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SHOCK AND VIBRATION E NVIRONMENTAL TEST OF 
NOAA 29-FOOT HYDROGRAPHIC SURVEY LAUNCH 

James W. Lewis1 

Naval Sea Combat Systems 
Engineering Station 

Norfolk, Virginia 

ABSTRACT: Shock and vibration measurements were made on a NOAA 
29-foot hydrographic survey launch for the purpose of 
defining the shock and vibration specifications for 
the new Shipboard Data System III. This report 
describes the tests, analyzes the data, and 
recommends a shock and vibration specification. 

INTRODUCTION 

The National Ocean Service (NOS ), National Oceanic and Atmospheric 
Administration (NOAA ) ,  operates a fleet of small boats and ocean-going ships 
to gather hydrographic data. In gathering these data, NOS uses various 
computer systems. The present computer systems are more than 10 years old and 
are approaching the end of their useful lives. NOS;s replacing the present 
equipment with commercially available computer hardware. In order to specify 
thoroughly the environment in which this equipment must operate, NOS funded 
the Naval Sea Combat Systems Engineering Station, NAVSEACOMBATSYSENGSTA 
Norfolk, Virginia, to measure the shock and vibration environment aboard a 
representative 29-foot aluminum Jensen hydrographic survey launch. The 
resulting measurements of shock and vibration will be incorporated in the 
procurement specification of the new NOAA Shipboard Data System III. 

In January 1984, NAVSEACOMBATSYSENGSTA instrumented the 29-foot Jensen 
launch, hull 1020, for shock and vibration measurements. This report 
describes the tests conducted and analyzes the data gathered. 

TEST OBJECTIVES 

The objective of this test was to gather and analyze data to provide a 
description of the shock and vibration environment aboard a 29-foot 
hydrographic launch. The ultimate goal is to use the environmental 
description to define the shock and vibration specifications for the new 
National Oceanic and Atmospheric Administration's (NOAA ) Shipboard Data 
System III (SDS III ) .  

1 Research was performed by the U. S. Navy for, and with the cooperation of, 
the National Charting Research and Development Laboratory, Nautical Charting 
Division, Charting and Geodetic Services, National Ocean Service, NOAA, 
Rockville, �Iaryland 20852. Also aSSisting was the NOAA Atlantic Marine 
Center, Norfolk, Virginia. 



TESTING 

Instrumentation 

Triaxial piezoelectric accelerometers and single-axis vertical servo 
accelerometers were hard-mou nted at two locations  in the ca bin area: (1) on 
frame 2 directly over the keel on centerline , and (2 ) on frame 4 directly over 
the fourth longitudinal outboard of the keel (one longitudinal inboard of the 
chine) on the starboard side (figure 1) . The piezoelectric accelerometers 
u sed are linear over a frequency range of 1 to 3,000 Hz . These accelerometers 
were u sed for measuring vibration and short duration shocks. The servo 
accelerometers are linear over a frequency ra nge of ° Hz to 200 Hz. These 
accelerometers provided the capability to measure low frequency vertical 
accelerations  such as boat heave and long duration shock waveforms . 

A magnetic pic kup wa s u sed to measure accurately propeller shaft rpm . The 
pickup sensed the presence of a ma gnet strapped to the shaft and generated a 
I -pulse -per-revolution signal . Propeller blade rate, engine rpm, and cylinder 
firing rate were determined by multiplying the mea sured shaft rpm by the 
proper ratio . (See table 1 . )  

DIESEL 

c:J 

VERTICAL GYRO 

RPM MAGNETIC VERTICAL SERVO 

PICKUP SENSOR ACCELEROMETERS 

Figure 1 .  Location of tra nsducer� 
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Vi brati on Source 

Propeller shaft 

Prope 11 er blade 

Propulsion engi ne 
crankshaft 

Propuls i on eng i ne 
cylinder f i r i ng 

D i ese 1 generator 

Frequency Formula 
(Hz ) 

Shaft rpm ( measured ) 
60 

Shaft rpm x 4 
60 

Shaft rpm x 1 .  97 
60 

'Shaft rpm x 1 .  97 x 4 
60 

1800 rpm 
60 

Frequency Range 
( Hz ) 

5-24 

20-96 

10-47 

40-188 

30 

Table 1. Formulas for determ i n i ng machinery-related vibrati on frequenci es. 

A verti cal gyro was i nstalled to measure roll and pitch when the launch was 
o perated i n  rough  seas. A Datawell Waveri der buoy was deployed duri ng the 
rough  water test to measure wave he i ght  and per i od in the test area . The buoy 
rece i ver was located on board the survey launch . 

The above-menti oned transducer si gnals were recorded on magne t i c  tape for 
later computer analysi s .  The magneti c tape recorders were 14 channel , I-i nch 
tape , FM , i ntermedi ate band i nstruments. The data were recorded at either 
3-3/4 or 7- 1/2 i nches per second wh i ch provi des a frequency response of 625 Hz 
and 1 . 25 KHz respect i vely .  

Instruments 

The following i nstruments were employed in the shock and vibration 
measurements . 

TRANSDUCERS 

PCB P i ezotroni cs ,  Inc . ,  model 308B accelerometer 
PCB Piezotroni cs ,  Inc . ,  model 302B accelerometer 
Kistler model 305T servo accelerometer 
Sundstrand Model 303B servo accelerometer 
Singer Kearfott model C70 4 10 1  023 vertical gyro 
Datawell Waverider Buoy 
Airpax 1-0003 magneti c  rpm p i ckup 
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QUANTITY 

4 
2 
1 
1 
1 
1 



RECORDERS 

EMI 7000 magnetic tape recorder 
Sangamo SABRE XII Magnetic Tape Recorder 

ANALYZERS 

Gen Rad 25 10 micro modal analyzer 
Nicolet 442B s pectrum analyzer 
DEC PDP-8/e minicompu ter 

Operating Conditions 

qUANTITY 

1 
1 

1 
1 
1 

Data were recorded during calm water , rough seas , pier-bump , and davit lift 
operating conditions. During the calm water test , vibration measurements were 
taken with only the diesel generator running and while the boat was operated 
through its revolu tions-per-minute (rpm) range. The purpose of the calm water 
test was to measure the levels of machinery vibration transmitted to the cabin 
space and to identify any structural resonant vibrations that are machinery 
excited. 

During the rough  seas tes t ,  the boat was operated at four headings to the 
sea (i. e. , head , beam , quartering, and stern seas ) and while turning 360 
degrees , at three speeds of advance (i. e. , 1,400 , 2 , 400 , and 2,800 maximum 
rpm). The purpo se of the rough  seas test was to determine the shock levels 
experienced by the cabin equipment s pace when the boat is operated in rough  
seas. Ro ll and pitch data were also  recorded to document these motions in the 
rou g h  sea environment. 

The pier-bump tes t  was conducted to characterize pos sible shock levels that 
wou ld be encountered when the boat accidently bump s a ship or pier. To 
simulate this condition without damaging the boat, the launch was operated 
ahead at 800 rpm and then allowed to coas t in neutral to the pier. The pier 
impact area was a wood dolphin agains t the concrete quay wall at the NOAA 
Atlantic Marine Center (AMC ) ,  Norfolk , Virginia. The pier was bumped with 
glanCing blows and head-on. 

The davit lift test was conducted to measure the shocks encountered when 
the boat is davit lifted onto the s hip. This tes t  was conducted with the 
NOAA Ship MT. MITCHELL at AMC. Pickups were made in calm water and rough 
water simulated by a 2- to 3-foot wake from another 29-foot s urvey launch. 

TEST RESULTS AND ANALYSIS 

Calm Water Vibration Tes t  

The diesel  generator and t h e  pro pulsion system are the two major sources of 
vibration on the 29-foot s urvey launch. The generator has a single cycle 
diesel engine with a rotational speed of 1 , 800 rpm (30 Hz). 
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The generator i s  located i n  the s tern co�partment of the boat, port of the 
centerli ne. The di esel eng i ne vi brat i ons are transferred through soft eng i ne 
mounts to the boat hull. F i g ures 2 and 3 s how the s pectral vi brat i ons 
measured by the two tr i axial accelerometers when only the di esel generator was 
operati ng. As shown i n  the s pectral accelerat i on plots, very li ttle d i e sel 
generator vi brati on i s  transferred to the boat's cabi n  s pace. The max i mum 
di screte frequency vi brat i on measured was 0. 0 14 g rms , 30 Hz at the s tarboard­
mounted vert i cal accelerometer. 

The propuls i on sys tem cons i sts  of a V8/4-cycle model 3208 Caterpi ller 
di esel eng i ne, a Twi n  D i sc MG506 mari ne gear (1. 97:1 reduct i on ) ,  a four-bladed 
propeller, and as s oci ated s haft i ng. Vi brati on measurements were recorded 
w h i le the propuls i on eng i ne was operated slowly through  i ts full rpm range 
(670 to 2 ,860 rpm ) .  Fi gures 4 and 5 are rpm s pectrum maps of each 
accelerometer , s howi ng how the v i brati on ampli tude and frequency change as 
the eng i ne rpm i s  var i ed. These s pectrum maps are plotted over the 1,500 to 
2,860 rpm range. Below 1,500 rpm the accelerat i on ampli tudes were extremely 
small and for th i s  reason were omi tted to gai n better plott i ng resolu t i on i n  
the range where s i gn i f i cant v i brati ons exi st. Throughout the rpm range the 
plots s h ow accelerat i on levels of les s  than 0. 1 g rms, 5 to 300 Hz at all 
accelerometer locati ons except the bow long i tudi nal (z ) ax i s. The bow Z-axi s 
rpm s pectrum map i n  fi gure 4 shows a h ull resonance i n  the 160 Hz reg i on. At 
2,460 rpm the eng i ne cyli nder f i r i ng frequency co i nc i des wi th  th i s  h ull 
resonance, and large ampli tude v i brati ons are produced. 

Fi gure 6 i s  a frequency s pectrum plot of the maxi mum bow Z-axi s 
accelerat i on measured. The peak accelerat i on was 0. 558 g rms at 164 Hz. The 
average 164 Hz value measured at 2460 rpm was 0. 474 g rms. Fi gure 7 i s  the 
d i s placement s pectrum at 2460 rpm produced by double i ntegrati ng accelerati on 
data from fi gure 6. The maxi mum peak-to-peak d i s placement at 164 Hz was 574 
m i croi nches. 

F i gure 8 i s  a peak di s placement s pectrum of t he bow Z-axi s v i brati on 
produced by capturing the maxi mum s pectrum peaks  as the eng i ne rpm was vari ed 
over i ts full range. The s pectrum plot s h ows t hat over the full rpm o perati ng 
range of the boat, the bow Z-axi s vi brat i on never exceeds 574 m i cro i nches of 
d i s placement i n  the frequency range of 10 to 200 Hz. The maxi mum di s placement 
at 5 Hz was 2 , 000 mi croi nches. In general , these di s placements are small and 
w i ll not have a s i gn i f i cant effect upon s tructures and mach i nery. However, 
they could become s i gn i f i cant i f  they are transmi tted through  the s tructure of 
an electroni c  d i s k  dri ve i n  wh i ch the cerami c  head normally fli es only 
100 m i cro i nches above the d i s k. 
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Rough Sea s  Tes t  

200 

The rough s ea s  test wa s conducted in the Che s a peake Bay near Little Creek ,  
Virginia. The shock  a nd motion data a cquired were analyzed by s ta tistical a nd 
mathematical means  since they varied with time due to the o scillatory a nd 
unsteady rea ction of the boat  to the random s eaway. The a nalysis consisted of 
measuring the magnitude above and below a nominal zero value of each  pea k a nd 
each trough in the time history of each  parameter for each  a pproximate 
10-minute duration run. The resulting groups of pea k a nd trough values were 
then ran ked by magnitude a nd the average value s  ( average of the 1/3 highe s t  
( significant ) values a nd average o f  the 1/10 highes t  values ) a nd the extreme 
consecutive pea k to trough values were computed and listed. The s ea s tate 
data were also anlayzed by this method. 

Data were a cquired over a 2t-hour time period. During this time the 
average sea condition s were as follows: 

Average wave height 2. 28 ft. 

Average of 1/3 highes t  waves 3.16 ft. 

Average of 1/10 highest waves 3.84 ft. 

Wind s peed 12-17 kt. 
11  



The wind and sea state scale of table 2 cla s s i fi es these sea condit i ons a s  a low 
sea s tate 3. 

Res ults of the analys i s  for roll, pitch, and verti cal accelera tion data are 
l i s ted in appendi x  A. Table 3 summarizes the max i mum values li s ted in 
appendix A .  As expected, the maximum roll (25.5 degree pea k-to-pea k ) occurred 
during beam sea condit i ons, and the maximum pitch (17.5 degree pea k-to-pea k ) 
and acceleration (4.42 g pea k-to-pea k ) occured during  bow sea s . Figure 9 
s hows a plot of the average of the 1/10 highest roll and pitch values in head 
sea s at 1,400, 2,400, and 2,800 rpm. 

The larges t accelerations mea sured were at  the bow i n  the vertical d i rect i on 
cau sed by h ull slamm i ng. Figure 10 s hows the average of the 1/10 h i ghest 
vertical accelerations mea sured in head sea s at  1,400, 2,400, and 2,800 rpm. 

The starboard vertical pi ezoelectric accelerometer failed during the test 
and, therefore, i s  not plotted . The plot shows the shock levels to be 
signi f i cantly more severe at the bow accelerometer loca tion . The di fference 
between the plotted bow servo" accelerometer value and the bow pi ezoelectric 
accelerometer value i s  due to the piezoelectr i c  accelerometer not registering 
boat heave. The servo accelerometer responds to accelera tion frequencies down 
to 0 Hz and, therefore, mea sures heave and shock compositely . The 
pi ezoelectri c accelerometers respond only to frequencies above 1 Hz, and, 
thus, only mea sure the s hock component . 

F i gure 11 is a time plot of the maximum vertical shock mea sured by the bow 
vert i cal servo accelerometer duri ng the test. The plot is filtered to 50 Hz 
to eli mina te the h i gh frequency vi bra tions and to show only the high energy, 
low frequency s hock waveform. The shock pulse i s  very s i milar to a leading 
edge sawtooth waveform wi th a 4 g pea k ampli tude and 270 msec dura t i on .  The 
acceleration level mea sured from the previou s troug h  to the pea k  of thi s s hock 
pulse is 4.42 g pea k-to-pea k. 

F i gure 12 shows an 8-second sample of pi tch and bow vertical accelerat i on data 
recorded dur i ng the starboard bow seas run at  2,800 rpm. The plot s hows the 
frequency of shocks encountered to be approxima tely once every 1.3 seconds . It 
also shows an increa se i n  the deceleration t i me at  the lower g s hock levels. 

F i g4re 13 depicts a sample plot of the bow vertical acceleration duri ng the 2,400 rpm head sea run. The plot is filtered to 20 Hz and 200 Hz to show the 
effect of the vertical vi bra tion ( predomi nantly 160 Hz resonance ) upon the heave 
and s hock accelera t i ons . 
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Tes t  Parameter 
Avg. of 1/3 

Highest 
{Pk-Pk} 

Avg. of 1/10 
Highest  

{Pk-Pk} 
Extreme 

{Pk-Pk} 
Tes t  Condition s 

Roll 
Bow -

19 . 0° 1 , 400 rpm 

port quartering 
sea 

25.5° 2 , 400 rpm, 
beam sea 

Pitch 10 . 9° 13. 5° 17 . 5° 1,400 rpm, 
sea 

Bow vertical servo 1 . 80 9 2 . 83 9 4. 42 9 2,800 rpm, 
a ccelerometer bow sea 

Bow vertical piezo- 1 . 45 9 2 . 40 9 4 . 04 9 2,800 rpm, 
electric accelerometer bow sea 

Stbd vertical piezo- 1 . 32 9 1 . 91 9 2 . 91 9 2,800 rpm, 
electric accelerometer bow sea 

Table 3. Maximum mea s ured values for roll, pitch, and vertical 
acceleration during rough sea s test. 

SEAKEEPING TRIALS 
NOAA 29-FOOT SURVEY LAUNCH 

29 FEBRUARY 1984 - CHESAPEAKE BAY 

20�----------------------------------------------� 

18 

16 

14 

12 

10 

8 

6 

4 

2 

HEAD SEA RUNS 
AUERAGE OF 1�le HIGHEST - PEAK TO PEAK 

PITCH 

ROLL ----..::::"-o;:--� 

14121121 24121121 
ENGINE RPM 

28121121 

port 

head 

s tbd 

stbd 

s tbd 

Figure 9. Plot of the averages of the 1/10 highest roll and pitch 
values mea sured in a head sea at  1 ,400 , 2 , 400 , a nd 2,800 rpm. 
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Figure 10 . .  Plot of t he average of t he 1/1 0 hig hest vertical accelerations 
measured i n  a head sea at 1, 400; 2, 400; and 2, 800 rpm· 
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Figure 11. Time plot of maximum bow shock filtered to 50 Hz at 
2,800 rpm, starboard bow sea. 

15 

4 



,-. 
> 

0 
" 
<:) 

CO 
CO 
0 ....... 

Z 
0 
I-
< 
a: w -I W 
U 
U 
< 

,-. 
> 

o 
" 
<:) 
co co 
o ....... 

o 
F i gure 12. 

o 
Figure 13. 

BOW UP 

TIME (Seconds) 
8 

Typ i cal data sample of bow vert i cal acceleration and p i tch 
fi ltered to 100 Hz at 2,800 rpm, starboard bow sea. 

LOW PASS FILTERED TO 20 Hz 

TIME (Seconds) 

Sample of bow vertical acceleration during head seas 
at 2 ,400 rpm . 

16 

2 

,-. 
> 

0 
" 
<:) 
w 
0 
� 

J: 
U I-
� 



Pier-Bump Test 

The maximum acceleration measured during the pier-bump test was in the 
longitudinal Z-axis as the boat hit the pier head-on. Figure 14 shows a time 
plot of the impact acceleration .  The shock waveform approaches a half-sine 
with a 1.09 g peak acceleration and of 100 msec duration . I t  is estimated 
that the boat was traveling at approximately 4 knots prior to the impact. The 
low g level measured during the impact shows the high shock absorbing 
properties of the rubber rub rail around the launch. 

Davit Lift Test 

The bow accelerations measured during the davit lift with wave action are 
shown in figure 15. The highest zero to peak acceleration was 0.86 g for 328 msec ( half sine type of waveform ) . The acceleration was produced when the 
upward moving lifting cables became taut as the boat was moving downward in a 
wave . 
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0) 
..,. 
0 

'-.J 

Z 
0 
� 
<: 
a: w .....I W 
() 
() 
<: 

1.09 G 

160 Hz HULL RESONANCE 

0 

o 
TIME (Seconds) 

Figure 14 . Pier-bump test , bow longitudinal impact acceleration 
vs. time bow-on condition. 
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Figure 15. Bow vertica l  acceleration during davit lift with 
wave action. 
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CONCLUSIONS AND R ECOMMENDATIONS 

Since the ultimate goal is to use  the data a cquired during this test to 
define the s hock and vibration s pecifications  for the NOAA Shipboard Data 
System III ( SDS III ) ,  the following conclusions and recommendations are 
directed toward that objective. 

The purpose of the s hock and vibration s pecification is to ensure that 
SDS III will operate satisfactorily in its service environment . It will be 
incumbent upon the system manufacturer to demonstrate conformance to these 
s pecifications . Since it is u s ually difficult to duplicate exactly in a 
laboratory test a n  actual s hock and vibration environment , te st methods are 
normally devised to try to ensure that effects of the test a pplied to 
equipments are similar to the effects of the s hock and vibration occurring in 
practice . Test conditions somewhat more severe than those antiCipated are 
normally pre s cribed to ensure, with a limited number of tests , that there is 
a rea sonable margin of safety in the equipment design . 

The vibration s  mea sured in the equipment area of the 29-foot survey launch 
were low in a mplitude and s hould be easily duplicated u sing an  equipment 
s h a ker. In the 5 to 35 Hz frequency ran ge the maximum dis placement mea sured 
wa s 0.002 inches double amplitude at 5 Hz . However, the boat's propeller 
s haft rotates at 5 to 24 Hz , and in the event that one or two propeller blades 
became bent from striking a waterborne object the vibration level in the 5 to 
35 Hz frequency ran ge would increase  Significantly . There is no s ure way of 
predicting what the vibration levels would become , but it is believed that 
they s hould not exceed 0.015 inches pea k -to- peak . Normally , a boat operator 
will inherently decrease engine rpm when s uch events do occur in order to 
reduce the vibration level. 

The vibrations  mea sured in the 35 to 200 Hz frequency range were les s  than 
0.1 g rms for all frequencies except for a narrow band centered a bout 164 Hz . 
The 164 Hz vibration appears to be due to a hull resonance that is excited by 
the engine firing rate at 2,460 rpm . The maximum vibration mea sured at 164 Hz 
was 0.558 g rms . On the basis of this data a nd allowing for a comfortable 
s afety margin , 1 g rms would be a realistic vibration specification for the 
35 to 200 Hz ran ge .  A test duration of 10 to 15 minutes should also be 
s pecified . 

The shocks  observed during the pier-bump test and the davit lift test were 
of similar waveform . They both had half-sine type impact waveforms which are 
typical of rebounding type impacts . Bumping the pier produced a 1 g zero-to­
peak, 100 msec waveform, and the davit lift test produced an 0.86 g zero-to­
pea k, 328 msec waveform . 

The severest s h ocks occurred from hull slamming during the test in roug h  
sea s .  The s hock waveforms closely matched a leading edge sawtooth which is 
typical for nonrebounding types of impact . The maximum shock encountered 
mea sured 4 . 04 g pea k -to-pe a k  ( 4 . 42 g pea k-to-peak  with heave ) for 270 msec .  
The s hock occured while o perating in a low sea state 3 at 2,800 rpm with 
starboard bow seas. The s hock amplitudes at the bow transducer location were 
a pproximately 1 . 4  times larger than those at the starboard transducer 
location. 
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The test plan called for measurements to be made through a sea state 4. 
However, a low sea state 3 was the largest sea to develop during the test 
period. The shock amplitudes would certainly increase with the higher sea 
states, but safety constraints would limit boat speed and tend to reduce the 
chance of significantly larger shocks. 

Another important factor that should be considered is that boats operating 
in rough seas experience repeated shock during their life span. Damage to 
equipment may accumulate progressively during several repetitions of shock 
until failure ultimately occurs. For this reason it is advisable that the 
test include a series of repeated shocks. 

On the basis of the maximum shock measured in the low sea state 3, the 
anticipation of slightly higher shock levels in higher sea states, the 
repeated shock environment, and allowing for some safety margin, the following 
shock specifications are recomMended: 

Waveform - Sawtooth 
Amplitude - 6 g 
Duration - 350 msec 
( a minimum of three impacts in each direction ) 

The above specification describes a fairly severe shock, but it is a realistic 
requirement for ensuring that the Shipboard Data System III will operate 
satisfactorily during its life span in the 29-foot survey launch without 
restricting boat operating conditions. 
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APPENDIX A. Statistical Values for Roll , Pitch, and Vertical 
Acceleration During Roug h  Sea s. 
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A-2 

EXAMPLE 
31-MAR-84 

TEST COND ITIONS 

RUN 1 NOAA 29 FT SURV EY LAUNCH, HEAD SEA, 1400 RPM, 2/29/84 

BOW SERV V A 

CC 

TRANSD UCER 

(e.g. BOW SERVO VERTICAL 
ACCELEROMETER) 

PEAKS� AVG 1/3 1/10 EXTr�EME 

I 0.35 0.57 0.8t 1. 67 
TROUGHS � 0.::>0 -Q.60 0./4 _.() • �) {> 

0 . 63 1 • OIl 2 .  b�3 

CONSECUTIVE PEAK TO TROUGHS 

22 

MEASUREMENT UNITS 
Acceleration - G's 

Roll - Degrees 

Pitch - Degrees 



A-3 

31-MAR-84 

RUN 1 NOAA 29 FT SURVEY LAUNCH, HEAD SEA, 1400 RPM� 2/29 /84 

AVG 1/3 1/10 EXTF:EME 

BOW SEf\V V A 0.35 0.57 0.81 1 .67 

CC -0.28 -0 . 60 -0 . 74 -0 . 96 

0 . 63 1.09 1.46 2.l>3 

{lO W  VIB l,,' AC 0.23 0 . 51 0 . 93 2.31 

C -0.19 -0.27 -0.31 --0.43 
0 . 41 0.76 1 

,.�,.., . ........ 2 . 71 

STBD SEF:V 'v' 0.23 0.35 0.47 0.94 
Ace -0 . 2�'j -0.44 -(). �:jb -0.6 9 

0.48 o ..,"'. 
• , .J O.?? 1 • l>:� 

ROLL 3 . 99 5 . 37 6 . 31 9.09 
-2.23 -3.68 -4. t.:l. -!:.'i.8f) 

6.22 8.67 10.31 1 4 . 1 0 

PITCH 4.34 6.47 8.02 10.79 

-2.91 -4 . 64 -5 . 67 -7.82 
7.26 10.90 13 . 45 17.53 
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A-4 

31-MAR-84 

RUN 2 NOAA 29 FT SURVEY LAUNCH, PQTR SE�, 1400 RPM, 2/29/84 

AVG 1/3 1/ 1 0 EXTF,E11E 

BOW SERV V A 0.013 0.13 0.17 0. 24 

CC -0.13 -0.18 -0.21 -0.33 

0.21 0.29 0.35 0.45 

BOW Vnl V AC 0.03 0.05 0.08 0.12 

C -0.13 -0.14 -0. :16 -0.1. n 
0.15 0.1 9 0.23 0.:8 

STFII SEP�) V 0.08 0.11 0.1.3 O. Ul 
ACC -0.0"7 -0.0(,:) -0. :1.2 -0.1 D 

0.15 0.1 Ii' o r),') 
. _.'- 0.26 

ROLL 4.93 7.:0 9.04 1 r) n'''' 
. ... __ .. u. __ 

-3.7-;' -6.30 - 8 . 7 2 -·1 () .. �j {) 
8.71 12.24 15. \�6 �� � O,S 

PITCH 3.00 4.43 5.32 6.57 

-2.39 -3.77 -4.71 -5.81 

5.41 7.73 9.28 11. .�:;1 
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A-5 

31-MAr�-84 

RUN 4 NOAA 2 9  FT SURVEY LAUNCH, BPQTR . SEA, 1400 RPM� 2 /2 9/84 

At'G 1/3 1/10 EXTF:EME 

BOl4 SEr�V V A 0.2 4 0.39 0.51 0.69 
CC -0.33 -0.53 -0.65 -0.78 

0.57 0.EJ9 1.0(l 1.34 

BQl..J VIli V AC 0.17 0.30 0.46 1.02 

C -0.17 -0.2 3 -0.�6 -0.31 
0.34 0.52 0.69 1.26 

STBII SEF�V V 0.2 0 0.2 8 o 7-' 
. .... .:) 0.42 

ACC -0.15 " '"J ' -\, • ... c) - 0 . 3 C) -O.·'P 
0.35 0.52 0.66 0.88 

R OL L 5.2 3 7.74 9.33 11.47 

-5.08 -7.9f.> -10.20 -,12.15 

10.33 15.43 19.03 '"' r) I"'� f:i .:..� � 4'-\..1 

PITCH 3.90 5.77 7.11 9.36 

-2.86 -4.61 -5.79 -7.2 5 

6.77 10.2 1 12 .73 15.81 
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A-6 

RUN 6 NOAA 29 FT SURVEY LAUNCH, SOTR. SEA, 2400 RPM, 2/29/84 

AVG 1/:3 1/10 EXTF<EME 

BOW SERV I) A 0.02 0.05 0.08 0. 1 8  

CC -0. 1 5  -0. 1 8  - 0 . 2 0  -0.27 

0. 1 7  0.22 o ,.,-, • a:.. .' 0.3<7 

BOW I. • .' I B V AC 0.03 0.06 0.08 0. 1 2  

C -().12 -0. 1 3  -0.14 -0. 1 8  

0.15 0. 1 13 
o , ... �, 

. - ...... 0.28 

5T£;[I SE F:;I,) V 0. 1 2  0. 1 5  0.18 0.24 
ACC -0.04 -0.05 -0. O�J -0. 1 6  

0.15 0.20 
o '",r"" 

" ..:.. .. J 0.31 

ROLL 6.12 9.07 1 1 . 1 E  1 
r." '"'I ( ..J • ..:.�\ 

-0."1'0 -.2 • 7�5 -4.20 -7' • :�5 
6.77 9.74 1 1 . 6't 17'.67 

PITCH 6.30 8.01 8.G2 9 .03 

1 . 00 -0.87 -1.9 9 -2.45 

5.24 7.60 8.90 9.20 
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A-7 

31-MAH-84 

HUN 7 NOAA 29 FT SURVEY LAUNCH, PBEAM SEA, 2400 RPM, 2/29/84 

AVG 1/3 1/10 EXTf.:EME 

BOW SEF::V V A 0.17 0.3l 0.42 0.81 

CC -0.2<,;1 -0.4:=; -0.55 
o """ "j - � . / ..... 

0.46 0.72 0.90 1. 43 

IcOW VIB V AC 0.14 0.26 0.40 0.92 

C -0.1.6 -0.22 -0. ::.�5 - 0.31 

0.30 0.46 0.62 1. 1/, 

STBII SEF�V V 0.21 0.29 0.35 O.:i 1 

A C C  -0. 1:2 -0.21 -0,29 -0. ·12 
0.32 0.47 0.60 0.<;'0 

ROLL 6 .34 9.21 11.63 1�).�:'j6 

-:L97 -7.03 -9.03 - 1 3 . "7 9 
10.28 14.87 18.6::'; 2�).51 

PIT C H  6 .31 7.4S' 
8 ,.,,., 

t .... ..:.. 9.4fJ 

1.92 0.6 7 -0.29 -1.f:l4 

4.37 6 .06 7.41 10.67 
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A-a 

31-MAF�-84 

RUN 8 NOA A 2 9  FT SURVEY LAUNCH, S BOW SEA, 2 4 00 RPM, 2 /2 9/84 

AVG 1/3 1/10 EXTF,EME 

BOW SERV V A 0. 3 0  0.58 0. 83 1. 61 

CC - 0. 34 -0. 59 - 0 . 7 3 - 0 . 90 

0. 63 1.12 1. 52 2 . 51 

BOW VIB V AC 0. 2 7  0. 57 0. 17'8 2 .10 

C -0. 2 1  - 0. 2 9 -0. 3 3  -0. 34 

0. 47 0. 84 1. 2 8  2 .4 4  

STIIII SERV V 0. 3 5  0. 53 0.66 1. 0 3  
ACC -0. 20 -0. 'l2 -0. 55 -0.66 

0.56 0. 90 1. 15 1. 6B 

ROLL 6. 05 8. 86 10. 2 3  11. 57 

-2 .18 - 4 . 10 -5.4 7 -B. 15 

8. 18 12 . 06 14.26 17 . 2 4 

PITCH 6. 70 7. 9() 8.64 9. 2 5  

1. 60 0. 18 -0. 63 -1. 09 

5.10 7. 36 8. 4 1  9 . 6 2  
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A-9 

31-MAF<-84 

RUN 9 NOAA 2 9  FT SURVEY LAUNCH, HEAD SEA, 2 400 RPM, 2 /2 9/84 

AVG 1/3 1/10 EXTF-:EME 

BOW SERV V A 0 .3·l 0.71 1. 14 2 . 4 5  
CC -0. 40 -0.64 -0 . 82 -1.07 

0.73 1. 2 9  1.91 3.4 6 

BOW VII! V AC 0.32 0.70 1. 29 2 .71 

C -0.24 -0.32 -0.36 -0.40 
0. 56 1.00 1. 63 3.0B 

STB!! SEF-:V V 0.35 0 . 56 0. 80 1. 4 4  
ACC -0.19 -0. 3(? -0.54 -0. 72 

0. 54 0 .90 1. 2 6  2 . 17 

rWLL 4.65 5.94 7.0 2 8.4 B 

-1.09 -2 . 2 3  -3. 11 -i�.3S) 
5. 75 7. (}4 9. 69 12. 63 

PITCH 6. 43 7. 54 8.30 9. 4 5  

1.93 0 . 80 -0.0 6 -1. 54 
4. 50 6. 53 8.09 9.63 
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A-10 

31-MAR-84 

RUN 11 NOAA 29 FT SURVEY LAUNCH, FOLLOWING SEA, 280 0 RPM, 2/29/84 

AVG 

BOW SEf\v V A -0 .0 2 

CC -0 .21 

0 .19 

BOW VIEt V AC 0 .01 

C -0 .14 

0 .15 

STBf! SEF:V V 0 .13 

ACC -0.02 
0 .15 

ROLL 5.01 

-0 .70 

5 .ElO 

PITCH 6.38 

2.37 

3.9 9 

30 

1/ 3 1/10 

0 .04 0 .08 

-0 .25 -0 ;.2[l 

0 .27 0 .34 

0 .0 4  0 .10 

-0.16 -0.1tl 
0 .20 0 .25 

0 .16 0 .1 (? 
-0 . O�; -0 .0 7 

0 .20 0.2:'5 

6.31 7.1:2 

- 1.8B -2. <."B 
7.5 5 tl.2!J 

7.50 8 
r�'-) 

.� ... 

1.53 0.88 

5.36 6.45 

EXTF-:EME 

0 .21 
--0.36 

0 .45 

0.25 
- 0 . 2 2  

0 .40 

0.23 
-0. 1 ::-i 

(). 3(�) 

7.'?O 
-3. (:,{, 

'/.37 
<:' c�-") \.) . .'/ / 

o AC • • �J 
6.95 



A-l1 

3 1 -MAF�-84 

RUN 12 NOAA 29 FT SURVEY LAUNCH, PQTR. SEA� 2800 RPM, 2/29/84 

AVG 1 /3 1 / 1 0  EXTF;:EME 

BOW SERV V A 0.05 0. 1 5  0.24 0.63 
CC -0.27 -0.37 -0.46 -() .l,9 

0.3 2 0.50 0.6? 1 .25 

BOW VII( V AC 0.05 0. 1 4  0.23 0.7 1 

C -0. 1 7  -0.22 -0.26 -0.3 1 
o '"l-X ..... .,J 0.34 0.46 0.99 

STIllt SEHV V 0. 1 7  0.22 0.27 0.41 
Ace -0.06 -0. 1 3  -0.19 -0.33 

0.23 0.3 4 0.44 0.72 

ROLL 5.88 8.35 9.90 11. 63 
- 1 .02 -4.28 -6.34 -J.O.4? 

7.6/' 11.06 1 3.69 HI. i�3 

PITCH 6.27 7.63 8.45 1 0.23 
2. 1 4  0 . 87 -0. 1 1 - 1 .60 
4.11 5.75 6. '7'7 8.68 
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A- 1 2  

3 1 -M AR- 8 4  

R UN 1 3  N O A A  29 FT SURVEY L A U NCH , SB O W  SEA , 2800 R P M , 2 / 2 9 / 8 4  

A 'J G  1 / 3 1 / 1 0  E X T t,EME 

{l O W  S E t, !.)  1,.' A 0 . 5 1  1 . 06 1 .  fJ 9  3 . 3 1 

CC - 0 . 48 - 0 . 8 3  - 1. .02 - 1 . 1 3 
0 . 99 1 . 8 0 2 . 8 3 4 . 4 2 

B O W  VII! !.) A C  0 . 48 1 . 09 2 . 01 3 . 61 

C - 0 . 2 9  - 0 . ·'l 2 -0 . 5 0. - 0 . 77 

0 . 7 6 1 . 4 5 2 . 4 0 4 . 04 

f;:TB D  SEr.: V  V 0 . 5 2 0 . 8 7  1 . 3 0 2 . 1 5  

A c e  - 0 . 2 1  - 0 . 5 4 - 0 . 6 9 - 0 . 7' 6  
0 . 7 4 1 . 3 2 1 • (l l :2 .  (l 1 

F.: O L L  5 . 8 6 7 . 3 9 8 • 4 �:j Ij) . 4 9 

-1 . 5 8 -3 . 25 - 4 . 6 9 - 6 . ,-S 2 
7 . 4 7 9 . 9 2 1 2 . 0 B 1 4 . 5 6 

F' I T C H  7 . 4 1 8 . 85 1 0 . 02 1 0 . 64 

1 . 03 -0 . 66 - 1 . 6 9 - 3 . 22 

6 . 4 1  8 . 9 3 1 0 . 9 4  1 3 . 2 3 
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A- 1 3  

3 1 - M A F: - S '1 

RUN 1 4  NOAA 2 9  FT SURVEY LAUNCH , HEAD SEA � 28 00 f.: PM � 2 / 2 9/8 4 

A\.'G 

B O W  SEF: 'v'  V A 0.3 4 

CC -0 . 4 5 

0.79 

BOW V I II V A C  0 . 3 3  

C -0.30 

0 . 6 3  

STIll! S E H t) V 0.3B 

A c e  -0.1 B 

o • ::; 7 

ROLL 4 . 5 3 

-0 .5 4 

5 . 0 a 

P I TCH 6 . 4 1 

2 . 2 3 
4 . 17 

33 

1/3 

0 .7 3  

-0 . 71 

1 . 38 

0.7 6 

-0 .4 1 

1 . 1 3 

0.6 0 

- 0 . 4 l. 

O .S' 4  

5.57 

- 1 . 4 ·1 
6 .  il l. 

7 . 35 

1 . 37 
5 .6 9  

1/10 

1 . 1 4  
- 0 . 8 6 

1 . 96 

1 . 2 9 
-0 .46 

1.7' 0 

o .  i3 :�� 
- 0  • �.j 4 

1 . •  ::.: u  

6 .  \11 2 

- 2 . 0 0  
fl . :� 3 

8 . 0 8  

0 . 73 

6 . 97 

E X T F:E 11 E  

2 .5 1 
- 1 . 0 7 - e- ..., � • ... J .... 

2 . 5 6 

- 0 .55 

3.05 

1.66 

- 0 .74 
,.., -. -,:,, + � .J 

9 ,· 67 

- 3 . 6 6 
1 0 . 9 6 

9 .4 0  

-1 . 4 0 

9 . B O  



A-1 4 

1 8 - A P r-i: - 8 4  

R U N  1 7  N O A A  2 9  F T  S U RVEY L A U N C H � SQTR . SEA � 2 8 0 0  R P M , 2 / 2 9 / 8 4  

A V G  

V O W  !:: E F� \')  V A 0 . 0 1 

e e  - 0 . 2 6 

0 . 2 7 

£I O lJ \) I D \.J A e  0 . 0 6 

e - 0 . 1 7 

0 . 2 2 

STB D  S E F� t) V 0 . 1 9 

A C e  - o . o n 
0 . 2 7 

FW L L  6 . 1 9 

- 1 . 3 C 

7 . 5 '1 

PITCH 6 . 3 0 

2 . 0 7 

4 '") 7 . .:.. ""' 

34 

1 / 3 

0 . 1 3 

- 0 . 3 6 

0 . 4 5 

0 . 1 5 

- 0 . 2 2 

0 . 3 5 

0 . 3 0 

- 0 . 1 6 

0 . 4 3 

8 . 5 0 

- 3 . 5 6 

1 0 . n 2 

7 . 79 

0 . 7 4 
5 . 8 1 

1 /1 0 

0 . 2 6 

- () . 4 �'j 
0 . 6 5 

0 . 2 (S 

- 0 . 2 7 

0 . 5 0 

0 . 4 1 
o " c:. - . .... ... J 
0 . 6 1 

1. 0 . 3 4 
- 4 . 9 4 

1 3 . 4 7 

8 1:" , \. • .  _1 I 

- 0 . 1 4 
6 . 9 9 

EXTr.: EME 

1 . 8 5 
- 0 . 9 0 

2 . 7 5 

..., ... - L .:.. • ...J \.) 
- 0 . 4 9 

3 . 0 5 

1 . 4 2 

- 0 . 5 7 

1. . 9(>' 

1 2 . El G  

- 6 . 2 0 

1 7 . 9 1  

(t . 2 9 

- 0 . B 9 

8 . 7 0 



APPEND I X  B. Launch Shock Tes t. Proj ect Report by L t .  (j g )  Cra i g  r�cLean , 
Proj ect O I C , NOAA Sh i p  MT . M I TCHELL . 
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TO :  

nIROUGH : 

nIROUGH : 

FROM : 

RE : 

u.s. DEPARTMENT Dr COMMERCE 
NatlDnal De: .. nle: end Atmoaph.rlc AdmlnlUr.tlon 
NATIONAL OCEAN SURVEY B-2  

tJ:V.A [:D l P )'1 . '�l ':'CT:"I:' .. L G-�2 
'Ii�� \::;5T YO\ lt\  tj'HtET 
1:0r.ro� , V I HC 1 ;: U .  ���lC 

MaTch 08 , ] 984 

MT . Uavid ���/CG2X4 

ca�t . '�Top�ommanding Officer 
No�ip

U
Mt . Mit ch e l l 

Rear Admira l W. Hu l l ,  Direct or/J.tA ,) � 
Marine Operations At l antic 

LTj g C .  McLe an ,  Proj ect OIC (/ .. 1t: � 
NOAA Ship Mt . Mitch e l l � 
Launch Shock Testing Proj ect RepoTt 

A Memorandum dated 1 9  January , 1 984 from Mr . Enabnit presented a �Titten p l an 
and instructi on s  for the des i gn  and comp l etion of a shock test of the 29 ' 
Jensen aluminum launch . Th i s  v e s s e l  is common l y  used throughout the NOAA 
hydrograph ic fl eet , and wi l l  receive the new SDS I I I  data system . Representat ive 
of these ves sel s is hul l 1 0 2 0 , which was used through the test peri o d .  Th e 
given task was to det ermine the shock environment of a survey l aunch under 
operational conditions in a sea state of 0-4 . 

Launch 1 020 was del ivered to the Naval Amphibious Bas e  at Litt l e  Creek , Va . ,  
and this fac i l ity was used a s  the base for operat ion s  during the rough wat er 
ph�se of testin g .  Cooperati on with the Command a t  the Sma l l  Boat Training 
C enter fac i l itated the s ecurity and maintenance of the ves se l .  �1r . Pete 
Spangler of the Nava l Sea Combat System Engineering Div i s i on oversaw the 
instal lation of the test e l ectron ic s ,  the operational test s ,  and was most 
responsib l e  and he lpful in the c are of hul l  1 0 2 0 .  The fol l owing personn e l  
from Mt . Mitch e l l  were involved i n  the test : 

Lt . (j g) McLean 
Ens . Mil l er 
Ens .  Sites 

BA Dimartino 
ST Gardner 
OS Wait 
OS Lehman 

NSCSED personne l  aboard hul l  1 020 during testing were �1r . Spang l er and Mr . 
Lewis . Both of these gen t l emen contributed s i gn i fican t l y  to the success 
of the test through their experien c e  in simi l ar task s , the ir profeS S iona l i sm ,  
and enthusiasm. NSCSED a l so suppl ied two persons to crew their l aunch , which 
t ended and dep l oyed the USN Wave Bouy . 

A typical test session began a t  0800 , with NSCSED engineers conduc t ing a syst ems 
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check D ) on � s i dc the pier at Li tt l c  Creek . Shore power, suppl ied by the USN 
train i n� fu c i l i t y ,  was disconnec t e d  Dnd l aunch power encr�i zcd . NOAA OI C and 
cox swain t ook 1 020 away from the picr and t ownrd the work ing ground s .  Al l 
rou�h wat er t e s t s  were conduct ed in the wnt ers north of Li t t l e Creed NAB, in 

B- 3 

the Drca o f  Thimb l e  Shoa l Channel and east t o  the Chesapeake Bay Bri d�c Tunne l .  
The NSCSEO l aunch deployed and tended the USN Wave Bouy . Al l test procedures 
fol l owed the des ired plan as indicated in the memo of Jan 1 9, and fol l owed 
direc t l y  the p l an detai l ed by NSCSED . Head ings were maintained for 1 0  minute s  
whi l e  data were recorded , and voic e  over data annotations were made by Mr. Lewi s 

from aboar d  hul l 1 020. Two data recorders were used to solve a power probl em 
in it ia l l y  enc ountered. Test runs were made for a l l desired conditions inc l uding 
emergency s t op s  and starts ,  calm water basel ines , and rough water runs with seas 
taken in 4 5° increments of heading . Fol l owing the comp l etion of each heading 
desired, the procedure was repeated at a n ew speed ,  until 1 500, 2400, and 2800 
rpm tria l s  had been recorded . The Wave Bouy was then recovered and both 
vesse l s  returned to Litt l e  Creek for berthing . Systems were shut down and 
secured for the day .  

Difficu l t i e s  encountered during t h e  t est period were mos t l y  weather dependant . 
kben c a l m  water was needed for base l in e  measurement s ,  rough water prevai l ed ,  and 
the predictab l e  was encountered when rough water testing was schedu l e d .  In 
addition t o  weather , a power probl em was cause for d e l ay .  A l l calm water an d 
s tart / stop trial s  were recorded without inc ident . On 30 January, the rough 
water t e s t i n g  began and data was c o l l ected at a l l  des ired speeds except 2800 rpm . 
Sea con d i t i on s  were too extreme for this speed , with regard to safety of the 
ves s e l  and personn e l . When these data were reviewed by NSCSED engineers , a 
frequent l apse of 30 micro-secon ds appeared at the peak of many shocks .  Power 
suppl y  prob l ems were suspect and a sol ution found by insta l l ing a second recorder 
on 24 vol t  suppl y  in addition to the 1 1 0  vol t recorder initial l y insta l l ed .  
The prob l ems were overcome after c areful and timel y  eva l uation by NSCSED personn e l . 

A brief chronol ogy of events fol l ows : 

1 2  Jan : 

2 3  Jan : 

30 Jan : 
0 2  Feb : 
03 Feb : 
09 Feb :  

1 3  Feb : 

29 Feb :  
0 5  Mar: 
07 Mar : 

LTj g McLean and ENS Mil l er transport hul l  1020 to 
Littl e  Creed from M-tC . 
Calm water bas e l ine and emergency start / stop tests 
conducted . 
Rough water testing begins . 
Troub l e  with data recordings ; power supp l y  suspect . 
Calm water systems trial and troub l e  shootin& . 
Continue troubl e shooting of system recording prob l em 
on l ine . 
Continue t e s t ing and trouble shooting on l ine in rough 
water .. 
Rough water t e s t ing conduct ed and compl eted . 
Hul l  1 02 0  t ran sported to M-1C . 
Davit p i ck-up t est compl eted and bump test c omp l e t e d .  
Al l tests suc c essful and test gear removed . 
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During a l l  ph� ses of t h e  rough weather testing,  the oplnl on of t h e  O l C  finds 
al l test condi t i on s t o  be in exc ess of any weather favorab l e  t o  survey work . 
The c ondi t i ons wou l d  have yiel ded a poor or non-existant fathome ter trace and 
woul d have been n on-productive. The t est l aunch did not have a fa t h ometer 
insta l l ed t o  provide d i rect evidence of thi s  opini on ,  out t h i s  c onc l us i on is 
based on the experi ences of the OIC. Al l t est weather was more severe than 
enc ountered during hydrographic operation s .  As in a l l  operational settings , 
there exist c ondit i on s  or event s which are atypical and extreme . After more 
than two years of a lmost dai ly operat ion ,  the opinion of the O I C  i s  that shock 
measured during t e s t  c onditions shoul d c ertain l y  define the extremes of, and 
go beyond the opera t i onal settin g ,  but did not happen to measure or experience 
the maximum shoc k s  that this OIC has wittnessed.  Any attempt t o  dup l i cat e 
such events wou l d  c ertain l y  go beyond good judgement , the mandates of safet y ,  
and t h e  int ent of t h i s  t est . An understanding shoul d b e  made that in the 
operat ional settin g ,  c ondition s  may arri se which threaten not on l y  the shock 
tested e l ectron i c s  but the l aunch itse l f .  The SDS I I I  syst em wi l l  b e  exposed 
t o  the same near caps i z ings , waves breaking accross the top of the l aunch , and 
other s imi l ar con d i t ions that other l aunch O I C ' s  wou l d  not l ike to repeat but 
have c ertain l y  been exposed . 

An a t t empt was made t o  inc lude an actua l l aunch pick up and depl oyment through 
c ooperation with a NOAA ship at sea . Weather conditions and safety con s i dera t i ons 
regarding an overboard power l ine cause d  c oncern for test personne l  and the 
test was modified a l on g s i de the Mt . Mitche l l  at AMC . In this test , a calm 
water pick up was made with no sea or chop , and s impl y  the shock c aused by 
the l ift was measured .  A second l aunch was then used to generate a 2 t o  3 
foot sea as the l aunch was recovered and achieved the desired phonomenon of 
the fa l l s  shocking the boat out of the wat er a s  the wave fal l s  away from the 
boat . This exerc i s e  was an approximation of an average l aunch recovery at 
sea in modera t e  l aunch weather. 

A bump test wa s mad e ,  s imulat ing the shock of many condit i ons under which the 
l aunch is bumped a l on g  side the ship , obta ining detached pos i t i ons during survey , 
or l anding part i e s  a t  make-shift piers . This was done at AMC , by bumping the 
l aunch without damage , into the bul khead a l on g  the waterfront . The l aunch 
was powered at 800 rpm ( i d l e  ahead) and then coasted in neutra l to the pier. 

A l l phases of thi s  test served wel l to approximate the shock environment 
of a survey l aunch under average to modera t e  c ondition s .  ��i l e  the events 
of the rough water t e st ing have a l ready been addressed, the conc l u s i on for 
the entire experiment is the same . The greatest shocks that the l aunch and 
the SDS I I I  sys t em w i l l be exposed to are cert a in l y  ones that are not safe 
operationa l l y ,  not safe experimenta l l y ,  but rea l isticly experienced on 
occas ion in the fie l d .  
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Shou l d  any add:i t i ona ] informtl t i on OT n('cd for c ont tl c t  D Ti sc the Ol C C:1Jl 
be reached at the fol l owing offi c e ,  o s  t our of duty on Mt . Ml tche l ) wi l l  
terminate 09 March, 1 984 . 

cc : N/MOAI CAPT SPEER 
N/MOA1 2 CDR WILSON 
N/MOA1 3  Mr. PARDUE 
NSCSED Mr. SPANGLER 
NSCSED Mr. LE�IS 

LTj c Cra i g Mc Lean 
NMFS/F 
Room 4 00 
Page 2 B l dg .  
3300 Wh i t ehaven St . N'� 
Washington , D . C .  
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