified as bottom reflections of the shock wave, The shock
wave, first bubble pulse, and second bubble pulse were clear and distinct, and, although the
;"*‘_:"’: second pulse was irregular in amplitude, it followed at a logical time. The pips tentatively
AW identified as the third pulse {t;; and t;;) seemed to have the same characteristics as those of
L‘-:‘.:x, ’ the second pulse, although they were weaker. Following them was a dip in pressure which has
*: -\‘.:{. not been identified, and it persisted about 0.7 sec. The arrival of the center of this dip is noted
(..1'-_ .
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in Fig. 9.9. The time of the dip did not seem to correspond exact'y with the venting of the
bubble or the origin of the plaume observable in the surface-phenomena photographs and movies,
However,, the surface phenomena deep inside the spray dome and plume are not weli under- ...
stood, and the phase f the bubblz at venting was uncertain; thereiore the dip may have actually
origimated then.

Careful Interpretation of the bottom-reflection data indicated three things: first, the
bottnm was irregular, slopizz downward from SZ toward the YFNB” ; second, there were
several significant layers in the bottom; and third, all significant reflections were from the
Initial shock rather than the bubble.

9.6.2 Structure of Sea Bottom

Using arrival times and the shock-relocity structure of the water, it was possibie to
ascertain the distance and the direction of the image of the charge in the bottom by a process
of ranging. In order for the arrival times (t,) to check and to have the source correspond with
the charge, il was necessary to postulate a sloping bottom at the depths shown in Fig. 9.10,

In order to account for the major peak (tg) following the first arrival, a subbottom as shown

was necessary. To account for the last observed pulse (t;;), a deep subbottom was postulated.

Alternatively, ty could have been caused by the first bubble pulse, but, if the bottom was as . ’
. postulated for the shock-wave reflection, the bubble pulse would have had to originate at a

depth of 7000 ft. The bottom topography represented in Fig. 9.10 could be reconciled with the

bottom contours supplied by Project 2.8 in its preliminary version of reference 8 if SZ were

displaced about 10,000 ft from their stated SZ on the 020° contour away from-San Franciseo. .

The layers and associated arrival times have lentatively been identified as sediments {t),
basalt (t;), and ultrabasic rock (t,,). The thickness of the basaltic rock could have been about
21,000 ft if the propagation velocity in it were about 22,000 {t/sec. .

Figure 9.10 shows the position of the bomb relative to the Project 1.2 electronic gages
and the bottom. In addition to the bottom, subbottom, and deep subbottom proposed because of
tr, ty, and ty,, there was some evidence of layering within the various major layers. For

. Instance, there were noticeable pulses occarring after t;, which could account for a bottom

were partially masked by the surface cutolf of preceding pressures and were not identifiable at
enough gages for good ranging. It should be pointed out that there were discrepancies in the
times of arcival or time differences for t,, t,, and t,; which were probably caused by inaccu-
racies in the record reading and method of obtaining a time base. There were enough coherent
data to establish the identity of the three reflections that were studied.
The data on layering given here depend on reflection from one small area of bottom. For

* cowparlson, three estimates of bottows structure are included in Fig. 9.10. The first! applied
to the Pacific Ocean between New Guinea and Berkeley, Calif., and was obtained by studles of
Love-wave dispersion of earthquake tremors. The velocitics given are shear-wave veloclties.
The second® applied to the Nares Basin in the Atlantic Ocean northeast of Puerto Ricd. The
velocities given are for a pressure wave. The structure was obtalned by the study of the re-
fraction of waves from a small explosion in the ocean. The last (Raitt, as quoted In referance 8)
applied to the Pacific Ocean between Hawaii and San Diego and was based on refraction studies
of earthquake tremors. Though the Project 1.2 data did not provide velocity data for the shock-
wave travel In rock ol any type, a reasonable structure resulted when velocities obtalned from
the refraction studies of Raitt were used in computing the position of the deep subhottom.

9.6.3 Slicks and Spray Domes

Several slicks seen in the aerial photographs of Project 1.5 have been identified with
pressure-time phenomena of known origin. Slick 1 was caused by the direct shock wave. Slick 2
was caused by the bottom reflection from the shallow sedimentary layers. Slick 3 was caused

e

':. by reflection {rom the decp layer. The esact arrival time and the pressure at the ocean surface
i probably varied from place to place, depending on the bottom topography. Slick 4, which was
N observable on some aerial volor movies, has not been identified on the Project 1.2 records.
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- & The movies did not show the \B area in sufficient detail to determine whetker slick ¢
A existed in that area.

Figures 9.11a to h show rough plots of pressure vs gage location. Figure 9.11a shows the
shock wave; Figs. 9.11b, d, and e show measured bubble pulses; rig. 9.11c shows the ficst
bubble pulse reconstructed, and Figs. 9.11f to h show bottom reflections. It may be noted that
the data in Figs. 9.11a and g may not agree to better than Z0 per cent with the shock-wave peak-
pressure values given in Tables 8.4 to 8.6. This arises from the fact that the values plotted in
Figs. 9.11a and g were read from the same records as those which were played tack so as to

= C?y;'- Aty

!
-,-..‘,:3 get the most accurate values of the bubble and reflected pressures. These latter pressures
:,;.‘.,:3 were low compared to the initial shock pressures, which on this playback fell so nearly off—
o, scale that they could not be read as accurately as when played back in the manner used to
‘-:}_,5 obtain the values tabulated in Tables 3.4 to 8.6, The only reason for rereading the initial shock

" pressures and plotting them in Figs. 9.11a and g was to present for comparison the values as
actually obtained from the same records as those used to determine the bubble and i eflected’
pressures. The significance of the initial shock-wave pressures in Figs. 9.11a and g is,
therefore, limited to rough comparisons with the corresponding reflected and bubble pressures.

The shock wave produced a spray dome extending from SZ to about 7500 ft, at which point
the pressure was about 550 psi with & vertical component of about 160 pst. Presumably any
pressure wave striking the surface with a vertical component of over 160 psi could produce a
spray dome. A vertical component of 160 psi.corresponds to a tensile strength of water (T) of

. 320 psi, which may he compared with the value of 300 to $00 estimated from coaventional charge
experiments using the same method of calculation. See Table IX of reference 9.

The vertical component of all bubble pulses was far below the minimum level for spray-
dome formation under the Wigwam conditions at the YFNB locations. The probable maximum
radius of the ﬂrst—bubble-pmse spray dome was about 3500 {t, based on extrapolated values of
the reconstructed bubble pulse (Fig. 9.11c). This was visibie as a higher but marrower spray
dome within the shock-wave spray dome. If extrapolation of the unreconstructed-bubble-pulse
peak pressure had been used, the radius would have been smaller. The later bubble pulses,
originating even closer thaan the first to the surface because of migration, would bave produced
even-smaller dlameter spray domes. No later bubble-pulse spray domes could be positively
identified on Wigwam since the shock-wave spray dome still covered a larger arca than the
maximum that any bubble pulse could have produced when they did exist.

Study of the bottom reflections, however, indicated that pressures from them Jarge
enough to cause spray or slick formation could exist at great distances from SZ. If the for-
mation of spray depends on the gross pressure wave rather than on the net portion remaining
after surface cutoff, then the reflection {rom the subbottom (Fig. 9.11g) should have caused
spray to form ahead of the YFNB-29, that is, slightly farther out {rom SZ. Examination of the
Project 1.5 records (J-4, 30-30 RKF 632) and (J-1, 30-30 MZF-72) showed a definite small
patch of spray 500 to 4000 ft ahead of the YFNB-28, an amazing and fortuitous confirmation of
the prediction since the patch was small in area and the total number of such patches was
small. It Is safe to say that the criterion of a 165-psi vertical component is good to 20 per

N cent under the Wigwam conditions. The only way that the maximum pressure in any spray
area caused by bottom reflection could be estimated was by calculating the velocity of a spray
droplct necessary to project it into the air for the observed duration of the spray. Since the
spray was retarded by air resistance, since visible patches of foam might have remained on
the surface after all the spray had fallen back, and since any spray phenomena might have
been caused by multiple or prolonged reflection, the estimated maximum values were probably
oo large. However, the peak vertical component in any patch was probably bracketed by the
$65-pst minimum value and the calculated maximum value. Several patches were measured
for duration, and the results are shown in Table 9.5, The spray numbered 4 is believed to be
located ahead of the YFNB-29.

The following formula used in these calculations was adapted from refevence 9.

- .n~..-2,u4— -

fak, hbdaioad

Cnsr ‘RES .z;crra 5‘}'.«.;

«'N LIRS
.- -.._,,{J L P -..._.ﬁ.h: \‘J

CON:-!DENTIAL

u,_' .

~

|
b4l




200

(1Sd) 3uNSsS3yd
AV3d 3LVRIXOYddV

" 225

:F:’,),.,,.,».—v-u,. Rt Rt S e v gy s e

{ICART - RES® MCTED DATA

;’. .-.x 2

Ko S e i 7

131 : : Sees
5 ros Rt S, 194 Sa e D T 1o Leelies
o YIRS SURRE N it
jed . sl iipiiey v IeELIEey
' f" . . .:n. ‘-\' i;L‘ :‘: ‘U €, c;:
It 1 1S 10000 RERSt rEed £8 I !
17 : 1 OO LS00 TSN S A R RRREA B g ;.Lf,.
1 ] i st ettt vege I NN S ITE
i ' 2 SRR L) [N AR
B EEn: o ee b S E32333T
it = fansd
5?5 vt deres »e »::--&-o:-o foosestose .‘:t: [+
4 *o e ee e
ixif'*‘ SEER e 138 f
.,!J...I. + e $rrite s o
M 14 4o o4
294uBND e oIl !
4 Fett .4 Sk i : hod
4335y ; n
® sad
Bttt SR et iy 35
o o o
< ] [ )
{(1sd) JNSSINg
g
- N
T -
HitHID RRithH b
11 < E
T o 2 ' . 2
b ' @« -
]
< &l 2 '3
o HHSY
Highi {0 g hl AT ']
1 11T i t"u £ o & -
> 4 3 et - o
f3iega ays «©
TR AT
cte] ;
SRR e e EEE » 3z
Feet e 14810 b faega | 4
[3e SN ggs ~
w1y £ o W 3
H- HEEE T §2 11ty u ‘g
LT LR A 1] n
: AT ~ oW
il 5
N iatiyat el H ! "
! 45 il e o &g
: 3L H Atistsisstibens z ] 5
4 A » s e fe 4 [+3
it baryaegssy Fe >4 - O
4 3 : H 3348153 2 oS
3 [igassagedas n 3 =
o Q [} x o5
o o o 8 £ a3
o ® - " % 3

AR R it Tl R it B

7 8 9 o 18
le pulse,

4
THOUSANDS OF PEET FROM SURFACE ZERO

Pig, 9.11b==Unsecorstructed fizsg bubb

1000+ftdesp gages oaly,




AT AL T R GO R T T O ARG L LR NS A S R AT IR AT A TR FATLSAATANLE

N T SR IR - . . — e A= . v . . . “
N S LT, ST IR LV PR PR - . " i 3 - A AL S o b ks
e aam o A s i hes i e oo e o e e e . — © em e o e
. [+
o =
(351823021 BESICE000 SIRDARRE K DG LT FELELER SN 0! T b o - - 8
1990005001 196300039¢ £94 4 L 1Y L bt '.V, P M N .
. 0000 (550088821 INSERCE Ra b Y i Y Ty b T -
R30S w .. RN NN M -4 NS IS R 5 L ]
. [3et W e 4 © M Tt . b 154 J1RES £l « or 1 : -
. Tl o T = SORERANREITT 10051 6.4 PSS PESEE Nt 19081 11! T 3
——-o] 3
ANt < O IRURE NN X PN L5210 FRREN 1L 00 e & b= 2.
T o w 3 RS RN N 151 $E I Vd it “
oroeseteie ¥ aas i R e g N sades o M o ) -
TTTTe] 33 73 & T A 23X 4
vee —e o sesvfeofs - — ] ° -y ®
1teitiites b330800¢ o st ¥ : < 3
hefes > 4 . ® n
. h H $350g by e
: et 3 - B
$orepe voe - + * w 8
= s P23 e v+ - 3
x e 7 » re vrt;»—v 11004 thaed | 9
[S0000004 Ir’ L0 0 s —1{ o4 N”;'#---ovv—v-o o sy ¢ ™~ '
[SeRnRasBe ke + . 444811 bed e
s eI o~ 1041 E8941 EEBO po b00es b1 "; o ]
IHONEI0N DONS” 26 34 2OBBE R ST 94 PER0E PRERY 100¢11 MM 1081 ] .
0o bt o -4
= a3l SRS can il 05 33 B34 3Es2 125 H 333 L4
331 133 ] Z . .
. , ’ A risfils : zZ e .
¥ oeren ey 3 1 o PR : cevs p-
be s fpadtny bedt] tiegs oty ®» wn
5 - { $ =3 S s si3sss it g D
3 . ° o . o0 0 0O o o o ¢ N
; o o oOa © ~ o 0 -
. _ o S Q& | r

-
.
X
*

N
roe)

(1Sd) 34nss3ud NﬂNl

X

s

-

» ..“
=

b

o v . .
Y , RIS e B e e Ko
s HHH =2 ] $3=2)
e H
N’ . : : SIIEERTY
* g
" isiviaomnpunasevaruye 1 -
vt ON
4 0000324004 00 1ee -
rovy + ’
ped v W é
rostereve b n | poper 2
1008864 B4 rrrit w b 4
ererrety rr T
ropy dpe bt < g 3
reeefre i1t 3
129583381 T 1961 t 2 v E 'é
1344 TETT T
LS50T LORTAR RN x 23
1 1124830881 SRS RRERAN o [
$4 v o .
i 1t rheciprs P 2w
1 R Ty T - - o0
Y Pt ey - &
v rhoer
. RHN iS4 ML R R N BT DS [ 293
Wi T T e v [ 3 T |
it ietsiaes] It teta T o A
Sw &F&
2a
. - > 8 o
o oegraproefoy. g o - ' L]
s33§3sa3anna "'/:'-' oSt P FI3ST SESA Fileaiet BUNYY ax
phaid g kool beand $hd g pulass
...-?a 130052331 $3024 22205 N o -
j2eseeese: e 90wt z j 2
: tegistond Sddddpnnnn; rerelor ety v < e 3
: $3854H / vosotorootie} [ s a
reesfioegponey !........ N-@L.. ! voovlrrry pehes > po1
trteerrretrenraty v ~ 3 3N
e tey * - (234 O oo
gttt z %3
LIt EEs M52 396 04
e e /@ =3
S ok
—’1\\7’?3\3{:&
) 1
i
¥

{iSd) 3uNsSsS3yd

. ] 228

- R .
X ;’SEC?!H < BT {RICTED. ra;s.?A :

et ke

Ve : ' ;..; d
NS . C o C'ﬂ ,ﬂch TIAL e :
N A ‘ _— N :
3 I3 . . N

e
;
“I] ‘
:

.q.,.
b,l
A
¥
t
.
.
.
.
.
.
1]
.
{
i
|

,l'l’

3



YT

IR

T

L]»:»E'Ji\ni‘ A

TeRTRERE
RRERESE WSS

D

-
I

T e

aa wes,

oot

PR A

(SR TS

s

A n a—— S A vn % e M WA A - o

*uon951y91 wonog——J11°6 “31d
O¥3Z 3JOV4UNS WOM4 1334 40 SANVSNOML

2 u o 6 8 L1 e g

]
1 t
. Y 839v9,008
I £ T A ¢ 1 2.
)3 y AREn3 i ey i ey
- J i
+ 4 P oy omromand . 'y -
g 4 o s v ot b n 4 —lmtm i
- ] 10 17 Y
TR - “
] p &1 .
v 1 Pd Y IR
L3 . ~
R | el il
R .\_A,-..\\.
L] 1 -f- - -
[ i ..\\ -
P N DY, ST Py partor prad o o
s o Ju b
I 3ng > "

£H s39v9 ,002-00! EEEEEESEHEE

02

og

1914

bl | ctmrmme mbo f wbs G o m b v d
m—bactambow aafl $Oue bmolanbm =0 & - bmd mpmfrng mbos mpmm
ey Ty Ly + P e S P e
— L )¢
e vow vambas [T T

=
prtipenbonii] pitetonpore futounprind i e P eirby

og

(1Sd) 3unsSsaud

*osmd a1qqnq PIUL—217°6 *B14

O¥3Z DVIUNS WON4 L334 40 SANVSNOKL

-1 oL e 8 L 9 S

R T :
IRAERENENN H !
-] {

-1 r, T it
srepddd
oy bl ma .u.,./, .
nk : 1 _K.w.. OUNY:
g 3 i »u»uw »».erf “Thie
s 1¥1134
Be ¢ IIXXXX) Lv,ﬁ.l FEX
e 1 ]
EXE s
AT H i
) .,..,:mm Hellre
IR RHE BRI HH B
ke e ol
M m.. X5 wx\ :
SHLd3qQ &
3oV il
.-.‘,,_uu.mv i $&% J.”.. .m
. : shepestties P boes, she
s e R phb e
RN RE NG I I3
HErEm T T

(o1}

oz

o

oy

09

{iSd) 34¥NSS3Yd ANMIXVYM

227

s e

oy,

o
£

«

%

5
A

JCTED DAYA’

24

pot)
i
o A=
L
M b
?«u."\
Y
o4
o
8y 2

S DA SN YA PN AN AN AN S

Lt
W

LY
o

LR ’\g‘\ w

y

v Ve Ca R IRE

2

atate gV

N

4

W

.y =
]

~

Al
>

Myt R
L BN N R

.

Y

ba

[N

.
S

¥

A




S -/ - S o/ e 7 ;. T e et R T e e T R s T e e N e T e v et T e T Fom Pl T e R et e Tl Semye T e Tt Y medame Tk A R e am LR T, R R A R M

e e . - ey v omnon swerm v e o g ox e n sam w - . R,

- . , - s s < N - -

IOOO ERZNE M EERE } > \—v=~3~{1!’;-'- i

DR I R EN s R

SHOCK WAVE = :
LPEAK PRESSURE [~ i -

(TOTAL) e My e

ESTIMATED MAX
SUB BOTTOM REFLECTION
PRESSURE ~SPRAY OOME =

500

400 SRS
“ZZ} VERTICAL COMPONENT, i
= SHOCK WAVE 7 - = e
200 FEAVF]  PEAX PRESSURE  [ERisEsi i 2 e
N - Xf—e e Swi st e oo
N--Li ] MINIMUM PRESSURE o feinis e
. s NECESSARY FOR v —
\i--| FORMATION OF SPRAY DOME EE
. ) . (VERT CAL COMPONENT) , R
~ 200 LT A o TR A o
= Faa EXRAE e B o e i % BB
a EEREHEE AN e L I : e .
I“:j fn oy % A\\,‘ ol g oy puy :ﬁg' " : + T=y={=== :
» 3 ey e e SREREs
@ hejel ,\\\- - é. 5 i = 4—- ;i
= N SO 4 M P B ol b i
- GAGE it il - f 4 =Lt
o =) M RS [ - ey
FHDEPTHS —cpH PREET P suB-BOTTOM  REFLECTION SF
i ERRENE - T PRESSURE (APPROXIMATELY EE] 'T

-t VERTICAL), (ELECTRONIC
PRESSURE TIME GAGES)

ESRESEITE

50 g i e e
500 R B Et Bt B

i Ml o= g e B Eemr e g B e B E

v Mut 4 LY
i Sy +
= .i.‘-. o s aimass o o] e
- S 100200 e ey o Pty vt i v P by s
o =1~ oA ¥ 1 M
.- 30 o Py " : prw o
- y '
. -1=1-% Eo 1
) of 00 PN yies : !

Rel iyt
b’ I’ .’"{Y"‘

4 1
i [ IR

5 7 9 " 12 ) 17
THOUSANDS OF FEET FROM SURFACE ZERO

P SRR P

'y
S e

. 2

Fig. 9.11g—Subbottom reflection,

5

A e
R

)
X
')

s
-

A

Tl
S&Cf{t'f SS»‘;C?EQ DATi

comfmfrm/**

i

Pl ol AL

2

(3
¥

LY

"). Pwr"‘
\ Jrae
D t;ﬁ, y.r

",
ik
'}"k."\""""u LSRN LA TR TR SAT M R P S et W T S 4L Cat e a a0 "% m_ N = o - 3w, om e,.a, e v w « s e v -

¥




it i Nt e AR LT

e e S A

AONEEIC SN0 IO L. O

" i L T TR MO A R AN AT R WA R L N L AN
tT

s aiin &, St

AR L RS INRAAS LIS SRS

T T -
-

N . . - NSNS

5\"'\‘.
Ny
IRy
A

i A e

e fopdialls gy g [] et SRy
s - i eeS ===51000° GAGES
50 bt ‘\.
v et
et YR ey e o
40 T ;A e Emr -
: III be b Sy o - =1
4. I
4 ; H " .Q 't ! ’L 1 : ; dal
Lt b P500 GAGES 1= 0 I
~ 30 £ r B ;
" o e e ooy A e
a e e & : ;
-~
o : :
2 -l
g 20 ey : = B "
w ? ""lr' 1t > t +
g i Il, - Ml i f ; 1 o el
s § -r= c._’,i + T i I' 4
= SATE]Ic0~ 200 GAGES £
ot Y " 3
H K:I:T. A : t 1
y B B :

7 8 9 w0 .
THOUSANDS OF FEET FROM SURFACE ZERO

Fig, 9,11h—Deep subbottom reflection,

=
T

Table 9.5 —CALCULATED PRESSURES FROM BOTTOM REFLECTIONS
CAUSING SPRAY PHENOMENA

Est. Radial
Distance, ft.

Spray

Start cf Spray
Rise, sec.
after Fiducial

Spray
Duration
s5ecs.

Mim.Vert.

Pressure

Component
psi

Max.Vert.

Pressure

Component.
psi

11,000
14,000
16,000
15,000
16,000
17,000
15,000
17,000

= N\ I 1D

6.2%
6.28
6.71‘
6.7h
6.90
7.82
7.03
T.12

25
15
32
.34
17
.48
1.19
A2

165
165
165
165
165
165
165
165

300
2o
340
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where t =time spray is in air, in seconds
g = acceleration due to gravity (322 ft/sec?)
pU = density times shock propagation velocity (68.4 for average sea water)
Pmy = n'aximum vertical pressure component, in pounds per square inch
T/2 = pressure required to overcome tensile strength of sea water (165 pst under these
conditions) .

9.6.4 Conclusions on Reflections and Bubble Pulses

The first bubble pulse produced a faixly smooth, rounded pulse with a sharp peak, provably
caused by impact of the lower and upper surfaces during some type of vortex action ia the .
collapse. The later bubble pulses produced multiple spikes, some of considerable amplitude
but with small energy content. The reflections from the ocean bottom of the primary shock
wave indicated good reflection from the bottom and from several lower levels in the rock.
Slicks and scattered spray patches subsequent to the primary shock phenomena were caused
only by the bottom reflections of the primary shock since their reflections approached the
surface at an angle such that maximum vertical movement of the water resulted. No surface
phenomena or bottom reflectlons from bubbles were detected beyond the region covered by the
spray dome from the initial shock. Considerable work on the interpretation of the spray
phenomena caused by the bottom reflections could provide data on the distribution of dangeroas’
pressure areas around deep explosions. This could probably be extrapolated to different types
of bottom and depths of water and should be considered In the lacticul use of tais type of weapon.

9.7 CAVITATION

Cavitation occurs when the tension created by the reflection of the shock wave from the
surface exceeds the sum of the hydrostatic pressure plus that of the decaying pressare wave
from the principal shock by an amount greater than the tensile strength of the water'. This
phenomenon, which is part of the formation process of the spray dome, has been observed
{requently In high-cxplosive axplosions®! and was indicated in the Grossroads Baker records
of the Untversity of Washington report™** where it was recorded to a distance of 3700 ft.B?
Wigwam records showed what appeared to be measurable cavitation out at least as far as
5600 ft, but it was most obvious on the mechanical pressure-time gages at 2900 ft.

The appearance of what is believed to be the cavitation pulse can be seen in Fig. 8.9, as
recorded on the mechanical pressure-time gages for several depths at a horizontal range of
2900 ft, and in Fig. 9.12, as recorded on a Wiancko gage at a depth of 500 ft and a horizontal
range of 5585 ft. Quantitative measurements from these and other gages on the sawe strings
are given in Table 9.6. Inspection of these figures and the table reveals that at the 2900-1t
string the cavitation period was first apparent about ’/¢ sec after the arrival of the initial
shock, arrlving first at the 100-ft depth. The pressure magnitude at this distance was from
% to Vz that of the primary shock. At the §600-ft string, the first cavitation arrivals were at
the gages located at depths of 100 ft or shallower. The magnitudes at this string varied from
less than %y to ¥ the pressure of the primary shock. The duration of this effect varied rather
widely, i.e., from 40 to 400 msec at the close-in string but only from 52 to 104 msec at the
5600-1t string. Before further consideration is given these data, it is tmportant to realize that
taelr precision is quite low because their characteristics made it impossible to select the
times of appearance and disappearance with much assurance. Furthermore, the pulses were
irregular in form, having multiple paaks. These characteristics probably arose from three
basic properties of the cavitation phenomenon:

1. Tt occurred over a widespread area, so that some gages may actually have been within
the cavitation volume.

2. The pulses that generated the pressure signals probably arese as portions of the cavita-
tion volume collapsed at different times depending on their thickness.

3. There was probably some surface cutoff of these pressures.
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The problem was further complicated by the ILQ hhft robably were localized
eavitation closures that produced spikelike pressures of durations too short for the gage to
follow. Such durations were indicated by the fact that the timing stylus of the mechanical gages
started a violent bouccing before there was any significant pressure rise and continued after
the pressure decayed to zero. The duration values in Table 9.8 for the mechanical gages rep-
resent the periods during which the bouncing of the timing reed stylus was appareat; however,
since there were no mechanical styluses on the Wiancko gages, the durations measured by the
Wiancko gages represented the iime during which # measurable pressure was on the record.
The net result of all these effects was t0 render impossible the accurate ranging uf the source
of the cavitation pulses, altbough an attempt was made to do so.

The technique tried was as follows (refer to Table 9.6): A plot of arrival time vs distance
was made, using NRL data irom the zero barge? and the NOL data from the YFNB-12. Between
the slant ranges of about 2000 ft, where the NRL data ended, and 5600 {t, where the YFNB-12
(NOL) data began, arrival times for the 30.5° ray were plotted from Table 7.3 (since this ray
corresponded most closely to the 2900-ft string). This enabled the arrival time of the initial '
shock at the mechanical gages at 2900 ft to be estimated. Such values were added to the ty ~t;
column to get the estimated absolute arrival time (t; - t,) for the mechanical gages. The value
of ty —t, for the Wiancko gages was calculated directly. A plot of absolute arrival times (tg —t,)

. was then made (Fig. 9.13). This seemed: to indicate the source to be at less than a 100-t depth;
but no exact ranging was warranted since it was unlikely that the arrival times plotted were
from the identical portious of the diffuse source.

Although these data are esgentlally only qualitative, it appears likely that the long-duratlon
cavitation pressures and their associated effects might.-be potent sources of damage to targets
reasonably close to the surface, where the primary shock suffers fxr »m early surface cutoff.

9.8 REFRACTION EFFECTS

Brockhurst, in reference 14, presents a number of predictions of the effect of refraction
on peak pressure, travel time, and pulse duration out to a range of 30,000 ft from an explosive
source at a depth of 2000 ft. Such refraction was assumed to have arisen from the presence
of a thermal structure in the water. Two such thermal structures, each typical of the Pacific
QOcean southwest from San Diego, were used as the basis for two sets of predictions. Although

. . the actual thermal structure as measured on Operation Wigwam (Table 7.4) was different from
’ each of those used hy Brockhurst, it most closely resembled the one designated by him as
MIT 408. The predictions based on his MIT 408 calculations were, therefore, compared with
some of the actual Wigwam data.

First of all, pressure contours based on this were plotted {Fig. 9.14). These were calculated
from Figs. 12 and Ia through Ii of reference 14, assuming a TNT yield of 43.8 x 10% 1b of TNT.
(As discussed in Sec. 9.2, a better equivalent to Wigwam would have been 46.2 ¥ 10% b of TNT.
However, Fig. 9.14 had been prepared before this value was arrived at, and in view of the small
differences between the thermal structure ol MIT 408 and the actual one, a revision was not
deemed to be worth while.) For comparison with this prediction, the Wigwam experinental data
were used as & basis for the contours shown in Fig. 9.15. Although they are by no means identi-
cal contour plots, it is obvious that the similarities between Figs. 9.14 and 9.15 are sufficlent
to confirm the predictions of Breckhurst qualitatively and perhaps even quantitatively. The
principal difference seems to be in the shape of the 1500- and 900-pst contours.

A second comparison of interest between Brockhurst’s work and the Wigwam data results
when the positive duraticas of the initial shock wave are plotted together as shown in Fig. 9.18,
On this plot, in addition to the NOL data from the YFNB stutions, NEL data from approximately
the same locations are shown. The straight line gives the approximate expected positive dura-
tion as a function of depth for a homogeacous medium, and the curved solid line is based on
Fig. 14 of reference 14.

A third comparison can be seen in Fig. 9.17, where experimental pressures vs depta have
been plotted for comparison with Brockhurst’s prediciion and with the pressures to be expected
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}‘;A; in a2 homogeneous medium. Although there were some differences, it is apparent that the
’\,rj. predicted refraction effect was substantially correct. Probably the principal evident difference
. “}}: was that the experimental pressure peaks occurred 100 to 200 ft lower than predicted. (The
A ri, Wiancko gage values used Ia this figure were not corrected by the technique described in Sec.
ey 9.1.)
e
{ 9.9 WIGWAM COMPARED WITH CROSSROADS BAKER AND CASTLE
T\
3:-.':‘ A comparison of the underwater peak pressure —distance cusves from Wigwam, Crosa~
,'.",-i . roads Baker, and several Castle shots is presented in Fig. 9.18, all reduced to 1 kt (radio--
A .{1 ' g chemical yield). The Wigwam data used in this graph, which are also givén in Table 9.7, were
i i :alculated from reference 2 and from Tables 8.3 to 8.6 by cube-root scaling from 32 kt
’ {radiochemical yield). The Crossroads data were calculated by cube-root s:aling from Table 6
A . of Enclosure C of Volume I of reference 15, assuming a 19-kt radiochemical yield. The Castle
™ :‘: ) data represent coarse averages given in Table 7.7 of reference 16. The straight lines through
] ::1.._‘ . the Castle and Crossroads data were fitted by eye. The line through the Wigwam data is the
,-.'_‘2:.' R frec-field curve (see Sec. 9.2 for the equation) for 1.44 x 10% 1b of TNT. This valve was arrived
‘.:.g-': . at from the data in Scc. 9.2 as follows:
AN ) .
o : Best TNT yield as fitted to data _ 40.2 x 10° 1b
-t Radiochemical yield 32 kt (radiochemical yield) )
{"L::-" : . =1.44x 10* 1b of TNT per kiloton (radiochemical yield)
“~ . . K . ‘
‘_-3,: Before further discussion of the significance of Fig. 9.18, the following few remarks on the
A nature of the Crossroads Baker and Castle data are appropriate.

e

Tl

As was stated in See. 3.2.5, the method of waterproofing used on Crossroads may have
affected the response of the ball-crusher gages. Because the tests made for Wigwam on water-
proofing did not simulate the Crossroads conditions adequately, it is impossible to say whether
the Crossroads data required correction. It is entirely possible, however, that Operation -
Hardtack, which is to be condncted under conditions similar to Crossroads, will provide a
definite answer to the question. In other words, on Hardtack it is planned o use some gages
waterproofed in the Crossrcads manner to obtaln data for comparison with data from gages
waterproofed in the Wigwam manner and from gages with no waterproofing. These results may
enable the Crossrbads data, which depend heavily on ball-crusher measurements, to be modified
and may lead to improved Crossroads underwater pressure results.

The Crossroads Baker shot was fired at about mid-depth (90 ft) in Bikinl Lagoon and had a
radiochemical yield of 19 kt, according to reference 15.
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;«‘:"}2 ‘The Castle data represent averaged values from four large surface shots (yields from 1.7
‘r&ﬁ to 15.5 Mi) as measured at various depths in the lagoon (180 ft deep). The underwater pressures
:.ﬁ"' as measured by both pressure-time and peak-pressure gages were of the order of magnitude of
‘e * the air blast at the surface of the lagoon. The origin of the peak value was sometimes selsmic

“rumble” and sometimes alr blast, but no true underwater shock wave could be definitely
isolated.

‘The principal point of inlerest of Fig. 9.18 is the indication it presents of the attenuation of
pressure arising {rom the presence of the top and bottom surfaces. As may be seen, the Wig-
wam points, which were selected to be as free as possible {rom reflection aund refraction effects,
fall along the TNT pressure-distance decay curve (slope 1.13); whereas the Crossroads data
a7, decay much more rapidly (slope 1.7). The Castle data, which are not indicative of true under-
water pressures or any other single phenomenon because of their heterogeneous origin, decay
with a slope of approximately 2. In addition to this, the region of conventional target Interest,
gay 600 to 1009 psi, extends out approximately twice as far for the Wigwam as for the Cross-
roads Baker geometry. As far as the Castle data are concerned, no expertmental points were
measured which even approacked this region of conventional target interest. Although this
graph (Fig. 9.18) only points cut the obvious, it may be of value to have on a single sheet a
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Fig. 9,18 —Crossroads Baker, Wigwam, and Castle underwater peak pressures vs distance, reduced
0 1 kt (radicchemical yleld).
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Table 9.7—PEAK PRESSURES VS DISTANCE, REDUCED
TO ¢ KT (RADIOCHEMICAL YIELD)

Range in £t for Pesk Pressure} Source of Data
{ 1 KT(RC) in PSI o
312 7000
X 347 5900 Ball Crusher Results at }
5 373 - 5200 Mid-Depth from Table 6,
S ko5 ‘ 4400 Enclésure C of Vol. I = |.
a 418 3200 "Report of the Technical
: S 582 2300 Director Operation
3 T72 1hoo CROSSORADS™, SRD, 1 Decs
11%0 o6 1946 {ralculated from
1386 560 " Yield of 19 KT(RC))
1870 330
olip 8586 Averaged Values (Geo~
304 6700 metric) from WP-1006 ~
378 4877 Operation WIGWAM -
455 h253 Project 1.2.1 “Free Fiex|
546 3384 Pressures, Station Zerd®d
g 576 3129 SRD, Dec. 1955 (Calcu~
9 592 3051 lated from Yield of
= 599 932 32 KT(RC))
95k 170 Average Values (Geo-
1710 951 metric) froz Teble 8.3,
2440 649 8.4, 8.5 and 8.6 of this)
3340 480 Report (Calculated from
Yield of 32 KT(RC))
ShN From Table 7.7 of WT-508
10 ) . (NOL portion) Operation
I 191 ~86 CASTLE - Project 1.4
e . 485 ~56 "Underyater Prescurs
N - g 675 ~36 Measurements™, SRD, Oct.
'y 9 836 w19 195% (Calculated from
e 3 Yields of various
o CASTLE ghots)
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CHAPTER 10

SUMMARY OF RESULTS

This Chapter is designed to serve as a bandy summary of the data presented and the con-
clusions reached in the body of the report. . .

10.4 SUMMARY OF INSTRUMENTATION PERFORMANCE

10.1.t Ball-crusher Gages

1. Results from the YFNB stations indicated satisfactory operation and agreement with
electronic gages. .

2. The free-floating buoy support system for the ball crushers was unsatisfactory, and all
stations of this nature were lost. A

3. The waterproofing technique and hydrostatic loading correction were satisfactory.

4. The results of the ¥;-in. gages were higher than for the %,-in. gages.

10.1.2 Mechanical Pressure-Time Gages

1. These géges satisfactorily backed up the electronic gage system, particularly in the
region between the zero barge and the YFNB-12, where no other gages operated successfully.

2, The {ree-floating wooden buoy and spar support system for the mechanical pressure-
time gages was successfully used.

3. Peak-pressure measurements Irom mechanical pressure-time gage records were
believed to be good to 12 per cent.

4. Pressure distortion from shock caused no difficully in the mechanical pressure-time
records.

5. Although there was some appavent hysteresis, the mechanical recording features were
successful; for example, response to step pressure pulses was less than { msec.

6. Timing-measurement accuracies over short periods were good to + 2 msec. Over
periods greater than & sec, 2 timing accuracy of about 1 per cent was achieved,

10.1.3 Electronic Pressure-Time Gages

t. The tourmaline plezoelectric and the Wiancko electromechanical gages operated satis-
factorily and gave consistent results to within a few per cent.

2. Rise times from Wiancko gages of about 1’/3 nsec were realized, although the gage itself
was capable of rise times of about 0.3 msec.

3. The piezoelectric gage records were judged to be essentially free from such elfects as
cable signals, pyroelectric effects, first-time gage effects, and frequency distortions.

COLEIDERTIAL

Eog 7S DAL NP o Sl L]
Wt--nww:"‘i"!?‘""" ERRR R PENCEN

SECRET RESTICYED DRALA

LS S TR TN Y T S-S RN FReh ]
E:.s:i":.‘:...i-w‘..«:..:q..-—“) 2

A e A A s AR R M e %




Nan Jua¥ W s o= - - - Al B T TR, W e . Y, - 0w S TR A Al .---,\,;M Wﬁmww—;-...n ST

I . B o Sk ol S S B 0 e et b e o di | i i i

R R T R L TR T T - - . . - - !

_ CONFIDENTIAL
4. Tha Wiancka gage records were judged tq be essentially {54 fcom. accelesation qffects

and hysteresis. {See Sec. 10.1.4 for other comments pertinent to electronic pressure-time
gages.)

10.1.4 Electronic Recording System

L. The Ampex system gave slightly better accuracy than the Davies syatem.

2. The plezoelectric linear channels, with an estimated accuracy of between 3%, and 4Y,
per cent, were superior to the estimated accuracy for the Wiancko channels of 6 to 6'/, per
cent and to-the estimated accuracy for the piezoelectric log channels of about: 12 per cent.

3. The calibration-voltage generator might have been improved by use of a ground or zero
voltage between each step. o

4. The L-C timing oscillator was satisfactory, and the tunlng fork did not seem to be ‘
needed.

5. The scaler, which gave coded timing marks, was unsatisfactory.

8. The use of more linear (piezoelectric) amplifiers’ with wide ranges would hnve been
better than the use of the log channels.

7. I the Wiancko oscillators, although satisfactory, had been lmproved they could have
eliminated the requirement for the buffer amplifier,

8. Unitized construction was a valuable technique, and it might be improved by the use of
printed circuits.

9. The playback system was too cumbersome and Inflexible. B

10.1.5 Mechanical Arrays-

1. The suspensicn systém used on the modified LCM's was unsuccessful, Its failure was
attributed to the [act that the weather was more severe than was contemplated by the designers.
2. Attachment of buoys to the tow cable must be easier and sturdier than on Wigwam so
that chafing can be completely eliminated.

3. LCM’'s weve, in general, satisfactory instrumentation platforms but not so satigfactory
as the ships were.-

4. The trallers in the YFNB's were highly satisfactory instrumentation shelters, and the
YFNB winch systems performed smoothly with good control,

5. The YFNB booms were slightly too short to completely eliminate cable chafing.

10.2 SUMMARY OF DATA

10.2.4 Gage Locations

1. Tha distances of the electronic gages from SZ were determined to within ‘/, per cent,
in the region 3000 to 12,000 ft from the charge, by means of surface photographs, shock
arrival times, and aerial mosaics.

2. The array was surging slightly as indicated by comparison of aerial mosaics taken at
-50, —40, and —30 in velore zero time. Additional surging was Indicated by the shock
arrival data.

3. The NOL electronic gage strings slanted slightly toward the charge from the surface,
according to time-of-arrival data.

10.2.2 Characteristics of Pressure-Time Signals

Although there was considerable variation among the pressure-tinie records, they had the
following general characterigtics in order of time: '

1. An initial shock wave with a surface cuto{f, followed by a negative phase,

4. A cavitalica pulse which approximated in magnitude the initial shock close-in but which
hacame negligible beyond about 2 mile {rom SZ.

3. The first butble pulse which, uncorrected, had a single sharp plp after a slow rise.
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4. Multiple peaked low-amplitude reflections of the initial shock wave {rom the bottom
and shatlow sudlayers.
5. Multiple peaked pulses {rom the second bubble.
6. Multiple peaked low-amplitude reflections of the primary shock wave from deep sub-

surface layers.
7. Small signals perhaps arising from third bubble pulses.

10.2.3 Free-{ield Shock Effects Vs Distance

1. The pressure-distance curve for {ree water as determined by the 1000-ft electronie
-gages on the YFNB's 12 and 13 appeared similar to that predicted by Project 1.1 and to that
from TNT.

2. The reduced energy flux density vs distance curve appeared to agree well witb a curve
calculated for the same yield of TNT as would make the pressure-distance curves agree.
However, this was fortuitous since the TNT curve was integrated over a ‘onger Interval than
the Wigwam curves. This indicated that the pressure-time curves for Wigwam and TNT may
not have been similar or that refraction effects were present.

$. The same conclusion as in 2 above was reached when the reduced impulse [rom Wigwam
was compared with that from TNT.

4. Although time constants were measured, no great reliability can be assigned to them
because of the scatter existing in the data and the fact that they varied with depth. Further-
more, the shock-wave decay rates at the YFNB’s 13 and 29 deviated from thelr initial values
at times equal to 6/2 or less. This also indicated a possible difference between TNT and
Wigwam pressure-time curves. .

10.2.4 Bubble Effects

1. The first bubble pulse, after reconstruction to eliminate the effects of surface reflec~
tion, showed that the sharp-fronted wave, so obvious In the uncorrected records, occurred be-
fore the bubble minimum and was of lower net amplitude than the main bubble pulse.

2. Second and third bubble pulses were measured without correction.

3. Average bubble periods were tyy = 2.878 sec, tpa = 2.6 sec, and tgg = 1.9 sec.

4. The maximum amplitude, as mecasurcd on the deep gages from the YFNB-12, cf the
corrected bubble pulse was about 25 per cent of that of the peak of the shock wave,

5. The maximum bubble radius was calculated to be 375 {t, based on the first bubble
period. . .

§. Migration up to the time of the emission of the sharp pip on the first bubble pulse was
measured to be about 400 ft. No satisfactory migration measurements were made for the later
pulses,

7. No surface phenomana or bottom reflections from bubtles were detected beyond the
regicn covered by the spray dome from the initial shock,

10.2.5 Reflections

1. There were at least three bottom reflections, all of them attributable to the primary
shock.

2. This led o the conclusion that the primary shock was reflected (1) off the sediments
forming the regular bottom at about 15,000 {t, (2) off a subbottom of basalt starting at about
16,000 {t and extending about 21,000 ft, and (3) off an ultrabasic layer below the basalt.

3. A vertical pressure component of over 160 psl was necessary to produce a spray dome.
On this criterion a patch of spray was predicted and found to occur from a subbottom reflection
farther out from SZ than the YFNB-29,

10.2.6 Cavitation Effects
1. Apparent evidence of cavitation occurred on strings located at 2900 ft and 5600 ft from
surface zero, \ I- ST
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2. The ratio of cavil atxon peak pressure to shock peak pressure was {from 'A to '/;at
2900 ft and from Y, to Y, at 5600 it.

-3. The duration ranged from 40 to 400 msec. .

4. No ranging of the cavitation pul.’s was possible. s ’ .

10.2.7 Refraction Effects ..

1. The effect of the temperature structure of the water in refracting the shock wave was
essentially as predicted on peak pressure and pulse duration as far out as the measurements
extended (about a £2,000-ft range).

2. The resuk was that the pressures at depths of 400 to 700 ft at the ranges of the YI-‘NB'
were greater than they were at other depths on the same gage strings.

3. Positive shock durations were appreciably shortened from those to be expected ina
homogeneous medium..

10.2.8 Comparisons with Underwater Pressures from Ogher Nuclear Tests,

1. The Wigwam pressure-distance curve in the region of target interest and at depths _ .
not seriously affected by refraction fell off at'a rate of 1.13 (similar to that from TNT), com-
pared with 1.7 from Crossroads Baker and 2.0 from Castle. Differences were attrlbuted. to .-
surface and bottom effects.

2. The pressure region of 600 to 1000 psi extended out twice as far on ngwam as on
Crossroads Baker when data for both were reduced to 1 kt (radiochemical yicld). Reduced
Castle data were not measured in close enough to be within the 600-psi region. .

10.2.9 TNT Equivalents

1. From shock-wave peak pressure vs distance, 46.2 x 10° b of TNT.

2. From bubble-period measurements, 53.6 x 108 1b of TNT.

3. From LASL radiochemical measurements, 32 metric kt (radiochemical yield) = 70.6 %
10° 1b of TNT.

4. Hence:
46.2 )
06" 0.65 = shock-wave efficlency
and
53.6
0.6 0.76 = bubble e(txcxency

10.2.10 Summary of Averaged Values

Averaged values of certain quantities of interest, whick were measured by the 1000-ft
electronic gages on the YFNB's, are listed below:

YFNB-12 YFNB-13 YFNB-29

P, (arithmetic), psi 951 649 479

Py (geometrical), psi 951 649 480

9 (arithmetic) (msec) 35.8 47.8 56.3

1 (geometrical) (Ib-sec/in.) 33.2 23.7 147

E (arithmetic) (in.-1b/in.}) 2607 15417 §45.5 :
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APPENDIX A
EFFECTS ON SONAR
Although it 1s beyond the scope of this report and the function of Project 1.2, some infor-
mation on the effect of the Wigwam shot on sonar gear has been made available to the authors
as a result of inquiries to the vessels present in the vicinity of the Operation. Since this infor- )
mation is not generally known, it is included here because it is the type of data needed for lhe
design of tactics to be used with atomi¢ depth charges.
Each of 12 ships was queried for information on the following points:
1. The distance that the ship was from the center of burst.
2. Type of sonar gear oti the ship at the time of the test.
3. Time before zero that the sonar was turned off.
4, Time after zero that the sonar was turned on.
5. Condition of reception at the time sonar was turned on after time zero.
6. Time after zero that sonar would have been operable in the detection of a target.
7. Estimation of the area blanketed by the burst.
8. Any effects noted on the operation of the shin'’s fathomater,
Of the replies received at this tinie, only those from the USS Blue (DD-744), the USS
Walke (DD-723), and the USS McKean (DDR-734) are of interest, since their sonar gear was
not turned off. Thelr answers are given in Secs. A.1to A.3..
A.l . USS BLUE {DD-T744) i
The following answers were subnitted by the USS Blue (DD-744):
1. The USS Blue (DD-744) was 25 miles from the center of the burst.
2. QHBa sonar gear was on the ship at the time of the burst.
3. Sonar was switched from “Echo Ranging” to “Listen” 30 min prior to zero time.
4. Sonar was switched from “Listen” to “Echo Ranging™ 30 min after zero time.
5. The reception was goond at the time the sonar gear was switched to “Echo Ranging™
alter zero time.
"6. It is believed that the sonar equipment would have been operable in the detection of 2
target 5 min after zero time,
7. We were unable to estimate the area blanketed by the burst siace this ship’s area was
nct affected.
8. The fathometer was not in operation at the time of the burst.
The following additional observations were.noted:
t. Twenty-seven seconds after zero time the blast was heard on the speakers on sonar.
2. Approximately S sec later one-hal{ of the scope blanked out fur atout l'/, sec.
2 r—= '- !. o ,
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A.2 USS WALKE (DD-723)

In answer to the queries the following information ==as submitteds

1. The USS Walke bore 315°T at a distance of & milizs Zrom SZ at explosion time.

2. The USS Walke was then equipped with QHBa sorr..

3. The sonar equipment was not secured at any time dinring the test. At zero time the
QHBa was on “Listen,” and the gain was on a medium se=riing {5). Irmmediately after the ex-
plosion the gain was turied to minimum setting. The entiire scope was blanked by the initial
shock wave and remained campletely clouded for approxizmately 13 to 15 sec. The initial sound
received was a deafening roar much greater in intensicz ot not unlike that of a depth charge
exploding nearby. The scope cleared somewhat alter 13 %:r, but the effect of the explosion
cortinued for 60 to 80 sec. The noise remained quite auctinle despite the minimum gain setting,
and bright crackling pips of light similar to those made v -porpoises appeared on the scope.
Sonar operators observed three distinct shock waves.

4, After 90 sec the QHBa presentaticn returned to mnnmwal, and it would have been possible
to detect targets nearby after this interval of time had eZzpsed.

5. The scope was entirely blanked by the initial blzsz. No wedge-shaped noise spoke was
ever discernible. Within the limits of QBa sonar (375l xards), no water disturbance was in
evidence. The Walke can make no reliable estimate of T wcean area blanked by the burst.

6. The.ship’s fathometer was not in operation at za=pitime.

7. The AN/UQC-1B underwater telephone was eneczized and adjusted to a full gain setting

_ at blast time. A noise stmilar in every respect to that cx=neived on the QHBa was heard on the
UQC. The gain was immediately cut to 0, bul the noise gexsisted.

The Walke forwarded enclosures (1) and (2)* for theiir possible scientific value. The grid
viewer for BT #685 was included. The BT has since beex lipst at sea. The Walke made one
drop (drop 20} 7 min prior to zero time; unfortunately, ti:=:slide has since been destroyed.

The recorded sonar message was sonar long 300/25 Milz=. BT slides 21 through 35 were
forwarded. Slide 21 was in the water 1 min after zero tiime. and slide 35 was dropped 2 hr 30
min after zero time. It should be noted that the times eascribed on the slides are in hours and
minutes after zero time and not in local or Greenwich murs. The Walke’s position was rela-
ttvely constant during drops 20 through 35. Sonar cond:itiuns ‘were unusually good during
Operation Wigwam and were not apparently adversely aifizuted by the atomic explosion. The
Walke consistently held contact on ships of the array ar =anges greater than 3000 yards.

Other than during the initial shock wave, the Walke Zeilieved that there was no effect on
echo ranging by an atomic blast of the Wigwam caliber =ci @ distance of 8 weiles or greater.
Any other opinions expressed would be pure conjecturezivwever, it was thought that echo
ranging would be possible at ranges considerably clasez idhan 6 miles within 90 sec after the
initial explosion of a Wigwam-caliber bomb.

A.3 USS McKEAN (DDR-784)

This ship supplied the information requested, as uiliows:
. This ship was 10,000 yards from the center of urst.
. The sonar equipment was type QHBa.
. The sonar equipment was in opcration during tiue=mire period of the test.
. Not applicable.
Reception was good before and after the burst. Tas:sc0pe was blanked for a short
period by turbulence immediately following the burst.
6. The sonar could have detected a target between “=BD and 2000 yards within 45 sec after
the burst.

Ot > D DD

*Enclosures (1) and (2) were bathythermograph {BT* slides and a viewer. These were
forwarded to A. B. Focke, the Scientific Director.
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7. The entire field of the scope was blanked for about 30 sec, gradually ¢learing on the
side away fror the burst and clezring enough for detection within 45 sec.
8. No effects were noted on the operation of the ship's fathometer.
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A DISTRIBUTICN
B .. Military Distributiom Categorics 5-23 and 5-60

ARMY ACTIVITIES

Asast. Dep. Chief of Staf for Milltary Operations, D/A, Washington 25, D.C.
ATTN: Asst, Executive (RESW) 1
- Chlef of Research and Developruent, D/A, Washington 25, D,C. ATTN: Atomic Divisfon 2
Chef of Ordnance, D/x, Washington 25, D.C. ATTN: ORDTX-AR 3
Chic! Signal Cfficer, DA, PLO Division, Washington 25, D.C. ATTN: SIGRD-8 , 4-6
g% The Surgeon General, DJ/A, Washington 25, D,C, ATTN: Chief, R&D Division 7
f‘ Chict Chenrical Officer, /A, Washington 25, D.C. 8-9
}i- The Querterimaster General, D/A, Washington 25, D.C, ATTN: Research and
5y : Dcvelopmez:t Div. 10
. N il of Baginocrs, T/, Wachisgten 25, D,C. ATTN; ENGNY 11-15 .
Chief of Transportatiom, Military Planning and Intelligence Div., Washington 2v, ...~ 16
Commanding General, Sendquarters, U. S. Continental Army Command, Ft, Monroe, Va. 1719
Presldent, Doard #1, Ecadquarters, Continental Army Command, Ft. Sill, Okla. 20
President, Board #2, Readuarters, Continental Army Command, Ft. Knox, Ky. 21
President, Board #1, Eewdguarters, Continental Army Command, Ft. Bliss, Tex. 22
. . Commanding General, US, Army Caribbean, Ft. Amador, C.Z. ATTN: Cml, Off, 23 '
Commander~in-Chief, European Command, APQ 128, New York, N.Y. A
Commander~ir -Chief, ¥ar East Command, APO 500, San Francisco, Calif, ATTN:
ACofS, J-3 2526
Commanding General, TS Army Europe, APO 403, New York, N.Y. ATTN: OPOT Div.,
Combat Dev. Br. 27-28
N Command!ng (ieneral, TS, Army Pacific, APO 958, San Francisco, Calif, ATTN: Cml. Cff. 23--30
"-;:,'1 Commandant, Command and Geeeral Staff College, Ft. Leavenworth, Kan,
Sl ATTN: ALLLS!AS) 31-32
-"_A ) Sommantant, The Artilery and Gulded Missile School, Ft, Sill, Okla, a3
- .’*:‘ Secretary, Tbe Aattalveraft Artillery and Guided Missile School, kt. Blisy, Tex.
& AT?N: Mal. Gragg M, Breitegan, Dept. of Tactics and Combined Arms %
’-‘f."" Commanding General, Arzey Hedical Service School, Brooke Army Medical Center,
» Ft. Sam Houston, Tex 35
f_-:".\ Director, Special Weagcas Development Office, Headquartera, CONARC, Ft. Bliss,
¢ Tex. ATTN: Capt. T. . Siiarer 38
oA Commandant, Walter F.eed Army Institute of Research, Walter Reed Army Medieal
;-:._-,; ’ Center, Waskingtoa =5, D.C. a7
.‘;‘:, Superintendeat, U.S. .\!L.r.ary Academy, West Point, N,Y, ATTN: Prof. of Ordnance 38
::.:-.! Commandant, Chemical Corps School, Chemical Corps Training Command, Ft. McClellan,
- Al 39
0. i Commanding General, Rezearch and Ergineering Command, Army Chemtcal Center, 3d.
;-"" ATTN: Depaty for RW and Noa-Texic Material 40
v _L;"_,f Commanding General, aberdecn Proving Grounds, Md. (inner envelope) ATTN: for
o] . Director, Ballistics Research Laboratory 41-42
,;-;.{1 Commandisg Coseral, T2 Englaeer Center, Ft. Belvolr, Va, ATTN: Asst. Commandaat,
A Engineer School 43-45
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Commanding Officer, Erxgineer Bes :.rc:: a.u Develonment aboratory, Ft. Belvoir, Va.

-y I - s SRR SN

ATTN: Chief, Technical Intelligence Branck 1%
Commanding Officer, Picatinny Arsezal, Dover, N.J. ATTN: ORDBB-TK 47
Commanding Officer, Army Medical Research Laboratory, Ft. Knox, Ky. 48
Commandirg Officer, Chemical Cerps Ckemical and Radiological Lahoratory, Army L

Chemical Center, Md. ATTN: Tech. Library 4958
Commanding Officer, Transportation RLD Station, Ft. Eustis, Vu. 128
Director, Technical Documents Cezter, Evans Signal Laboratory, Belmar, N.J. 52

. Director, Waterways Experiment Station, PO Box 631, Vicksburg, Miss, ATTN: Library 53
Director, Armed Forces Institute of Pathology, Walter Reed Army Medlcal Center,

8825 16th Street, N.W., Washington 25, D.C, [ 23
Director, Operations Rescarch Gffice, Johns Hopkins University, 7100 Connecticut Avo..

Chevy Chase, Md., Washington 15, D.C. L1 N
Conimarding General, Quartermaster Research and Development Command, - .

Quartermaster Research and Development Centor, Natick, Mass. ATTN: CBR Linson Y *

Office~ 5687

Technical Information Service Exteasica, Osk Ridge, Tenn, 58--64
MAVY ACTIVITIES ‘ . ‘ .
Chief of Naval Operationg, D/N, Waskisgtoa 25, D,C. .‘T‘I’N: oP-36 ‘ 65— GG
Chief of Naval Operations, D/N, Washizgton 25, D,C, ATTN: OP-03EG . (Y]
Director of Naval Intelligence, D/N, Washington 25, D.C ATTN: OP-922V ‘ 68 .
Chief, Bureau of Medicine and Surger)-. DN, Washlngton 25, b,C. A’I’TN- Special

Waeapons Defense Div. . 89

. Chief, Bureau of Ordnance, D/N, Von.‘:!ngton 25, D.C. o . 70
Chief, Bureau of Ships, D/N, Washizgim 25, D.C, ATTN: Code 348 . "
Chief, Bureau of Yards and Docks, D/N, Washington 25, D.C. ATTN: D-440 72
Chief, Bureau of Supplies and Accoz=2s, D/N, Washlngton 25, D.C. 73
Chicf, Bureau of Aeronautics, D/N, Washington 25, D.C, - 4-15
Chief of Naval Researsh, Department of the Navy, Washington 25, D.C. ATTN: Code 812 78
Commander-in-Chief, U.S, Pacific Fleet, Fleet Post Office, San Franclsco, Calif, 7
Commander-in-Chief, U.S. Atlantic Fieet, U.S, Naval Base, Norfolk 11, Va. 18
Commandant, U.S. Marise Corps, Waskizgton 25, D.C. ATTN: Code AO3H 79-82
President, U.S, Naval War College, Newport, R.I. ) 83
Superintendent, U,S. Naval Postgradaate School, Monterey, Calif, 84
Commanding Officer, U.S. Naval Schools Command, U.S. Naval Station, Treasure

18land, San Francisco, Calif, 35
Commanding Officer, U.5. Fleet Traking Center, Naval Base, Norfolk 11, Va.

ATTN: Special Weapons School 88
Commanding Officer, US. Fleet Traisizg Center, Naval Statlon, San Diego 36, Calif.

ATTN: (SPWP School) 8788
Commanding Officer, U.S. Naval Damage Control Training Centor, Naval Base,

Philadelphia 12, Pa. ATTN: ABC Defense Courae 83
Commanding Officer, U.S. Naval Uzit, Chemieal Corps School, Ariny Chemical

Tanining Center, kv mcClellan, Ale, 90
Commarder, U.S. Naval Ordnance Laborutory, Sllver Spring 19, Md, ATTN: EE 91

) Commander, U.S. Naval Ordnance Laboratory, Silver Spring 19, Md, ATTN: EH 92
Commander, U.S. Naval Ordnance Laboratory, Silver Spring 19, Md. ATTN: R 93
Commander, U.S. Naval Ordnance Test Siatior, Inyokern, China Lake, Callf, 84
Officer-In-Charge, U.S. Naval Civil E~zincering Res. and Evaluation Lah,, U.S. Naval

Construction Battalion Center, Port Havvuiut, Calif, ATTN: Code 753 95
Commanding Officer, 15.S. Naval Medical Research Inst,, Natlonal Naval Medical

Center, Bethesda 14, Md. 98
Director, Naval Alr Experimental Station, Alr Material Center, U.S, Naval Base,

Philadelphia, Pa.* . 97
Director, U.S, Naval Research Labaratery, Washington 25, D,C, ATTN: Mra. Katherine H, Cass 98
Commanding Officer and Director, U.S. Navy Electronics Luboratory, San Diego 52,

Calif, 93
Commanding Officer, U.S. Naval Radiological Defense Laboratory, San Francisco 24,

Calif, ATTN: Techaical Information Division o 106108
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Commanding Olficex and Divector, David W. 'x‘a) }cr ..iodel Basty, Washlagton 7, D.CC

aF

ATTN: Library 102
Commander, U.S. Naval Air Development Center, Johnsville, Pa. 103
Commanding Officer and Director, U.S. Naval Engineering Experiment Station, .
Annapolis, Md. ATTN: Code 705 104
Technical Information Service Extension, Oak Ridge, Tenn. (surplus) 105-111%
x »
AIR FORCE ACTIVITIES
Asat, for Atomic Energy, Headquarters, USAF, Washington 25, D.C. ATTN: DCS/C¢ n2
Director of Operations; Headquarters, USAF, Washington 25, D.C. ATTN: Operations
Analysis 34
» Director of Plans, Headquarters, USAF, Washington 25, D.C. ATi'N: Wui ¥Fsaus Jive 114
Director of Rnsearch and Development, Headquarters, USAF, Washington 25, D.C...
- ATTN; Combat Components Div, ’ ns
! Y Director of Intelligence, Headquarters, USAF, Washington 25, D.C. ATTN: AFOIN-IB2 nc-n‘r
The Surgeon General, Hcadquarters. USA P, Washington 25, D.C. ATTN: Blo. Def. Br., .
Pre, Med, Div, 118
. Asst, Chief of Stalf, Intelligence, Headquarters, U.S. Air Forces Europe, APO 633, .
. ) New York, N.Y. ATTN: Directorate of Afr Targets ns
’ Commander, 497th Reconnalssance Technical Squadron (Augmented}, APO 633, :
- . New York, N.Y. ) 120
. Commander, Far East Air Forces, APO 925, San Francisco, Calif. ATTN: Special Assistant
’ . for Damage Control . 121
- Commander-In~Chief, Strategic Alr Command, Offutt Air Force Base. Qmahs, Nede.
{ ATTN: Speclal Weapons Branch, Inspector Div,, Inspector General 122
Commander, Tactical Alr Command, Langley A¥B, Va. ATTN: Decuments Security y
Branch 123
Commander, Alr Defense Comm1nd, Ent AFB, Cola. 124
) Research Directorate, llcadquarters, Alr Force Special Weapons Center, Kirtland
- N Afr Force Base, N, Mex, ATTN: Blast Effccts Research 125--128
Assistant Chlef of Staff, Installations, Headquarters, USAF, Washington 25, D.C. -~
ATTN: AFCIE-E 127
Commander, Alr Research and Development Command, PO Box 1395, Baltimore, Md.
ATTN: RDDN ) 128
Commander, Afr Proving Ground Command, Eglin AFB, Fla, ATTN: Ad}./Tech.
Report Branch 129
Director, Alr Unlversity Library, Maxwell AFB, Ala. 139131
Commander, Flying Training Alr Force, Waco, Tex. ATTN: Director of Obscrver -
Training 132~-139
Commander, Crew Tralning Afr Force, Randolph Fleld, Tex. ATTN: 2GTS, DCS/0 140
Commandant, Alr Force School of Aviation Medicine, Randolph AFB, Tex. 141-142
Commander, Wright Alr Development Center, Wright-Patterson AFB, Dayton, Ohlo
ATTN: WCOS! 143148
Commander, Ait Force Cambridge Research Center, LG Hanscom Field, Bedford, Mass.
ATTN: CRQST-2 149-150
b Commander, Alr Force Speclel Weapons Center, Kirtland AFB, N. Mex. ATTN: Library 151-153
Commander, Lowry AFB, Denver, Colo. ATTN: Gepartment of Special Weapuns Tralning 154
Commander, 1009th Special Weapons Squadron, Headguarters, USAF, Washington 25, D.C. » t55
The RAND Corporation, 1700 Main Street, Santa Monies, Calif, ATTN: Nuclear Energy «
: Division 156—-157
Cominander, Second Alr Force, Barksdale AFB, La. ATTN: Operations Analysts
Office 158
Commander, Elghth Alr Force, Westover AFB, Mass, ATTN: Operations Analysis Olfice 159
Commander, Fiftecnth Alr Force, March AFD, Callf, ATTN: Op.rations analysls Office 160
Cummander, Western Development Divislon (ARDC), PO Box 262, Inglewood, Calif.
ATTN: WDSIT, Mr. R. G, Weltz 161
Technleal Information Service Extensfon, Qak Ridge, Tean, {surplus) 162170
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OTHER DEPARTMENT OF DEFENSE ACTIVIT:ES

Aost, Secrotary of Defense, Research and Development, b/G, VWiskington 25, D.C.

ATTN: Tech. Library 17
U.S. Documents Officer, Office of the U.S, Natiz:1t Military Pepresentative, SHAPE,

APO 85, Now York, X.Y. 172
Director, Weapons Systems Evaluation Group, OSD, Rm. 2E1008, Pentagon, .

Washington 25, D.C. ) 173
Armed Services Explosives Safety Board, D/D, Building T-7, Gravelly Point, : .-

Washington 25, D.C. ' 174
Commandant, Armed Forces Staff College, Norfolk 11, Ya. ATTN: Secretary ' 178
Commander, Field Command, Armed Forces Special Weapons Project, PO Box

5100, Albuquerque, N. Mex. . . 176-181
Commander, Field Command, Armed Forces Special Weapons Project,

PO Box 5100, Albuquerque, N, Mex. ATTN: Technical Training Growp 192--183
Chief, Armed Forces Special Weapons Project, Washington 25, D.C. ATTN: Documents

Library Branch 184192

Tachnical Information Service Extension, Oak Ridge, Tenn. {surplus) 193~199

ATOMIC ENERGY COMMISSION ACTIVITIES
U.S, Atomic Energy Commisaion, Classifled Technical Library, 1901 Coastitution Ave.,

Washlngton 25, D.C. ATTN: Mrs. J. M, O'Leary (for DMA) 200-202
Los Aizntos Sclentific Labovatory, Report Library, PO Box 1663, Los Alamos, N. Mex. .
ATTN: helen Redman . 203~-204 .
andia Covporation, Classified Document Division, Sandia Buse, Albuquerque, N. Mex.
ATIN: H. J. Smyth, Jr. 295-209
Unlversity of California Radiation Laboratory, PO Box 808, Livermore, Calif,
ATTN; Clovis G. Craig - 210-212
Wenpon Data Sectlon, Technical Information Service Extenslon, Oak Ridge, Tenn. 213
Technical Information Service Extension, Oak Ridge, Tenn. {surplus) 214224
ADDITIONAL DISTRIBUTION ' * . .
Commandar, Operatlonal Development Force, United States Atlantic Fleet, United
States Naval Bawe, Norfolk 11, Va. 228
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