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ABSTRACT 

A total of 140 velocity meters, 12 accelerometers, 132 shock 
s~c~trum recorders arrl 12 displacement gages were installed in the 
J submarine and J surface targets for the measure111ent of hull response 
and shock motion.CJ . The oscil lograph data were recorded automatically 
at remote recording stations . 

Considerable data were obtained from all targets. These are 
tabulated and discussed in a preliminary way in this interim report. 
Some conclu.sions are presented. 
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HULL RESPONSE AND SHOCK NOTION 

1 INTR0ilJCTI0N 

A ship may be destroyed by rupture of its hull, or it may be 
rendered i noperative by the destruction of vital equipment. This 
Project is primarily concerned with the measurement of the magnitude 
and character of the shock motions produced by the atomic explosion 
and the response of hull structure and mechanical systems which 
represent ship's machinery and equipment. These measurements also 
provide data on the secondary pulses associated with the explosion, 
as well as on the distance and bearing of the targets relative to 
the charge. 

For the sake of simplicity and economy in the construction and out­
fitting of the special submarine targets, SQUAWS, they were not 
furnished with operating equipment. However, i n o·der to make the 
targets more nearly representative of actual sub111c1rines. steel weights 
designed to sirnu.late the major units of the propulsion system of a 
modern sut.arine were designed as a part of this Project. These were 
installed in each of the SQUKwS . These wei6hts and their foundations 
as well as the SQUA'.\ hulls were extensively instrumented by this 
Project. 

Surface vessels as well as submarines may be subjected to atomic 
explosions. either as a result of enemy attack, or by having delivered 
the weapon in an attack on an enemy submarine. Consequently, a lmow­
ledge of the shock motion produced on the hull and equipment in a 
surface vessel is of considerable importance. Inasmuch as the YFNB 
Instrument Barges were the only surface ships intended to be included 
in the test array, they were also instrumented. 

This Project includes the determination of the following: 

a. The rigid body motion of the hull as a f\tnction of time. 
b. The motion of the hull at representative locations as a 

function of time. 
c. The motion of simulated items of ship's heaV7 machinery as a 

function of time. 
d. Shock spectra• at representative locations in the vessels. 

In this preliminary report the test set-up, the instrumentation, 
and the test results are presented and discussed 1n an abbreviated 
and preliminary form. •see Section J.J 
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Because of the large amount of data. available, and the l i mited amount 
of time available for preparation of this Interim Report, a more com­
plete analysis and presentation must await a later report. 

2 TEST SET-UP 

2 .1 Test Array 

Plans f or the conduct of this test provided f or the explosion of 
an atomic bomb at a depth of 2,000 feet, in water having a depth of 
at least 10,000 feet. 

Three SQUAW targets were to be suspended by chains from pontoons, 
submerged to a depth of 250 feet and all were to be stern end towards 
the weapon. The pontoon and chain support system was intended to be 
capable of supporting a completely bilged target. The SQUAW closest 
to the bomb was to be at a distance which was less than the estimated 
lethal range for the weapon; the next target was to be at the lethal 
range, and the third target was to be beyond that range. However, 
severe weather conditions en route to and at the test site resulted in 
loss of many chains and pontoons . These losses necessitated a modi­
fication of the test arrangements. 

Because of the loss of chains and pontoons prior to the test 
SQUAW 29, the target farthes t from the weapon, was not submerged for 
the test. 

SQUAWS 12 and 13, the two targets closest to the bomb, were 
submerged to test depth despite the loss of some of their supporting 
chains and pontoons. 

As a result, the test array consisted of two st.bmerged and four 
surface targets . 

2 . 2 SQUAW Targets 

The SQUAW was a four compartment submarine target containing two 
cylindrical test sections and two conical end sections. The design 
of the test sections was based on that of the SS-563 class of sub­
marine. However , the diame~~r and scantlings in the SQUAW were 4/5 
that of the SS-563, the hull 5~iffeners werP- internal rather than 
external , anct the length of eac1 test compartment was made 29 feet 
(twice the diameter). The weiglts which simulated main propulsion 
equipment and foundations were based on the SS-566 propulsion system. 
Both the wei0 ht and the location of the center of gravity of each 
item were simulated on 4/5 scale . However, unlike the SS-566 , the port 
engine weight was isolated from its foundation by means of resili.ent 
rnountin~s . From the data obtained the ability of the resilient 
mounting to isolate the en~ine from the shock was to be evaluated. 

12 
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The frequencies and vibration char ac t eristics of these items are given in Reference (1). 

An inboard profile view through t he center l ine of the s,;:'JAW targets are shOlm in Illustration 1. The5e show schematically the location and outline of the simulated engine weights and instrunents . 
2.3 YFNB Targets 

The three YFNB bar ges (whose pr incipal function was to serve as instrument recordine platforms) were instrum nted to a lirrited degree for the measurement of hull -response shock motions . These data pro­vide a basis for estimati~ the effects of deep atomic explosions on combatant-type ves sels. 

The YFNB is a double bottom longitudi nally framed vessel 260 feet long and 48 feet wide. Illustr ation 2 shor,rs inboard profile as well as the instrument locations. 

3 INSTRUMENTATION 

Thirty-five velocity meters , 4 accelerometers , 34 shock spectrum recorders and 4 mechanical displacement gaGes were installed on each of the three SQUAWS. Two additional velocity meter s were used on SQUAW 12. 

On each YFNB, 11 velocity meters and 10 shock spectrum recorders were installed. 

Gaues were chosen on the bas i s of reliability of operation and cost . Ga,,es s sceptible to dama~e from dampness or those types sens­itive to spurious mechanical, electrical or acoustic si~nnls were avoided . 

J.l Velocity Meters 

A velocity meter consi~ts essentially of a pick-up coil and a magnet. Usually the coil is fastened ri6idly to the frame of the instrument while the magnet is suspended from the frame by sprinr,s . Relative motion between the coil and the magnet eenerates a voltaze proportion~l to velocity. \vhen the output volta3e is applied to an oscillogr aph, a time his tory of the velocity i s recorded. The velocity meters used in this test were bolted to rnountins plates which were welned to the structure who~e velocity was measured. 

All velocity meters in each SQUAW t ar get were connected to a term­inal board in the forward compartment. Special multi-channel armored instrument cables 600 feet lon0 connected t hi s terminal board to a 
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control panel in the instrument trailer. The control unit provided a signal level att enuator, a calibration voltage control, and a f:eld current supply and control for each veloci~y meter channel . The vel­ocity meter control unit was connected to string oscillographs, which recorded the signals on a time base. 

Of the total of 140 velocity meters used, 45 were of the British type, 61 were of the TH9-Bar-Magnet type and the remaining 34 were of the Hartz type. 

All meters were calibrated by the "drop test". In this test the output voltage produced by the pickup is recorded as the ma5net is released and falls freely in the meter c2se. This type of calibration permits determination of the sensitivity and its uniformity with rela­tive position of coil and magnet. However, the test is limited t~ low velocities. All British and Hartz type meters and a random samplin5 of TMB Bar-Magnet meters were also calibrated by means of a ballistic pendulum test. In this test the meter is subjected to essentially a step change in velocity. Calibrations at velocities as great as 14 feet per second were made. Measurements of the sensitivity of a meter by these two techniques a17reed within 5,b . 

The displacement range of a velocity meter is limited and depends on its design. If the displacement range is exceeded, the meter "bottoms". A correction for this bottoming may , in some c~~~s, be made. 1'hi~ correction effectively increases the displacement ran,;e. 

J.2 Accelerometers 

Four Statha.~ accelerometers , each havine a ranee of JOO g , were used in each target. The accelerometer contains a mass supported by two parallel flexure plates fixed to the base of the instrument. Four pre-stretched resistance wire f il.A.ments are attached to the mass and the instrument base . These wires are connected electrically as a Wheat~tone bridge . The ga3e is seal~ in a case filled with a sili­cone fluid which provides damping for the sy::,tem. .Cis;,lacement of the mass relative to the base in a direction per1)endic11lar to the plane of the flexure plates produces further elon3ation of t~-ro of the wires and relaxation of the other two. The chan~e in resist~nce pro­duced is proportional to acceleration ;1ithin the operatin~ frequency r ange of the 5age. 

The sensitivities of the ga~es as supJlied by the manufacturer were checked against a standard cryst:tl accelerometer (calihrated by the reciprocity method) in steady state vibration tests on an electro­magnetic vihratio!'l table at low accelerations. Hi;;h acceleration tests were conducted on a ballistic pendulum usins a crystal accel­erometer as a standard . An avera~e deviation of ahout 1~; in the sensitivity was obt~ine<l between the two types of c3.li~ration . 
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The accelerometers were connected to carrier amplifiers and 
recorded on string oscillographs. 

3.3 Shock Spectrum Recorders 

The shock spectrum recorder is an autographic instrument used for obtainin~ shock spectra . It is completely self-contained and requires no power. It records the peak response of a series of weighted canti­lever reeds, each having a different natural frequency. The response of each reed approximates that of a single de<Tree of freedom mechanical system having the samf, natural frequency. From the peak displacement of each reed the correspondine peak acceleration is computed . A 
graph of these peak c1ccelerations plotted as a function of reed 
frequency is called a shock spectrum. 

Thirty-four NARK 4 shock spectrum recorders were used in each SQUA'.\I' and 10 in each YFNB. This model, desi0ned at the Taylor ~el Basin , was the result of a development proeram set up to improve the reliability and validity of this type of instrument. 

This instrument cont~ined ten reeds having natural frequencies of from 20 to 450 cycles per second. In this ga3e the reed excursions were scribed on a waxed paper. Two heaV'J bolts passing throu3h the gage attach it to a mounting plate that was welded to the structure. Each 5a~e was installed in a special waterti3ht housing designed to withstand the hyclrost:itic pressure at a depth of 600 feet. The housing was provided to protect the record in case of flooding of the tarJet . 

3.4 Mechanical Displacement Gages 

Mechanical displacement ga~es were used to measure maximum rela­tive displacement between the shock-mounted engine and its foundation. This displacement gage consi~ted of a pointed section of thin lead sheet which was soldered to a heavy metal base.The base of the gage was ri~idly attached to the shock-Mounted equipment and adjusted so that the top of the 3a~e was aiainst the equipment foundation . Rela­tive displacement of the equi.rment with respect to the foundation causes the ~age to deform. The. maximum displacement of the equipment is determined by measurin~ thP- set in the i a~e. 

3.5 Instrument Trailers 

An instrument trailer was provided in each YFNB. It housed the recordin3 oscillographs, auxiliary control and c~librating devices , amplifiers for accelero~eters, and the sequence timers . In addition it housed the r ecording nd oper atin:; equipmen for Project 3.6, and the sequence initiatin.;; relays for Project ) .4. The trailers were st;rndard carso hau.l i.n~ semi-trailers adapted for this use • 
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The wheels and tires were removed from the trailers on the two barges 
f arthest from the charge. This was necessary to decrease their overall 
height and permit them to fit inside the barge . The springs were 
secured to the deck . A standard semi-trailer dolly without wi1eels 
was used to support the front of each of these trailers. The trailers, 
mounted on these springs , had nature.l frequencies of approximately 5 
cycles per second. On the YFNB-12 which was closest to the explosion 
the entire trailer undercarriage was removed and a special plate 
support substituted at the front and rear . 1tJhile this spring suspen­
sion did not appreciably reduce the frequency of the trailer. it 
greatly increased the d".stance through whic'1 the trailer could move in 
a vertical direction without causing the deck and trailer to collide. 

Inasmuch as the natural frp,quency of all trailers was appreciably 
lower than structural frequencies of the deck. shock motions transmit­
ted to the recording instruments were greatly attenuated. 

J.6 Sequence Timer 

Inasmuch as no personnel were aboar d the instrument barges during 
the test all recording instruments were operated automatically. The 
operation was controlled by two sequence timers in each trail~r which 
were activated by radio telemetered signals supplied by E.G.&G., Inc. 
Each sequence timer consists of a series of motor driven. cam operated 
switches . The first sequence timer was started by a signal transmit­
ted at -15 seconds and the second at -5 seconds. The two sequence 
timers paralleled each other so that either would operate the equip­
ment. 

Timing Signals 

Fiducial time markers supplied by E.G. &.G .• Inc . were recorded on 
~ach oscillograph record. These fiducial si~nals indicated the time 
of detonation of the bomb and each 0.5 second interval thereafter. 

In addition, each oscillograph had its own built-in timing system 
which recorded 10 millisecond intervals. 

4 LOCATION OF INSTRtn-1ENTS 

The location of each pickup on the SQUAW targets is ~iven in 
Tabl e 1 and is shown schematically on the inhoard profile view, 
Illustrat i on lA, and in the four sectional views, Ill ustrations lB, 
lC. l D, and lE. 

The location of each pickup on the YFNB targets is given in Table 
2 and is shown schematically on the inboard profile view. Illustration 
2 . 
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5 TEST RESULTS 

Oscillograph recordings of the transient velocity produced by the 
detonation of the device were made at 37 locations in SQUAW 12, at 35 
locations in SQUAWS 13 and 29 and at eleven locations in each of the three YFNB instrument barges . In addition, the outputs of 4 accel­
erometers installed on each SQUAW were recorded. 

Recordings were obtained successfully with 70% of the above instru­
ments, from -2 seconds to as late as +25 seconds after the detonation. Records were obtained from every pickup installed on each YFNB, and 
from 6oi of the pickups installed on the SQUAW targets . From the re­
sults of instrµrnent checks made at the test site prior to the test , 
it is apparent that all f ailures were due to open circuits in the in­
strument cable joining the SQUAWS and the YFNB 's. This conclusion 
is substantiated by the fact all recordings ·made from pickups on the 
YFNB's, where the special instrument cable was not necessary, were 
successful . The severe and continuous flexing and chafing of the 
instrument cable due to the rolling and pitching of the SQUAW targets 
in the high swell which persisted at the test site , doubtlessly pro­
duced the damage. 

5.1 Oscillograph Measurements 

riecause of the preliminary nature of this report and the diffi­
culty of making reproductions from the oscillcgrams, only small sec­
tions of several oscillograph records are reproduced, Illustrations 3, 4, and 5. However , data ead and tabulated from all oscillograph 
records are included in this report, Tables 3, 4, and 5. The a•tual 
oscillograms are available at the Taylor Model Basin and will be more 
completely reproduced in the final report. 

The peak velocity, average accelerati on (ration of peak velocity 
to rise time), and the duration of the peak velocity pulse measured 
with velocity meters on the SQUAWS are l is t ed in Table 3. The peak 
acceleration and the duration of the initial acceleration pulse meas­
ured with accelerometers on the SQUAWS are given in Table 4. Peak 
velocity, average acceleration and the duration o.~ the first velocity 
pulse measured with the velocity meters on the YFNB 1 s are given in 
Table 5 . 

Examination of the oscillograph records shows that several distinct 
periods of excitation of the accelerometers and velocity meters occur­
red. The time of arrival of the major pulses which produced these 
shock motions at selected gage positions were measured on the oscil­lograms; these arrival times are tabulated in Table 6. These times 
were measured with an accuracy of± 1 millisecond from the "Zero Time" 
fiducia~ marker. 1 They were corrected for error in the fiducial 
marker. From these times, the ' distances of each target from the 
explosion may be calculated. The angle made by the longitudinal 
axis of the target and •the direction of propagation of the shock wave 

27 



Illustration 3 - Oscillograph 7, SQUAW-12, Velocity Meter and 
Accelerometer Records

t.



Illustration 4 - Oscillograph 8, SQUAW-12 and YFNB-12, Velocity 
Meter Records



illustration 5 - Oscillograph 4, SQUAW-I3, Velocity Meter and 
Accelerometer Records
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TABLE 6. ARRIVAL Til'iES * OF DIRECT SHOCK WAVE AND SUBS~UENT 
SHOCK .A.ND BUBBLE PULSES AT SELECTED GAGE POSITIONS 
ON EACH SQUAW AND YFNB TARGET 

' 
Target Gage Time of Arrival of Pulse, Seconds* 

Position 
Direct 2nd 3rd 4th 5th 6th 

S UAi-12 D- 3 1.052 i # J If J 
C-5 1. 056 'I 

ff I * If ' C-15 1.057 # * * , l 

SQUA~-1-13 D- 2 l.LH52 4.29 5.57 6.12 6. 7; 8. 88 
B-1 1.475 
C- J 1.471 

SQUA•/-29 D-2 2.036 6.J6 11.97 
B-1 2.049 
C-26 2.043 

YFNB-12 8 1.121 3.91 6.12 
l 1.159 

YFNB-lJ 8 1.592 6.19 
l 1.633 

Il"'NB-29 8 2.186 6.41 
l 2. 228 

* Time from detonation of charge, corrected for error in 
fiducial "zero time" signal 

,j Recording channel s failed after initial shock wave 
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• 

may be determined from the elapsed time between the arrival of the direct shock wave pulse at different positions on a target. From the difference in times between the arrivals of the direct shock wave and bubble pulses, the periods of the bubble may be estimated • 
Velocities and accelerations produced by the various ·;,ulses fol lowing the direct shock wave appear on all oscillograms except those produced by velocity meters and accelerometers on SQUAW 12. On this target intelligible records from all pickups terminated by 0.5 seconds after the arrival of the shock wave. 

5.2 Autographic Measurements with Mechanical Instruments 

Auto.~aphic measurements were made with 34 shock spectrum record­ers on each SQUA-_•! and 10 on each YFNB target. Four clusters of mech­anical displacement gages recorded maximum deflections of the re.sil­iently mounted engine on each SQUAi-v. 

Complete recordings were obtained. from all autographic instruments on the YFNBs and on the SQUAW 29 . Inasnru.ch as S~UA'tlS 12 and 13 were not recovered after the test, instruments and data on these targets were lost. 

5.2.1 Shock Spectra Data 

Since the predominant motions on both the YFNBs and on the SQUAW 29 were vertical, only spectra from meters arranged to record the response to this component are reproduced here. The spectra for three midship positions, one above another, in the YFNBs are shown in Illus­trations 6, 7, and 8. Additional spectra for the position at the stern near the bottom of the vessel are shown in Illustration 9. In all cases, spectra for the same position in all three YFNBs are shown in each illustration. 

Typical spectra from positions in the S~UA-.-1 29, which was also at the surface, are shown in Illustrations 10 and ll. Illustration 10 shows the spectrum at the center of the midship bulkhead and Illus­tration 11 shows the spectrum at the starboard motor foundation. 
These will be discussed and compared briefly with data from ship­board tests in which conventional weapons were used. 

5. 2. 2 Displacement Data 

The peak relative displacement data recovered from SQUA~•l 29 are tubulated in Table 7. These show the maximum excursion at the four corners of the resiliently mounted simulated engine-generator. 
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TABLE 7, DISPLACEMENT MEASUREMENT OF RESILIEt TLY-M.OlrnTED 
ENGINE-GENERATOR ON S UAW- 29 

fosition Ga1;e Location Ga~e Llefl ect ion . lnches* 
Up Down ii'w A.ft .t'ort 

C- 32 Forward .650 . J75 .075 .100 . 400 
Outboard 

C- JJ Forward .650 . J25 .100 . 075 .400 
inboard 

C-J4 Aft Outboard .625 . 425 .075 .075 . 225 

C-35 Aft lnboard .675 .350 .075 .100 . 225 

* Deflection of weight relative to foundation 
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6 ANALYSIS AMD DIS(lJSSlON 

In the previous section, the test results were presented without 
interpretation. In this faction the data are discussed and in·t.erpre­
ted in order to present a picture of the overall and the local response. 
The test results are CC>!:'&Pared with data from tests using conventional 
explosives. The position and bearing of each target is calculated. 
The effect of pulses which appeared after the direct shock wave is 
discussed. In view ot the interim nature of this report, the above 
will be only briefly covered. 

6.1 Position and Bearing of the Tar~ets 

The distance from the charge to each target, and the bearing ot 
each target relative to the direction of propagation ar6 of illportance 
in a consideration ot the effect of the shock wave on the target. 
Values tor both quantities were determined for each of the six targets. 
These are listed in Table 8. In order to make this tabulation more 
complete, values for the pitch angle and depth ot ~ach of the SQUAW 
targets are also included. The latter values are from measurements 
ude by Project 3.63. 
6.1.l Calculation or Target Distance :f'rom Bomb 

,rom the transit time or the shock wave from the bomb to a target 
and its vel.ocit7 of propagation, the corresponding distance may be cal­
culated. The Tel.ocity of propagation or a shock wave through water 
1a a function ot its pressure. 

In determining the slant distances it was asSUlll9d that the shock 
waTe traversed the first 2000 feet in 383 m1lliseconds, and that its 
velocity ot propagation thereatter was 4850 feet per second.2 In 
determining horizontal stand ott distances for the target, it was 
assuned that the depth of the bomb was 2000 feet and that the depths 
of~ SQUAWS were as given in the interim report for Project J.63. 

The accuracy of the fiducial time reference is± 5 m1lliseconds2• 
The tiae measurements made on these oscillograms are correct to± l 
milliseconds. Consequently the total error may be as large as+ 6 
milliseconds. This corresponds to an accuracy of+ JO feet in the 
tabulated target distances. -

6.1.2 Calculation of Target Bearing 

It was intended that each S~UAW and YFN8 target have its longi­
tudinal. axis horizontal and be contained in the same vertical plane 
as was the bomb. 

The actual test geometry is given in Table 8. 

The angle ma.de by the longitudinal axis of each target with the 
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TABLE 8. TEST GEOMETRY OF EACH SQUAW .AND YFNB TARGET AT 
"ZERO TIME" 

Target Slant Horizontal Beari.ngl Pitch
4 

Depth to 
Pistance Distance Angle Center ot 
to Stern to Stern Midships 

Bulkhead 

Feet Feet Degrees Degrees Feat 

SQUAW-12 5240 4960 60 2 
35 290 

SQUAW-13 72.30 7030 0 3 -3 265 

SQUAW-29 10,020 9800 0 J -2 0 

YFNB-12 5530 5200 25 2 -- --
YFNB-lJ 7810 7600 0 J -- --
YFNB-29 10,700 10,600 0 '3 -- --

1 Angle between longitudinal axis of ship and direction of 
propagation of shock wave 

2 Stern and port side toward bomb 
J Stern toward bomb 
4 Data from ITR 1078. Bow up is positive angle; roll to 

starboard is positive angle 
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direction of propagation of the initial shock wave was determined fl-om 
the differences in its time of arrival at two or more i a~e positions. 
From the longitudinal distance between two gage positions , the time 
for the shock wave to traverse this distance at sonic velocity, 4850 
feet per second. was calculated. The desired ane;le is that angle whose 
cosine is the ratio of the measured difference-time to the calculated­
time . The accuracy of the bearing angles given in Table 8 is estima­
ted to be ::t 15°. 

The results show that SQUAW 12 was actually rotated 60° from the 
direction of propagation of the shock wave and YFNR 12 was rotated 
25° . From the direction of the shock motion at a hull frame and on 
engine-generator positions on SQUAw 12, it appears that the port side 
of this target was toward the charge. ~.i0tion pictures taken during 
the test show that the port side of YFNB 12 was toward the bomb. 

6.2 Discussion of Shock Motion at Hull Locations 

6.2.l SQUAW 12 

Because of cable failure only one velocity meter record. C-5, on 
a hull stiffener ring was obtained. This meter measured the radial 
velocity of Frame 32 in the engine compartment. It was attached at 
the 9 o'clock position. i.e . on the port side in the plane of the 
horizontal axis, Illustration 1D. This meter recorded the highest 
velocity, 19.2 feet per second, measured at any position durine; this 
test. This motion was in the inward direction, i.e. toward the axis 
of the vessel. The time to reach peak velocity was 2 milliseconds , 
the average acceleration over this time was 300 g . The velocity meter 
"bottomed" after a displacement of 2½ inches, 24 milliseconds after 
the arrival of the shock wave. After one correction for "bottoming" 
it was found that the initial pulse had a duration of a,proximately 
40 milliseconds. Integration of the record to this time gave a dis­
placement of the frame of about 4 inches. Inasrm1ch as this deflection 
equals 4 times the shell plate thickness. severe plastic deformation, 
and possible failure must have resulted. About 0.38 seconds after 
the arrival of the shock wave this channel suddenly ceased to record 
any motion. The termination may have been due to flooding of the com­
partment with salt water. Although some instruments continued to give 
small indications up to 15 seconds after "Zero Time", no meters gave 
intelligible records after 0.5 seconds. From the records , it appears 
that floodin~ of the compartment occurred in less than 0.5 seconds. 

6.2 .2 SQUA'\1T 13 

The maximum velocity measured on SQUl:fl 13 was 12 feet per second; 
this occurred at position 'B-2 1 a radial meter oriented at 10:30 o 'clock . 
at Frame 21, in the battery compartment, Illustration 13. 'l'wo addit­
ional similarly oriented meters were installed on other frames. 
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These were: C-2 on Fram 28 and C-4 on Frame 32, both in the engine 
compartment. The peak velocities recorded by these meters were 10.5 
feet per second and 11.5 feet per second, respectively. All three 
meters indicated the predominate motion to be in an outward direction , 
i.e. away from the ship ' s axis. Velocity meters 9-1 on Frame 21 and C-3 on Frame 32 were mounted vertically on the overhead at the 12:00 
o 'clock position. These showed the primariJ motion to be inward, i.e. 
toward the axis. All four velocity meters mounted vertically on the 
bottom of the vessel showed the motion to be predominantly upwards, 
i.e. toward the axis. Because of cable failures, no records were 
obtained at the 9:00 o'clock positions. All of the records from these 
meters showed a rise time to peak velocity of 1 to J milliseconds and 
an average acceleration over the rise time of 100 to 170 gs . The 
duration of the velocity pulse was about 13 milliseconds and the peak 
displacements were 0.5 to 0.8 inch. 

From these measurements, and measurements made by Project 3.1, 
the mode of deformation of the hull may be determined . 

It was apparent from the oscillo~raph records, which began four 
seconds before the arrival of the direct shock wave and continued 
for approximately 27 seconds, that little or no flooding of any com­
partment occurred. This conclusion was verified by instrument cable 
checks performed in the instrument trailer on the day after the test . 

6.J Shock Motion of Resiliently Mounted and Bolted En~ine-Generator 
and f·k>tor and Their Foundations 

The simulated port engine-~enerator was resiliently mounted on all 
three S UAWS . The center and starboard simulated en~ine- generators 
and the port and starboard simulated motors were bolted to foundations. 

In order to evaluate the effectiveness of each type of mounting 
in attenuating the shock motion transmitted to the masses, the peak 
velocity, time of rise to peak velocity, avera~e acceleration to peak 
velocity, duration of the velocity pulse , and the displacement at both 
foundation and equipment loca.tions were measured and tabulated in Table 9. Because of cable failures com9lete data was not obtained on all 
,mits . However, sufficient data were available to permit some evalu­
ations on all SQUAWS . 

6.J .l SQUAW 12 

The vertical velocity of the star boar d enzine-generator and star­
board motor foundations were measured by velocity meters C-15 and 
C-26. The records , Illustration 3, are simi l ar to each other. They 
show an initial 'Veloc::..ty pulse whiah l Gsts about 10 to 15 milliseconds, 
and a peak of about 4 feet per second. Followin~ thi s period , the 
velocity gradually increased until at 40 milliseconds it had reached a 
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peak of about 10 feet per second , see Illustration J. 
The corresponding displacement at this time was approximately 2.5 

inches. At this time the records from both meters suddenly terminated. 
The increase in velocity after 10 to 15 milliseconds may be due to 
plastic yielding of the hull structure. 

On the resiliently mounted engine-~enerator, data in Table 9 shows 
that the shock motion transmitted to the equipment was about the same 
as that produced on the foundation. althouih the displacement of the 
equir,ment t,~as greater . The shock motion transmitted to the bolted 
equipment wai about the same as that measured on the foundation. 

6.J.i S UAW l'.3 

On the resiliently mounted engine-~enerator on S~UA'i l'.3 data 
given in Table 9 shows that the shock velocity and average accelera­
tion were greatly attenuated compared to that on the foundation. The 
displacement and duration of the motion were correspondingly increased. 
On the bolted equipment much less attenuation was evident. 

6.4 Comparison of Shock Motion From Conventional and Atomic Weapons 

In order to compare the character and magnitude of the shock motion 
produced in submerged vessels undergoing near lethal attack from con­
ventional and from atomic weapons, data from SQUAil l'.3 were compared 
in a preliminary way with data obtained during tests on the USS ULUA 
(SS-428) by the Taylor Model Basin. The following primary differences 
are apparent: 

1. The magnitude of the velocity produced was considerably 
greater with the conventional charge . Hull frame velocities greater 
than 50 feet per second did not produce hu.11 fa lure during the SS-
428 tests, while velocities of 19 feet per second were recorded on 
S~UA','1 12 which flooded and 12 feet per second on the SQUAW 13, which 
did not flood. 

2. Th~ duration of the initial velocity pulse was considerably 
greater for the atomic weapon. 

An underwater atomic weapon produces pressure waves of long dura­
tion compared with those produced by al'\\r conventional weapons. The 
peak pressure necessary to produce near lethal attack or collapse of 
the hul.l of a deeply submerged subinarine is considerably less with 
the atomic weapon; the velocities measured on the hull were also lower. 

This topic will be consinered at greater length in the final 
report. In order to obtain data which will be directly comparable. 
it is suegested that instrumented tests with conventional weapons be 
conducted on the undamaged tar~et, the SQUAW 29. 
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6.; Rigid Body Motion of Squaws 

The qualitative feat ures of the rigi d body motion of the sulnerged 
5QUAWS can be determined. When the shock wave from a bomb fired ast·ern 
strikes the vessel, the SQUAW will be accelerated forward. It will 
continue to be accelerated forward until the shock front envelops the 
bow and the pressure on the bow balances the pressure on the stern. 
The SQUAW is then moving forward with a slowly decreasing velocity. 
Its velocity i s approximately the particle velocity in the water if' 
the SQUAW is neutrally buoyant and rigid. 

The subsequent arrival of a pressure-release wave (cut-off) 
reflected from the water surface cancels the pressure at the stern. 
The SQUAW decelerates until the pressure-release wave reaches the bow. 
The dash line curves in Illustrations 12 and lJ show the motion ot 
SQUAWS 12 and 1) as calculated from this simple theory and from the 
test geometry, Table 8. 

In computing the motion, it was assumed that the pressure wave 
iecayed with a time constant of 40 milliseconds, and that the cut-ott 
~ave was the mirror image of the prAssure wave. Since SQUAW 12 was 
oriented with its axis at 60° to the direction of propagation of the 
shock front, the period of acceleration and deceleration should corres­
pond to the projected length of 60 feet normal to the shock front. 
The maximum axial velocity should be only about half of the particle 
velocity in the water. 

Records of axial velocity were obtained from four meters mounted 
on SQUAW 12 and from four meters on SQUAW 1). A record was obtained 
from the meter at position B-J, on the center bulkhead, at Frame 26½, 
on both SQUAW 12 and SQUAW 1). Tracings of the velocity records ari, 
shown as solid lines on Illustrations 12 and 1). 

The velocity meter record reproduced in these Illustrations shows 
the total motion at this location, i.e. the rigid bod,y and the local 
motion. In Illustration 12, the higher frequency mode of motion was 
faired through. An estimate of the actual rigid body motion remains. 
The calculated peak velocity is in reasonable agreement with the 
estimate. The faired curve falls off more rapidly than does the 
calculated curve. 

A displacement of about three inches of both SQUAW 12 and 13 is 
indicated by the calculations. However, the displacements, obtained 
by integrating the actual velocity records at position B-J, are only 
1.0 inches for SQUAW 12 and 1.6 inches for SQUAW 1). This low value 
of displacement is characterist i c of all records of axial motion on 
SQUAWS 12 and 13 and is believed to be real. An illustration ot the 
accuracy of these records is shown in Illust r ation 14. In this 
Illustration, the integrated record from the accelerometer, at pos.C-29, 
as well as the record from a veloci ty meter, B-J, which was mounted 
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base-to-~e with the accelerometer on the opposite side of the mid­
ship bulkhead, are shown. The integrated accelerometer record shows 
good agreement with h velocity meter record . 

Double integration of the accelerometer r ecord C-29 gives a 
peak displacement of 2 inches occurring JO milliseconds after the 
arrival of the direct shock wave. 

6.6 Shock Motions of Surface Targets 

6.6.1 Character, Magnitude, and l&mage 

It was originally in~ended that the YFNB instrument ships be 
the only large surface vessels in the test array. However, in the 
final set up the SQUAW 29 also remained on the surface. Eleven 
velocity meters and ten shock spectrum recorders were installed on 
each YFNB, and 35 velocity meters and 34 shock spectrum recorders were 
installed on the SQUAW 29. The portion of the oscillograph records 
obtained on the YFNB 12 which show the first 200 milliseconds after 
the arrival of the direct shock wave are reproduced in Illustration 
4. The oscillograms from the YFNBs 13 and 29, and SQUAW 29 which are 
not reproduced in this report were similar to those shown in the above 
illustration. Peak velocities and other data read from all oscillo­
graJ'llS are given in Tables 3, 4, and 5. 

As a result of the test some equipment was dam.aged on the YFNB 12. 
This included failure of the hold down bolts on a panel board of a 75 KW diesel alternator.fracture of the main casting on the deck winch 
at the bow, breakage of light bulbs and the disarrangement of inse­
curely fastened items. The shock motion produced on the YFNBs was not 
of suf'ficient intensity to produce serious damage. 

6.6.2 Variation of Shock Ywtion Produced by the Direct Shock Wave 
with Distance from the Charge 

All the records from the vertical meters on each YFNB show essen­
tially the same type of motion, except that the individual meter 
records are shifted in time in accordance with the arrival of the shock 
at each position, see Illustration 4. The initial motion produced by 
the direct shock wave was roughly a step velocity. For example, in 
the YFNB 12 the magnitude for the various positions ranged from 6 to 
7 feet per second, the time of rise ranged from 6 to 10 milliseconds 
and the duration, art.er correction !or meter bottoming, was in excess 
of 50 to 80 milliseconds. Accelerations averaged over the rise time 
ranged from 25 to JO gs. Displacements obtained by integration of the 
reoords ranged from J to 4 inches • 

An explanation for the surprisingly long durations of the velocity 
pulse is not available. Further consideration of it will be given 
in the t:lnal rel)Ort. 



I t is of i nter est to determine hm-1 velocities pr oduced on the target ships var ied with dis tance . The variations can be of value i n making predictions of dana~e ra 11 and in ascer tainins whether t he velocity of sel ected structures depended on the peak pr essure or on the impulse in the shock wave . 

The velocity changes due to both the direct and the reflected shock wave may be used to determine velocit y vs di s t ance r el ationshi ps . The peak vertical velocities produced by the direct shock wave at three velocity meter positions on the bottom of t he YFNB 1 s are plot t ed logarithmically as a function of horizontal standoff di stance i n Illus­tration 15 . I t is seen that the experimental points for each ~a~e pos ition fall closely on a straight l ine . The lines for the various gages are almost par allel and each has a sl ope of about - 2.3, i . e ., 

- 2. 3 
V = kd • 

Where vis the change in velocity, 
d is t he horizontal dis tance to the device, and k is a cons t ant. 

At any position both the pr essure and the cut off t L~e var:t approximately inversely with horizontal distance from the char$e• The impulse should ther efore be inversely proportional to the square of the distance. Since the vertical component of the impulse is a linear function of the angle of incidence of the shock wave, the vertical velocity would be expected to vary to a negative power be­tween 2 and 3. The actual slope as shown on Illustration 15 is - 2 . ). It is noteworthy that in Operation Crossroad, Shot Baker, an underwater at omic bomb test at shallow depth, the slope of such a curve was found to be about the same, although the velocities measured during Operation Crossroads were l ess4• 

The maximum vertical vel ocity measured on the bottom of the YFNB 29 was 1.4 feet per second. A vertical velocity of 3.3 feet per second was measured on t he S UAW 29 , on the starboard engine genera­tor foundation. This velocity was larger t han that measured on YFNB 29, which was a t approximately the same distance; the greater velocity is probably due to the gr eat er draft of the S UA~1. The maximum velo­~ity measured on the bott om of the SQUAW 29 is indicated in Illustra­tion 15. The slope of the l ine drawn through this point is -2.J, the same as that for the YFNB 1s. 

6.6.3 Shock Velocity Produced by Shock Wave Reflected from Ocean Floor 

It was noted by observer s on vessels at large distances (a ,out 5 miles) from t he bomb t hat t he ~hock motion produced by a later ·hock wave felt consider ably mor e int ense than that produced by the dirdct shock wave. ,.;oncern was expressed over possible damage which might be produced by such a pulse . The time of arrival of this later pulse 
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coincided with the calculated arrival time of a pulse reflected from 
the ocean floor. Instrumental data were available showing the ma3ni­
tude of the shock velocity produoed by this reflected wave on th~ 
target vessels. The data from the same three meters were again 9lott ed 
as a function of standoff distance. The resulting curves ap9ear at 
the bottom of Illustration 15. The curves show that there is apparent­
ly no systematic variation of peak velocity over the ran1e where the 
measurements were made. It was concluded that over the ra~e of dis­
tances plotted, the peak velocity does not vary appreciably with 
distance. The large scatter for the data on the YFNB 12, at 5,200 
feet, is due primarily to the error in reading low velocities on the 
oscillograms. 

If the path traversed by the shock wave renected from the ocean 
noor is calculated, it is observed that it is about the same for all 
three tar~ets, about 30,000 feet. The time to cut off and the incident 
anzle are also about the same at all three targets. The velocity pro­
duced on all three tar~ets by the reflected wave should be, as observed, 
about the same. 

In Illustration 16 the calculated impulse per foot of draft from 
the direct and from the wave reflected from the ocean bottom are 
plotted. 

Impulse was calculated from the formula: 

I= p Tc (1 + Sin 8) 
2 

where pis the shock wave pressure in psi, Tc is the cutoff time in 
m:i.11iseconds and e is the angle of incidence. In the calculation it 
was as5umed tha.t p varied inversely with the distance and was reduced 
by a factor of 2 upon reflection from the ocean floor. 

The plot shows that at large distance the impulse from the 
reflected wave would be considerably greater than that from the direct 
wave. Furthermore, a vessel with a large draft at the position of 
the CURTISS, 5 miles from the charge, may receive a ~r eater impulse 
from the reflected pulse than a vessel with a shallow draft, e. J • the 
YFNB 29, would receive at its position, 10,000 feet from the charge . 
However, it is to be noted that in the case of the YFNB 29 the veloci ­
ti.es produced were of low magnitude and were not dama~ing. 

It should be noted that the pressure on the YFNBs from the 
ren~cted pulse is a function of the depth of the ocean. Had the 
depth been somewhat less, the shock motion produced by the r eflected 
pnlse would have been greater. 

6.6.4 Axial and Athwartship Motions 

On the YfN8s and SQUAW 29 the axial and athwartship motions were 
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of small magnitude compar~d to the vertical motions . They consisted 
of oscillations at high frequency whi ch are pr obably associated with 
the motions of local structures . 

TI,e largest axial or athwartship velocity produced on the YFNB ' s 
by the initial shock wave was 1.1 feet per second . The corresponding 
durations were not over 4 milliseconds . 

On the surfaced S UAW 29, the maximum axial velocity measured 
was 1.4 feet per second . The maximum athwartship velocity was 1.9 
feet per second. 'I'his velocity was measured on a hull frame; the 
duration of the pulse was 7 milliseconds . 

6.7 Shock Spectr a 

Shock spectra from recorder s on the YFNB 's and SQUAW 29 ar e shown 
in Illustrations 6 to 11 inclusive . 'I'he spectrum from position 8 
on the bottom of the YFNB is plotted on the same graph , Ill ustration 
17, with similar data obt~iged during depth charge structural f i r ing 
trials on two destroyers. 5• These data were obtained at a position 
at the bottom deck level near the stern of destroyers droppi ng MARK-
9 depth charges . It is noteworthy t hat the shape and l evel of the 
spectra are similar. Consequently the r esponse of simple mechanical 
systems on the YFNB 12 and on t hese destroyers undergoing depth charge 
attack at small distances should be about the same . Note also that i n 
t he destroyer firing trials only minor damage occurs . 

Comparison of shock spectra on the YFNB 1s and the SQUAW 29 shows 
that the level in the S UAW is greater than that of the YFNB 29 at the 
same distance; probably due to t he greater draft of the SQUAN. 

7 CONCLUSIONS 

(a) Good results were obtained with oscillographic equi pment in 
spite of severe weather which produced numerous cable failures. 

(b) Complete shock spectra wer e obtained from all targets except 
SQUAWS 12 and 13 which were los t as a result of the test. 

(c) It seems certain that the SQUAW 12 flooded within 0. 5 second 
after the arrival of the direct shock wave. and probably withi n 0. 05 
second. 

(d) On the basis of measurements made on the day after the test 
SQUAW 13 had not flooded by this t ime . 

(e) The change in velocity produced by the direct shock wave as 
modified by surface cutoff on the bottoms of surface targets varied 
as t he minus 2.3 power of the distance between the ships and the bomb . 
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It is tentatively concluded that the velocity chanse was proportional to the incident impulse. 

(f) The targe~ ships were subject to a series of excitations caused by the explosion of the bomb; these included a disturbance which was appar~ntly due to a shock wave reflected from the ocean floor as well as shock waves produced by the bubble. On submerged targets as well as on the closer surface targets , the shock motion produced by the direct shock wave was considerably greater than that produced by any subsequent pulse . On the surface targets farthest from the bomb, the shock motions produced by the reflected wave were of about the same velocity as that produced by the direct shock wave. The measured rigid body hull response and equipment shock motions were in reason­able a~reement with those predicted. 

(g) The maximum velocities produced, at near lethal hull radius, were considerably less and the durations of the initial shock motion were considerably gr eater for the atomic bomb attack than for attack with conventional weapons . 

(h) On the surface tareets the motions produced in a horizontal plane were of small ma~nitude compared to the vertical motions. 

(i) Shock spectra obtained on the surface vessels in the present test are silrilar to those obtained on destroyers undergoin~ depth­charge structural-firi~ attack. 

8 RECONMENDATIONS 

In order to provide a more valid basis for a comparison of the effects of conventional and atomic weapon attack on submarine hulls and equt,ment, it is recommended that instrumented tests with conven­tional weapons be conducted on the remaining s :~UAW target. Initially, at least, these tests should be conducted at less than damaging radius in order that a maximum of shock measurements may be made. 
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Coasnder, Wrlght Air Development Center, Wr ight­
Pot teroon A.l!'B, Doyton, 0. ATTN: WCOSI 

COllllll8nder, Air l!'or ce C8111bridge Reaearch Center, 230 
Albany Street , C81Dbridge 39 , Mase . ATl'N : CRQST-2 

Comnander , Air Force Special Wea pone Center, Jrirtlond 
A.l!'B , 1' . Mel< . ATT!I : Library 

COlllll8ndont , USAF Institute of Technology, wright­
Potteuon AFB , Dayton, 0. A'l"l'II: Res ident College 

COlllllllnder, Lovry A.l!'B , De nver, Colo. ATJ'N: Department 
or Armament Tre ining 

Camnander, 1009th Special Weapons Squadron, Head• 
quarters , USAF , Waebington 25 , D.C. 

The RAID Corpor at i on, 1700 Ma in Street , Santo Monica, 
Calif. A'l'l!I : Nucl ear Energy Divieion 

COlllll&llder, Second Air rorce, Barudale A.l!'B, Louia18ll8, 
AT'm: Operation,, Anal. Office 

COl!lll8Dder, Eighth Air rorce , Weatover AFB , Mau . 
A'l"m: Operetiona Anal, Office 

COlllll8llder, Fifteenth Air Force, March AFB, Cal11' . 
AT'm: Operation,, Anal. Office 

Technical lnto?'1Mtion Senice, Oak Ridge, Tenn. 
(Surplua) 

OTl!ER DB PAI OF DUEI BS ACTIVITIES 

Asat . Secretary ot Detenee, Resear ch and Development , 
D/D , Washington 25, D.C. AT'ffl: Tech , Library 

U.S. Document& Officer, Office or the U.S . Jllstional 
Military Repreaent ative • SHAFI , APO 55, Jllev York, 
Nev York 

Director , Weapon, Syetem.o !valuation Group, OSD, Rm 
2Bloo6 , Pe nt agon, Waehington 25, D.C. 

Armed Senicea Kl<ploeivea Safety Boord , D/D, Building 
T-7 , Gravelly Point, Waah1ngton 25, D.C . 

C.-ndant , Armed For cea Sterr College, Norfolk ll, 
Va. A'l"m: Secretary 

C.-nding General , l!'ield C-.nd, Arad rorcH Spe­
cial Wea pone Project, PO Boz 5100, Albuq1111rq1111, I. 
Mu . 

C.-nc!ing General , rteld c.-.nd , Armed Jorcee, Speciel. 
Weapons Project, PO Boz 5100, Albuq1111rq1111, I. Mu . 
AT'ffl : Technical Tra ining Group 

Chief, Ar.ed For ce s Special Weapone Project, Waahl.ngton 
25 , D .c. AT'm: Document Library Branch 

Tecllntcal lntorw1t1on Service, Oak Ridge, Tann. 
(S1111>lua ) 

ATCMJC lnRCY cx»IUSSIOI ACTIVITIBS 

U.S . Atcaic Bnergy C~iseion, Cleui1'1ed Technical 
Lih-..ary , 1901 Co1U1t1tut1on A .... , Waehington 25 , D.C . 
ATl'II: Nra. J .M. O'Leary (Ji'or IIIA) 

Loe Al8110a Scient1t1c Laboratory, Report Library, PO 
Boz 1663, Loe Al81110o, I . Mu. A'l'l"II : Belen Redan 

Sandie Corporation, Cleuitied Doc\aant Dh'ieion, 
Sandia Baae, Albuquarq1111, Ill . Mel<. A'l"m : Martin 
Lucero 

Univeraity of Cal U'or nia Rediation Laboratory, PO 8oz 
8o8 , LivenioN, Calif. A'l'l"II : Margaret BdlW>d 

Weapon Data Section, Technical Intoniation Service, 
Oak Ridp, Tonn . 

Technical l nto?'1Mt1on Service, Oak Ridge, Tenn. 
(Surplus) 
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