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39 ACSTAACT (Comitue an raverss T35 1 mecessary and ldentily by Lioch number)
The objectives were to determine the motions produced by the Sword Fish shock waves on
ships (hull and equipment) and platforms in the vicinity of the burst; to correlate
sword Fish ship and platform motion with the shock waves and equipment damage; and to
document by photographic film the surface gravity waves produced by the Sword Fish
burst.

Gages and recording equipment were installed in DD-845, DD-826, DD-786, DD-681, and
$S-394 and in two pontoon platforms to document structure and equpment response. The

basic_instrument employed in the shock measurements was the velocity meter. High-speed
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?0. Abstract (Continued)

motion-picture cameras recorded the response of selected equipment on DU-845.
the ship closest to the turst. Caneras equipped with long-focal Tength ienscs
were uced ir. documenting the response of DD-845 to surface gravi.tv waves.
Measurements. including photoaraphy, were made at a total of about a0 stations.

Measurements were obtained on all of tne instrumented ships. Test
vesults secured from the instrumentation effort are presented. The shock
motions ard their relation to free-water pressures are discussed Measure-
ments are coupared with results of HE shock tests of DD-826 and S¢-294.

The following conclusions refer to underwater nuclear bursts and are
specifically concerned with Sword Fish conditions. The term "Sword Fish
conditions" includes yield, shot geometry, bottom reflections, thermal-
gradient .neracteristics, and target-ship types.

On & destroyer at 6,500 feet from the burst, vertical shock velocities
resultina from the direct and refircted shock wave were about equal. On
destroyers «t 12,000 feet or greater, vertical shock velocities resulting
from the ~fiected shock wave were two to ten times as great as the divect
shock velocity. The shock loads on all ships were very low, and the shock
velocities were less than 2 ft/sec. They weve lower than those resulting
from the HE shock tests conducted prior to Sword Fish. On all ships, the
peak velocities and initial accelerations were appreciably reduced as a
re,ult of refraction.

Shock damage was less for Sword Fish than for the HE shock tests,
bocause the shock velocities were lower for Sword Fish, and weaknesses
revealed by the HE test were corrected prior to Sword Fish.

On ships at 12,000 feet or greater, damage resulted from the reflected
shock waves rather than the direct.

In spite of the low shock levels, most ships within a radius of
15,000 feet of surface zero sustained appreciable impairment !n their ASROC,
conventional ASW, and antiaircraft capabilities. Ship mobility was not
affected in any case.
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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
suppurt the Department of Defen<e Nuclear Test Personnel Review
{NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some individuals during the
atmospheric nuclear test program by making as much information
as possible available to al) interested parties,

The material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as amended) or
is National Security Information,

This report has been reproduced directly from available
copies of the original material, The locations from which
material has been deleted ijs generally obvious by the spacings
and "holes" in the text. Thys the context of the material
deleted is identified to assist the reader in the determination
of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurs ely
purlrays the contents of the original and that the deleted
material is of little or no significance to studies intg the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program,
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ABSTRACT

The objectives were to determinc the motions produced by the Sword Fish shock
waves on ships (hull and equipment) and platforms in the vicinity of the burst; to
correlate Sword Fish ship and platform motion with the shock waves and equip-
ment damage; and to document by photographic film the surface gravity waves
produced by the Sword Fish burst.

Gages and rccording equipment were installed in DD-845, DD-826, DD-1786,
DD-681, and SS-394 and in two pontoon platforms to document structure and
equipment response. The basic instrument employed in the shock measurements
was the velocity meter. High-speed motion-picture cameras recorded the re-
sponse of selected equipment on DD-845, the ship closest to the burst. Cameras
equipped with long-focal-length lenses were used in documenting the response of
DD-845 to surface gravity waves. Measurements, including photography, were
made at a total of about 80 stations.

Measurements were obtained on all of the instrumented ships. Test results
secured from the instrumentation effort are presented. The shock motions and
their relation to free-water pressures are discussed. Measurements are com-
pared with results of HE shock tests of DD-826 and 88-39+4.

The following conclusions refer to underwater nuclear bursts and are specifi-
cally coucerned with Sword Fish eenditione. The term “Sward Fish conditions”
(ncludes yield, shot geometry, bottom reflections, thermal-gradient character-
istics, and target-ship types.

On a destroyer at 6,500 feet from the burst, vertical shock velocities result-
ing from the direct and reflected shock wave were about equal. On destroyers
at 12,000 feet or greater, vertical shock velocities resulting from the reflected
ghock wave were two to ten times as great as the direct shock velocity. The
ghock loads on all ships were very low, and the shnck velocities were less than
2 ft/sec. They were lower than those resulting from the HE shock tests con-
ducted prior to Sword Fish. On all ships, the peak velocities and initial accel-
erations were appreciably reduced as a result of refraction.

Shock damage was less for Sword Fish than for the HE shock tests, because
the shock velocities were lower for Sword Fish, and weaknesses revealed by the
HE tesc were corrected prior to Eword Fish.

On ships at 12,000 feet or greater, damage resulted from the reflected shock
waves rather than the direct.

In spite of the low shock levels, most ships within a radius of 15,000 feet of
gurface zero sustained appreciable Impairment in their ASROC, conventional
ASW, and antlaircraft capabilities. Ship mobility was not affected in any case.



PREFACE

Shot Sword Fish was an underwater weapon-etfects test conducted in the Pacific
Ocean off the southwest coast of ‘he United States in May 1962 as part of Opera-
tion Dominic. Sword Fish was the first fully operational test of the Navy's anti-
submarine rocket (ASROC) weapon system in which a nuclear war reserve weapon
was expended. Weapon effects information of importance to the advancement of
surface-ship capability to conduct nuclear antisubmarine warfare was obtained.

An overall description of the test efforts and a summary of preliminary results
may be found in the Sword Fish Scicntific Director's Summary Report which in-
cludes general information such as location and time of burst and a guide to Sword
Fish Reports (Reference 28).

The planning and execution of this project were carried out by the Surface Ship
Shock Section of the Shock Branch of the Structural Mechanics Laboratory of the
David Taylor Model Basin. Important contributions during the operation were
made by W. E. Carr, R. E. Baker, K. P. Shorrow, S.A. Denenberg, C. E. Lemich,
M. E. Kegel, H. O. Snoots, J.P. Hendrican, W. F. Alexander, and C.R. Hilker.

Messrs Shorrow and Denenberg assisted materially in handling data used in
this final report. The work of Mr. R. M. Burkley in programming refraction
calculations for the IBM 7090 is gratefully acknowledged.

The close cooperation of the Naval Ordnance Laboratory Project 1.1 team and
the Bureau of Ships Project 9.1 team assisted materially in the preparation of
this report.

The assistance of the Naval Repair Facility at San Diego in the outfitting of the
ships was worthy of special acknowledgment.
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Chapter 1
INTRODUCTION

The overall purpose of this project was to obtain data on the effects of
nuclear explosions on shios, oarticularly from the standpoint of shock
damage to shipboard equipnent. 'The data will be used to check theory,

and to increase the knowledge of shock phenomena and effects. Accomplish-
ment of the purpose would ~nable more reiiable pvrelictions of the effects
of similar nuclear attacks and increase the reliability of extrapolation

to other attack gituations.

1,1 OBJECTIVES

The specific objectives of the oroject were to determine the motions
oroduced by the Sword Fish shock waves on shios (hull and equipment) and
platforms in the vicinity of the burst; to correlate Sword Fish shio and
platform motions with the shock waves and equioment damege; &and to docu-
ment by photographic £film the surface gravity waves oroduced by the Sword
Fish burst.

1.2 BACKGROUND

A ship's ability to perform its major functions can be seriously dis-
rupted by equipment damage under mild shock, This damage can result from
enemy action or from delivery of its own weapons. Many examples of damage
on destroyers resulting from self-delivered depth charges have been report-
ed from structural firing trials (Reference 1). In these cases, damage
was generally confined to areas of the ship near the stern, which was the
closest part of the ship to the point of detonation. Because of the small
gize of the charge employed, tne shuck levels and damage decrenaed rapidly
at greater distances from the charge.

With the development of nuclear depth charges such as the Mk LYy var-
head for the antisubmarine rocket (ASROC), the ranges at which damage
could be expected from a self-delivered charge were greatly increased.

At these greater ranges, the effect of a ship length in decreasing the
shock level became almost negligible. Consequently,equipment throughout
the ship, subjected to very low shock levels in delivery of a conventional
depth charge, could be subjected to considerably higher shock levels when
delivering a nuclear denth charge.

Wworld War 1I experience with influence mines and other near-miss
explosions had pointed out the vartime aspects of the shock problem in
ships when conventional charges were employed. Operation Crossroads
pointed out the shock damaging asvects of nuclear devices when employed
against naval and merchant ships. !lore extensive data on shock from
underwater detonation of a nuclear device were obtained during Operation
Wigwam (References 2 and 3). During Wigwam, instrumental measurements



vere obteined of the shock motions of simulated main machinery on simpli-
fied submarine targets (Squaws). Three surface units (YFNB's) were also
instrumented during this Operation.

The Wigwam test showed that there were several successive shock
excitations of the targets. At close ranges, the shock wave transmitted
directly through the water produced the greater shock motion; however,
at longer ranges a later motion caused by & shock wave reflected from
the ocean floor was nearly as severe as that ceused by the direct wave,
The vertical motions of the YFNB's were observed to be approximately the
same as the computed vertical motion of the surface water near the barges.

Shot Wahoo of Opveration Hardtack provided considerably more data
pertinent to problems resulting from the delivery of nuclear weapons.
This shot iavolved surface ships under a simulated deiivery in an off-
shore deepwater test. Shock motion and damage studies were made on
structure and equipment in three destroyers and a merchant ship, which
comprised the major elements in the test array (References U, ©, and 6).

The destroyers had been removed from the reserve fleet and partially
reactivated prior to Hardtack. The ships did not contain any of the
electronic or weapon systems that are being installed in present con-
struetion. In facl, many of the items of electronic equipment that were
aboard were removed prior to the test., The ships did serve to provide
suitable testing units for main machinery items and for certain electri-
cal equipment systems, Basic shock-motion data on the closest destroyers
was not acquired, however, due to malfunctions of units in the timing
and control systems,

Underwater ~ eaplousiuu shuck tests on u varlety ol surface snips nave
indicated that weapons and electronic systems were particularly susceptible
to shock damage (References 7 and 8). More recent tests sponsored by the
Bureau of Ships, in accordance with a Chief of Naval Operations (CNO)
Instruction (Reference 9) have supported the statements on the susceoti-
bility of weapons and electronic systems to shock damage.

In the latter series of tests, large HE charges have been used to

provide the shock-wave input to the ship. The charges have been detonated

abeam of the ship in order to distribute the shock loading as evenly
as possible over the entire length of the ship. Tests have been conducted
to date in this program on an aircraft carrier, USS Midway (CVA-kl)
(Reference 10); a guided-missile cruiser, USS Galveston (CLG-3) (Refer-
ence 11); guided-missile destroyers USS Preble (DLG-15)(Reference 12)
and USS Charles F, Adams (DDG-2) (Reference 13); the destroyer, USS
Edson (DD-946) (Reference 1k4); and submarines USS Trout (SS-566)
(Reference 15), USS Skate (SS(N)-578) (Reference 16), USS Bonefish
(ss-582) (Reference 17), USS SkipJjack (SS(N)-585) (Reference 18), and
USS Thresher (SS(N)-593) (Reference 19),
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An extensive series of shock tests has been conducted using HE
charges and the Hardtack destroyers USS Fullam (DD-4Th) and USS Killen
(DD-593). For the tests on Fullam, many items of electronic equipment
were installed on the ships and tested. Modifications were made to the
supports for the turbdines and reduction gear in the engineroom of both

destroyers.

The initial phase of these tests (conducted with Fullam up to shock
levels twice as great as those encountered in surface ships tested under
CNO instruction) bore out this experience of the operating-ship tests.
Considerable damage to electronic systems was encountered in the early
test stages.

By incorporating shock-hardening techniques et the test site, improve=-
ments were made in many systems (References 20 and 21), For a second phase
of tests, additional improvements were {ncorporated in damaged equipment,
and various modifications of shipboard shock-isolaticn systems for equip-
ment were installed and evaluated. An operating ASROC system was installed

and tested (Reference 22).

A large number of recording instruments was employed in the Fullam
tests. Both basic-structure response and equipment response were recorded
throughout the ship. Instrument locations similar to those for the
Hardtack tests were used extensively., Some comparison was made with the
vardtack data (Reference 23).

The test series was completed using USS Killen as a target. Tests
on k llen were conducted to shock levels 50 percent greater than those
to whici Fullam was tested. Main and suxilisry machinery components were
the princip:! items tested in this phase (Reference 24).

1.3 THEORY

sstimates of the effects expected from Shot Sword Fish were made on
the basis of the results of Wigwam and Shot Wahoo of Operation Hardtack.
Estimates were bnsed on the following assumptions: (1) a weapon vith a
yield of about fired at a depth of 700 feet in water approximately
13,200 feet deep; (2) a TNT equivaleat of,_ percent of the expected
yield; (3) acoustic-ray-path theory without refraction.

If instead of the above, a thermal structure similar to that at the
Hardtack site is assumed, the estimates are conservatively high, particu-
larly for ships at large standoff.

A pressure wave reflected from the ocean bottom was also expected.
The effects of the reflected wave were cumputed by assigning an average
reflection coefficient (pressure ratio) o about 30 percent to the ocean

bottom.
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1n Shot Wahoo, a . ~ device had been fired at a depth of 500 fuet
over a sloping bottom with a depth at the charge location of 3,500 teet.
With the larger yield and deeper placement of the ASROC depth charge in
Sword Fish, the effects of the initial shock wave would be greater than
for VWahoo for a surface target at a given standoff. With the greater
depth of water, the effect of the bottom-reflected shock wave was expected
to be less severe for Sword Fish than for Wahoo for a surface ship in the
range of the Sword Fish tarpgets.,

1.4 SELECTION OF TARGET RANGES

Placement of the target ships for Sword Fish was based on current
and proposed sale-delivery ranges for ASROC. GSafe-delivery ranges are
based on several factors: hull damage, equipment shock damage, personnel
injury, and radiological effects. Hull damage was not expected on any of
the target ships as a sesult of Shot Sword Fish, Radiological aspects
are the subject of anoth:r project report. Personnel injuries, as a
direct result of shock, would not be expected.

The selected locations for participating units of interest to
Project 3.1 (promulgeted in Reference 25) are shown in Table 1.1 and
Figure 1.1. Preshot estimates of vertical velocity at the indicated
locations are also given in Table 1.1, An estimated velocity as a result
of the bottom-reflected wave is also indicated.

Because of the low shock severity expecte®, shock damage at these

ranges should be less than that encountered on operating ships in the
most severe of the shock trials described in References 10 through 19.
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TABLE 1.1 PRESHUT ESTIMATES FOR SHOT SWCRD FISH

Ship Location from Surface Zero Vertical Velocity

Range Azimuth Diregt Bottom
Wave(8) Reflection

feet degree ft/sec ft/sec
DD-845 6,000 0 2.5 1.2
DL-826 12,000 270 0.6 1.0
DD-T786 12,070 3us5 0.6 1.0
LD-t81 12,000 15 0.6 1.0
Platrorm P-2 2,000 0 21.8 1.4
Platform P-1 3,000 0 9.7 1.4

(8)gerraction effects not included. Refraction would nor-
mally cause a decrease in each of the indicated velocities,
primarily for the direct wave.
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Figure 1.1 Planned array arrangement for Shot Sword Fish.
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Chapter 2

PROCEDURE

To accomplish the project objectives, shock motions of structure and
equipnent foundations were recorded as functions of time on five ships
and two platforms, High~speed motion pictures were made of the response
of selected equipment on the ship closest to surface zero. Motion oic-
tures were made of the surface-wave phenomena from three ships.

2.1 OPERATIONS

Shot Sword Fish consisted of the launching of an ASROC deoth charge
under operational conditions with instrumented ships and platforms in
place to determine the effects of the detonation. The test array consisted
of a fleet tug (ATF) towing a destroyer (USS Bausell, DD-8L5), instrumented
platforms, coracles, and a target barge. A second destroyer (Uss Agerholm,
DD-826) projected the nuclear depth charge at the target barge. A standby
ASROC-firing destroyer (USS Richard B. Anderson, DD-786), a submarine
(USS Razorback, SS-394), and a destroyer (USS Hopewell, DD-6€81) equipped
with special sonar, completed the array. An LSD served as a handling sta-
tion for the smaller elements in the tow, and as a photographic platform.

Extensive measurements of shock motions were made on the towed
destroyer. Fewer measurements were made on the three operating destroyers
and the submarine, and a few measurements were made on two of the Project
1.1 instrument platforms,

DD-845, DD-826, and DD-T86 were post-World War II ships which had
received Fleet Repair and Maintenance (FRAM) Mark I conversions., These
ships had an overall length of 390 feet, maximum breadth of L1 feet and
a design draft of 13 feet, In tne conversion,the aft gun mounts and the
amidship torpedo tubes were removed. An ASROC system was installed as
well as a helicopter landing platform and a hangar.

All three ships were assigned directly from the Pacific Fleet. Prior
to Sword Fish, all ships in the array except the tug and LSD were tested
at a low shock level using HE charges, to detect any outstanding deficien-
cies in equipment behavior under shock. For the HE shock test, the sub-
marine was surfaced. Equipment was carefully checked and adjusted on each
of these ships by cognizant Navy and industrial engineers, prior to Sword
Fish,to insure that ships were operating at full capability. Shock motions
vere recorded on DD-826 and SS-39L4 during the HE tests.

All of the ships were manned during Sword Fish except Bausell. This

ship was in tow and recording systems on the ship were remotely operated
by radio signals.
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instrunents on two instrument platforms were also remotely operated.
Thesc platforms were in the towed array astern of Bausell, and were pri-
marily used for locating strings of pressure gages for Project 1.1. The
location of the platforms is indicated as P-1 and P-2 in Figure 1.1.

2.2 INSTRUMENTATION

To accomplish the project objectives, the shock motion as a function
of time and the response of selected ship equipment and structures vere
determined. The measurements included the determination of the shock
motions and response at representative locations on four DD's, an S5,
and on two instrument platforms. In all, 73 channels of time-based shock
rotions were recorded. In addition, high-speed movies of the shock
response of equipment &nd motion pictures of the response of the towed
aestroyer to the surface gravity waves were taken.

Because of the difficult environmental conditions, reliable and
simple instruments were chosen., Pickups and recording instruments sus-
ceptible to damage Irom dampness or sensitive to spurious mechanical,
electrical or acoustical signals were avoided.

The system for measuring the shock motion on the manned ships con-

sisted essentially ol a bar-magnet velocity meter whose output was recorded

on photographic paper in a multichannel electromagnetic (string) oscillo-
graph. On the towed ship, the bulk of the data was recorded on magnetic
tape, since there was a possibility of radiation exposure of photographic
material. In addition, the magnetic-tape records lend themselves more
readily to high-speed data-reduction techniques, Complete analysis of
the motion of the closest ship was considered most desirable. Recording
gear installed on DD-845 is shown in Figure 2.1.

2.2,1 Velocity Meters, Velocity meters were chosen as the primary
instrument for measuring shock motion, because velc ity as a function of
time has been found to be the most useful parameter for characterizing
shipboard shock motions. Peak accelerations can be measured from the
slopes of the records, and displacements can be determined by a single
integration. In recording shipboard shock motion, it has been frequently
found that the comparatively high accelerations associated with the
high-frequency modes of motion tend to obscure the generally more import-
ant lower frequency modes of motion which have larger displacements
associated with them.

Two types of velocity meters were used for these tests, the David Taylor
Model Basin (DTMB) bar magnet and a meter developed at the Underwater Ex-
plosions Research Division, Norfolk Naval Shipyard, Portsmouth, Virginia
(UERD). The DTMB meter was designed to drive a string galvanometer directly,
and the UERD meter was used with magnetic tape recording equipment.

18
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The principle of operation of both meters was similar, In each, one
pole of a bar magnet was suspended in a coaxial cylindrical coil. A
spring mounting permitted the magnet to move along the axis of the coil,
which was attached rigidly to the base of the instrument. Motions of the
base produced a voltage in the coil proportional to the relative velocity
between the coil and magnet. The output voltage was recorded directly on
an oscillograph or tape recorder to obtain a time history of the velocity.
Typical velocity-meter installations are shown in Figures 2.2 and 2.3.

The velocity-time records could be corrected to compensate for
relative motion between the magnet and coil. The motion resulted from
the excitation of the spring-mass system. In the case of records in
vhich the target displacement exceedea the length of stroke, a second
correction could be made to compensate for the record change which
resulted when the magnet struck the stops at the ends of the stroke.

2.2.2 High-Speed Motion-Picture Cameras. Two types of high-speed
motion-picture cameras were used to photograph the shock motion of selected
equipment on the towed destroyer. One of these, the Fairchild H5-100, was
the same type employed by the DTMB project in Hardtack (Reference 4).

These cameras have a ~apacity of 100 feet of 16-mm film and were operated
in Sword Fish at a speed of 500 frames/sec. In order to increase the
effective running time of these cameras, two cameras were operated in
sequence at each location giving an effective running time of about

16 seconds. The Fairchild cameras were protected from shock by utilizing
a modification of the Hardtack camera-mounting arrangements. In this
modification, the mount frequency was maintained by using lighter shock
cord, since the heavy lead radiation housings used in Hardtack were not
considered necessary.

The second type of camera was the Photo-Sonics 16-ma 1B. These
cameras were equipped with 200-foot magazines for 16-mm film and were
also operated at 500 frames/sec. A shock-mounting arrangement similar to
that employed on the Fairchild installation was used. A typical high-
speed camera installation is shown in Figure 2.h,

Light for the high-speed photography was obtained from long-burning
flash bulbs, Sequential firing of bulbs resulted in a fairly uniform
1ight source for a period of 16 seconds.

2.2.3 Motion-Picture Cameras for Surface Effects. Two cameras wvere
installed on the towed ship to photograph surface effects and surface
waves resulting from the burst. A 16-mm Milliken and a 16-mm Traid camera
were utilized for this purpose.
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The Milliken camera with 40O feet of film, operating at 6l frame:/sec,
recorded surface effects for 4 minutes following launch of the ASROC. The
Traid with 100 feet of film, operating at 150 frames/sec,recorded these
effects in the time period from 30 to 60 seconds after launch. Both cam-
eras vere in fixed mounts and were trained directly astern of the ship.

The response of DD-8U45 to surface waves generated by the Sword Fish
burst was photographed from stations on the two other FRAM destroyers.
On the firing ship, DD-826, a 70-mm Hulcher camera with a 36-inch lens
operating at 5 frames/sec and a 35-mm Mitchell with a 12-inch lens operat-
ing at 2h frames/sec were utilized. On the standby destroyer, DD-786,
a 5x5 K-24 aerial camera vith a 20-inch lens operating at 30 frames/min
and a 35-mm Mitchell with a 6-inch lens operatiag at 2u frames/sec were
utilized.

2.3 INSTRUMENT LOCATIONS

The locations of velocity meters on the various ships are indicated
in Tables 2.1 through 2.5. Locations of high-speed motion-picture cameras
on the towed destroyer are indicated in Table 2.6 and locations of cameras
for recording surface-gravity waves are listed in Table 2.7.

Profile views of the ships showing approximate locations of instru-
ments are shown in Figures 2,5 through 2.7.

2.4 OPERATION OF RECORDING INSTRUMENTS

Oscillographs, cameras, and recorders installed on the target ships
vere powered by storage batteries. This arrangement increased reliability
by making instrument operation independent of the ships’ power systems.

On the closest target ship and on the instrument platforms, the record-
ing instruments were operated automatically by means of sequence timers.
Operation of the sequence timers was initiated by relay closures furnished
by Edgerton, Germeshausen and Grier, Inc. (EG&G) by means of a radio link.
Recording instruments on manned chips were started manually using the
EC&C voice countdown for starting times.

Radio signals provided by EG&G included a sequence of five fiducial
pmarks. These were recorded on all recorders to provide a common time
base.
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Figure 2.1 Recording equipment installed on DD-845. Two
14-channel tape recorders are suspended from overhead by
shock cord. A direct-write oscillograph is installed on the

bench. (DTMB photo)
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Chapter 3

RESULTS

3.1 GENERAL OBSERVATIONS

On the five instrumented ships participating in Sword Fish, records
of the shock motions as a function of time were obtained from all instru-
ments. Only one channel of data was obtained from the instrument plat-
forms. This record was made on the closest platform to the burst.

The high-speed cameras on the towed ship operated successfully. The
cameras for photogravhing water-surface effects also operated success-
fully at all stations.

Fiducial time signals were received and recorded as planned.

Locations and orientations at shot time of instrumented ships in the
test array, as well as other ships in the area, are shown in Figure 3.1.
This figure was drawn from data supplied by various projects as well as
from radar measurements.

3.2 VELOCITY METER DATA

Complete records of shock velocity versus time were obtained for at
least the veriod from 13 seconds before to aporoximately 27 seconds after
detonation on DD-845, DD-826, DD-781, DD-681, and SS-394. Recorders were
operated fcr a long t*ime period before detonation to obtain data in the
event of a shallow burst. A long time veriod of overation was allowed
subsequent to detonation to insure recording of motions resulting from
the direct shock wave as well as significant reflections from the ocean
floor.

Examination of the records showed that several excitations were
received at each of the ships. Identifiable excitations included those
caused by: (1) shock wave transmitted directly from the burst to the ships;
(2) a shock wave which travels along the bottom and is a precursor to the
shock wave reflected from the ocean bottom; (3) a shock wave reflected
frcm the bottom surface; and (4) waves reflected from deever bottom layers.

Figures 3.2 through 3.15 are reproductions of significant portions

of velocity records obtained on the target ships. Traces on the repro-
ductions are labeled with vosition numbers keyed to Tables 2.1 through
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2.5. Each trace is also labeled with a calibration constant, which gives
the velocity in feet per second corresponding to a trace deflection equal
in magnitude to the length of the unit-deflection arrow shown on each
reproduction.

The times of arrival of the shock waves at the selected instrument
positions on each of the shios are given in Table 3.1. The veak veloci-
ties characterizing the shock motions are shown in Tables 3.2 through
3.6. Where measurable, the initial peak velocity resulting from the
direct shock is indicated as well as the peak value. In Tables 3.3 and
3.6 respectively, the shock velocities resulting from the HE test of
DD-826 and SS-394 are also indicated.

Figure 3.16 is a tracing of & tyoical record, showing the method of
reading velocity values from the various excitations. This method was
employed on the records from DD-826, DD-786, and SS-394. The method was
also applicable to the direct shock on DD-845. For the reflected shock
on DD-845, the magnet motion resulting from the direct shock was not
dzmoed out at the time of arrival of the reflected shock. As a result,
a correction was made using a computer program. An example of the
results of the program and the extraction of the velocity change resuit-
ing from the reflected wave at DD-845 is shown in Figure 3.17.

Shock-motion data were not obtained on the two platforms with the
oscillograph recorders. On Platform P-1, the starting relay for the se-
quence timer was apparently trivped early by a spurious radio signal.

The record obtaired was processed, but no motion or fiducial signals were
found over its entire length. Fogging of the record as a result of radi-
ation would not have obscured the trace.

The record from Platform P-2 was processed using a kit specified by
the paper manufacturer. The lack of contrast indicated that the radia-
tion level on the platform was excessive and fogged the photographic
paper to a level at which reading was impossible.

Playbacks of the Project 1.l magnetic tapes on which velocity-meter
data were recorded produced a record for the pontoon close to the bomb
but no record for the pontoon away from the bamb. At both stations, the
signal levels were lower than exvected because of the increase in stand-
off of the pontoons and because of a significant reduction in shock-wave
pressure as a result of refraction at these increased ranges. A prelimi-
nary reproduction of the record obtained at Platform P-1 is shown in Figure
3.18. The indicated initial peak velocity was 6.6 ft/sec. Further
analysis of the data was planned; however, Project 1.1 has not been able
to provide a suitable final copy of the record for analysis due to unex-
pected difficulties with their playback equipment.
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3,3 MOTION PICTURES

High-speed motion pictures of the response of selected equipment in
pD-8L4S5 were successfully obtained with the three cameras used, Good
exposure and contrast were obtained on each film and there was no evidence

of radiation exposure.

Equipment motions recorded with the cameras were small, The direct
and reflected shock-wave arrivals could be detected on the film and the
resulting equipment displacements were comparable for both shocks,

The cameras on DD-845 which recorded water-surface effects from the
detonation operated successfully. Good quality records were obtalned
with both cameras,

The films of the response of DD-845 to the surface waves generated
by the detonation showed significant wave amplitudes at this ship. Prints
of frames from the films taken froec DD-826 are shown in Figure 3.19.
Frames reproduced in the figure were from the 35-mm camera on DD-826.
Measurements of ship motion were made using data from the 35-mm cameras,
which ran at 2k frames/sec., Figure 3.20 shovs the results of measure-
pents of the films from each ship.

The plots show the relative displacements between points on the ship
gtructure and the apparent water surface directly below the point of
interest. Measurements on each film were made at three locations along
the length of the ship. Since there was no Lorizon or fixed point of
reference in the field of viev, absolute displacement measurements could

not be made.

pifferences in the magnitudes of the displacements between the two
films are attributed to differences in the angle of viev of the camera
and in the image size on the frame of the original film. The films from
DD-826 were taken nearly broadside and the image of the ship in the
frame ms large. In the case of DD-T86, the cameras were located ahead
of the target and the image of the ship in the film frame vas smaller,
Readirg errors in the latter film were consequently magnified. The
measurements from DD-826 are considered to be more reliable. The peak
crest-to-trough displacement as measured from DD-826 was about 17 feet.

3,4 DAMAGE TO SHIP EQUIPMENT

Damage to ship equipment for Shot Sword Fish is described in detail
in Reference 26. A dbrief summary of significant damage effects is glven

below.

9\5. Y8 éST\zLe‘\’ﬁA
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TABLE 3.1 ARRIVAL TIME OF SHOCK WAVES AT TARGETS

Target Ship Position Arrival Time in Seconds®
Number
Direct Wave Reflected Wave Reflected Wave
Precursor
Bausell (DD-845) 1 41,151 45.330 45,380
12 41.130 45,325 45,376
29 41.086 45,309 15,362
Agerholm (DD-826) 1 42, Lhh 45,687 45,693
12 42,433 45,62 45,688
29 42,413 45.6%3 5,681
Anderson (DD-786) 1 42,40k 45.547 45,556
12 42,385 45,537 45,548
29 42,345 45,520 45,533
Hopewell (DD-681) 1 42.219 45.690 45, 72h
12 k2,243 45.702 L5.73b
29 42,289 45,722 45.755
Razorbick (SS-394) 2 42.525 45, Tl
1 42,528 ks, 742 k5,749
4 42.529 45,743 5,748

% All arrival times are indicated relative to the Sword Fish zero time,
Zero time was the time of launch of the ASROC from the ship., The
calculated time of burst was 39,8095 * 0.010 seconds after zero time,
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TABLE 3.2 PEAK VELOCITIES ON DD-845

DD-845 was located stern toward the burst at a range of 6,500 feet.

Position Orienta- Location

Number tion®

Peak Velocit
Direct Reflected
Shock Shock

1 V  Keel at bulkhead Fr. 33-1/2 1.0 1.0
2 A pulkhead Fr. 33 sonar EQ rm, 1.1 0.9
L V  I.C. and plot. bulkhead Fr. 63 1.0 0.6
5 Vv I.C. and plot. bulkhead Fr. T2 1.3 0.6
6 v 0l deck at base of SPS-29 trans. 1.2

1 V Foundation Mk 38 attack console 1.2 0.9
8 A Deck ASW equip. room Fr. 8 -0.1 0.1
9 V  Foundation of ASROC launcher 1.6 1.2
10 A Foundation of ASROC launcher -0.1 0.2
11 V  Deck at base ASROC control console 1.bh 1.0
12 V  Keel at bulkhead Fr. 92-1/2 1.3 0.6
13 V Foundation of flexplate Fr. 92-1/2 0.9 0.9
1k v Laundry bulkhead Fr. 92-1/2 1.0 0.7
15 V  Keel Fr. 120 1.3 0.9
16 V  Keel at bulkhead Fr. 130-1/2 1.1l 0.6
17 v  Foundation of flexplate Fr. 130-1/2 l.1 1.0
18 vV LP twbine girder Fr, 132 1.5 0.6
19 Vv  Reduction gear foundation Fr. 140 1.3 0.6
20 v Keel Fr. 149 1.9 0.9
22 L Keel Fr 132 0.5 0.2
23 V  Main deck passage Fr. 130-1/2 Cy, 1.0 0.6
2k A Main deck passage Fr: 130-1/2 GL -0.2 -0.1
25 L Main deck X,0. room Fr. 131 0.2 0.1
26 v Deck of helo. hangar Fr. 121 1.1 0.6
2T A Deck of helo. hangar Fr. 127 -0.3 0.2
28 V  Deck in no. 2 ECM rm. Fr. 139 1.7 0.8
29 V  Deck in steering gear rm. Fr. 209 0.9

30 L Deck in steering gear rm. Fr. 209 0.3 0.1

*Orientation of sensitive axis of meter: V, ve °ti
A, athwartship (motion to atarboard is positive);

positive).
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Figure 3.1 Orientation of ships on-site at time of burst.
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Peok Velocity

Initial Peck Velocity

Direct Shock Refiected Shock

Figure 3.16 Tracing of & velocity-time record showing the methoc of reading
peak velocities,

The record was obtained from Position 18 on DD-826, and shows the motions
resulting from the direct and reflected waves during Shot Cword Fish. Both
portions of the record are to the same velocity and time scales. The zero
line for measuring the velocity from the direct shock was extended from the
portion of the record just preceding the arrival of the shock wave, The zero
line for the reflocted shock is drawn from the point of arrival of the shock

wave parallel to the portion of the record just preceding the arrival of the
precursor.

P
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' pe—_ I

8¢ il 300 400 600 600 100 800 900
Time, milkseconds

Figure 3.17 Procedure for determining reflected wave response on DD-845.
Record is that for Position 2. The upper figure shows the uncorrected
record as obtained, with the reflected shock motion superposed on residual
spring motion. The seismic correction removed the spring component; how-
#ver cumuletive errors in integration due to drift or errors in the zero value
caused a linear drift of the corrected record with time. The lower figure
shows the estimated corrected record in which the cumulative drift has been
subtracted from the original seismically corrected record.

0 50 100 i50 200
Time in millissconds

| Figure 3.18 Velocity record obtained from Pletform P-2.
The callbration amplituce is indicated at the left.
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Chapter &

DISCUSSION

4,1 PRELIMINARY REMARKS

The discussion vhich follows is directed toward the estublishment
of a relestion between the Sword Fish conditions (charge size, ship range
and orientation, etc.) and the recorded shock velocities and damage.

The total yield of the weapon, the depth of burst, and time of
burst were calculated by Project 1.1 and reported in Reference 27.
These data are used in the following discussion.

The ranges and orientations of ships in the test array were deter-
mined by combining data of Projects 1.1 and 1,2 with the shock-vave-
arrival times at the ships as determined by Project 3.1. Common time
measurements of shock-vave-arrival time were based on fiducial timing
signals transmitted by Project 9.2 and recorded independently by
Projects 1.1 and 3.l.

The damage data were collected by Project 9.1 for both the HE
explosion tests and Sword Fish. These data are reported in detail in

Reference 26.

Other data on geographical, operationmal, and atmospheric conditions
related to Shot Sword Fish are included in the report of the Scientific
Director, Reference 28.

4.2 RANGES AND ORIENTATIONS OF TARGET SHIPS

Target ship locations relative to the detonation voint were
determined using shock-wave-arrival times at the ships, the detonation
time as determined by Project 1.l (Reference 27), and an average acoustic
velocity for the water between the surface and the depth of burst., The
direct shock-wave-arrival times are indicated in Table 2,1 for the
various target ships. Times are indicated relative to a zero time, which
wvas the time at which a wire across the back of the firing cell of the
ASROC launcher opened. This time was considered zero time and was
transmitted and recorded by Project 9.2 (EG&G).

Detonation as determined by Project 1.l occurred at 39,810 + 0.005
geconds after zero time. Ranges to the ships were determined by using
differences between the shock-wave -arrival times of Table 3.1 and the
detonation time, and an average acoustic velocity of 4,940 ft/sec.
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This average velocity vas determined from data provided by Project 1.1.
The value was weighted toward the velocity near the surface, since, with
refraction, the major portion of the path of an acoustic ray would be
in upper water layers,

Ranges obtained in this manner were Published in the POIR for Project
3.1 (POIR 2005) and are reproduced here in Table 4,1. The ranges
obtained with actual arrival time date were compared with ranges and
transit times computed using the Sword Fish velocity gradient. A cor-
relation equal to that used in Reference 4 to compensate for the higher
shock-wave velocities near the charge was also applied to the calculated
transit time data. The resulting computed ranges agreed closely with
the ranges obtained using the average velncity,

Orientations of the target ships relative to the direction of propa-
gation of the direct wave were determined from the relative arrival times
of the shock wave at different positions along the length of the ships.
Orientations are indicated in Table k.1, for each of the surface ships.
Orientation of SS5-394 could rot be determined from shock-vave-arrival
data, since all of the shock measurements were made in a limited section
of the ship's length,

4.3 VARIATION OF VERTICAL VELOCITIES OF TARGET SHIPS WITH RANGE

The vertical bodily velocity of the surface targets for Sword Fish
vas expected to depeni on the peak pressure in the shock vave and the
angle of incidence of the shock wave with the ocean surface. Refraction
caused by variations in temperature and density of the water through
which the shock wave was transmitted had an apprecisble effect on both
the value of the peak pressure and on the direction of travel of the
shock wave for Sword Fish, and consequently on the bodily velocity of
surface ships.

Previous tests had indicated that the initial vertical bodily
velocity of surface ships was approximately equal to the peak vater-—
particle velocity. Peak vater-particle velocity V is defined as:

2Po
V= TR cos 0 (4,1)

Where:
P_ = peak pressure at the wvater surface

the angle of incidence of the shock wave at the vater
surface

density of water

°
L}

velocity of sound in water

(2]
n
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In the absence of refraction effects P_ can be computed from stand-
ard TNT formulas for a charge of W pounds o? TNT at depth d in feet and
slant range R from the surface in feet. The equation for particle
velocity of the water then becomes

620 a® 37

v
R2..13

ft/sec (4.2)

In accordance with previous results, the TNT equivalent was taken as]
percent of the calculated RC yield. For this report a total (RC) yield
value of .And a depth of burst of 670 feet as determined by
Project 1,1 {Reference 27) vere used for calculating water-particle
velocity.

In Figure h.l, computed vertical-particle velocity for isovelocity
conditions is plotted as a function of horizontal range for Sword Fish
weapon size and geometry., Initial vertical velocities recorded at bulk-
heads at the bottom of each ship vere averaged and the results are
indicated in Figure 4.1. The velocity obtained on Platform P2 is also
indicated.

The effects of refraction on the surface wvater-particle velocity at
various ranges were determined using an IBM 7090 computer. The calcula-
tions were based on the sound-velocity structure reported by Project 1.1
in Reference 28. It was assumed in the calculations that the high-
frequency components of the shock wave traveled outward from the burst
in directions parallel to the acoustic ray paths, The pressure at the
shock front was calculated from the lengths of the rays and from spread-
ing effects as measured by the distances between adjacent rays. The
results of the calculation are also plotted in Figure 4.1,

As may be seen in the figure, the measured initial bulkhead velocities
vere close to the values computed for the refraction condition, For all
except the closest ships, this value of velocity was less than 0.1 ft/sec.
For these ships, the measured initial peak velocity was less than one-tenth
the value computed for isovelocity conditions, At DD-845, the effects
of refraction were considerably less,although the measured bulkhead
velocity was still about half the value expected under isovelocity
conditions.

Refraction affected the shape of the velocity-time records as well
as the initial magnitude at each of the surface ships,

The shock motions recorded at two of the bulkheads in machinery
spaces on DD-8U5 are shown in Figure 4.2. The motions at these positions
wvere considered to be representative of the bodily motion of the ship.
They are shown along with a curve representing the computed motion of
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surface water at DD-8BU5. The wvater motion was computed without refrac-
tion effects being considered. The motion of & surface target is com-
pared vith the motion of the surface vater in Reference 3. The water
velocity as & function of time {s computed to be

y -2-% (cos 8) emt’/1 (4.3)

D
for the case in which the cutoff time at the ship's bottom ig very short
compared to the time constant. Cutoff at keel depth of DD-84S5 would occur
in 0.5 msecC, while the time constant of the charge 1 was reported by

Project 1.1 a8 29 msec.

The initial peak velocity for the unrefracted case was 9%755”1““
from Figure .1 as 1.7 ft/sec and the exponential function e was
used to define the decay with time t in msec.

Figure 4,2 indicates the resulting motion and shows that the high-
frequency components of the measured shock motion were the ones most
affected Yy refraction, as indicated by the initial history. At the
destroyers at greater ranges, the high-frequency components of the shock
wotion were even further attenuated 8s may be seen in Figures 3.8, 3.10,

and 3.12.

At these ships, the ipitial peak was achieved in about 1 millisecond,
ut a much larger (the maximm ) velocity from the direct shock was
attaiped in about 40 milliseconds, The velocity associated vith this
later peak was three to seven times the initial peak at individual ships.
The values &S plotted in Figure 4.1 more nearly correspond to the
expected velocity for {sovelocity vater conditions, Since these peaks
occur at such late times vith respect to the arrival of the shock wave,
calculation of their magnitude on the basis of jpitial peak pressure is
not possible. Shock effects of these velocities are extremely limited
because of the 1long time durationm. While the magnitude of these velocities
{s greater than for the initial peak, the associated accelerations are
appreciably lowver than those for the initial peak. Integration of the
velocity-time curve for large time ranges would be 2 comparatively
{naccurate process. Visual inspection of the records suggests that
paximum vertical displacements are less affected by refraction than are

initial velocities.

L4 VARIATION OF SHOCK MOTION WITH LOCATION IN SHIP
The main structural motions of the surface ships vere obtained for

positions along the length of the keel and for positions at increasing
hel.ghts in the ship along msin structural bulkheads., The direct shock



produced significant motions only on DD-845. This discussion is, there-
fore, limited to measurements on that ship.

4.4,1 Longitudinal Distribution of Shock Loading. DD-8U45 was
oriented stern-on to the burst., Figure 4.3 shows the vertical shock
velocities recorded at various locations along the bottom of the ship.
Arrival times at various locations are shown relative to the arrival of

the shock wave at the aft-most location, Position 29.

The shock motions recorded at the three locations which vere at the
same elevation on main structural bulkheads agree well in both amplitude
and shape. In contrast, the velocity record at Position 29 is consider-
ably attenuated in the early stages, possibly due to some effect associated
vith shallow draft and ransom-stern location, and is included mainly to
show the variation in shock-wave-arrival times,

The eagreement in the three records at similar locations indicates
a uniform loading over the length of the ship. Had the ship been oriented
differently, e.g., broadside, the shock levels at the bottom of the ship
also would not have been different. Only mimor differences in relative
shock-wave-arrival times would have existed.

4,4,2 Variation of Motion with Height gg Ships. The shock velocity
amplitudes at the different deck levels of DD-BkS did not vary greatly.
Where measurements were made on continuous vertical structures through
the ship, the most significant differences in the records vere in the
slopes of the initial portion of the record and consequently in the
acceleration amplitudes.

In Figure 4.U, shock motions at three levels of DD-845 are shown.
The measurements at Positions 16 and 23 vere made at the keel and main
deck levels, respectively,at the main bulkhead at the forward end of
the aft engineroom. The measurement at Position 26 was made at the
superstructure level slightly forward of the same bulkhead.

As may be seen in the figure, the peak velocity was not greatly
different at the three locations. The initial accelerations as determined
from the slopes of the records for ascending levels in the ship, however,

vere 90, 20, and 5 g respectively.

The shock displacements determined from integration of the velocity
records agree well over relatively long veriods of time as is shown in
the figure. No significant relative displacements occur in the early
portions of the records. The relative displacements at the end of the
records are not reliable because of cumulative errors in correcting the
records for motions of the seismic elements of the velocity meters,
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At several locations in the ship, higher peak velocities were
recorded than those at main structural bulkheads. This was true at the
various levels of the ship, At the lower deck levels, these larger peaks
resulted from the high-frequency components of motion associated with
local structure. These motions, in some cases, excited high-frequency
meter resonahces. At the upper deck levels, the greater amplitude resulted
from the low-frequency deck response to the motion imparted by the bulk-
head, The dynamic response of deck plating, in which the damping is low,
would be expected to exceed the input for the type motions which were
recorded.

4,5 ATHWARTSHIP AND LONGITUDINAL SHOCK MOTIONS

On DD-84S, which was oriented with i{ts stern toward the explosion,
shock motions were recorded in three orthogonal directions at two loca-
tions in the ship. At the keel level, the vertical shock velocity from
the direct shock wvave was twice the longitudinal and three times the
athwartship. At the main deck level, the vertical component was five
times as great as the others.

At the range of DD-845, the displacements associated with these
horizontal components of the shock motion were of even less relative
magnitude,

In all of the surface ships, the shock motions measured in the
borizontal plane were considerably lower in amplitude then those in
vertical.

4,6 SHOCK MOTIONS ON THE SUBMARINE SS-394

SS-39% was located at a range comparable to that of the mamed
destroyers and was at periscope depth, starboard side to the explosion.
The initial peak vertical velocities on the submarine from the direct
shock were about the same as those on the destroyers. In the submarine,
however, the corresponding peak athwartship velocities were two to four
times as great as the vertical. As expected, displacements associated
with these velocities were small for all components of the motion,

L,7 SHOCK MOTIONS CAUSED BY SHOCK WAVE REFLECTED FROM THE OCEAN BOTTOM

Shock velocities were recorded on each of the ships from shock
vaves vhich appeared to originate on the ocean bottom. The resulting
motions included the effects of a bottom-transmitted precursor, a



direct reflection from the bottom surface and subsequent reflections
deeper bottom layers.

In Figure 4.5, the calculated arrival time at the surface of the
direct shock and the shock reflected directly from the bottom are plot
as a function of horizontal range. The computation of reflected wave
arrival time was besed on a flat bottom at a deoth of 13,300 feet.
Sword Fish gradient reported by Project 1.1 (Reference 27) was employe
in the calculations. The measured arrival times are also plotted and
indicate a reasonable agreement between the computed and experimental
results. As expected, at increasing ranges, the arrival time for the
reflected wave approaches the arrival time of the direct shock wave.

At the range of each of the manned ships, the magnitude of the
velocity as a result of the reflected shock wave was greater than that
as a result of the direct shock. Figure 4.6 indicates the magnitude g
the resulting shock motion at the different ships. Also shown is a
curve of expected peak velocity with a perfectly reflecting bottom, i.
one in which all of the pressure is reflected from the surface and in
which the shape of the pressure-time curve is preserved. Since the
reflected pressure wave retains neither its magnitude nor its shape up
reflection from a bottom of the type which existed, the resulting ship
velocities are lower than suggested by the computed curve. Other
are shown in the figure and labeled "reflection ratio". In this repo
the reflection ratio is the ratio of the measured velocity to the ps
velocity computed for a direct path length equal to that of the re
tion path, and an angle of incidence equal to that between the actual
reflection path and the water surface. '

The plotted points are averages for the motions at bulkheads at
bottom of each ship. The values for the manned ships were readily
obtained from the data as shown in Figure 3.16. Those for DD-845 coul
not be as readily determined, as shown in Figure 3.17. Since the
cumulative effect of corrections of the records at DD-845 was several
times the amplitude of the record heing extracted, the range of value
of the reflected shock velocity is shown in Figure 4.6 rather than an
average value.

In any case, there was a considerable spread in the velocity mag
tudes for ships at nearly the seme range. The bottom-reflected velo
on DD-681 were almost twice those on DD-T86 and DD-826. Unfortunate
no pressure measurements were made in the water near DD-681 and the
nature of the differences in the reflected oressures at this ship re
tive to other ships cannot be ascertained. It appears that the res
may be related to some local focusing effect in the path from the ch
to DD-681 via the bottom.
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Bottom-reflected wave-shock motions differed appreciably from direct
shock-vave mctions. Whereas peak velocities at the keel of DD-845 for
the direct shock were reached in 1 millisecond or less, peaks for the
reflected shock at identical locations on the manned destroyers were
attained in 12 to 15 milliseconds. The change in the character of the
response is presumably due to the change in the character of the pressure
pulse during reflection.

4,8 COMPARISON OF MOTIONS WITH THOSE OF HE TESTS

Prior to the actual Sword Fish event, each of the Sword Fish ships
in the test array was subjected to a single shock test employing a
1200-pound high-explosive charge. Fach test was conducted in the manner
described in Reference 24. The test severity was about one-half that to
which ships are scheduled to be tested routinely (Reference 9).

The tests served to detect weaknesses in the shock resistance of
these ships in order that corrective action could be taken before Sword
Fish, During two of the tests, those on Agerholm (DD-826) and Razorback
(s5-394), shock measurements were made as a part of Sword Fish, Peak
velocities for these tests are reported in Tables 3.3 and 3.6 respectively.

A direct comparison of motions recorded at two positions on DD-826
for the HE tests, Oword Fish direct shock, and Sword Fish reflected
shock, is made in Figure 4,7. As may be seen, the HE test produced peak
velocities greater, by a factor of four or more ,than the larger of the
two Swcrd Fish velocities, High-frequency accelerations associated vith
the initial slope of the HE test records a factor of fifty or more greater
than the accelerations associated with the Sword Fish records.

The effects of these three shock motions on undamped single-degree-
of-freedom systems is illustrated in Figure 4,8, Again, the largest
responses resulted from the HE shock. With increasing frequency, the ratio
of the HE test response to the Sword Fish response increased.

In Figure 4.9, shock spectra for the HE test of DD-826 are compared
with the Sword Fish results for DD-845 at the same locations in the
respective ships, Even for this, the closest of the Sword Fish ships’
response was lower than for the HE tests, At the positions compared, the
peak velocities for the HE test were more than tvice as great as on DD-845
for the direct shock. There is indication that, at the low-frequency
end of the spectra, the DD-845 motion resulted in & respons: closer to that
for the HE tests. This increase in the relative response at low frequen-
cies would be expected for DD-8U45 in view of the predominantly lov-
frequency type of motion recorded at these locations in Sword Fish
(see Figure 4.3).
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On Razorback, the results with respect to the measurements were similar
to those reported for DD-826. The vertical velocity peaks for the HE test
were higher by about a factor of three than those for the reflected shock
in Sword Fish. The athwartship reflected velocities on structure were
greater by about a factor of six.

4,9 DAMAGE TO SHIPBOARD EQUIPMENT

While the extent of damage resul:ing from the ASROC burst was rela-
tively minor compared to the HE tests, each of the target ships had damage
which resulted in weapon-delivery impairment. None of the ships suffered
hull damage or were immobilized. The degree of weapon-delivery impair-
ment was no greater on the closest ship than on destroyers ul a nominal
12,000-foot range.

The shock velocities which were measured as a result of the Sword
Fish curst w:re comparable to or less than those experienced in the least
severe f the routine shock tests reported in References 10 through 19.
They were also lower than those experienced in the pre-ASROC shuck test
on the target ships themselves, as was shown earlier., While the character
of the shock motion differed between the two types of tests, generally
the HE test would be expected to be the more damaging. In the HE test,
the accelerations and decelerations were appreciably greater than those
experienced from the ASROC shock. Consequently, the loads on equipment,
particularly in the lower levels of the ship, were greater for the HE
tests.

Although the displacements were greater for the ASROC test, they were
not damaging of themselves, Even the low-frequency, suspended, master
gyrocompass which failed on Hardtack and Crossroads targets did not showv
appreciable deflection relative to the ship. Damage related to displace-
ment generally occurs when mounts yield due to large relative excursions,
or components collide as a result of the relative deflections. The high-
speed motion pictures taken inside DD-845 dramatize the lack of signifi-
cant motion. A coffee cup resting on a shelf in one of the scenes is not
visibly disturbed as a result of either the direct or reflected shock
motions at this ship.

The ships which were shock tested prior to the ASROC shot showed
a marked decrease in the number of damaged items, The destroyer USS
Preston (DD-795) which was at a greater range than the target destroyers,
but was not shock tested prior to Sword Fish, received considerably more
damage than the shccik-hardened target ships. Equipment similar to that
damaged on Preston was not damaged on Hopewell (DD-681), one of the
target ships. Had the target ships not been previously shock tested and
refitted, considerably more damage would probably have occurred.
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The damage which resulted in different ships was of a similar type
but occurred rather randomly with respect to & particular console or &
particular component of u system. ASROC systems on two of the ships,
for example, were disabled by blown fuses, one in a fire-control-group
gvitchboard, and the other in the 5QS-23 sonar.

In machinery areas, the shock levels were lowver on each of the ships
then those which might normally be expected to result in machinery dam-
age. In character, howvever, equipment response to the Sword Fish shock
vas similar to the response of similar heavy machinery to other higher
level shocks. An example of such response was the motion of the low-pres-
sure turbine on DD-845.

The response of low-pressure turbines had beea studied during Hardtack.
The inagnitude of the motions during Sword Fish, however, was roughly one-
third that which resulted in damage from Shot Umbrella of Operation Hardtack.
During Hardtack, the loads in the supporting structures for the propulsion tur-
bines caused deformation of the supports of sufficient amplitude to seriousiy

misalign the propulsion system.

The input to the lov-pressure gurbine and the response of the tur-
bine girder on DD-4T4 during the Umbrella test of Hardtack are shown in
Figure 4,10, In this test, the motion from the direct shock was preceded
by the shock transmitted through the bottom of the lagoon. The signifi-
cant response, however, vas to the direct shock.

On DD-8LS, the turbine mounting arrangement was 1ike that on DD-uTh.
The response On pD-845 was also similar. Figure 4.1l shows the motions
recorded at the supporting structure and on the lov-pressure turbine girder
in the aft engineroom of pD-845. The motions of the bulkhead at the
keel level, of the shelf plate (which joins the bulkhead-attached struc-
ture to the flexure plate) and of the turbine girder are shown.

The girder motion oscillates about the keel motion. The shelf plate
initially tende to follow the keel but as the girder motion overshoots
the keel motion, the plate follows the turbine wvith lover oscillatory
amplitude. From this time, the plate appears to move as though it vere
a point on & spring comnecting the turbine to the bulkhead structure,
jndicating that 8 portion of the flexivility of the system lies in struc-
ture on the bulkhead side of the flexure plate.

The turbine response at its forward end was like that of an undamped
single—degree-of- freedon system vith a freguency of 16 cps to the motion
recorded at the keel. The velocity response computed for such a systen
is compared vith the recorded equipment resoonse in Figure k.12, The
relative disolacement of the point on the turbine girder with respect to
the point on LIic kes) in shown in Figure 4,13, The relative displacement
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of a 16-cps system to the keel motion is also showm. The indicated peak
deflection of the turbine girder relative to the keel was on the order
of 0.1 inches.

While this relative deflection apparently did not damage the turhines
al the shock levels encountered in Sword Fish, the data illustrate that
the conditions (equipment type, turbine support design, and responsge)
vhich resulted {n mobility damage to destroyers in Hardtack also exist
in FRAM ships. As a result, ships of this type can be expected to suffer
immobilizing damage like that experienced in Hardtack at shock-velocity
levels on the order of three to four times those encountered by DD-8kS
in Sword Fish. Using data from Figure L,1, the range at which such
damage would occur is 3,500 to 4,000 feet; considerably less than that
at which ships vere positioned in Sword Fish.

The submarine in the array savw less damage than did most of the
destroyers. It appears that a submarine of this type could be appreciably
closer to the burst under Sword Fish conditions vithout experiencing
serious shock damage.
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Figure 4.1 Peak vertical velocity of surface water for direct shock wave,
The heavy curve was calculated for isovelocity water and the light curve
was calculated for Sword Fish refraction conditions. The labeled points are
measured velocities of the keel at bulkheads, Open symbols represent initial
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Figure 4.2 Shock motions at bulkheads at keel level on DD-845. The motions
st Position 12 (upper curve) and Position 16 (lower curve) are compared with

computed motions in response to an exponentially decaying pressure pulse.
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Figure 4.4 Vertical velocity and displacement at differcnt levels on DD-845.
The light =olid line 1s the keel motion (Position 18), the dashed line the
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Figure 4.13 Comparison of computed and measured relative displacement
of turbine girder with respect to keel,
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Chapter 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The conclusions in this chapter refer to undervater nuclear bursts
and are specifically concerned with Shot Sword Fish conditions. The term
"Shot Sword Fish conditions" includes yield, shot geometry, bottom reflec-
tions, thermal gradient characteristics and target ship types.

The shock motions on ships in the vicinity of the Sword Fish burst
vere documented. The vertical shock velocities on all ships were very
lov (less than 2 ft/sec).

The vertical shock velocities on the closest destroyer, at 6,500 feet
from the burst, were about the same in magnitude for the direct and
reflected shock, while at 12,000 feet, vertical shock velocities result-
ing from the reflected shock wave were two to ten times as great as the
direct velocity.

Thermal gradients in the vater refracted the direct shock wave and
caused considerable diminuation of the shock motions produced in the sur-
face ships vith respect to those that wvould have been produced in iso-
velocity wvater. At 6,500-foot range, measured shock velocities were
one-half, and at a nominal 12,000-foot range, one-fifteenth to one-eighth
those which would be expected for isothermal conditions.

Ship orientation to the burst played no significant role,under Sword
Fish conditions, for vertical shock motions.

In spite of the low shock geverity in Sword Fish, varying degrees
of weapon-delivery impairment on all of the target ships resulted. Dis-
ability ranged from complete loss of ASW and AA capability to minor impair-
ment. No mobility impairment resulted.

The extent of impairment of ships at 12,000 feet from the burst wvas
as great as that of the ship at 6,500 feet, Damage on the ships at
12,000 feet resulted from the reflected shock.

On all ships, the shock velocities were lover than those experienced
{n the mild HE test preceding Sword Fish.

On the surface ships and the submarine, the shock damage fror the
Sword Fish test was less than for the HE test. This is due both to the
lower shock levels in Sword Fish and to the fact that remedial action
taken as a result of the HE test improved the shock hardness of the tested

ships.



Response measurements on a lov pressure turbine on DD-845 were simi-
ler in character to those obtained on destroyers in Hardtack. Conditions
vhich contributed to mobility damage during Hardtack exist on FRAM
destroyers. Impairment of propulsion similar to that reported for Hard-
tack would probably occur at ranges of 3,500 to 4,000 feet under Sword
Fish conditions.

Motions of DD-845, in response to surface waves resulting frum the
Sword Fish burst were documented. The maximum measured ship displace-
ment relative to the vater as a result of the wave action wvas 17 feet.

5.2 RECOMMENDATIONS

Sword Fish demonstrated that for comparable conditions, ships which
have been shock tested and subjected to even limited shock hardening
perform better under the n:clear shock enviromment than do ships of a
similar type vhich have nol “een tested. The need for continuation of
the program of shock testing and shock hardening fleet units has again
been demonstrated. It is recommended that this program of shock testing
ships be pursued with vigor and that the lessons leained from tests of
specific ships be applied to all ships of the same class, and of other
classes which are similarly equipped. Special attention should be paid
to weapon systems.
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