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ABSTRACT

A full scale hydrodynamic vehicle (FSHV) representing an experimental
LVA planing hull, but without tracks installed, has undergone coastal trials
in the Camp Pendleton, California area. This report presents data on vehicle
accelerations and motions during the trials. Of particular usefulness are
the one-third octave bandwidth plots of acceleration energy levels, which
compare measured accelerations with a modified MIL-STD-1472B. These plots
show that the tolerance criteria were rarely exceeded, although in several

cases RMS vertical accelerations were rather high.
ADMINISTRATIVE INFORMATION

This investigation was funded by the Landing Vehicle Assault Program
Office, Task Area SF 43411210, Element Number 62543N. It is identified

as Work 'ynit Number 1-1120-018-44.
INTRODUCTION

An advanced amphibious personnel carrier, Landing Vehicle Assault (LVA),
is being developed jointly by the Naval Sea Systems Command and the David
W. Taylor Naval Ship Research and Development Center (DTNSRDC). This U. S.
Marine Corps craft is to replace the Landing Vehicle, Tracked, Personnel,
Model 7 (LVTP-7) which is the current fleet vehicle. The major performance
improvement called for over that of the LVIP-7 is high speed lin excess of
25 mph (40.2 km/hr)] over the water. The LVA will be launched from an
amphibious ship maintaining an "over the horizon" distance from the shore

line of up to 25 miles.




Among the LVA candidate concepts, there are planing hull designs.
It is considered extremely important to evaluate the ride quality of the
planing hull concept, that is, its ability to transport Marine infantry-
men from ship to shore and deliver them in fighting condition. This must
be done (according to the requirements document) at designed maximum speed
in seas consisting of locally generated random waves having a significant wave
height of 2.2 feet (0.7 m) superposed on long period swell (maximum energy at
11.0 sec) having a significant wave height of 5.5 feet (1.7 m).*

A full scale hydrodynamic vehicle (FSHV) representing a proposed planing
hull configuration was built. 1In order to minimize cost, capability for
land operations was not provided. In additiun, troop carrying capacity was
limited to nine men to permit installation of four commercially available
diesel engines (Detroit Diesel 8V-71TI), test instrumentation and underway
observers. The space provided per man is, however, equivalent to that
available on the LVTP-7. During its simulated mission the FSHV should
spend at Teast one hour in open water operating at cruise speed. It nwust
then come alongside a pier where the troops can debark, negotiate an obstacle
course, and fire rifles on a firing range. The fighting condition of troops
debarking from an LVTP-7 is known to be acceptable. The benchmark perform-
ance in FSHV tests is taken as the performance of infantrymen who have rid-
den in the LVTP-7 during the most demanding operation the Marine Corps would
plan for it.

During the period 4-8 April 1977 and on 25 April 1977 personnel of the
Ship Performance Department of DTNSRDC participated in preliminary seakeeping
trials on an LVIP-7. The main purpose of these trials was to check out
procedures for evaluating troop performance. Vehicle habitability data were
also obtained, and the results were presented in a DTNSRDC report for internal

distribution only.

* The craft must also operate at designed maximum speed in either the random
waves or swell when present alone.
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FSHV tests were also conducted out of the Del Mar Boat Basin at Camp
Pendleton, California during the period 8 February to 2 August 1978.
Motions and accelerations in the test vehicle were recorded along with wave
time-histories in the trials area. This was done primarily to aid in
correlating troop performance with the severity of the ride they experienced,

but also to characterize the FSHV for comparison with other vessels.

DESCRIPTION OF BOAT

The FSHV has a zero deadrise hull over most of its length. Approx-
imately 24 feet (7.3 m) forward of the transom its bottom surface curves
upward and is faired into a ship-shape bow with 11 degree deadrise. The ship-
shape bow was added to the original straight across bow to deflect water
downward and improve visibility and wetness. This increased the craft's
overall length from 30 feet (9.1 m) to 36.5 feet (11.1 m).

Table 1 is a list of FSHV particulars. Vehicle dimensions are also
given in Figure 1. A photograph of the boat can be seen in Figure 2 which
provides a good external view of the pilot house on the starboard side (with
seats for the pilot and test director) and the Marine driver's station on
the port side. Hull dimensions were fixed by mission-related specifications
involving the eventual number of troops to be transported in the LVA (about
25 in each vehicle) and the need for size compatibility with the amphibious
ship's well deck storage space. With the above limitations in mind, the
hull shape had to be suitable for reaching the desired speed with the power
available, and be adequately stable and seaworthy in moderate sea states.
The configuration must also be appropriate for installation of tracks so

that it can operate as an armored personnel carrier upon landing.




The layout of engines and spaces in the FSHV is shown in Figure 3.

Two engines are located forward of the troop compartment and two aft of it;
each engine drives a 3-bladed propeller of 32 inch (0.8 m) diameter.
Observer spaces are located to port and starboard of the troop capsule. The
Marine driver's station is located roughly 26.5 feet (8.1 m) forward of the
transom. It will be the principal operating location for the LVA. Figure 1
shows that the center of gravity of the boat is located within the troop
compartment. An adjustable transom flap 11.0 feet (3.4 m) wide by 2.6 feet
(0.8 m) in chord is installed on the FSHV to control trim for optimum ride

and/or resistance.
INSTRUMENTAT ION

Instrumenting the FSHV to determine its motions and accelerations when
operating in waves was difficult because space was very limited and the shock
and vibration environment was severe. The two observer compartments (see
Figure 1) were used for housing signal conditioning and recording equipment
and operators: the starboard space was fitted with a rack in which amplifiers,
calibration units, etc. were placed: a Sangamo Sabre VI tape recorder was
installed in the port space. All of this equipment was shock mounted. The
main source of electrical power for the instrumentation was a 3KVA Westerbeke
diesel fueled generator located in a lazaret near the stern.

Several accelerometers were mounted in the FSHV to measure vertical,
lateral and longitudinal acceleration. Their locations are given in Figure 1.
Greater detail of the accelerometer layout in the troop compartment is shown
in Figure 4: the + 5 g vertical accelerometer and + 2 g sufgﬁ accelerometer
were positioned on the boat centerline, while the + 1 g lateral accelerometer

was mounted 3 feet (0.9 m) from the starboard side. A1l of these were Donner
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Model 4310 force balance servo-type transducers which are accurate to 0.1
percent and have a natural frequency in the 70 to 90 Hz range. They were
powered and conditioned by » DTNSRDC Accelerometer Control Unit Model 415-1A.
Two accelerometers were also located in the pilot house: one Statham
Model A69-TC and one Statham Model A45. The Model A69-TC has an unbonded
350 ohm strain gage bridge, a range of + 100 g's, and a natural frequency
of 1.8 kHz; it was used to measure vertical acceleration. The + 2 g Model
A45, with a natural frequency of 110 Hz, was employed for sensing lateral

acceleration in the pilot house. It is also of the unbonded strain gage

type. These accelerometers were mounted on the deck below the control consale
as indicated in Figure 5.

Another Statham Model A45 accelerometer -- this one with a range of
+ 10 g's -- was fixed to the bottom side of the Marine driver's seat, above
the shock alleviating pedestal assembly (see Figures 5 and 6). Its natural
frequency is 190 Hz.

The three Statham accelerometers were powered by Endevco SRB-200 strain
gage modules. These units can provide up to 15 volts d.c., regulated to
better than 0.1 percent from no load to full load. They also provide a
means of calibration, since inside the module is a 0.25 percent resistor
which can be switch-activated to offset the accelerometer bridge. The out-
put of the module was fed to a Dynamics Amplifier Model 7521B, and then *o a
tape recorder calibration unit before final recording on the Sabre VI.

The cal unit contains modified Model 7521B differential amplifiers which can
provide a gain of 0.2 to 2.5 K and a frequency response of d.c. to 10 kHz.
It is used to feed exactly - 1.0 volts into the 14 channels of the tape
recorder as a reference for subsequent data signals. Figure 7 contains a

flow chart for the instrumentation.




Pitch and roll were measured by a Minneapolis-Honeywell Model JG7044
gyro. This gyro requires 115 volt, 400 Hz power for the spin motor, which
was obtained from an Elgar Model 251 power source. The gyro was bolted to
the deck in the starboard observer's space. A 28 volt erection voltage is
required to keep the gyro vertical within + 0.125 deg. The gimbals have
wire-wound potentiometers on them to sense angular motion of the units
housing. These are excited by a DTNSRDC Model 419-1A potentiometer control
unit which also acts as a signal conditioner.

A readout for speed was located in the pilot house in addition to it
being recorded on magnetic tape. The pickup for speed was an impelier
mounted on the centerline through an opening in the bottom of the boat, near
the forward bulkhead of the aft engine room. The impeller emits pulses
which increase in number with speed. The pulses are input to a Vidar Model
326 frequency-to-voltage converter. The Vidar signal output is d.c., which
goes through a Dynamics 7521B amplifier for conditioning, and then to the
pilot house console and the analog recording equipment. Speed was calibrated
initially off Point Loma, California and periodically during the trials at
Camp Pendleton by employing a Decatur radar unit as a reference for speed
measurement. The signal was reflected off large, fixed objects in the area.

Transom flap angle could also be read out on the console in the pilot
house and recorded on magnetic tape. To obtain the necessary signal, a
Computer Instrument Corp. linear potentiometer had been waterproofed and
one end fixed to the outside surface of the transom stern, with the other
end attached to the flap via a turnbuckle. The potentiometer was excited
and its output signal conditioned by a 419-1A potentiometer control unit.

Rudder angle was also measured with a potentiometer. To drive the

linear potentiometer, its actuating wire was attached to the periphery of

6




a semi-circular plywood disk which had been epoxied to the top of the rud-
der stock. A channel in the 419-1A potentiometer control unit was used to
power the transducer.

The Sabre VI tape recorder was run at 3-3/4 ips (9.5 cm/sec), which
gave each of its 14 FM channels a data bandwidth of 1.25 kHz. Thirteen of
the channels were available for data, and one for the % volt reference
signal (mode) which was employed for designating the usable portion of each
record, and for time correlation. The tape recorders were set up for a
signal deviation of 1.414 volts, and the head configuration was IRIG
standard.

A Datawell Waverider buoy (see Figure 8) was employed for measuring
wave height. The buoy follows the movement of the water surface, and
measures the waves by sensing its own vertical acceleration. Self-con-
tained electronics double integrate the acceleration signal so that the
signal transmitted to the shore station is proportional to displacement.
The discrepancy between vertical movement of the Waverider and movement
of the sea surface is generally small unless the wave length is less than
16 feet (5 m). The transmitted signal is received by a Dutch-built
WAREP-05 receiver. The original carrier frequency of 27.9 mHz was in-
creased in the field to 29.9 mHz (just above the CB range) because radio
interference was corrupting large segments of the time-history. The
received signal was passed through a DTNSRDC 10 Hz, 8 pole Butterworth
filter and paralleled to a CP 100 Ampex FM tape recorder and a Technirite
TR-888 strip chart recorder. Buoy deployment was performed by personnel
in the chase boat |e1ther the 45 foot (13.7 m) LARC or the 65 foot (19.9 m)
PB Mark IIII.




TRIALS PROGRAM AND PROCEDURE

The main objective of the trials program was to evaluate troop perform-
ance after a one hour, high speed oper ocean transit in the FSHV/LVA. In
addition, it was desired to characterize the boat's performance (habitability)
in a seaway. The emphasis in this report is on the latter goal. Therefore,
data obtained from runs made with and without troops on board have been
included.

Usually, the procedure followed was to have the chase boat launch the
wave buoy, and a wave sample was taken prior to the FSHV mission to ensure
that acceptable wave conditions existed. If such was the case, the FSHV
made a Tow speed transit at about 10 mph (16 km/hr) through Oceanside Harbor
Channel; this took about five minutes. Open ocean maneuvers were then con-
ducted for approximately one hour in the area partially encircled in Figure 9.
Numbers within the test area indicate water depth in fathoms. Data were
recorded for as much of this one hour period as possible. Proper functioning
of the instrumentation was, of course, a critical factor.

Most sorties were made in a random path; some were, however, made in a
series of straight line segments of constant heading. In all cases, an
attempt was made to stay as close to the wave buoy and chase boat as possible.
The wave buoy was located within the trials area, at the point indicated
by a darkened circle in Figure 9, Recording of wave height continued during
the entire sortie, and usually somewhat beyond. !f troops were on board,
they proceeded to carry out their on-shore performance tests after the craft

returned to the debarking area.

TP




Table 2 lists the test conditions for the runs made, including those
.for which data were not recorded. For the first nine runs, wave statistics
are not available because excessive local voice transmissions interfered
with reception of the buoy output.

There were no runs made between numbers 18 and 40. The gap in numbers
was permitted to avoid overlap. Two groups of trials personnel were in-
volved in this program (viz. from DTNSRDC and AVIB*) and it was not known at
exactly which point the latter group would take over from the former.

The significant wave height given in Table 2 is the average of the
one-third highest crest to trough values. The period of maximum wave energy
corresponds to the peak of the energy density spectrum. The approximate
wave length corresponding to this period can be computed from

Wave length = 5.12 (Period)® in feet
= 1.56 (Period)? in meters.

The Comments column shows the boat heading relative to the waves for
some of the earlier sorties. Where "Circles" is entered, a fixed heading
was not held, and the FSHV was steered in an unordered path in the vicinity
of the buoy. The few short duration runs, for which results are questionable,
are also indicated. In some cases -- such as Runs 59, 64 and 65 -- there is
a big difference between the measured speed listed and the nominal speed
given in the log books.

The LVA Required Operating Conditions (R.0.C.) document** calls for
operation in a seaway combining swell having a significant wave height

of 5.5 feet (1.7 m) in deep water and a period of 11 sec***, with

*  Amphibian Vehicle Test Branch, Marine Corps Tactical Systems Support
Activity, Marine Corps Base, Camp Pendleton.

** (CMC 1tr RDD-26-mrc of 2 February 1978 (LVA ROC).

*** The swell is assumed to consist of a relatively narrow range of wave
lengths with peak energy at an 11 sec period.
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wind-generated waves (Sea State 2) having a significant wave height of 2.2
feet (0.7 m). Coastal wave data for Huntington, California (just north of
the trials area) were reviewed. These data are based on measurements made

by the U. S. Army Coastal Engineering Research Center, Fort Belvoir, Virginia.
As can be seen in Figure 10, the spectrum representing average annual swell
conditions for Huntington can be approximated fairly well by the theoretical

Bretschneider spectral formulation. The latter is given by

(A “z/T ‘)

n

s(w) = :/’ : exp('B ) in ft?-sec (m?®-sec)
T

w 3 w"

where: A = 487.1
B =1, 948.2
hi, = significant wave height, ft (m)

3
To = modal period, sec

This two parameter formulation permits one to select both the significant
wave height and period of maximum energy.

1t was desired to establish a wave spectral standard that closely
corresponds to the R.0.C. spectrum, but also allows for a reasonable
deviation (envelope) from R.0.C. Because, as shown above, the Bretschneider
spectrum is useful in representing west coast United States swell, it was
used for part of the standard. However, a range of F}/B and T, was

established as follows:

h‘é . % /1, m To,s€C
5.5 o 11.0
5.0 1.5 10.0
6.0 1.8 10.0
5.0 1.5 12.0
6.0 1.8 12.0

The wind-generated sea portion of the R.0.C. spectrum -- having an ﬁ}/s of

only 2.2 feet (0.7 m) -- contains little energy compared to the swell, and

10
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has a high frequency peak corresponding to a period of approximately 4.1
sec. The one parameter Pierson-Moskowitz (P-M) wave spectrum was selected
to represent this component of the standard. The equation representing
the P-M spectrum is

s(w) = <0 e o /“~1n fti-sec (m?-sec)

ml
where A" = 8.1 x 107%g? = 8.4 ft¥#ec* = 0.78 m?/sec"
B = 33.56/5:/’ in ft™" = 3.08/}?,/2’ inm’
g = acceleration due to gravity in ft/sec’ (m/sec?)

The composite of Bretschneider and Pierson-Moskowitz spectra is pre-
sented in Figure 1) with upper and lower bounds indicated. Also shown for
comparison is the most severe wave condition encountered during these
trials (on 19 July 1978). It falls within the established bounds at its
peak and for lower frequencies, and also has a significant wave height
close to that of the lower bound. Most of the other runs were made in
wave conditions considerably milder than the standard. Typical examples
are given in Figure 12; these were recorded on the dates indicated.

DIGITAL DATA REDUCTION

The digital system consisted of an Interdata Model 70 computer with
64k bytes of memory, a nine-track Kennedy 3110 digital tape drive, a
Tektronix 4006 CRT terminal, an Analogic 5800 14-bit analog to digital
converter, a Versatec 1100A line printer, and a Tri-Data 1024 cartridge
tape recorder. The software utilized consists of programs and subroutines
developed over the course of several years by DTNSRDC Ship Performance
Department personnel. This system carried out the digitization of the

recorded measurements.
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Because of the predominance of low frequency components in the rigid

body vehicle motions and accelerations and also in the wave height records,

T

it was possible, during digitization, to replay the analog tapes at a speed g
higher than the speed at which they were recorded. The "time compression"
used was a factor of four for vehicle motions and eight for wave height.

A real-time sample rate of sixty per channel per sec (therefore, 15 per

channel per sec for time compressed motions) was used to digitize each analog

signal after it had been fed through a six pole Butterworth low-pass filter

with a half-power point at 15 Hz. This combination of sample rate and fil-
tering prevented aliasing of high frequency noise into the data bandwidth.

The computer operator used the %; volt mode channel to locate the
"good" data and employed the mini-computer to sample the incoming data at
regular intervals. The data were then stored in a buffer, and the buffer
was periodically written on a nine-track tape. Subsequent analysis of the
data could then proceed either cn the mini-computer, as was done for the
wave height spectra, or within the Center's main computer facility, on a
Control Data Corporation Series 60 computer. The latter procedure was used
for more extensive analysis of rigid body motions and accelerations.

In either case, power spectral density (PSD) functions were produced
utilizing a Fast Fourier Transform program capable of analyzing up to 256
frequencies. In addition, a program was developed which, in operating on
the PSD's, produces standard one-third octave bandwidth energy RMS levels
for the linear acceleration channels.

A third analysis program was used to examine the peak and trough single
amplitudes of the vehicle motions. Upon recognizing a cycle, defined by

three crossings of the mean, this program would log the extreme peak and

12




trough values in an amplitude versus number of occurrence histogram. The
histograms were then used in computing a series of statistical parameters

characteristic of each distribution.

TRIALS RESULTS

Analog tapes recorded on board the FSHV (boat data) and in the shore

station at Camp Pendleton (wave data) were digitized at DTNSRDC as they

became available. They were then processed on a computer as discussed in
the previous section.

A sample computer printout of the wave height results is contained in
Figure 13. A complete set, in microfiche form, is provided inside the
back cover of this report (see Appendix A). All printouts have also been
forwarded to the LVA Program Office. For many runs -- particularly the
first eighteen -- the wave record run number listed on these printouts
does not correspond to the principal run number given in Table 2, and dates
should be used to match wave and boat results.

As noted, Figure 11 shows the most severe wave condition encountered
(Run 63*). Other runs of comparable severity were numbers 64, 62, 54, 48
and 41 [al] with significant wave heights of roughly 4 feet (1.2 m\l. These
were not necessarily the runs with maximum boat response, since heading
relative to the waves, speed, trim, etc. all influence habitability. It
should also be noted that high frequency wind waves will tend to induce
boat motions more than longer (10sec- To- 20sec) swells. This is true because

the swells range from 14 to 56 times the length of the FSHV, while the

* Only principal, that is, FSHV sortie run numbers will be used in the text.




wind waves are only about 3 times as long as the craft. Extremely long waves
usually do not excite the natural frequency of a vessel, and because of
their mild slopes should not cause severe accelerations.

[tems listed in the headings of Figure 13 are defined as follows:

TOTAL TIME = length of wave sample in sec

MEAN = "d.c. level" of the signal

STDDEV = root-mean-square (RMS) about the mean

SIG DA = significant (average of the highest
one-third) double amplitudes

AMP . MAX = maximum ordinate of the wave auto-
spectrum*

FREQ.MAX = frequency in rad/sec at which the
maximum spectral ordinate occurs

ROOTE = square root of area under spectrum

ROOTQO = J2 x STD DEV = single amplitude for
sine wave

RATIO = ROOTE/ROOTQO = 1.0 for a linear system

STAT.ERR. (%) = a measure of confidence in the computed
spectrum*

DOF = degrees of freedom = another measure of

confidence in the computed spectrum*
, EFF.SCAN RT. = the number of digitized samples per
; sac used in carrying out the analysis
The heading of 0.0 deg shown on the computer listing is unimportant for the
wave data.

Just as in the sample (Figure 13), auto-spectra for the waves are

tabulated and plotted on the microfiche for all wave records. In many

cases, the peak of the wave spectrum occurs at a frequency of 0.35 to 0.50

rad/sec, which is lower than that of the standard (Figure 11); the latter
peaks in the range of 0.55 to 0.60 rad/sec. The measured spectra do often
have a secondary peak occurring at a higher frequency than the primary one.

Also, as discussed above, the measured significant wave height is usually

appreciably lower than called for in the standard. A summary of significant
wave heights is given in Table 2. Values could not be given for the runs

in which interference severely affected the transmitted signal.

* Confidence increases as the statistical error decreases and the degrees of
freedom increase.
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An example of computer output obtained for the boat data is presented
in Figure 14. MINIMUM and MAXIMUM values tabulated on Sheet a are relative
to the zero value of the variable, not the mean. Pitch is a good example
of a measurement which generally has a large MEAN value; this represents
bow up trim, which in the sample is 8.9 deg.

A negative (-) sign convention (-voltage) has been adopted on the

computer listing for the following directions of motion and acceleration:

PITCH - bow down
ROLL - port up
HEAVE ACC - down
SURGE ACC - forward
SWAY ACC - starboard
MDS VERT (accel) - up

PH VERT (accel) - up

PH LAT (accel) - starboard
FLAP ANG - down
RUDDER - port

For example, in Figure 14-Sheet a, the 0.4169 g MINIMUM value of heave
acceleration is acting down.

For most of the first 18 runs, a constant heading relative to the waves
is indicated on the computer printout, with 180 deg being head seas. In
some cases the boat heading was changed frequently on an irregular schedule,
and this type of sortie is designated as "TROOP CIRCLE MANEUVERS". Run 40
and succeeding runs are comprised of several constant but unknown headings
that have been grouped together for analysis, and these are designated as
"N CONDITIONS" (where only heading was changed) or "N CONDITIONS-N SPEEDS"
(where both heading and speed were changed).

It is important to note that for those runs in which heading and/or
speed were varied in some unknown order, the results presented here cannot
be generalized (e.g. by deriving transfer functions and applying them to

other sea conditions); they apply only to the particular operating sequence

15




followed during the sortie. Moreover, if the FSHV were operating in the
same seaway, but following a different schedule of heading changes, its
response statistics could be somewhat different from those presented in this
report.

Auto-spectra for craft motions and accelerations are given on Sheets
b and ¢ of Figure 14. These constitute the results of the frequency domain
analysis, which actually yielded spectral ordinates to a frequency of 15.6
rad/sec rather than the 4.2 rad/sec shown in the sample for brevity of
presentation.

Sheet d summarizes statistical data computed from time-domain analysis
(histograms). The number of data points referred to pertains to individual
points on the time-history At apart, where At = 1/sample rate. Peak and
trough data were treated separately; thus, for vertical accelerations,
statistics for upward maxima are listed separately from those for downward
maxima. Definitions for row headings are

AVG = average of the maximum values
N Cycles iy
=;£‘ x; /N Cycles = x

where x = individual values of the maxima

t

N Cycles = number of cycles

N Cycles_
M2 =

I (x;-x)zl /N Cycles

* -
(=

variance of maximum values

N Cycles_
Mk =1L (x;=x) | /N Cycles
ir})
kth

moment




SKEW M3//(M2)3/2 = measure of skewness of probability distribution

KURT

kurtosis = M M 2 . a shape parameter for the probability
¢ . 2
distribution

HIGHEST, 2ND, 3RD....5TH = magnitude of the 1st highest amplitude,

2nd highest amplitude, etc. relative to the mean or "d.c.
level,"

1/3RD = average of the highest one-third amplitudes
1/10TH = average of the highest one-tenth amplitudes
Sheets e, f and g of Figure 14 contain tabulations of the histograms.
The row labeled "0-R" indicates the number of values that fall beyond the
maximum range established for the analysis. These are generally few in

number compared to the total number of values in the sample. The number

é of cycles of acceleration is usually high compared to those for pitch and
roll -- probably because of vibration of the craft's structure. Cumulative

probability distributions have also been included in the histogram tabu-

lations.
RMS one-third octave bandwidth energy levels for the linear acceler-

ations are given in numerical form on Sheet h. These have also been

graphed, and a complete set will be presented later in this report since

they are an important indicator of vehicle habitability. The center 'i

~———

frequency for intervals above 0.1 Hz (the lowest one selected for this

analysis) was computed by using

PO . o ST

Center frequency multiple = f*fk.= 21/3 = 1.2

The bounds of each interval are established from the following relationshirs.

f
Upper frequency bound multiple = F§1-=\/E1/3 =1.12
i

¢ 1

B
5 Wiz = %9

"
—

Lower frequency bound multiple
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SUMMARY OF ACCELERATIONS AND MOTIONS

Tabulated Results

Statistical data on accelerations and motions are summarized in Table 3.
Runs have been omitted where instrumentation problems prevented the recording
of valid data. The mean vehicle trim was found to be fairly high; for
many runs it was about 7 to 8 deqg bow up, and sometimes exceeded that.
Standard deviation and average of the highest one-tenth (HT 1/70) values for
oscillatory pitch and roll are also contained in Table 3. Maximum HI 1/70
for pitch reached 9.4 deg bow up and 11.0 deg bow down during Run 3; this is
substantially higher than the values for most other runs which are in the
2.0 to 6.0 deg range. Maximum HT 1710 for roll is 5.9 deg port side down and
6.9 deg starboard side down -- also during Run 3.

The worst ride in the troop compartment clearly occurred during Runs 45,
52, 54 and 55*, with HI 1770 for heave acceleration ranging from 0.65 to
1.14 g's and RMS acceleration reaching 0.31 g's. Although habitability was
poor, these sorties were not conducted in the most severe wave conditions
(see Table 2). Pilot house and Marine driver's seat accelerations are not
available for these runs because of instrumentation failures.

Pilot house vertical accelerations for Run 1 are among the severest
recorded: the HY 1/T0 upward acceleration was 1.04 q's and the value for
downward acceleration was 0.66 g's. The RMS pilot house acceleration of
0.32 g's for Run 1 was, however, exceeded during two other runs, namely 66

and 72, with the latter reaching 0.48 g's.

* Run 55 was short.
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Vertical acceleration at the Marine driver's seat was also high dur-

ing Run 1. HI 1/70 was 0.93 g's up and 0.61 g's down, with an RMS value
of 0.29 g's. These values were almost duplicated during Run 72.

Comparison Between Measured Accelerations in One-Third Octave Energy Levels
and LVA Tolerance Criteria

Acceleration Exposure criteria contained in MIL-STD-1472B of 31 De-
cember 1974 have been extrapolated to frequencies below 1 Hz to establish
1imits for LVA habitability. The criteria are for vertical and horizontal
accelerations, and indicate the maximum allowable exposure for personnel
to maintain proficiency for one hour. Fiqure 15 compares the measured
wave induced craft accelerations with the standard.* The latter is desig-
nated by alternating long and short dashed lines for accelerations taken
directly from the MIL-STD, and by short dashes for extrapolated values.

Although the RMS pilot house vertical accelerations for Runs 1, 66
and 72 are high enough to be uncomfortable (0.32, 0.39 and 0.48 g's, re-
spectively), none of these has one-third octave plots that exceed the LVA
criterion (see Figures 15a, 15ee and 15kk). The first sortie to have ac-
celerations which exceed the extended MIL-STD is Run 45 shown in Figure
15u. The exceedance is slight, and occurs for heave acceleration only,
at approximately 0.4 Hz. The fact that heave acceleration is greater than
Marine drivers seat acceleration in this case is strange, and leads one
to suspect an instrumentation problem during this run. Turning now to
Runs 52, 54 and 55 -- all of which have high RMS values of heave (troop
compartment) acceleration -- the following facts are gleaned from the
one-third octave plots: for Run 52 (Figure 15v) the heave acceleration

curve falls close to the standard at roughly 0.3 Hz, but never exceeds it;

* The ordinate label "lateral acceleration" should have been "horizontal
acceleration," since surge acceleration is also included on these plots.
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for Runs 54 and 55 (short run), there is clear-cut exceedance in the 0.25

Hz to 0.5 Hz range. Some runs, such as 62 and €3 (Figures 15aa and 15bb),

have acceleration curves with unusual shapes since they increase without
reaching a distinct peak. For no sortie does the one-third octave lateral
or longitudinal acceleration curve exceed the MIL-STD.
Impact Accelerations

Accelerations recorded on magnetic tape during the trials were subse-
quently re-recorded on strip chart by means of a high frequency response

"string-oscillograph" recorder.* This was done to permit hand reading of

impact accelerations. No filtering was used to avoid possible attenuation
of desired signals. Figure 16 shows a sample of the type of impacts derived

from the earlier sorties (Runs 1 to 18). These have the commonly encountered

triangular pulse shape, in some cases with ringing after the initial pulse.
In Figure 17, we see what appears to be another type of impact record; these |
pulses, having a more narrow spike-like appearance, were derived from some i

runs in the 40 to 75 group. One should note that the change in time base

from Figure 16 to Figure 17 acts to narrow the visual pulse width in the 3
latter figure; however, the actual pulse width is not narrowed as drastically.

Reduction of the FSHV slam records was carried out for most channels by ‘
reading the maximum deflection of the acceleration pulse from the "zero"
level. The one exception was surge acceleration which, because its magnitude
is relatively small, had a significant offset in its zero due to a gravita- |
tional component introduced by trim. In this case, the zero used to

determine impact levels was the mean of the trace just prior to the slam.

* The device used has a flat response in the kHz range.
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The results are presented in Table 4 for those sorties where impacts did
occur, This table lists only the largest acceleration recorded during a run;
usually, there were many more in evidence on the time-history. Where no
values are given, instrumentation malfunction, inadequate sensitivity, or a
calibration error precluded their obtainment. The most severe impact was
sustained by the FSHV in the piiot house during Run 73. It was roughly
8.8 q's but, as exemplified by Figure 17, of very short duration. Another
severe impact of 6.1 g's occurred in the pilot house during Run 69, Marine
driver's seat impact levels were lower than those in the pilot house because
of the load alleviation capability of the shock mounted seat to which the
accelerometer was mounted. The maximum value recorded here was 4.8 g's --
also during Run 73. Troop compartment impacts were even milder (note, these
accelerations were measured on the aft bulkhead in the troop compartment),
with the largest slam reaching 3.3 g's during Run 54.

When the craft slams, it usually slows down because the bow is entering
the water (sometimes the flank or crest of a wave). These longitudinal
decelerations are also contained in Table 4. Although the largest values
of 0.5 g's are severe enough to throw a person off his feet if he were
standing without a secure hand-hold, the seated troops in FSHV should not be

bothered by them.
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CONCLUSTONS

A full scale hydrodynamic vehicle (FSHV) representing a planing hull
concept for the Landing Vehicle Assault (LVA), but without tracks for
amphibious capability, has undergone seakeeping trials. The following
conclusions can be drawn from the results of this program:

1.  The most severe conditions in the troop compartment occurred during
four sorties for which the average of the highest one-tenth (HT 1/70) heave
acceleration ranged from approximately 0.7 to 1.1 g's single amplitude, and
RMS acceleration reached 0.31 g's.

2. HUY/T0 pilot house vertical acceleration went as high as 1.0 g's
upward and 0.7 g's downward. Maximum RMS acceleration in this location was
0.48 g's.

3. In the Marine driver's station the maximum HT 1710 vertical
acceleration was slightly lower than in the pilot house, reaching about
0.9 g's upward and 0.6 g's downward. Maximum RMS acceleration in this
location for a single sortie was 0.29 q's.

4. The LVA acceleration tolerance criteria based on an extrapolation
of MIL-STD 1472B were rarely exceeded during these trials. Only two sorties
had heave acceleration (one-third octave) plots that were clearly more
severe than the standard for vertical acceleration, and one of these was a
short run. The standard for horizontal acceleration was never exceeded.

5. The most severe impact acceleration recorded during the trials was
8.8 g's on the pilot house deck. Because the shock-mounted seat reduced the
load, 4.8 g's was the largest impact measured in the Marine driver's station.

On the troop compartment bulkhead, a 3.3 g slamwas the largest recorded.
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6. Deceleration (aft surge acceleration) during slamming reached 0.5 g's.

7. Running trim was usually about 7 to 8 degq.

8. The results presented in this report are, in most cases, for an
unknown sequence of headings relative to the waves. It should be realized
that a different sequence in the same wave conditions could lead to some-
what different average craft responses.

9., Most runs were carried out in wave conditions significantly less
severe than those called for in the Required Operating Conditions (R.0.C.)
Document. The R.0.C. wave specification is not typical of offshore conditions

in southern California.
ACKNOWLEDGMENTS

The authors wish to thank D. Halper of the Landing Vehicle Assault
0ffice who played a major role during these trials in his capacity as Test
Director (organizing and implementing the FSHV Test Plan) and performing the
myriad tasks necessary to keep a trials program going. Mr. Halper was also
actively involved in the data reduction phase. D. Gregory and J. Kallio of
the Ship Performance Department are also due thanks for contributions during
their terms as Test Coordinator and Project Engineer, respectively. R. Busby,
G. Minard and J. Hardison participated in assembling and operating the

electronic instrumentation.

23




APPENDIX A
DIRECTIONS FOR USING MICROFICHE

Two sets of microfiche have been provided as a supplement to this
report (see inside of back cover). One set contains computer printouts of
the boat data; the other contains computer printouts of the wave data.

Each sheet of boat data microfiche contains an index at its lower
right-hand corner which gives the location (LOC) of a particular type of
data for a particular run. For example, the designation

FO2 HIST STAT RUNS 2-2

states that if the pointer on the microfiche reader is placed at box F, on
the reader's locator chart, statistical data from the time-histories of
run 2 will be seen on the screen. Individual frames also have their loca-
tions (e.g., FO2) printed in the bottom left-hand corner of the frame.
Successive runs are listed in columnar fashion.

The wave data microfiche do not have an index, but runs are listed in
order. Dates should be used to match wave runs with boat runs (especially
for the first 18) since the run numbers don't always coincide. Table
listings in the main body of this report are based on boat data run num-
bers.

i
a
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APPENDIX B

3 ENGLISH TO METRIC CONVERSION FACTORS
This appendix provides factors for converting from English Units to
Metric Units. Conversion factors are provided only for the English units

referenced in the figures and tables of this report.

CONVERSION TABLE - ENGLISH TO METRIC

Multiply by To Obtain
degrees 1.745 E-02 radians
feet 3.048 E-01 metres (M)
feet2 9.290 E-02 metr'es2 (MZ)
feet/second 3.048 E-01 metres/
second (M/sec)
feet3/second 2.832 £-02 metres3/second
(M3/sec)
inches 2.540 E+00 centimeters (CM)
inches 2.540 E-02 metres (M)
knots 5.144 E-01 metres/second
(M/sec)
pound+inches (1b+in) 1.152 kilogram
centimeters(kg-cm)
pound-feet (1b-ft) 1.383 E-01 kilogramsmetres
(kg+m)
pound-feet/degree 1.383 3E-01 kilogram*
(1b-ft/deq) metres/deg
(kgem/deg)
pound/feet%1b/ft2) 4.882 kilogram/
metres2 (kg/mz)
degrees Fahrenheit te = (t§-32)/1.8 degrees
Centigrade
Short Tons 9.072 E+02 kilograms (kg)
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Figure 15 - Comparison of Measured lave Induced Craft Accelerations
With the LVA Acceleration Standard
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Figure 15a —  Run 1, Significant Wave Height = *
Speed = 22.4 Knots
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Figure 15b —  Run 2, Significant Wave Height = *
Speed = 23.6 Knots
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Figure 15c —  Run 3, Significant Wave Height = *
Speed = 18.9 Knots

* No wave statistics available because signal corrupted by
local voice transmissions of unknown origin.
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Figure 15. Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15d —  Run 6, Significant Wave Height = *
Speed = 18.4 Knots
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Figure 15e —  Run 7, Significant Wave Height = *
Speed = 18.2 Knots
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Figure 16f —  Run 8, Significant Wave Height = * |
Speed = 17.9 Knots ‘
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Figure 15,

With the LVA Acceleration Standard (Continued)
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Figure 15g —  Run 9, Significant Wave Height = *
Speed = 17.9 Knots
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Figure 15h —  Run 10, Significant Wave Height = 2.13 ft (0.65m)

Speed = 21.0 Knots
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Figure 15i — Run 11, Significant Wave Height = 1.79 ft.(0.55m)

Speed = 20.1 Knots
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Figure 15.

LATERAL ACC

Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15) Run 12, Significant Wave Height = 1.79 ft_(0.55m)
Speed = 21.7 Knots
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Figure 16k —  Run 13, Significant Wave Height = 2 16 ft (0.66m)
Speed ~ 16.2 Knots
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Figure 151 — Run 14, Significant Wave Height = 3.28 ft.(1.00m)

Speed = 21.0 Knots
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Figure 15. Comparison of Measured Wave Induced Craft Accelerations %
With the LVA Acceleration Standard (Continued)
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Figure 15m — Run 15, Significant Wave Height = 3.28 ft.(1.00m)
Speed = 20.0 Knots
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Figure 15n — Run 16, Significant Wave Height = 3.28 ft. (1.00m)
Speed = 20.8 Knots
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Figure 150 —  Run 17, Significant Wave Height = 3.28 ft.(1.00m)
Speed = 20.7 Knots
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Figure 15. Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15p —  Run 18, Significant Wave Height = 2.88 ft.(0.88m)
Speed = 24.7 Knots
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Figure 16q —  Run 40, Significant Wave Height = * I
Speed = 17.4 Knots ‘
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Figure 16r — Run 41, Significant Wave Height = 4.36 ft.(1.33m)
Speed = 19.3 Knots
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Figure 15.

With the LVA Acceleration Standard (Continued)
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Figure 15s —  Run 42, Significant Wave Height = 2.66 ft. (0.81m)
Speed = 21.7 Knots
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Figure 15t —  Run 43, Significant Wave Height = 2.32 ft.(0.71m)
Speed = 23.4 Knots
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Figure 15u — Run 45, Significant Wave Height = 2.33 ft. (0.71m)

Speed = 23.4 Knots
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Figure 1

5. Comparison of Measured Wave Induced Craft Accelerations

With the LVA Acceleration Standard (Continued)
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Run 52, Significant Wave Haight = 2.69 ft. (0.82m)
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Figure 15w — Run 54, Significant Wave Haight = 3,92 ft. (1.19m)
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Speed = 23.3 Knots
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Run 55, Significant Wave Height = %

Speed = 13.8 Knots
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Figure 15. Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15y — Run 59, Significant Wave Height = 3.69 ft. (1.12m)
Speed = 17.5 Knots
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Figure 152 — Run 61, Significant Wave Height = 3.37 ft.(1.03m)
Speed = 19.1 Knots
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Figure 15aa — Run 62, Significant Wave Height = 4.14 ft. (1.26m)
Speed = 18.8 Knots
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Figure 15. Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)

LATERAL ACC

VERTICAL ACC

- - —
} e ) [ e
| o= SRGEAC HOWEN
1 oas ey W LR
| oo ops LRy
£ 1 s
| \
i ‘ 1 i
o ' 1 ' o 1 3
{ | : .
: | i .
% | { 5 &
Y X e, "
£ { ! f ot
b | | - ay
L ! { 8 ' ‘e
| . ;ba 4
- "/ ! ‘A\ ,- .
| 2. o .
R e vt o —~ e ~—— R cxmmen e
5 o 5 AN
Figure 15bb — Run 63, Significant Wave Height = 4.44 ft. (1.35m)
Speed = 18.4 Knots
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Figure 15cc — Run 64, Significant Wave Height = 4.10 ft. (1.25m)
Speed = 18.5 Knots
! [ e} | ! N
B N
{ae {
| eemnt |
! 1 \
i | i
. g o
~ ) w .~ t
) ¥ ’ @ “ S .
¥ § . \
. ..
g { b 4 o
‘ | . L
| reNbe } v
-e
:“:‘:f-h' 34 | !
e s | R—— 5 R
FREAENY RN W

Figure 15dd — Run 65, Significant Wave Height = 3.40 ft. (1.04m)

Speed = 18.7 Knots
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Figure 15. Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15ee — Run 66, Significant Wave Height = 2.15 ft. (0.66m)
Speed = 20.2 Knots
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Figure 15ff — Run 67, Significant Wave Height = 2.11 ft. (0.64m)
Speed = 22.0 Knots
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Figure 15g9 — Run 68, Significant Wave Height = 2,28 t.(0.69m)
Speed = 22.0 Knots
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Figure 15. Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15hh — Run 69, Significant Wave Height = 2.33 ft. (0.71m)
Speed = 22.0 Knots
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Figure 15ii — Run 70, Significant Wave Height = 3.39 ft. (1.03m)
Speed = 30.0 Knots
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Figure 15jj — Run 71, Significant Wave Height = 3.05 ft.(0.93m)
< Speed = 30.0 Knots
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Figure 15.
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Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15kk — Run 72, Significant Wave Height = 2.57 ft. (0.78m)
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Figure 15l — Run 73, Significant Wave Height = 2.51 ft. (0.77m)

Figure 15mm — Run 74, Significant Wave Height = 2.16 ft. (0.66m)




Figure 15. Comparison of Measured Wave Induced Craft Accelerations
With the LVA Acceleration Standard (Continued)
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Figure 15nn — Run 75, Significant Wave Height = 2.11 ft. (0.64m)
Speed = 30.0 Knots
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Figure 1o Sample Record of Impact Accelerations During Farlier Runs
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Figure 17 Sample Record of Impact Accelerations During Later Runs
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Table 1

- FSHV PARTICULARS

Standard
Item English International
Units
Length, Overall 36.5 ft 1M1.1m
Beam, Overall 11.0 ft 34m
Depth at Midship 6.0 ft 1.8 m
Draft at Midship 2.8 ft 09m
Weight (with approx. % full fuel tank) 52,900 Ib 23,995 kg
VCG Above Baseline 3.5 ft 1T1m
LCG fwd of Transom Stern 13.0 ft 40 m
Troop Compartment:
Length 54 ft 1.6m
Width 5.7 ft 1.7 m
Height 5.7t 1.7m
Capacity 9 Troops 9 Troops
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Table 4 - MAXIMUM VALUES OF IMPACT ACCELERATION

. Heave MQS Pilot Longit.
un {Troop) Vartical House Decal.
! Number Acgel., AC(EL'I., Acgel., a's !
| g's g's g's
| 1 13 33 3.9 0.4
; 2 0.6 0.9 14 0.2
] 3 0.5 1.2 2.1 0.4
| 6 0.4 0.8 2.1 0.3
8 - 0.4 1.1 -
10 - 0.6 - 0.3
12 0.6 0.9 24 0.2
13 - 1.0 - 0.1
14 - 1.5 2.8 0.2
15 - 1.1 1.7 -
16 - 1.3 1.9 -
17 - 1.0 1.4 -
18 , - 1.2 5.6 0.5
40 - 1.5 - 0.2
41 1.3 26 . - 0.4
42 16 - - 0.4
a3 - 1.9 - -
45 2.9 2.6 - 0.5
54 33 - - 0.4
59 - R .2 -
65 .- - 3.2 -
68 11 25 3.7 0.4
69 14 29 6.1 0.4
71 0.7 . - - -
72 1.4 4.1 - 04
73 14 - 4.8 8.8 0.5
74 1.2 2.6 45 0.5
75 1.3 4.4 5.7 0.6
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