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ABSTRACT

A technical test and evaluation of the Bell-Halter 110-foot Surface Effect
Ship (SES) demonstration craft was performed during an intensive 30-day test
period in the Norfolk, Virginia area. Comparative seaworthiness and towing
tests were performed with an 82-foot USCG WPB. Other major test categories
yielded speed, range, fuel consumption, directional stability, turning,
acceleration, and noise characteristics. Limited maintainability and
reliability information was compiled and manning and human factors
considerations were studied. The SES craft was operated in sea state 2 at
speeds of 29 knots with significant vertical acceleration peaks in the
passenger compartment of 0.6 g and in sea state 4 at 26 knots with peaks of
0.5 g. Maximum vertical acceleration peaks under these conditions were 0.9
and 1.5 g's, respectively. The SES craft towed the 82-foot USCG WPB at speeds
to 11 knots. The maximum measured calm water speed of the SES was 33 knots at
a displacement of 121 long tons and a fuel consumption of 6.9 gallons per
i nautical mile yielding a top speed maximum range of 672 nautical miles.

L Turning performance and directional control were maintained during simulated

combinations of propulsion and 1ift engine impairment.
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ADMINISTRATIVE INFORMATION

The report was prepared by the Combatant Craft Department of the Naval Sea
Systems Command Detachment, Horfolk, for the Commandant (G-DMT-2/TP54), United
States Coast Guard. Direction and fundiny was provided under MIPR

2-70099-0-019283 of 20 Dec 1979 titled “Surface Effect Ship Test and
Evaluation - Phase I - Test Preparation" and Z-70099-0-019283-A of 5 Feb 1980

titled "Surface Effect Ship Test and Evaluation - Phase II - Testing." ;
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INTRODUCTION

The United States Coast Guard (USCG) and the Urban Mass Transportation
Administraticn (UMTA), separate agencies under the Department of Transporta-
tion, are evaluating a number of "advanced" marine vehicles for use in various ;
roles. The USCG is considering advanced craft as possiblie replacements for ;
aging cutter classes, while UMTAs interest stems from its High Speed
: Waterborne Transportation Demonstration Project - a program to demonstrate the
3 suitability of high speed advanced vehicles in a marine ferry application. To
gain information on a candidate concept, the large displacement sidehull
surface effect ship, the USCG and UMTA developed a joint program to test an
operating commercial variant of this type of craft - the Bell-Halter 110-foot
Surface Effect Ship (BH-110 SES) demonstration craft. The data gained from
the tests will be incorporated into each agency's program and will aid in ]
formulating decisions in relation to the use of advanced craft.

(P - 4 s T

The Coast Guard, as the joint program manager, tasked the Combatant Craft \+
Department of the Naval Sea Systems Command Detachment, Norfolk, with testing

the BH-110 SES demonstration craft to obtain an independently generated data
\ base on the craft's abilities. The testing included quantitative evaluations

P form.

3

of seaworthiness, speed performance, manauvering, towing, onboard ncise, ;3

b reliability/maintainability, and vessel-crew interface considerations. ?E
‘F This report presents the results of the tests in tabulated and graphical \%
: Seaworthiness test results are presented as a tabulated statistical 1

data analysis in the main report and are accompanied by more comprehensive
chronological and ranked results for each parameter in an appendix.

The SES, with operating crew, was leased by the Coast Guard from

% Bell-Halter, a joint venture of Bell Aerospace/Textron and Halter Marine,
‘ Inc., for 30 days of testing (13 February - 14 March 1980) in the Norfolk,
L, Virginia area. All tests were conducted in the lower Chesapeake Bay and

Atlantic Ocean adjacent to the mouth of the Chesapeake Bay and Virginia Beach,
Virginia.
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DESCRIPTION OF THE SES

The Bell-Halter 110-foot SES demonstration craft is an air-cushion
assisted craft capable of on-cushion speeds in excess of 30 knots with a
normal Toad in calm water. The craft rides on a resistance-recducing cushion
of fan-supplied air contained by catamaran style sidehulls and flexible bow :
and stern seals. The hull is fabricated from conventional welded marine
aluminum while the bow and stern seals are fabricated from a flexible
“ elastomer coated nylon material. Profile and quarter-view sketches of the SES
o are presented in figures 1 and 2. Figure 3 is a sketch showing the cushion

containing seal system with forward "bow-fingers," catamaran style sidehulls,
and three compartment "folded bag" stern seals. Fan-forced cushion air is
inducted through screens aft of the deckhouse (figure 2) and supplied to the
A cushion through longitudinal ducts (not shown) to rectangular orifices aft of
P the leading edge of the bow-fingers, amidship in the cross structure "wet
deck" (snown in figure 3), and aft into the stern seal bags. Physical
/ characteristics of the SES, as tested, are given in table 1.
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.FIGURE 1.

BELL-HALTER 110-FOQOT SES DEMONSTRATION CRAFT
(SIDE AND PLAN VIEW)

Reprinted from Reference 1 by permission of Bell-Halter, Inc.
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BELL-HALTER 110-FOOT SES DEMONSTRATION CRAFT
(QUARTER VIEW)

FI~ ™ 2.

"Reprinted from Reference 2 by permission of Bell-Halter, Inc.
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TABLE 1. PHYSICAL CHARACTERISTICS OF THE BELL-HALTER 110-FOOT SES

DEMONSTRATION CRAFT

CAPACITY, 24 KTS

_—
DIMENSIONS
LENGTH 110 FT.
BEAM 39 FT.
HEIGHT (ON CUSHION) 28 FT.
DRAFT (OFF CUSHION, STATIC MEAN)
272,000 LB. DISP. 7.7 FT.
314,000 LB. DISP. 8.2 FT.
LEADING PARTICULARS
MAXIMUM DISPLACEMENT TESTED (314,000 LBS.) 140.2 LT.
NORMAL DISPLACEMENT TESTED (272,000 LBS.) 121.4 LT.
LIGHT DISPLACEMENT (NO LIQUIDS) (223,200 LBS.) 99.6 LT.
FUEL CAPACITY AS TESTED (NORMAL, 2 TANKS) 3100 GAL.
(MAXIMUM, 4 TANKS) 4640 GAL.
POTABLE WATER (2 TANKS) 384 GAL.
WASTE WATER (2 TANKS) 342 GAL.
BALLAST WATER (6 TANKS) 8990 GAL.
CARGO DECK AREA 1672 FT.2
SEATS FOR PASSENGERS (TESTED CONFIGURATION) 65
MACHINERY
PROPULSION:
e TWO 16V149TI DETROIT DIESEL MARINE ENGINES
(EACH 1440 SHP @ 1900 RPM, 180 INJECTORS)
o TWO 41.9 IN. DIA. BY 50.5 IN. FIXED PITCH
PROPELLERS
LIFT SYSTEM:
e TWO 8V92TI DETROIT DIESEL MARINE ENGINES
(EACH 435 SHP @ 2100 RPM, 9290 INJECTORS)
¢ TWO DOUBLE WIDTH - DOUBLE ENTRY CENTRIFUGAL
FANS, 42 IN. DIA.
GENERATORS :
® MAIN - DDAD-3-71-GM MODEL 1033-7005 55 KW
¢ STANDBY - KATO KAMAG 14 40 KW
RANGE
NORMAL DISPLACEMENT, CALM SEA, 95% NORMAL FUEL 471 NM
CAPACITY, 30 KTS
MAXIMUM DISPLACEMENT, CALM SEA, 95% NORMAL FUEL 398 NM
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TEST RESULTS

The results of the various test procedures are presented in the order of
priority established in references 3 and 4'. The order of priority guided
test procedure selection during the condensed test pe: iod; however, all test
items were accomplished with the exception of operalion in ice 'not available)
and the verific .ion of inclining parameters. The test period, including
installation and removal of equipment and instrumentation, was during February
and March 1980. The scale-weighing section of the static parameter test was
performed later, in May 1980, at Halter Marire Inc. facilities in New Orleans,
Louisiana. A daily record was maintained throughout the test period of the
craft draft and/or freeboard, fuel status, and major increments of payload
added or removed. Following the scale-weighing in May, the measured scale
weight and daily records, in conjunction with the vessel curves of form
(Bell-Halter dwg. no. JVC2, Rev. 2), were used to estimate the craft
displacement for each test sequence. These determined values for displacement

are used throughout this report and the test results.

! References are listed on page 113.
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SEAWORTHINESS

Seaworthiness testing was conducted on four different days at four
different locations to obtain low, medium, and high sea state results. Low
sea state testing was performed on 29 February 1980 in the "Tail of the
Horseshoe" west of the Chesapeake Bay Bridge Tunnel (CBET). Medium sea state
i ! testing was performed on 26 February in the Chesapeake Channel east of the 1
I CBBT and on 27 February in the Atlantic 5 to 8 miles east of Virginia Beach,
High sea state testing was performed on 13 March in the Atlantic 14 to 17
miles east of Virginia Beach near the Chesapeake Light Tower. A wave buoy L
that generated a wave height time history via radio link was used at each test i
site to obtain data from which sea state determination was statistically and ;
graphically analyzed. The statistical wave height parameters and eneryy
spectrum plots of wave energy content are presented in figure 4 for each test
condition. Sea state values were determined utilizing the wind and sea scales
of table 2, considering primarily the wave period at peak spectral energy and
significant and average 1/10 highest wave height.

¢ s BT

Seaworthiness test procedures called for operation of the SES and the
USCGC Point Brown (WPB-82362), an 82-foot patrol boat, side-by-side on 3
partial octagon maneuver as shown in figure 5. Physical characteristics of
the Point Frown are presented in table 3. This procedure was repeated for
Tow, medium, and high sea states at low speed (approximately 10 knots), high
speed for the WPB (approximately 18 knots), and with the SES solo at a high
i speed for the SES (approximately 29 knots). This program yielded 52

: sea-heading-speed combinations for the SES, 30 of these combinations

\ side-by-side with the WPB. The parameters measured during seaworthiness

: testing and recorded on magnetic tape for subsequent computer analysis were
vertical, longitudinal, and transverse linear acceleration at approximately
the vessel center of gravity (c.g.), bow and stern vertical accelerations, and
pitch and roll angle. The location of the transducers for these measurements
(for both vessels) and the notation used in reporting the statisticaliy
analyzed results are presented in figure 6. The analysis consisted of |
measuring the magnitude above and below a nominal zero value of each peak and
each trough in the time history of each parameter for each approximately ,1

P

T, e W

-y . R _,
e oo e T AR i e R < S ot

10-minute duration run. The resulting groups of peak and trough values were
then ranked by magnitude and the average value, average of the 1/3 highest
(significant) vali 2z, average of the 1/10 highest values, and the maximum value g
in the sample were computed and listed. These results are presented in tables b
4, 5, 6, and 7 for each of the four seaworthiness test days and in order of '1
increasing sea state. The results within each table are identified by a run !1
number and, where applicable, SES and WPB results appear on opposing pages to [
facilitate direct comparison under identical sea and operating conditions. 1
Longitudinal acceleration (LNCGAC) i analyzed and presented only for high sea ?
state conditions (table 7) due to the relatively low levels of magnitude of
the parameter. Bow and stern vertical acceleration (VBOWAC and VSTRNA) are
missing from the WPB results in table 6 due to the loss of those transducers
at the start of that test sequence.

13
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A more comprehensive presentation of seaworthiness results is presented in
Appendix A. The aforementinned statistical results are repeated along vith a
listing of mean value, nuwoer of peaks, and root mean square (rms) value for
each parameter during each trial run, The rms values present a measure of
relative energy content experienced during the run (and between various runs)
among parameters of similar units (pitch and roll angles in degrees,
accelerations in g's). A chronological listing of each peak and each trough,
for each parameter, is included (starting from the beginning of each run up to
a maximum of the first 16 data points; that gives a sense of the sequential
occurrence of events during the run. A ranked listing of peaks and troughs is
also presented for each parameter starting with the largest magnitude measured
during the run and progressing down through a maximum number of 16 data
points. Appendix A information is grouped :iccording to test days (sea states)
and is arranged for comparison of the SES with the WPB.

In table 4 (sea state 2) runs 1 - 5 give the response of the SES when
hoveto or with zero ahead speed at different aspects to a low sea state.
Motions and accelerations were very modest. Runs 6 - 10 show the SES, at high
speed, having low pitch and roll motions but significant (avg. 1/3 highest)
accelerations in the 0.5 to 0.7 g range. Runs 11 - 20 compare SES to WPB at
low and medium speed and show the SES experiencing several orders of magnitude
less motion than the WPB, Motions and accelerations are presented graphically
as a function of speed in fiqures 7a and 7b for the two craft on headings
yielding the largest response. The WPB is particularly vulnerable to
following and quartering seas, a phenomena that was visually apparent during
all seaworthiness testing. Accelerations are of similar magnitude for the two

craft at low and medium speeds except in bow seas where they are higher on the
WPB.

Table 5 presents high speed results for the SES in a slightly greater sea
state than table 4. Motions are similar to high speed results in table 4

(runs 6 - 10) and significant accelerations show a slight increase in
magnitude.

A comparison of significant motion measurements in table 6 for low and
medium speeds in a medium sea state shows the SES and WPB to have similar and
modest pitch response. SES significant roll response is low, generally less
than 5 degrees; however, WPB roll response is 2 to 3 times greater. Vertical
accelerations at the c.g. are similar for both craft except at low speed in
head seas where the SES is higher.

Table 7 compares seaworthiness results in a fully developed sea state 4,
the highest sea state tested. Runs 1 - 10 for low and medium speeds yield
significant pitch motion results that are modest for the sea condition and
slightly greater for the SES than the WPB. Roll again is 2 to 3 times greater
for the WPB. Significant accelerations are similar for the two craft except
in bow and head sea aspects where the WPB accelerations are higher or equal at
the bow and c.g. locations but lower at the stern. At high speed (runs 11 -
16), the SES pitch and roll motions remain modest for the sea conditions and
approximately the same magnitude as at lower speeds. Significant
accelerations exceed 0.7 g. at the bow for the only time during the test on
head and bow sea headings (run 11 and 15) with corresponding c.q.
accelerations reaching 0.5 g. Significant (avg 1/3 highest) and (average 1/10
highest) motions and accelerations are compared graphically in figures 7c¢, 7d,
7e, and 7f for the two craft. The SES was held stern-to the seaway with no
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headway during ruit 17. Pitch and roll motions were similar to motions at lo,
medium, and high speed on the same heading and accelerations were less, as
would be expected.

In summation, the SES and WPB exhibit approximately the same acceleration
response to rough seas but the SES is at least an order of magnitude better in
roll motion response. The above, coupled with a higher speed capability,
results in this SES type craft being the better rough water craft from a
mission completion time and crew comfort and fatigue consideration. However,
the motion of this SES at high speeds in moderately rough seas, and at any
speed in the roughest seas experienced, made it difficult, and at times
hazardous, for personnel to safely move about the craft. The spacious
interior of this demonstration craft contributed to the problem. Sturdy pipe
handrails and handholds need to be installed along all passageways and
stairs. Passenger seating would be improved by the installation of
seatbelts,
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SEA CONDITION ON 2-29-80: SFA STATE 2
WAVE HTS. (FT.): AVG. 2.0, AVG. 1/3 HIGH 2.7, AVG. 1/10 HIGH 3.5

AT

WAVE FREQUENCY, Hz
FIGURE 4(a)

SEA CONDITION ON 2-27-80: LOW SEA STATE 3
WAVE HTS. (FT.): AVG. 2.2, AVG. 1/3 HIGH 3.1, AVG. 1/10 HIGH 4.2

~inag.

SPECTRAL DENSITY, 1/2 AMPLITUDE2
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[pe]
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WAVE REQUENCY, Hz j

FIGURE 4(b) i
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FIGURE 4. SEA CHARACTERISTICS ON SEAWCRTHINESS TEST DAYS ;
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SEA CONDITION CN 2-26-80: LOW SEA STATE 4
WAVE HTS. (FT.): AVG. 4.3, AVG. 1/3 HIGH 6.0, AVG. 1/10 HIGH 7.3

A)
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WAVE FREQUENCY, Hz .
FIGURE 4(c) :
FIGURE 4. SEA CHARACTERISTICS ON SEAWORTHINESS TEST DAYS (Continued) ’
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SPECTRAL DENSITY, 1/2 AMPLITUDEZ:
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SEA CONDITION ON 3-13-80: SEA STATE 4

WAVE HTS. (FT.): AVG. 4.6, AVG. 1/3 HIGH 6.4, AVG. 1/10 HIGH 7.7

—
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.1 .2 .3 4 .h .6
WAVE FREQUENCY, Hz
FIGURE 4(6)
FIGURE 4. SEA CHARACTLRISTICS ON SEAWORTHINESS TEST DAYS (Continued)
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DIRECTION OF MOST
P OMINENT WAVES
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FIGURE 5. CRAFT HEADINGS FOR SEAWORTHINESS TESTING '%
\g.
b
4
19 h




TN TemTee 1 s oream e ey - e "3 i b kSt i

.
}.
TABLE 2. WIND AND SEA SCALES FOR FULLY ARISEN SEA

b

i WINR AND SEA SCALE POR PULLY ARISEN 3EA
: SEA-GENEAAL ] wingJ] |

7 WAVE REGAY
N
o 4
& DESCRIPTIONY) ;
i Ol ]
3
! Son like o mierer, v l Calm lhu thea ] 10 I 0 ] 0 - ‘P hwrricome E
! ° 4 } - 4+—+—1 windn {ond viten
Rppia <k e ppaarscs of seses s frmed, b [ ! [ Ligh Ales I 13 2 foes | oon | 010 {wurzem |07 |os]rom ] 5 Pl win | T e
withowt foam srents, A 1 J d tone wnd feichis s1e i 1
Swall warelate, otlll shurt bt more prensuncos; crssts l-ul 1 Ligh Broeze ') s [ow | o | ow d-1.8 20 |1dl e7i| s I” min | rorely simined. Sees k-
3 » glesny sppestence, b du net u..f. l . ory thatslwe not
Lurge wovolets, crusin bogtn 1o weah, Foam of glensy 3 Gomle Praase 7.0 &5 | 04 0o & 0.88.0 34 f24] 20 .8 |17 e {ully srison.
Pathapr ¢ white harsas, I
A heavy bon
. | o fomf e | 104.0 INEIESLN eound this volve
: t —t + "*f =t L meams that the
1 o[ g 22 13} 1070 TR BRI reloan tebulated
4 1 wre 1 Vhe contor
o the Seavtert
138 118 | ] 17 (B sa (3e]s2 |2 Jaa ,..:,.. *
Small woves, becoming forper; faltly frequent whits b sow. ‘ Hoderate Broass | V1104 ]
. W0 | s W2 LSTE sé [40]sy |2 |52 M) such high E
1 winds, ihe 2008 we 1
Wy | s .8 2.04. 3 |as . confused. The weve 4
A “ ¢ n Sl ceents blow oll, and A
T the weter and Ha £
. W | e 74 2.5:10.0 70 [sa|w | ss e "o ¥
Hadervie wover, taking o mure wonovaced lony fwrm; naey H Froth Bross 12, " ‘. 3 X 8410, B .
white barme we formmd, (Clonce of soms spay), "~ o i “ “ . i S Bl fatll b ] Vgmcyclopedia of -a
Nowticsl Knwwledye, ;
0 1s0 | o 10 IR wolsrhm [ e WA, MeEwen ond
" A,
—_—t ]
s 2 |ed | w0 n Lé12a2 sy Je3|d o 2 1
—1 183, 0. 403 B
. [RAYY 7 |es{e0 [in |4 :
& Latye woven baghn 1o form; the white feem crasts ars mare ) Srong Bisens n o i u od y ! N N ® — ]
enlonsiss svorynhore, (Prabobly sems spray) Nionvel of Svamanship,
bes |82 | 0 ) [RATN sy (70 e s Yelome B, Admirelty. :
b - — -4 —— — Londen, t1.K Statismery "a
¢ ) | e | s 0 oes oy |76 Jas | |17 Glisce, 152,09, 717-710 ’“
F +—
] ®|n [ ] asass iy |7elnz |20 |20 Mprecticel hatheds fa a;
| e e L brerving ond fere. b
Sour hoaps up oad white loem hom Washiog we lua to 7 Madetais Gal B 5 ) 2 ~orling Oc ram Woves,
be H'-: in sheahn slony the lb«!l.- o &'n :’;"r‘ e e wy ool # a »A_i _]_"7 121 |84 120 il_n__ _‘__ __JPrisan, tlewmam,
{Spindrilt beging 10 bo soen) Jomas, R.Y, Unir,
0.8 | W n n 48820 (124 |erfase a0 [H Colloge of Engin, I
I - —d. |
L
nilw | ou u 5078 [y [vr]as w0 |2 -
! ———— .
1 ulw [0 | » ssaks |14 | wr]m ‘ﬂ » i j
— [— L]
u|la 3 “ sy s 103wy | %06 M .
::Jo.nnly I-l.:-'-u;;‘l r.d- I:r.tln; .l,.‘-'d -l:.‘m . Frosh Calo 3440 - —

b ime oplndrilt, owa i3 blown in ! ‘
saveshs slomy the dioactium of the vind. Spoay sasts wilao n | u? 208 1y 1o 5w |w !
elaibllity. — ¢

nans © 0 62200 [15.4 oz |een [m i
wln « " ey |1 [ne]us o |a o
+ e A RS ' 1
' aln s | w n e 1ol |wo | )
High vares. Deate stroeke of foom along the dirvction &f | 9 | Siremy Gole a7 i :
the wind, 300 boglas torodl, Yiaiblhity eltvated. ol B » n T2 (17 2spsM | w0 |32 A
'R “ n 128 e Jaalsw il "
N S — by
alu | » » 182 [ind fisafese | fe Iy
Yery high weves whh lomy o weiesnglng crunts. The 10 | Whete Coter a8 — |
rowshing fuam 1o [n yoal patslios oad Is bloun in dvass % (@ n ) s 202 Das]reo 11420 |60 I
white nnnh‘:lq the dieection of !bh-ld. On the — \ !
whate the swiece of the see tebes & white sppesinace. , ! n
Th ralling of the see becomss hoov oad shuch ke, (S Rl B e LI il bhid Kol s W_ ;
Vialbillty s ofiocred, - i
’ 2| w [¥) e ens |00 feslmo [w0]n [
s | s " [t a5 {2t jisd| e | a0 | B [
€ Tiy Wiyh eves (bmall ond medivmsined 3b7 T — At !
neeptionslly high waves .-t po t
might fas o Long thre be lagi +5 siew bohind the wuves.) The | Soar o # |u | w 190 35 |24 Jea{ne Lnoe'lsm
v [t vomplote]) comod whth leng white poiches of ieem il —
Iyleg slomy tht duottion of the wisd. Everywiore the sdger X% I [SH u [17.0] 9,8 | 100
ol the wyvy Sr73ta ore blown imte ot Visibiliy shoetod. _— _

delving sprey; vinlbllly very sorlews iy wHonied

I :

Tais table campiled by ‘“lbur Karks,
Devid laylor Model Basin

3 3 1 \Lt
Al lilled with [sam ond aproy. 3o completely white with 2 l Hurticome® l w“w-n >l l» w'il: 'll"J > l“')l 10438} lﬂﬂ {1y | ~ L"‘“ )“'
\ , |

L1

20

b+ SO, . I UL i




TABLE 3. PHYSICAL CHARACTERISTICS OF USCGC POINT BROWN (WPB-82362)

DIMENSIONS
LENGTH OVERALL 83 FEET
BEAM 18 FEET
ORAFT 6 FEET

LEADING PARTICULARS

DISPLACEMENT 66 LONG TONS

POWER/SHAFT (TWIN SCREW) 800 HORSEPOWER

MAXIMUM SPEED 23.7 KNOTS

ECONOMICAL SPEED 8.0 KNOTS

RANGE @ MAXIMUM SPEED 490 NAUTICAL MILES

RANGE @ ECONOMICAL SPEED 1500 NAUTICAL MILES
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64"
45.6' ——sl >
—7.4'3
~
110" SES
CL —
VSTRNA
. LNCGAC
gggﬁéc PITCH & ROLL
GYRQ
(ANGLES 1N DEGREES)
VBOWAC
e @‘/
G — 82' WPB

z
E:—ll————— 38.2L—————J

40, 24—
43"

82' —— >

NOTATION

VBOWAC: VERTICAL BOW ACCELERATION, g's
VSTRNA: VERTICAL STERN ACCELERATION, g's
VCGAC:  VERTICAL C.G. ACCELERATION, g's
TRCGAC: TRANSVERSE C.G. ACCELERATION, g's
LNCGAC: LONGITUDINAL C.G. ACCELERATION, ¢'s

(VERTICAL DENOTES PARALLEL TO INTERSECTION OF MAJOR BULKHEADS AND
CENTERLINE FORE-AFT PLANE)

FIGURE 6. SEAWORTHINESS TRANSDUCER LOCATIONS AND NOTATIONS
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TABLE 4.

RUN 1 HEAD SEA, SES, 0 KNOTS - D I W

AVERARE AVE 1/3

FK TR FK TR
FITCH 1,85 -1.80 2,81 -2.68
ROLL 0,72  ~0.87  0.95 -1,14
VEOWAC ~ 0.15  -0.06  0.20 -0.11
USTRNA 0,12  =0.06  0.15  =0,10
VCGAC 0,00 =0.,00 0,00 =0.,00
TRCGAC 0,01  =-0.05 0,03  -0.06

RUN 2 S, BOW SEA, s5tS, 0 KNOTS - D I W

AVERAGE AVE 1/3

FK TR FK TR
FITCH 1.41 -1.37 2.16 -2,10
ROLL 1,94 -1.%91 3.09 -3.09
VEROWAC 0.13 -0.04 0.17 -0.07
VSTRNA 0.11 -0.04 0,13 ~-0.07
UCGAC 0010 —0.00 0011 "0001
TRCGAC 0,03 -0.08 0.05 -0. 11

RUN 3 S, BEAM SEA, SES, 0 KNOTS - D I W

AVERAGE AVE 1/3
FK TR FK TR
FITCH 0.83 -0.86 1.16 -1.,18
ROLL 3.43 -3.17 5.4° -5.,00
VEDWAC 0.13 -0.03 0.16 -0.,07
USTRNA 0010 —0004 0011 —0005
VCGAC 0.10 -0.02  0.11 -0.03
TRCGAC 0,05 -0.11 0.09 -0,15
23
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SEAWORTHINESS TEST RESULTS

AVE 1/10
FK TR

3039 “3018
1.16 -1.39
0.23 -0.14
0017 —0012
0000 "'0000
0.06 -0.,07

AVE 1/10
FK TR
2467 -2.48
3096 _4002
0,20 -0.09
0.15 -0.09
O.1. -0.02

0007 _0014

AVE 1/10
FK TR
1.41 -1.43
6072 “6019
0.18 -0.,08
0‘12 _0007
0012 "0004
0011 —0019

IN SEA STATE 2 (29 FEB 1980)

229501
MAX

K TR

3.86 -3.48

1.37 -1.56
0.26 -0.21
0022 ‘0015
0.00 -0.00
0.09 ~0.08

229502
MAaX
FK TR
3.04 ~3.06
5,22 ~-5.08
0023 “0011

0.17 -0,10
0011 —0002
0010 —0018

229503
MAXL

FK TR
1068 ‘1099
B.64 =757
0,23 ~0.,13
0013 "‘0007
0,12 -0.,05
0.14 -0.21

.
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RUN 4 S. QUARTERING SEA,

AVERAGE

P TR
FITCH 1,26  =1.,22
ROLL. 1,58  =1,37
VEOWAC 013 =0.03
USTRNA 0,10 ~0.,0%
VCGAL 011 ~0.,01
TRCGAC 0,02  =0.07

RUN 5 FOLLOWING SEA, SES,

AVERAGE

PR TR
FITCH 1,28 -1.26
ROLL 0.94 0,84
VEQWAC 0,13 =0,02
USTRNA 0,10  =0,0%
VEGAL 0,11 ~0.01
TRCGAC 0,01  ~0.06

RUN 6 HEAD SEA, SES, APPROX.

AVERAGE

R TR
FITCH 0.52  ~1.,09
KOLL 0,90  -0.,63
VEOWAC 0.48  -0,32
VSTRNA 0.38  -0,28
VCGAC 0,44  =0,27
TRCGAC 0,04  -0,07

RUN 7 FOLLOWING SEA, SES,

AVERAGE

FK TR
FITCH 0,99  -1,01
ROLL 0,77  =0.,93
VEOWAC 0,35  -0,23
USTRNA 0,33 -0,25
UCGAC 0,36 -0.2
TRCGAC 0,08  ~0,06

(CONTINUED)

SES, 0 KNOTS - D

AVE 1/3

I TR

1088 '1079
2051 ”2.27
0,18 ~0.07
0013 ”0009
0013 “0'03
0,04 ~0.09

0 KNOTS - D I W

AVE 1/3
PR TR
1.98 -1.,89
143 -1.19
0,17 -0.06
0’12 “0008
O.12 -0,02
OoOQ “0007
29 KNOTS

AVE 1/3
FK TR
006)8 —1058
1,45 ~( .89
0.69 -0, 46
0.48 ~0.+36
058 ~0. 36
0.04 ~-0,08

APPROX. 29 KNOTS

AVE 1/3
K TR
1,40  -1,50
1,40  -1.55
0.44  -0.,30
0.38  ~0,30
0,40  -0,2
0,12  =0.09

24
RN

I W
AVE 1/10
FK TR
2t29 ”2019
3.19 ~2.88
0.22 ~0.10
0.16 ~0.11
0015 ‘0004
0.05 0421
AVE 1/10
FK TR
2,43 =2.27
1,60 =180
0.20 -0.09
Q.15 -0,10
0.13 -0,04
0.02 -0,08
AVE 1/10
FK TR
0.72 ~2.03
2.03 -1,07
0091 *0057
0061 *0042
0073 “0042
OoOS “0;09
AVE 1/10
FK TR
1.70 ~1.84
1‘84 —2012
0.50 ~0.35
0,42 ~0,36
0044 “0028
0015 _0010
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SEAWORTHINESS TEST RESULTS IN SEA STATE 2 (29 FEB 1980)

229504
MAX
FK TR
2.7 —-2+.60
4,00 ~3,.27
0028 ”0¢13
0.20 -0.13
015 ~0.05
0.07 ~04.12
229505
MaX
i TR
2095 ”¢073
1.81 ~1476
0,24 -0,16
0.19 -0,13
0.14 -0.04
0.03 ~-0.08
229506
MAX
FR TR
0072 ’2003
2,10 ~1+17
1046 ”0&75
0077 ‘0055
0.94 ~Q0.352
0.0% =009
229507
MAX
FK TR
2013 ”2026
24195 =254
0.52 =037
0.46 -0.39
0547 “0032
0.19 ~0.13

it
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TABLE 4. SEAWORTHINESS TEST RESULTS IN SEA STATE 2 (29 FEB 1980)
(CONTINUED)

RUN 8 S, BEAM SEA, SES, APPROX. 29 KNOTS 229508
AVERAGE AVE 1/3 AVE 1710 MAX
FK TR FK TR FK TR FK TR
FITCH 0.67 =060 0.91 -0,80 1.22 =093 1027 =094
ROLL 2.01 -1.21 3,47 ~3.,39 4.04 —-4.38 5491 ~4.93
VEOWAC 0.33 =026 C.4a1 -0.33 0.48 =041 0.59 QT
VETRNA 032 =0.24 039 -0.27 0442 = 26 0,42 =0.28
VCGAC 0.33 -0.23 037 =029 0.40 -0.,33 0.40 =033
TRCGAC 0,05  =0,11 0,09 ~0,13 0,14 ~0.14 0,19 ~0,16
RUN 9 P. QUARTERING SEA, SES, APPROX. 31 KNOTS 22909
AVERAGE AVE 1/3 AVE 1710 MAX
FK TR FK TR FK TR FK TR
FITCH 0.64 -0.80 0.88  -1.06 1,035 =127 1.11 ~1433
ROL.L 1.32 -1.38 2,02 ~2406 2,48 =302 3.27 ~3.86
VROWAL 0.34 ~0.24 0,40  -0.,28 047 0433 0.49 ~0 .34
VSTRNA 031 =04 250 0,37 =029 0,44 Qe 32 0+44 -0.32
VCGEAC 0+33 =021 0.37 ~0.22 037 =022 037 =0 22
TRCBAC 0,07  ~0.08 0.12  ~0.11 0,15  ~0,14 0,19  =0.,19
RUN 10 P. ROW SEA, SES, APPROX. 31 KNOTS 729510
AVERAGE AVE 1/3 AVE 1/10 MAX
FK TR FK TR FR TR FR TR
FITCH 0462 -0.63 0.90 ~0.87 0.91 -1+16 0.91 ~1416
ROL.L. 1.02 -1.03 1.54 -1.66 1.89 ~2.29 R B ~%+03
VEROWAC 0.40 -0,29 0,52 ~0.41 0.63 =031 0.90 =073
VSTRNA 0.34 -0.28 0.41 -0.36 0.48 -0.44 059 R YRRV
VCGAC 0.39 =0.,29 0.48 -0.33 0.56 -0.39 0.70 -0.49
TRCGAC 0.00 -0.,08 0.07 -0,0% 0.08 =0,10 0,09 ~0411
25
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TABLE 4.

(CONTINUED)
RUN 11 HEAD SEA, SES, APPROX. 10 KNOTS
AVERAGE AVE 1/3
PR TR FK TR
FITCH 04,68 -0.83 0,93 -1.,13
ROLL. 057 —0 5% 0.66 “0.b67
VEOWAC 0,29 -0.14 0,46 ~Q.21
USTRNA 0,27 -0, 13 O] -0 ,23
VEGAC 0,24 0410 0,31 Q414
TRCGAC -0,00 -0, 064 2,01 w07
RUN 12 FOLLOWING SEA, SES, APPROX. 10 KNOT
AVERAGE AVE 1/3
PR TR SN TR
*TTCH 0471 -0 48 0.93 -0, 84
ROLL 04564 T 0,62 )y 72
VEOWAL 010 0400 0,12 0,00
USTRNA 0,00 -0, 00 0.00 “0,00
VOEAL 0+00 -0, 00 0,00 -0,00
TRCGAL -0, 00 -0, 06 ~0.00 ~0.,06 -
RUN 13 P. BEAM SEA, SES, APPROX. 10 KNOTS
AVERAGE AVE 1/3
PR TH PR TR
FITOM 061 -0 60 0476 ~0470
ROLL. 1.71 -2,10 D87 w3, 08
VROWAC 012 -0, 0R 0,14 =0 O
USTRNA 010 -0,03 0,12 0,04
VCOGAC 0.10 -, 01 0,12 “0,03
TREGAC 0,03 =0, 0% 0,07 -0, 13
RUN 14 S. BOW SEA, SES, APPROX. 10 KNOTS
AVERAGE AVE 1/3
FK TR FK TR
FITCH 0.71 =077 0.93 -1,11
ROLL O.b7 -0,94 099 -1,2%
VEOWAC 016 -0,05% 0,25 -0, 14
USTRNA 016 -0, 0% 0.26 -0,11
VEGAC 012 ~0,02 016 -0,05
TREGAC 0.00 -0,07 0.0 -0, 08
26

AVE 1/10
FK TR
Q7% -0.73
0.6% -0425
Q44 =035
039 ~0417
04()1 ""()»07

g

AVE 1/10
FK TR
068 ~0.93
O.13% 0.00
0,00 =000
.00 0y QU
0,00 =006

AVE 1710
FIX TR
0,83 -0,81
3,73 -4, 24
017 -0.,08
()o 14 ““000(‘)
0.12 =0,00

AVE 1,10

BN TR
1.11 =137
1.24 -1.52
0.34 ~0.19
0.20 0.09
0.03 =0,10

MAX

PR

1.46
0.78
1414
006)0
0.43
0.01

N

0.98
Q.68
0T
0.00
0.00

=000

F*K

083
Y47
0.21
020
0.13
0.14

MAX

PN

1.33
1,46

0,60

0.46
0.28
0.04

B Tl e T

SEAWORTHINESS TEST RESULTS IN SEA STATE 2 (29 FEB 1980)

229s11

TR

-1 .96
"“() 073
-0 41
=05
"“0 ¢ ]9
""() o()7

229812

TR

“Q 98
=Quvr3

0.00
“(v00
=000
=0 06é

229613

TR

=)y B
=%5.03
=013
=009
- 0 0 0 7
‘() + 1 7

229514

TH

"'1 061
=1471
=024
= Q29
=0l
-=0.10
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SEAWORTHINESS TEST RESULTS IN SEA STATE 2 (29 FEB 1980)
(CONTINUED)

TABLE 4.

e ————— > A b BRI

RUN 11 HEAD SEA, WPB,

FITCH
ROLL
UROWAC
VETRNA
VEGAC
TRCGAC

RUN 12

FITGH
ROLL
VROWAEC
VETRNA
VCGAC
TRCGAC

RUN 13

FITeH
ROL.L
VEOWAC
VSTRNA
VEEAL
TRCGAC

RUN 14

FITCH
ROLL
VEOWAC
UGTRNA
VEGAC
TRCGAC

FOLLOWING SEA, WpP8H,

P

S,

-0 Q7

AVERAGE
SN TR

0.949
0.83
0,28
O.14
0.12
0+0%

-1.11
"‘()078
=033
-0.11
=006

AVERAGE
N TR

0.99
1470
0,04
0.01
0.03
0.04

Q¢34
1469
= Ob
=005
O3
- 0 1) 0 i

BEAM SELA, WP

AVERAGE
K TR

223
=1 %6
- 0 ¢ .1 4
=0« 08
=0y 08

J.57
0.15
0.07
0.08
0,08

BOW SEA, WpB
AVERNAGE
FK TH

~0.89
"'1 [ 07
“(a 07
=004
=004

0.97
1.31
0.37
D19
0.17
0,06

APPROX.

AVE
K

1.91
1,47
0.43
0,22
0.17
0.0

AVE
K

1,88
349
0406
0.02
0.04
0406

B, APPROX,

AVE
FK

2417
1540
0424
0412
0413
013

, APPROX.

AVE
K

1.82
Q [} t‘)(‘)
0.84
0,42
0,34
0,12

APPROX,

10 KNOTS

1/3
TR

“1096
-1 32
=023
=018
=004

10 KNO

173
TR

=146
«F0 04
- () ¢ 0 8
=0y 0b
=y 04
=008

10 KNOTS

1/
TR

b A3
-t 23
=024
-0 o1 (‘.)
=013
=013

10 KNOTS

1/3
TR

“"1 0({)0
-1.82
~Q0 41
""() ] ]‘?
"‘0 ) 14

AVE
FK

:" . ()1
1.80
0.4
027
0,21
0.06

TS

AVE
N

2412
4,70
0,08
003
0,09
007

AVE
K

Pl
27,85
0.31
013
0416
0+17

AVE
FK

2,92
H.034
2,23
1.08
0.87
0,27

1710
TR

““1 ¢ &7
=04 b9
=030
~0.24
~0.07

1/10
TR

=1 81
“q,07
=410
=007
~0404
O

1710
TR

~4,%4
-9+ 30
0 32
-0, 21
~0 17
“0 14

1/10
TR

=203
=20 40
=04 B
=0y Qéh
=010
=0+ 08

MAX

K

3,42
2410
0,70
O.33
026
0.04

MAX

N

2016
(‘.) + j ()
0410
0.,0%
0.0
0.08

MAX

FK

1049
34,57
044
021
022

0.1

MAX

P

16423
3411
14,0%
(.() . /4
NERLY!
1,30

229W11

TR

=298
=20 0%
-0 88
- () + 4 1
-0430
=007

229W12

TR

-1.84
~4 3%
~Q0413
=04 09
=0 O
=014

229W13

TH

“1 4,08
=304 4%
=0vql
w28
=002

_() . ] (%)

229W14

T

~3,43
3, 02
~1490
~0.9]
=04
=0, 13

Lo

PO P S W D Y. i




AR

RUN 15 S,

i FITCH
! ROLL
VEOWAC
VETRNA
VECEAC
TRCGAC

FITCH
ROLL
VEOWAC
VETRNA
VEGAC
TRCGAC

FITCH
ROLL
VEOWAC
VETRNA
VCGAC
TRCGAC

TABLE 4. SEAWORTHINESS TEST RESULTS IN SEA STATE 2

(CONTINUED)

QUARTERING SEA, SES, APPROX. 10 KNOTS

AVERAGE AVE 1/3 AVE 1/10
P TR PR TR P TR

009 =0y b2 0.73 ~Qs76 0.81 -0 8%
090 =089 1.23 =1 e 26 1.40 -1.53
0.04 =003 0,035 =0,04 0.0% -0.00
0403 ~0.03 0.04 =003 0.04 ~0.03
0,03 =0.02 0.03 =002 0.04 =0, 02
0.04 -0.03 0.0% =00 0,059 =04 O

RUN 16 HEAD SLEA, SES, APPROX. 15 KNOTS

AVERAGE AVE 173 AVE 1/10
FK TR FK TR FR TR

0.4 0672 0.74 =092 0.91 ~1.+14
ORIV -0 U Ovdhd = U9 0.73 ~Q0eb3
Oe21 =0l 027 -0, 27 032 -037
Oe7 =408 0.4l SO OG2 “Qe17
018 =00/ 0.2 =010 027 ~0.14
002 =000 0.0% Q.07 0.09 =007

RUN 17 FOLLOWING SEA, SE35, APPROX. 16 KNOTS

AVERAGE AVE 1/3 AVE 1/10
R TR K TR FK Tk

0.62 =0 8% 1.0 ~3.,23 1053 ~1.43
0.60 ~0eh 0.76 =079 0.83 =03
O.11 =001 0012 =003 0.14 =006
0.10 =002 0,13 ~Qv03 O.léd -0, 08
0.00 =000 0,00 =000 0.00 =0.00
0.02 =04 0% 0,03 ~0.04 0.08 =004

Sy v pe———
et o T i 2 et

(29 FEB 1980)

229515

MA..
FK TR

1046 1 071
0.07 (a0
0O.04 Qv QP
0.0b “0.04

229516

PR TR

1012 ~1e4%
073 =Qedd
Ol SRR
Ovh? =024
032 =041
0+13 =000

2249517

FI Tk

1.93 =1 4%
0.83 R ORE
0,20 ~0.13
020 =0, 0b
0.00 =000
0.08 “0 06




TABLE 4.

RUN 15 S. QUARTERING S

AVERAGE
SN TR

FITEH
ROLL
VROWALC
VHETRNA
VEGAL
TREGAL

Q.73
1.846
0,04
Q.02
004
00

~1 .87
=y Q%
=0 O
~Q 0
=€) O

RUN 16 MEAD SEA, WFB,
AVERAGE
P TH

PITEH
ROLL.

O7%
087

=0 B
“Q W8

EA, WPB,

(CONTINUED)

APPROX. 10 KNOTS

AVE 1/3 AVE 1710

F*I

Q.97
B bH2
009
Q.04
0,08
OO

APPROX.

TR F*K TR

-1.08
~3.27
=007
=04 0b
Q.04
=008

1411
4076)
013
00()(.)
000
010

“"40 1:’
~0. 0%
“0.07
"()004
=010

L5 KNOTS

AVE 173 AVE 1710

"I

1436
1,70

TR N TR

=148
=L 73

16957

2403

w1474

232

SEAWORTHINESS TEST RESULTS IN SEA STATE 2 (29 FEB 1980)

229W15

MAX
N TR

=1 4é
=4, 90
Qe 1%
=007
w )y Ob
=013

114
b 2%
029
0+13
O35
012

229W16

B T

1.86
2e64

wwh e O

2 b9

it 0o e oot B AR

S G

VEOWAC
WOTIRNA
VEGAL

TREGAL

022 w22
0.10 Qe 10
003 =0.04

0Ly
(VN B4
0.0

= A8
~Qe 21
¢ + 1 (‘.')
=04 0b

0.48
024
0,19
0407

~0. U2
=024
=022

=007

0.7
0433
024
0.07

=04 90 g
=04 A4S 1
=0 437
“ () QW

RUN 17 FOLLOWING StEA, WPB, APPROX., 1b KNOTS 229W17

AVERAGL AVE 1/3 AVE 1/10 MAX !
N TR N TR N TH K TR :

T CH
ROLL.
UROWAC
VETRNA
VEGAC
TREGAC

0.93
10‘)‘?
0,06
0.04
0.04
0.06

=AY
S
~0.06
=004
~-0.04
004

1,32
F.30
009
006
006
0.0%

=074
-3, 80
=010
=0, 07
Q0o
=007

.71
4,093
014
0.008
0.0
0410

=083
s 04
0.1 6
=009
=0, 08
«Q0, 09

1471
Vel
0420
013
0.10
0.12

0. 83 L
wh o1t '
=) 23 :
" 0 ) J 4 f
=011 |
=010 '

29 4




SEAWORTHINESS TEST RESULTS IN SEA STATE 2 (29 FEB 1980)
(CONTINUED)

TABLE U,

1
g |
E |
g
|

RUN 18 S.

FLITOEH
ROLL
VEBOWAL
VETRNA
VEGAR
TREGAL

RUN 19

FITCH
K OLLL
VEOWAC
VETHNA
VEGAC
TRCBAE

RUN 20

FITCH
ROLL
VHOWAC
STRNA
VCBAC
TRCGAC

e -

BEAM SEA, SES,

AVERAGE
PR TR

-0.83
~-1.44
“"() [ 0::’
=0, 02
0,01
=0, 08

Oo4é
1.67
0,13
0411
O.11
0,0%

BOW SEA, SES,

AVERAGE
N TH

~0 V72
=0 4 99
“0 4 09
~0.06
~0.03
~0 4 08

1,04
0,17
0420
013
0,02

QUARTLRING SEA.

AVERAGE
FK TR

=069
~0. 84
=0, O
=0, 0%
=008
~0,04

077
0 ¢+ (?()
0,06
0,05
0,0%
0.04

R TR Y

APPROX.

APPROX.

AVE 1/3
PR TR

QP8
~2e34
=006
“0e Q4
w0y O3
-0+11

Q.69
2001
016
0.14
012
006

AVE 173
PR TR

- j + 0 ()
-1 .48
Qe 3
=)y 12
“0+0b
0,10

083
1053
0,24
0.3
0,16
0,04

©rs, APPROX.

AVE 173
PR TR

=090
=136
"= () + 0 é)
=00
=)o O
=0y O

1,09
1,48
007
O0.06
0.06
0,07

30

16 KNOTS

16 KNOTS

10

AVE
PR

0.98
302({)
0.18
O3t
014
0.10

HVE
(BN

0.94
1,490
0430
()’ 46)
0.21
0+07

KNOTS

AVE
K

1.48
1.82
0.07
0.06
0.06
0.10

1710
TR

-1.03
“De 73
~Q410
=807
=004
=yl 4

1710
TR

1408
o R
() 37
0 . ' ({)
e 0 0 1 :)

1/10
TR

~ () Y8
R At
-0, 08
=)y Qb
=0 Q8
~0.06

2289518

~3.03
~%3012
~0.16
~0410
=0, 09
=0l b

0.98
402
0428
0,28
(O (.)
010

2295149

MAX
(N TH

A 1 4
e 34
Q73
)y 28
(e 32
=04 13

1,03

" g
A‘.’. ‘ :.'.). QJ

0.44
072
0.4
0411

229520

MAX
B TR

=098
20 Q0
=010
=006
~Q 0%
=009

1,48
DoG9
008
0,06
006
Q1
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TABLE 4. SEAWORTHINESS TEST RESULTS IN SEA STATE 2 (29 FEB 1980)
(CONTINUED)

g A T AT = e S

T

RUN 18 S, BEAM SEA, WPB, APPROX. 16 KNOTS 229W18

AVERAGE AVE 1/3 AVE 1/10 MAX
K TR K TR FK TR PR TR

‘ FITCH 0,73 =077 1,03 =1.,08 1,37 -1.38 1,63 =1.50
| ROLL 3031 ~3,09 5077 =554 7030 =708 8430 8,20
i) YROWAC 0,09  =0,10 0,1%  ~0.16é 0,19 =0.20 028 0,29
| VETRNA 0,06 =0,07 0.l =0,1R 0417 =041 0,81 =0.,20
VEBAC 0,06 0,06 0,09  =0,09 0,11  =0.12 0uld =016
TRCGAL 0,08  =0,08 0.13  =0,14 0017 =018 019 =0, 22

<
e 2 i rol e

—

AVERAGE AVEE 173 AVE 1710 MAX

N RUN 19 P. BOW SEA, WPB, APPROX. 16 KNOTS 229W19 i
A

AR TR K TR FK TR N TH _

[

b

FITCH 0 78 0,96 1,77 =2.,03 DGR ~R.47 D073 2,86
ROLL 0.96 0,95 1,73 ~1.73 DoRR =218 Db D78
VEOWAC 0 22 0,20 0,36 =0,40 047 =052 0,60  =0,70 x
UBTRNA 0vld  =0,09 0,32 =0.27 0,42 =0,33 050 =0.46 4
VCBAC 0v10  =0,10 0vi4  ~0,17 0,17  =0.,21 04,20 =0.30 |
TREGAC 0,04 0,04 0,06  ~0,06 0,07 =0,08 0,09 0,09

i
a RUN 20 S. QUARTLRING SEA, WPB, APPROX. 16 KNOTS 229W20 -z
i

AVERAGE AVE 1/3 AVE 1710 MAX
FK T FK TR FK TR N T

FITCGH 071 =)y 30 1017 =103 131 ~1.80 1237 =184
ROLL, 2027 —2 e NE 4,76 =434 Ge77 wdy o BN Sy 7 &7
VEROWAL 0.08 =004 0.22 =0.13 0.2 =014 0.41 =020 e
VETRNA 0404 =004 0.10 =008 Go1d “0v10 026 =012 |
VCGAQG 0. 0% =002 0.06 ~0.03 0.07 =004 0.08 =0y 0b
TRCGAR 0.07 =007 011 ~0.12 0.14 ~0v14 0,15 =04 1%

S e —-

31




TABLE 5. SEAWORTHINESS TEST RESULTS IN LOW SEA STATE 3 (27 FEB 1980)

RUN 1 HEAD SEA, SES, APPROX. 27 KNOTS 227501

[,

f AVERAGE AVE 1/ AVE 1710 MAX }

i K TR FIS TR PR TR K TR i

L.

i 1T CH 0,82  ~0.78 Ledd 1.4y 1,88 =1.,83 D008 -l 9D |

! OLL 1,10 ~1.724 R B W OIS D 50 3,08 3,07 ¥

VROWAC 0v4h =0, 35 0 o5 =050 0B =0, 40 1,09 ~0.81 A
VETRNA 0 38 =027 0,49 =0, 35 Oubl 0,41 076 =051

VEGAC 0042 =030 056 0440 0l =0,47 O 9L =059

TRCGAC 0,04  =0,09 O 06 =010 0,08 0,11 0,09  -0.11 4

RUN 2 FOLLOWING SEA, SES, APPROX. 29 KNOTS 227502

AVERAGE AVE 1/3 AVE 1/10 MAX
I TR i TR I TR N Tl

BT CH Lol =l 30 Le79 =l 9 DORR =R 30 A I Y
RO a2 =1RY Dele w213 DYE Db 366 3,03
UBOWAC 032 0. 29 OV 039 0444 =0,48 0,50 =057
VS TRNA OvBE =027 0,42 0,33 0,49 0,39 0,45  ~0.39
" YCBAC 032 =0, 28 0,39 0,30 0048 =0, 30 Ouhb =0, 3D
4 TREGAE 0,03 =0.,09 0,05 w011 0,0%  ~0,11 0,06  =0,11

’ RUN 3 P. BLEAM SEA, SES, APPROX. 28 KNOTS 2275073 .
?‘? l
; 1

AVE NG AVE L/3 AV 1710 MAY 1

) I Tk FrIx T FI< T i T

k FITCH 121 S A 2 1493 w2y 00 O ¥+ P46 D093 ~Xo0a
ROLL 124 P ) 200 DDA D7 ~2 B 002 =39
VROWAC 032 =0 20 NG “Q 3l O Al =0 B OO “ 44
VETRNA 032 =23 034 =02 087 =029 0,37 QDY
YEGAC 0,34 =021 0,40 =)y P 0444 =)« 30 O+46 =0 A2
TRCGAC 000 =0, 09 0,07 =0 0.1 IO 0.20 =013

32

'




TABLE 5.

©IIN 4 S. BEAM SEA, SES,

AVERAGE
PR TR

LT
RO
VEROWAC
VETRNA
; VEEAG
o TROGAR

104
128
O+4l
034
0.38
0.03

=10
ko X2
(e BN
~Q e Ré
=029

; RUN 5 P. BOW SEA, SES,

AVERAGE
FK TR

FLT M O é
RO L 1eé/
VROWAL O 38
VETRNA 0430
VEGAC 037
TREGAE 0,04

=0 80
wle 74
= 29
(g 2V
“Q e Db
=04 10

AT o — o

RUN 6 S. QUARTERING SEA,

AVERAGE
K TR

FLTCH
O
UEOWAC
, WG TRNA
! VEGEAR
i‘i TREGAC

Q097
1076
038
0.33
0.33
0.0%

-l 07
RN
=03
()0 2
«0. 26
«0. 12

TRV SHONSGU ! NSO TIPS ey S SRR 4L Y

SEAWORTHINESS TEST RESULTS

APPRCX.

AV
FK

1 B
2,03
O 80
042
049
0,04

APPROX.,

AVLE

N

1o 4%
2:96
Oeay
042
Oeal
006

SES,

AVE

FK

142
2.8%
() o A ‘)
0,39
0.39
0,08

APPROX.

(CONTINUED)

29 KNOTS

E 1/3
TR R

=146 196
=200 Q0%
= e W0 0.49
=033 0.49
=0 38 0,58
LI 0,06

31 KNOTS

‘l /". '\{
TR AN

=l 40
809
=038
031
=y 33
=013

1.80
3490
0008
0.+47
052

0.07

31 KNOTS

1/3
TR EIN

el 57
~F, 42
~0, 43
-0 31
w0y 33
~04 14

179
F.052
0,54
0,45
0,45
0,12

AVIE

AVE

AVLE

1710
TR

~2el A
=2 G
=04 b2
=038
=044
=0l 4

1710
T

e DA
5. 97
=037
0y 38
Qe 1Y

1710

TR
w8
3
-0y 39
0L 3
~0.18

IN LOW SEA STATE 3 (27 FEB 1980)

227s0hk

MAX
(EIN T

2090
3.9
0920
058
Q.72
Q.09

A
~F, 42
=04 33
w0 50
-0 52
)y 1 b

227505

MAX
N TR

216 el
4,79 oy h4
0.78 =0 b
049 =044
OLhH2 Qs A%
0,07 =018

227506

AN TR

2007
:ifj R 4 :)
Qe &N
=046
=38

016




TABLE 6. SEAWORTHINESS TEST RESULTS IN LOW SEA STATE 4 (26 FEB 1989)

RUN 1 FOLLOWING SEA, SES, APPROX. 10 KNOTS 226501

AVERAGE AVE 1/3 AVE 1/10 MAX
PR TR PR TR N TR FK TR

FITCH 1.34 -1,42 2,21 ~2,06 2.92 ~2449 3,61 ~2.83
ROLL 1.74 ~1.84 276 ~24.90 2,40 ~&. 85 4.10 ~4.74
VROWAC 0+17 =04+10 023 =0 el4 027 “0.17 0.29 ~0.23
‘ USTRNA 0.11 =006 010 -0.10 0.18 ~-0.14 0.23 ~(e18
/ VUCGAC 0.10 ~0.02 0,12 ~0. 04 0.14 =006 0.1 =008
i TRCGAC 0.04 0,09 0.07 -Q.11 0. 08 ~-0.13 0.09 ~0.164

g RUN 2 HEAD SEA, SES, APPROX. 10 KNOTS 226502

AVERAGE AVE 1/3 AVE 1/10 MAX
PR TR K TR PR TR N TR

1 FITCH 1,29 ~1.,09 2,02 ~-1.03 2,87 -2440 3.27 -3.01
ROLL 1461 ~Leb2 2462 -2.53 J.24 ~3+07 4,00 ~3.47
UROWAC 037 =029 0466 =0 Gé 1.06 =072 2423 ~1.+14
USTRNA 032 =018 055 =(1s 32 077 “Q.49 1.03 -0, 84
VCGEAC 0.21 =013 0.31 =0, 22 O+4% =029 0.80 ~0. 46

TRCGAC 0.04 -0.09 D07 ~Q e 13 0.09 ~0+14 0.18 =017 :

PO i vy N

RUN 3 S. BOW SEA, SES, APPROX. 10 KNOTS 226503

AVERAGE AVE 1/3 AVE 1/10 MAX

- e s W ik e

K TR K Tk FK TR K TR E
FITCH 1,17 =1.30 1065 1,87 1,81 =0.34 1086  ~2,67 ?
ROLL, 2025 ~1.64 3,48 ~2.83 4,50  ~3.47 5037 -4, 25 :
VEOWAE 0,19 ~0.16 0,27  ~0,27 0.34 0,40 0,54  —0,55% ¥
USTRNA 0,19  -~0.11 0,27 0,17 0.36  ~0.24 0,55  ~0,51 |
VCGAE 0,16 ~0.09 0.18  -0,12 0.21 ~0.16 0.26  =0,22 Ly
TRCGAC 0,06  =0.12 0.09  ~0.1% 0,13  ~0.,19 0,18  -0,20 B

34

' I Iy
. L, . . : e e .
[PV TA DI TR Y SI TR LRI . TN, D PO S G COPS T
R VIR AN Bt CRCALY S PR .



TABLE 6. SEAWORTHINESS TEST RESULTS IN LOW SEA STATE 4 (26 FEB 1980)
(CONTINUED)

RUN 1 FOLLOWING SEA, WPB, APPROX. 10 KNOTS 226W01 ‘
f ]
r AVERAGE AVE 1/3 AVE 1/10 MAX 1
i FK TR FK TR FK TR FK TR
[
} ITCH 1.35 -1 .35 2.03 ~2.19 2.47 —-24469 2,99 -3.58
ROLL 4,68 -4,71 8,03 -7 .28 10,09 -9412 12,35 -10,74
vCGAC 0,07 -0.,06 0.08 ~-0.,09 0.10 ~0+11 0.11 -0.13
TRCGAC 0.13 ~Q,12 Q.19 ~-0,18 0.23 —0 22 0427 -0 27
‘ IL.NCGAC 0,04 ~0.11 0.0% -04,14 0,09 -0+l 4 0,045 ~0,14
s
!
RUN 2 HEAD SEA, WPB, APPROX. 10 KNOTS 226W02 j
t \
AVERAGE AVE 1/3 AVE 1/10 MAX X
N TR FR TR N TR N TF !
I TCH 2,24 -2.30 3.6b =354 4,46  —4,27 6425 =b3b n
| KROLL F.b63 -3 .51 Y. 85 -%,86 726 -7 440 DB =10.99 a
VCGaC 0,07 ~0.06 0.08 007 0.09 ~0.+.09 O.12 -0+11 }
TRCGAC 0.11 ~-0+11 0.17 -0,146 0.21 ~Q421 O30 0«30 ,;
I.NCGAC 0,07 -0+l 0.10 -0.18 0.11 w24 Q1% Qs b ;i
K
'
.
X
1
RUN 3 S. BOW SEA, WPB, APPROX. 10 KNOTS 226W03 !‘
g
AVERAGE AVE 1/3 AVE 1/10 MAX .
PR TR K TR FK TR P Tk
ITCH 1.19 -1 420 1.96 ~1.98 2482 ~2.460 360 ~-X, 55
RO 3,89 ~-3,99 Sl 2 -46.+.92 8,06 -84, 85 10.25 «~10.79 A
VCGEAC 0,07 =005 0.08 -0.07 0.10 ~0.11 0.10 ~0.11
TRCGAC 0,12 -~0,12 0,19 -Q0.17 024 -0, 20 0.29 -0 .32 i
LLNCGAC 0,06 -0.07 0.07 -0.,10 0,08 ~-0.12 0,10 ~-0.18 '
‘3
35 !
:
i
i
i

ke E im0t e el R S -
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TABLE 6. SEAWORTHINESS TEST RESULTS IN LOW SEA STATE 4 (26 FEB 1980)

(CONTINUED)
RUN 4 P. QUARTERING SEA, SES, APPROX. 10 KNOTS 226504
AVERAGE AVE 1/3 AVE 1/10 MAX
PR TR N TF: B TR FK TR
FITCH 1055 ~1.79 2,35 =2.61 2,97 =3.11 3,45 ~3,69
ROLL 2,06 —2.04 3,28  -3.30 4,18  ~-4.29 5,032 5.6
VEOWAC 0.22  =0.15 0,31  ~0.26 0.37  ~0.,32 0,49  =0.44
USTRNA G20 =0.11 0,29  =0.19 0,39  =0.2% 0.53  ~0.37
VCGAC 0,17  =0.08 W22 =0.10 0,26 =0.,12 0.27 ~0.14
TREGAC 0,06  =0.11 0,09  ~0,14 0.12  ~0.16 0,14  =0.19
RUN 5 P. BEAM SEA, SES, APPROX. 10 KNOTS 226505
AVERAGE AVE 1/3 AVE 1/10 MAX
P TR FK TR SN TR PR T
FITCH 1,07  =1.40 1,74 =2.15 2,40 ~2.62 2,91 =2,80
ROLL. 2,53 -3,09 4,18  ~4.82 5.48  ~6.18 7.18  -7.28
VEOWAC 0,21 ~0.21 0,29  -0,34 0,35  ~0.4% 0,68 =055
USTRNA 0,24  =0,12 0,35  =0.19 0,44  =0.26 0.58  ~0.,36
VCHAC 015  =0,0% 0.17  -0,13 0,18 -0.16 0,19  =0.20
TRCGAC 0,07  =0,13 0,12 ~0.17 0,16  ~0.19 0,22  -0.22
RUN 6 S. BEAM SEA, SES, APPROX. 15 KNOTS 226506
AVERAGE AVE 1/3 AVE 1/10 MAX
PR TR 1N TR K TR FK TH
FITCH 1,67  =1.39 2,78 -2.65 3.38 -3.37 .66 4,00
ROLL 3,41 —2,50 5,35 -4.58 b4 —6.106 6,98 8,44
VEOWAL 0,19 =0.19 0,26  ~0.29 0.31  =0.40 0,37  =0.60
VSTRNA 0,21  ~0.09% 0,29  -0.13 0.36 =0.17 0.48  ~0.30
VCEAC 0,16  —0.09 0.19  ~0.12 0.22  ~0.14 0.27 =0.16
TREGAC 0,08 -0.14 0,12  =0.20 0,15 —0,2% 0,18  ~0.28
RUN 7 HEAD SEA, SES, APPROX. 15 KNOTS 225507
AVERAGE AVE 1/3 AVE 1/10 MAX
FK TR PR TR FR TR K TR
FITCH 1,06  =1.09 1,65 ~1.66 2.25% ~2.03 2,39 =225
ROLL 1,64 =1.78 2,78  -2.87 .64 ~3,5%5 5066 4,69
VEOWAC W27 =0,25 0.41 =0.51 0.56  ~0.70 0,99  ~0.94
VGTRNA 0,33 -0,13 0.54  —0.20 0.73  =0.27 1,03 ~0,42
VCBAC 0,19 =0.11 0,26  -0,17 0.36 ~0.24 0.68  ~0.39

TRCGAC 0.05 -0.11 0.07 -0.14 0,09 -0.17 0.10 -0.18

SR 1 o ai o

T T SN SPLAIE
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TABLE 6.
(CONTINUED)

RUN 4 P. QUARTERING SEA, WPB, APPROX. 10 KNOTS

AVERAGE AVE 1/3 AVE 1710

PR TR FK TR FK TR
FITCH 1.46 ~1.,4% 2,26 =225 2.80 ~2.74
ROLL S.84 ~-5.83 10.45 -9.,39 13,48 -11.98
veoac 0.07 ~0.07 0,09 ~-0.10 0.+10 ~0,12
TRCGAC 0.16 ~0.14 0.24 =024 0.30 -0.30
L.NCGAC 0.05 =008 0.06 ~0409 0.06 -0.11

RUN 5 P. BEAM SEA, WPB, APPROX. 10 KNOTS

AVERAGE AVE 1/3 AVE 1710

PR TR FK TR PR TR
HITCH 1.81 =176 2.88 ~2.94 Jeb2 -3.70
RO babb b bl 11,41 -10.57 15410 -13.460
VCGAC 0.07 =010 0,10 ~-Q0.14 0412 -0.18
TRCGAC 018 =019 0.249 -0.208 0.32 ~0.34
LNCGe C 0.07 =009 009 =012 0415 -0.14

RUN 6 S. BEAM SEA, WPB, APPROX. 15 KNOTS

AVERAGE AVE 1/3 AVE 1/10

FK TR FK TR FK TR
FITCH 1.17 -1.18 2416 -2.03 2.82 ~2.467
ROLL 5.89 ~5.84 10,35 -11.22 13.19 -19.69
veGAar 0415 ~0.17 0.22 0425 0,27 ~0.32
TRCGAC 0.15 -0.16 0.27 -0.26 0.38 -=0.,35
LNCGAC 0,06 =0.07 0.08 -0.+10 0.10 -0.12

RUN 7 HEAD SEA, WPB, APPROX. 15 KNOTS

AVERAGE AVE 1/3 AVE 1/10

N TR PR TR P TR
FITCH 1.19 -1.,20 1,87 -1.88 2,29 -2.52
ROLL 2.82 ~2.57 Se11 -5.02 6,72 =7 .49
VCGaC 0.16 -0,18 0.23 -C .28 Q.27 ~-0.,34
TRCGAC 0.09 ~0.09 0.14 ~04+14 0.19 -0.17
LNCGAC 0.06 =0.09 0.09 =012 0,13 ~0.16

37

L e ok 4 A T AT -VA.‘:»;"'A'"'\\_;:‘ L .L_‘;'Eﬁf:ﬁmﬁ"f“ " "™ ___‘_‘_\\_j_' NCRRNY

SEAWORTHINESS TEST RESULTS IN LOW SEA STATE &4 (26 FEB 1980)

226W04

MAX
FK TR

3099 "3053
17.468 -14.,99
0.13 -0.12
0.36 ~0.36
0,07 =012

226W05

MAX
2N TR

4,62 =547
22,22 -17.09
0.1 ~Q.21
044 =Q0eA7
0.61 =016

226W06

MAX
AN TR

3.96 -3.86
16.80 ~-23.39
0.37 =037
0.59 =060
0012 =015

226W07

MAX
K TH

2.69 —3.92
7067 “9077
0’33 “0040
0.23 -0.21
OoéQ “0021
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§ TABLE 6. SEAWORTHINESS TEST RESULTS IN LOW SEA STATE 4 (26 FEB 1980)
'y (CONTINUED)
’ RUN 8 P. QUARTERING SEA, SES, APPROX. 17 KNOTS 226508
: AVERAGE AVE 1/3 AVE 1/10 MAX
1 FK TR F'K TR FR TR FK TH {
s )
FITCH 1.56 -1 51 2,84 -2, 64 3.57 -3, 54 4,59 -5 68 3
VROWAC 027 -0.31 0,39 ~0,%4 0,49 ~0.76 0.57 ~1.16
USTRNA D26 -0, 12 0.43 “() 17 0.57 -0 21 0.70 ~0, 26 !
VCGAC 0417 ~0.11 0,22 ~0.18 0.28 () 22 0,38 -0, 29 i
TRCGAC 0,05 -0, 12 0,08 ~0.16 0411 ~Q, 20 0,17 )y 2% _
3
RUN 9 S. BOW SEA, SES, APPROX. 16 KNOTS 226509 1
AVERAGE AVE 1/3 AVE 1710 MAX 1
FR TR FK TR FI TH P TR A
r.
FITCH 1.77 ~1.92 2496 -3.,29 3,91 —h 48 4,79 w35 f
ROLL 1.96 ~1.4% 3,34 -2.83 4,48 B 74 6440 -4 430 !
VEROWAC 0,26 -0,24 0,39 -0, 4% 0,49 ~0. 63 1.12 -0 98 !
YSTRMA 0.24 ~0,13 0,38 -0.21 0,53 () + 29 0.81 -0y 4% '
YEGAC 0,17 ~0.11 0,22 -0.,17 0.26 -0.21 0.37 -0, 24 ]
TRCGAC 0,06 ~0.,13 0,10 ~0.18 012 Q.20 0.16 -0 V27 _
R
| 1
!
! \
RUN 10 FOLLOWING SEA, SES, APPROX. 17 KNOTS 226S10
]
AVERAGE AVE 1/3 AVE 1/10 MAX !
N TR FK TR i TR FK TR
i
FITCH 1,17 ~1,19 2,14 ~2,27 2,60 -3,09 2,80 -l s Q7 k:
FOLL 2,98 -3,13 4,98 ~4,87 6424 11 7418 ety o 34 .
VROWAC 0.18 ~0.15 0.24 -0.,24 0.30 -0, 34 0,42 -0 73 3
USTRNA 0,17 -0.09 0,25 -0.12 0.37 -0.16 0,52 () 23 '
YCGAL 0.15 ~0,09 0.18 -0,13 0,21 ~0.16 022 (17 b
TRCGAC 0,06 -0,12 0,09 -0,15 0,12 -0.17 0,15 -0,19 i;
K
1
.
38 :




TABLE 6. SEAWORTHINESS TEST RESULTS IN LOW SEA STATE 4 (26 FER 1980)
(CONTINUED)D

] RUN 8 P. QUARTERING SEA, WPB, APPROX. 17 KNOTS 226W08

gy AVERAGE AVE 1/3 AVE 1/10 MAX
| N TR PR TR N TR 1N TR

PFITGH 1.49 ~1.53 2,92 -2.58 3.08 -3.44 T+ 69 =4, 6%
ROL.L. 9,22 =835 11.60 -10.37 19,79 -14,17 22417 ~18.41
VEGEAD 014 =010 0.21 ~0.23 026 -0 29 0,37 =037
TRCGAL 0.1 =0.13 0,25 =025 0.34 =035 0446 =0.44
LNCGAC 0.12 =0.01 013 =0,03 014 =008 0415 =0, 09

Vg n

PP T S e

Al

RUN 9 S. BOW SEA, WPB, APPROX. 106 KNOTS 226W09

i

AVERAGE AVE 173 AVE 1/10 MAX
SN TH P TR K TR P TR

t FITCH 1+40 -1.54 2,39 ~2.74 3.00 -3¢ 52 4,51 =4, 56
ROLL 3,33 -3,8Y% 6484 -7 30 8,73 ~10.17 10,01 13,57
VEGAC 019 -0.,20 0.28 =032 0.+34 =042 047 =059
TRCGAC 0.11 =041 0.21 “Qel® 0,29 -0, 24 0.37 =0.,28
LNCGAC 0.06 ~0.,09 0.09 ~0.13 0.10 -0.17 0.13 =023

RUN 10 FOLLOWING SEA, WPB, APPROX., 17 KNOTS 226W10

!

AVERAGE AVE 1/3 AVE. 1/10 MAX ':

FIK TR [EN TR X TR K TR LI

FITOH 1.19 -1.17 2.07 ~1.96 2,75 -2.64 3.61 ~3, 53 f
RO G452 ~%ail ?.93 -9.80 12.21 -14,08 14.79  «21,09 ,
VCGAC 0.11 -0.12 017 =018 022 -0.24 0,28 -0+ 33 i
TRCGAC 0.13 =014 0,23 ~ (e 22 0,33 -0.26 045 =) s 38 T
LNGCGEAC 0,06 =~ 07 0.08 =009 0.08 -0+10 0,08 =010 !

39
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é TABLE 7. SEAWORTHINESS TEST RESULTS IN SEA STATE 4 (13 MAR 1980) ;
: RUN 1 HEAD SEA, SES, APPROX. 10 KNOTS 313501 3
;
i AVERAGE AVE 1/3 AVE 1/10 MAX
: K TH K TR FK TR FK TR
? FTTCH 2,00 ~3,20 S.46  =5,30 7,06 =6.86 10,17 -8,24
5 ROLL DUG6 =R,49 4,16 ~4.08 5,35 ~5.16 6:20 =6.93
: UROWAC 0,34  =0.27  0.66  ~0,49 1,07  =0.65 2056 1,03
: VSTRNA  0.21  =0,12 0,44  =0.28  0.61  ~0,46 0,92  -1.02
: VEEAC 0,17  =0.09  0.28  =0.22 0,39  =0.,33 0,79  =0.%59 |
i TRCGAGC 0,06  ~0.11 0.09  ~0.14 0,11 ~0.,17 0,12 -0.19 |
: L.NCGAC 0,06  =0,05 0,09  =0,07 0,11  =0,09 0,17  =0.11
X i
] \
: 1
"
] RUN 2 S. BEAM SEA, SES, APPROX. 10 KNOTS 313502 }
|
y AVERAGE AVE 1/3 AVE 1/10 MAX \
K TH P TR FK TH FK TK |
| FITCH 1076 ~1.76 D087 ~1.04 3,78 ~3.98 4,09 4,33 ¢
‘; ROLL, 3,47 =372 7086  =7.18 10,09 =9,29 14,60 ~13,09 1
i VEOWAC 0,20 =0.16  0.27  =0.26  0.3F  ~0.32 0.37  ~0.46 |
g USTRNA 0415  =0.07  0.23  =0.15  0.31  =0.20 0,42  =0.32 ;
UCBAC 0413 =0.05 0,17  =0,10  0.20 ~0.14 0.24  =0.20 :
TRCGAC 0,06  =0.12 0,09  =0,17  0.12  ~0.20 0,14 - 0.23
LNCUGAC 0,03  ~0.03  0.04 ~0.04 0,04  =0,0% 0,04  =0.,0%5 :
i,
i
RUN 3 FOLLOWING SEA, SES, APPROX. 10 KNOTS 313503
AVERAGE AVE 1/3 AVE 1/10 MAX
PK TR FK TR FK TR FK TR
FITCH 2041 -2,46 3,74 ~3,83 4,70 =459 5,00  ~5.47 )
KOL.L, 1,92 ~1.98 3,25 =F.45 4,61 ~4,65 5057 =7.08
VEOWAC 0el6  =0,08  0.20 =0.12 0,21  =0.16 0.21  ~0.16
USTRNA  0.12  =0,073 0,16  ~0.06  0.21  ~0.,09 0,33 ~0.,12
VCGAC 0,11 =0,00  0.12  =0,02 0,13  ~0,03 0.13  ~0.03
TRCGAC 0,04  =0.10  0.0%  ~0.12 0,07  =0.13 0.07  ~0.16é !
LNCGAC 0,02  =0.03  0.02  =0.04 0,02 =0.04 0,02  ~0.04 i
!
i
{
40
k
i
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SEAWORTHINESS TEST RESULTS IN SEA STATE 4 (13 MAR 1980)

(CONTINUED)

TABLE 7.

RUN 1 3/13/80 HEAD SEA, WPB, APPROX. 10 KNOTS 313W01

P OH
ROLL.
VROWAE
VETRNA
(AMETATN
TREGEAC
LNCGAC

RUN 2 §,

ITeH
L
UEOWAEC
VETRNA
VEEAR
TREGAHE
LNCGAC

RUN 3

FLTCH
ROLL
VROWAC
VETRNA
VEGAC
TRCGAT
LNCGAD

1
¥

i M o e e

AVERAGE

PR

2478
e O
Q.
0,28
O, 1y
Ol
0.04

TR

w249
= Q00
=0y 2b
() A
=0t

~0.12

BEAM SEA, WwWPB,

AUERAGE

SN

0.24
018
013
012
G.02

FOLLOWING

The

=03
VWAL
=0 33
0.1y
() ¢ :l I:/.}
=011

AVEAGE

I
\

1764
4,17
013
007
04000
0,07
000

TI¢

=000
—dy R
=010
~Qv07
-0, 00

O 14
=0, 00

SEA, WPB,

AVE. 173

I

4,30
8,00
Qb7
(O, a0
0,08
vl
006

APPROX. 1

AU

I

B 209

10,59 -

0,38
020
¢l
O
003

APPROX.

AV
N
T
768
0 + l (\
0.10
0,07
Oy

0,00

~

1 73

TR

“4, 14
=80l
(7B
S, KA
L UPIRN
= Qe 1

0 KNOTS

3
IR0

128
=049
~Q 2
S SRR
AR
=012

AVE

FIK

Y30
10.13
090
O.aw
O R
O
0,07

ALV

FI

3. 80
14,01
Oay
0.3l
O.03
O R0
004

10 KNO 1Y

)
\

T

S 94
=7 20
013
008
0.0

020
0,00

41

5, o il s

AV

N

3,30
Y. 84
017
0.1
3,00
0.14
.00

1710
TR

=% 30
=032
=0 8Y
w0 Ul
=044
=0
)20

1270
TR

e 9
S N
wQu
=030
(2

1730
TH

377
L1
RV I
=0y 11
“0, 170
SO, DK
=000

MAX
N

a 80
el
1,32
059
0.4
000
0,09

A
B

4418
19477
0 ¢ \'{) ‘J
0042
0. 28
(e 24
0L 0%

M

PR

\5 ] () I
11662
018
041
O 11
A 0
0,00

A
=1 2,40
=078

(\ . R

Q) A

313W02

e
=18, R0
() e '}/ &
=04

TR
3D NN N
=018
=y 1
(), 10
O IR
=3y QO

THh

008

Tl

Lt

033

[T AR W
=0 1%

313W073%

The
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TABLE 7. SEAWORTHINESS TEST RESULTS IN SEA STATE

(CONTINUED)

RUN & 2. BOW SEA, SES, APPROX. 10 KNOTS

4 (13 MAR 1980)

313504

AVERAGE

AVE 1/3

. ,.!'L,z v
! alualiy,

FITCH
ROLL.
VEOWAC
USTRNA
UCBAC
TREGAC
L.NCGAC

RUN 5

FITCH
RO
VEOWAC
VETRNA
YCGAD
FRCGAC
L.NCOGAC

RUN 6 HEAD SEA,

FITEH
ROLL
VEOWAC
VETRNA
VCGAC
TRCGAC
L.NCGAC

RUN 7 S.

FITCH
KOLL
VEOWAL
USTRNA
VEGAC
TRCGAL
LNCGAC

FK

3,34
2438
0.31
0+20
O
0,064
0 ¢ ()(‘)

TR

- \5 v 4 0
=338
~Q, 24
“0.0Y
-0 08
RLO
=0 Ol

AVERAGLE

AN

240462
3,08
0.16
011
012
006
0.03

TR

—R2eb3
-2 834
~Q 0y
~0.03
=0 0%
=)y 10
“0.03

K

e 80
Ve b3
054
0439
024
0,10
009

AVE

B

Je94
H.01
0.20
0415
O.14
0,09
0.03

SES, APPROX. 17

AVERAGE

FK

34
2.74
0,34
026
0,18
0.06
0.11

BEAM SEA,

TR

-2 95
Q39
=), O
=)y O
=0l
~0 0%

AVERAGE

FK

1.82
3060
0,23
0415
0.13
0.07
0.11

TR

1 71
~3.+46
~0 21
-0.04
=004
-0.11
~Q 04

SES,

TR

=380
-9 37
=y 4T
=025
=020
~0414
0,07

QUARTERING SEA, SLES, APRPPROX.

1/3
TR

3, 7h
wly Y
- () + 0 7
=0 0%
“Q 1D
«0.03

KNOTS

AVE 1/3

K

.29
4.07
0.61
003
0. 029
0. 10
0.20

APPROX.

AVE
'K

3037
46,07
035
0.2%
0.20
0,09
O3

Tk

-e 39
~4,58
=080
=0, 2
=020
AR I
-0, 09

17 KNOTS

173
TR

~6,15
~0.37
~0.11
""Oc 1()
"04 1()
-0.06

42

AVE 1/10
K TR

8,12
7417
0.83
0.52
0.30
0413
0.14

"/ . 4.7
Q460
"“O + J(’}
=029
=0, 1 (f)
=00

KNOTS

AVE 1/10
PR TH

4,72
7417
0,22

A
~d 34
“Q 17
0,17 =0410
O Il =0,07
0,12 0,14
0,03  ~0,03

AVE 1/10
PR TR

(‘.‘) ] :'I/
Y01
0.80
078
037
010
030

LR RD)
“We b4
11l
=037
~Q .32
=418
w2

AVE 1710
FK TR

4,38
7
.43
0,34
0.3
011

0.32

~4 417
-7 AV
) G2
-0.14
O I
=, Of

MAX

FK

10.64
7.81
1,564
0.7%
040
017
Qe

TR

-8.92
“7e23

=010

213505

MAX

'K

4,7%
791
Q.23
0.8
016
0.16
0.03

MAX

PN

. 1 &
U@l
1.0%
1.23

+ :J W
Oy14
040

Max

K

e bhé
Gy
007
0.60
Q.30
0,12
Q.44

TR

=8 e84
7471
RN
IO R
Qe Q7
=01

313500

TR

~f e A%
~& 4 98
- ' . (.) 1
SOy
=0 OY
() . | (%]

313507

TH

=6
R U
(e 7
=) 20
=044
IR

=04 1é
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TABLE 7.

RUN G4 P.

FrTeH
ROLL
VROWAC
VEHTRNA
WEEAC
MCea
LNCGAU

RUN 5 P

TN
RO,
WIROWAL
VETRNA
VEEAG
TRCEAE
LNCGAC

RUN & HEAD SLA,

FYTGH
RT3
VROWACL
VETRNA
VEEAE
TRUGAD
LLNCGAC

RUN 7 §,

*ITCM
ROLL
VILOWALG
VETIRNA
VCOAC
TRCGAC
LNCOAC

BOW SEA,

WPB,

AVERAGE

FIs

2,48
HeRA
Ov3é
0020
0,13
01
0.03

TR

wD P
w9l
=0 3G
=y 2
RO I
=012

QUARTERING SEA,

AVERAGE

K

172
4 + / &
0.0
010
0.08
0Oy
04+00

WPs,

TR

e 03
mdy e O :..’
=0 0%
w1
= L&
=000

AVERAGE

R

W
4,20
057
Q.29
O3
Ol
012

BEAM SEA,

A
N

1479
%, 73
0,29
0,14
0012
0,14
0.0%

Ak \“l\f(i:":ﬁﬁ.u&‘).ll\\‘-.i«'..m\m‘:.\\\ LA I A e b

T

ST
wd | A6
=0 80
w027
)y 26
~0,14
=040

VERAGE

TR

09D
“\,J04()’
"“()03.1.
(v 19
~Q.18
O I
=0.,10

wPB,

WP,

SEAWORTHINESS TEST

APPROX.

AV
'K

4,07

11258

0L GY
032
O3
019
004

Ay
B

DAy
®,10
Q7
041
012
OvLé
0.+00

APPROX. 1

AV
P

427
7400
.94
047
0. 30
G.17
V.l 4

TPROX.

Y
Fie

276

10,683

U4l
023
0.20
0.4
004

APPROX,

RLSULTS
(CONTINULD)

10 KNOTS

Eo1sd AVE 1/10
T (B2 TR

=4, 00
~10%8
=007
=0 3h
(e R
« 08
“Qu1é

Gl
L2
083
Ov4al
0. 3 1
O
() ‘ 0 5)

w77
l 4 . \14
(Yo7 -I
SO0 4 1?.?
=019

10 KNOTS

I L3 AVE 1710
TR N TR

0 IR
().) + ‘,.’) l
(e 24

F 00 “3e
Tre®a 12014
033 CLORRGN
LN O lé =020
(e 0.2 =27
“0.00 000 =04 00

7 KNOTS

E1/3 AVE 1/10

TR K TR

w59
=7 Ak
-y B35
=048
o () ‘ 4 /

G de
.02
1423
0 ‘ ({) ()
0,49

5y 6
-9\ 7Y
w1 O
=0, 64
-0 59

“0v 023 QD
Q12 017 vel®

17 KNOTS

E 1,3 AVE 1/10
TH PN T

"'1 + (:')6
- 10‘\‘

(e A48

~0 39

Y e d?
13,95 14,22
058 =064
0. 30 =038
=008 0.06 =0 e B0
SRV | 0. 31 =076
=00 Q0% Q.13

A3

Max

F

({) . () l
20090
1 1 &
0.A7
O, a0
O.ai
007

MAX

2N

J.oa43
0. a9
0,23
0,04
PRI

0.00

MAX

FK

bodd
11.43%
1.60
Q.73
O.a0
Q.33
021

MAX

K

FebH1
1709
De73
O 40
0,34
0, 3w
0,04

. R RO
- i fte 1t i f s b e g e O e
A '-.\b.v;i[',)\\'v.\‘“fuii\h.(zﬁﬂmﬂm@@m@m&iw&mm v tuna st G

IN SEA STATE 4 (13 MAR 1980)

313W04

T

w7
l (_\ R \I',) [
w03
<0459

13W05

TR
:)0 \I)A,
“Léh AHQ
“()o )S‘J
=0 0
0 . 4
wl) ) AD
000

313W00

TH

=741
=10.99
daon
-1 I
=0 89
(), DG
()

A13WO7

TR

=3, 99
=183 76
= 8
""O ] \1.5

¢

'1
i
R
g

L1

SRR P SN

P

M‘M NIRRT - %
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TABLE 7.

RUN 8 FOLLOWING SEA, SE

AVERAGE
K TR

- I.‘) + (‘)(‘)
—1 .98
=008
Q02
=0s01
=010
~0.,0%

224
1464
()0 :l(.)
0.11
011
008
0.13

FITCH
ROLL.
YROWAC
VETRNA
VEEAC
TREGAG
LNCGAC

RUN 9 P. BOW SEA, SLS,

AVERAGE

K TR
LT GH 3000 -, 20
RO, 344 v 33
VEOWAL 0,31 ~0,34
USTRNA 0422 =0, 08
VEBAL 0,17 ~0.,06
TRCOAC 0,07 =041
LNGGAC 0009 =0, 0%

RUN 10 P,

AVERAGE
N TR

-1 o({)?
=306
=011
"‘00()3
=011
SO oK

1.83%
3.1
0.18
013
0413
006
0,09

ETTOM
RO L.

VHOWAE
VSTRNA
UEBAE
TRCGAC
LNCGAC

N i
. . . [P I .
S s R e R i T 2

QUARTERING SE

(CONTINUED)

S, APPROX,

AVE 1/3
N TR

- & + (1.) 0
-3 6%
-0 1 1
=04 0%
“0e 03
w0412
=04 O

4,03
324
0419
0.14
0.13
0,08

0420

APPROX. 17 KNOTS
AVE 1/3
FK TH

Ge34 -t Q%
Ve 80 e &0
04 =049
0.28 =020
012 =0, 1%
018 =0, 08

A, SES, APPROX. 18

AVE 173
I8 ™
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5
TABLE 7. SEAWORTHINESS TEST RESULTS IN SEA STATE 4 (13 MAR 1980)
(CONTINUED)
RUN 8 FOLLOWING SEA, WPB, APPROX. 17 KNOTS 313008

¥ AVERAGE AVE 1/3 AVE 1/10 MAX '
; K TR K TH K TR K TH i
3 N
i by

FITCH 1.94 2 38 Jdéb w12 4,04 e B3 4,00 =& A48
ROLL 4476 e 83 11662 ~10.84 14,946 ~14.71 17.97  =17.14
VEROWAEG 0410 =014 013 =Qvlé Oslé “0417 020 =018
VETRNA 004 =009 0e0b w012 007 =014 0410 =017
VEGAG 003 QW10 000 =Qa 12 0.06 ~0.s14 006 LN B
TRCGAC 010 =018 019 =0 30 024 =0+ 3X4 0.3 = A
LNCEAD Q.02 = lé 0. 02 =0 lé 0,08 ~04ldé 0.02 = L

RUN 9 P, BOW SEA, WPB, APPROX. 17 KNOTS 513W09

AVERAGE AVE 1/3 AVE 1/10 MAX

I TR K TR N TR EIN TR .§
)
;
|
|

FITEH 2ol -4 3470 ~3¢73 4,88 -4, 41 G0 e 32
RO Ve 20 el ? .84 ~10.33 1209%  ~13.62 14,460 ~1é&411 |
‘ VEOWAL 047 =Oa 4l 076 =) &Y 099 =0, 89 1432 ~1409 ; ]
" VEBTRNA 026 =0 2 041 =0 38 053 -0, %0 O &t ~0vhH8 '
VEGAC 0420 04 032 =0 e 30 0441 ~0. 49 Ov4d =0 &7 b
TRCGAC 010 =018 019 =027 024 -3 Ov2b (e 42
| LNGCGAC 0.00 “0.09 0.11 0413 O.l14 ~Qel? 0416 =020

RUN 10 P. QUARTERING SEA, WPB, APPROX. 17 KNOTS 313W10

11
AVERAGE AVE 1/3 AVE 1/10 MAX :1
PR TR PR TR P TR i TR

FITOH 142647 =113 2492 =207 K07 R RN .91 377 !
ROLL 4.48 o 337 10,78 ~-11.88 %038 1%, 325 1878 ~17.53 ‘
VROWAC 021 =020 0,32 =029 0.41 (0o 87 057 =0 A7
VETRNA 012 ~0s13 0.1 =0 e 20 023 =020 043 =0« A8
veeaac 0.09 =001 0.1 =0.21 0.20 ~Q 2N 0.32 =032
TRCGAC 0.09 019 017 =030 022 =040 0,28 =00
LNCGAC 0,03 =010 0.04 -0, 11 0.04 =012 0.04 L O
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. TABLE 7. SEAWORTHINESS TEST RESULTS IN SEA STATE 4 (13 MAR 19Y80)
X (CONTINUED)

RUN 11 HEAD SEA, SES, APPROX. 26 KNOTS 313511

AVERAGE AVE 1/3 AVE 1/10 MAX
FK TR K TR FK TR PR Tl

FITOH 3ebb ~3.38 Wed4d ~Vie b He 71 ~7.04 %401 (3,07
RO 3.08 -2.,92 4467 =461 G474 ~8. 89 &9 =781
VEOWAL 0.4 =24 0. 84 ~Q. b4 1,23 0 PV Qe =130
VETRNA 026 -~ 37 044 =034 OVH7 “Q.49 0.93 =083
VEGAC 0.32 =018 051 =0 3é 072 =048 1.47 =0 &Y
TRCGAG 0.08 =0l 0.2 ~Qevlé O 1% =020 0.18 =) 27
LNCGAC 0.06 =008 0,412 ~04+10 0.18 =012 0.37 =013

e g e

Sxeieasl.

RUN 12 S. BEAM SEA, SIES, APPROX. 29 KNOTS 313512

AVERAGE AVE 173 AVE 1710 MAX
RIS TR F I TR K TR EIN TR

FITCH 1494 =1+ 34 3077 -3, 38 4,84 ~%el8 6,02 .04
o RO 277 =B hé bRV & B2 Yo7 ~8.78 L2021 —9 AR
1 VEOWAL 0.31 Qe 0.49 =04l 0465 =004 1606 =073
i HTRNA O =04 1é O+ 3% =0 26b O Ay Qs 30 0,63 SRR
: VEGAC 027 -0 1é 0e37 -0, 27 046 ~0 .34 068 S O
! TRCGAC 0.08 LV e O (18 022 ~Q 22 Ocal LONRCS|
: LNCGAC 0.07 = O O =008 0.2 =010 052 L0 B

N1 P

RUN 14 P. QUARTERING SEA, SES, APPROX., 28 KNOTS 313514

AVEFRAGE AVE 1/3 AVE 1/10 MAX
PR TR F K TR B TR N TR

e e A et i VM > Nl . . hada

I

PITCH 1,49 ~1.53 3,09 -3,23 4,06  ~4.39 5,06 w5071
ROL. 2,00 3,11 5,78 5,73 7057 =766 9,47  ~11.18
VEOWAC 0,25  ~0.19 0,38  ~0,33 0,50  ~0,44 0.8% 0,81
USTRNA 0024  =0,15 0,34 ~0.25 0.4%  =0,33 0.73  ~0.%4 ‘
VEGAL 0,25  =0.1% 0,35  ~0,24 0,4%  =0,30 0,62 0,40 .
TRCGAC 0,06  ~0.12 0,13  ~0,18 0,20  ~0.27 0,27 =007
LNCGAL 0,04  =0.06 0,09  =0.08 0,14 ~0.10 0,23  =0.13
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TABLE 7. SEAWORTHINESS TEST RESULTS IN SEA STATE 4 (13 MAR 1980)
CCONTINUED)D

RUN 15 P. BOW SEA, SES, APPROX. 27 KNOTS 313515

AVERAGE AVE 1/3 AVE 1/10 MAX
FKR TR R TR FK TR K TR

FITCH 3:53 ~3.13 Uie37 ~5.22 6471 v 3D 7462 ~7.13
ROL.L .14 ~3.13 G420 -G, 18 b4l =& 4l b.98 -7.42
VEROWAC 0445 ~0.+30 0.79 =06l 1406 =0.92 1.86 ~1420
VETRNA 0,28 =019 0.44 =034 0.857 =040 0.72 =071
VCGAC 0,33 =019 0.49 =036 062 =04 4% 0.94 QB9

' TRCGAC 0.07 w (), 12 012 0,18 015 =019 Q.08 w )y 4

: LNCGAC 0,08 =008 0.1 ~0ll 016 Q12 0.23 -y 13 4
T 4!
i
t RUN 16 FOLLOWING SEA, SES, APPROX. 29 KNOTS 313516 i
| s

‘i AVERAGE AVE 1/3 AVE 1710 MAX
‘ P TR N TR FK TR EIN TR

iR,

FITGH 1.468 ~1.86 3.33 ~-3.91 4,32 ~4,81 Y14 -5.26
ROLL 2,20 ~2.08 4,23 -3.72 G.37 ~4.,6467 7437 ~8. 32 {
VEOWAC 0.24 ~“0.16 0430 = e 2% 0.45 =033 0+62 =052 "
VSTRNA 0425 ~0414 035 =025 O.44 ~0. 35 0,64 =0, E5 |!
VCGAC 26 -0+13 0.37 =0.21 0.47 ~0.29 0.68 ~03Y .!
{
!
|
|
!

TRCGAC 007 =010 0.11 =014 0.14 =0417 0.18 LS
LNCGAC 0405 =0, 06b 0.11 -0.08 0,23 ~Q,0% 0.84 -0.09

RUN 17 FOLLOWING SEA, SES, DIW, 0 KNOTS, STERN TO THE SEA 313518

AVERAGE AVE 1/3 AVE 1/10 MAX
PR TR FK TR FK TR N TR

FITCH 1.33 -4,31 Fe13 -5.89 4.28 -7.01 4.87 =770

ROLL. 2.72 w2076 4,37 ~4 4 4% G608 =5.60 Gedl =& A% -
| VEOWAC 0.14 =000 0.21 ~0.12 0.27 ~0.17 0,42 =026 ‘

VSTRNA 0.13 =007 0,20 ~0.+14 0425 0,19 0.36 ~0.33 ;

VUCGAC 0.11 =0, 03 0,15 ~0.06b 0.17 -0.08 . 021 -0.10 '

TRCGAEC 000 =011 0.04 <0414 0.08 =04 1é 0.08 =020

I.NCGAC 0,04 ~0.04 Q.00 -0,0% 0.05 ~0.06 0.06 ~0s 0
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TOWING

Towing tests were conducted with the SES to assess both its ability as a
towing vessel and its behavior when being towed. The other vessel utilized
for both parts of the test was the 82-foot WPB with a normal displacement of
approximately 146,000 pounds. SES displacement during these tests was
approximately 272,000 pounds. For the towing test the SES was equipped with a
temporary towpost located 31 feet forward of the transom., When being towed,
the SES was rigged with a two-legged bridle bent to the forward mooring
bitts. A single towline rode this bridle and passed through the bullnose in
the bow. These arrangements are shown in figure 8. A 600-foot towline was
used in both arrangements and a load cell to measure towline tension was
located at the SES end (shown in figure 8).

The SES towed the WPB at speeds up to 11 knots at various settings of
cushion fan speed. Towing speed was limited by WPB operational
consideraticns, as considerable SES thrust capability remained. The SES
handled this tow without any unusual characteristics. The WPB was towed in
alignment with a light wind, wind on the beam, and through a 180-degree left
turn at the maximum speed condition. Shaft rpm, towline tension, and fuel
consumption as functions of speed of tow are presented in figure 9. Figure 9
shows that optimum towing speed and fuel consumption (within the conditions
tested, given the towline strength 1imits) occur at moderate fan rpm (cushion
pressure). It was observed that at the higher fan speed (1460 rpm), the SES
directional stability was starting to become "tender" and mist escaping from
the cushion interfered with visibility of the towed vessel. Sea conditions
were calm.

The WPB towed the SES at speeds up to 6 knots with the SES off cushion and
at two cushion fan rpms. WPB shaft rpm and towline tension as functions of
speed of tow are presented in figure 10. The SES tracked and turned behind
the WPB without any unusual characteristics in calm seas with 5 to 10 knot
winds. Beam winds did not cause the SES to drift off course when either on or
off cushion. A steady vibration was present on the SES at the higher fan
speed (1445 rpm). Figure 10 indicates there is little advantage to usiny the
SES fans when under tow. The 1 to 1.3 knot speed increase the fans provide at
a given shaft rpm for the WPB can be obtained without the fans by increasing
shaft speed approximately 50 rpm.

In conjunction with the tcwing tests, the SES was brought alongside the
stopped WPB in moderate seas; the vessels were secured together while
personnel moved back and forth; and the SES cleared the WPB. This exercise
was conducted without incident. The WPB was observed to have a consicerably
greater roll motion than the SES when D.I.W. in the same sea.
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i T _—
(a) SES TOWPOST DETAILS WITH LOAD CELL
RIGGED FOR TOWING
)

(b) SES TOWING WPB 11 KNOTS

FIGURE 8. VARIOUS VIEWS OF TOWING TESTS
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BOLLARD PULL

The bollard pull test was performed at the Coast Guard Support Center,
Portsmouth, Virginia. The SES was secured by a line running from the towpost
to a bollard 150 feet aft of the craft near the end of a finger pier. The
pull force was normal to the axis of the pier and was measured by a lcad cell
inserted in the line at the towpost end. The test arrangement is shown in
figure 11,

LSRN

. <. h .

J R R e tee WAL
. . ee .
R . I

FIGURE 11. TEST ARRANGEMENT FOR BOLLARD PULL

The first condition tested was with the SES off cushion. The propulsors
were placed in ahead gear and the rpm increased in equal increments and
bollard pull measured at each rpm as steady conditions were reached. Test
results are presented in figure 12 with bollard pull as a function of shaft
rpm and shp. As indicated in figure 12, testing was terminated when the line
parted at 18,800 pounds pull at 440 rpm, The test was terminated due to the
potential enerqgy buildup in the line coupled with the closeness of the SFS to
other piers and vessels, creating a safety hazard. Therefore, the test
conditions planned with one engine operation and on cushion were not
performed. The bollard pull results are projected to higher values of rpm and
shp in figure 12, Bollard pull is usually limited by propulsion thrust
breakdown due to cavitation and/or surface ventilation. The point of thisg
Timit~tion was not reached during this test and is not considered in the
resuliant projection.
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FANS DE-CLUTCHED

@ LINE PARTED-TEST TERMINATED
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SPEED PERFORMANCE

Speed trials were performed with the SES at the normal operating
displacement of 272,000 pounds and at a simulated full load displacement of
314,000 pounds (42,000 pound payload). Torque was measured on one propeller
shaft along with fuel consumption on that propulsion engine and one fan
engine. RPM was measured on both propeller shafts and both 1ift fan shafts.
These measurements yielded sufficient information to ccmpute the total shp and
fuel consumption of the propulsion and fan engines for each test point. Each
test point was determined by averaging the results recorded during at least
one run in each direction over a 3000-foot-long measured courie along the
Chesapeake Bay Bridge Tunnel where water depth varied from 26 to 34 feet.
This relatively shallow water depth should have slightly improved speed
performance. The speed results, partially reported previously in the interim
report of reference 5, are presented in figures 13 and 14, The displacements
Tisted in figure 13 were adjusted from those listed in reference 5 following
the scale weighing of the SES. Figure 13 shows a total applied horsepower nf
3600 shp at a maximum speed of 33 knots and a distinct economical cruising
speed range of 22 to 29 knots. The dotted-line portions of the performance
curves of Figure 13 between 14 and 19 knots represent the speed transition
range from displacement to planing modes of operation. Performance
characteristics tend to be unsteady in this range and are impossible to
measure accurately; therefore, the dotted lines represent an approximation of
the magnitude of the subject parameters in this narrow transitional speed
range. Figure 14 shows an example of the contribution of the fans to the SES
speed performance and efficiency. Figure 14 is the result obtained when
leaving the main engine throttles at a fixed setting and incrementally
increasing fan rpm and therefore cushion pressure. The main engine shafts are
seen to increase in speed as the fan-generated cushion reduces vessel drag,
and therefore shaft loading, allowing increases in vessel speed. The speed
efficiency is seen to increase with fan rpm, but at a declining rate, as
maximum fan rpm is approached.
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BOAT: BELL-HALTER 110 FT. SES
DATE: 19-20 FEB 1980

DISPLACEMENT: 272,000 POUNDS 314,000
DRAFT (STATIC, MEAN) 7. 70 FEET 8.19
STATIC TRIM (REF. B.L.J=0. 6 (X BOW) DEGREES_-2.6(X BOW)
PROPELLER DIAMETER 41.9  INCHES ~ 41.9
PROPELLER PITCH — 50.5 ___ INCHES 50.5
— MEAN WATER DEPTH 27 FEET 27
2 : Y A
=
o ® ®
i v 240
O ~ *
? & 220 ?7
! 200 = c
E L~
.- & d 1 e =
S 160 —{% =
§ | LT el LT
140 - ® —
g L/ T e .//
b 120 : = T3 &
o 6*51«‘ -
b E 100 7
{2 & 76{/ e —-"-J\ g
oo 60 R aom Al . - =
booE R4V ER | ° <
; [T 40 {— g s < 7 c_tl
~J /' S
1 -~ L |
; 3600 Ve r O] o 5
| A 14 =
! 3400 g / Vd o
: Z / h— 5 %
. % e Q
3000 > 7 3
i 2800 =0 = A 4 o
‘ . L1 // 2
— 2600 + >
%) - /.)
y Z 2400 = v
‘, (e 7 ® _/O
/s // {
. w2000 B B T !
. Q T © !
= 1800 W{;jf A
o 1600 } 1000 |
% 1400 / O z b
: =] Q ] o= b
fww] - ——1"
E P 1000 5 I N N el A =52 z '
| 800 £ i 600 - =
! l ~ a.
400

u 10 12 14 16 18 20 22 24 26 28 30 32
‘ SPEED - KNOTS

L FIGURE 13. RPM, SHAFT HORSEPQOWER AND FUEL REQUIREMENTS AS A FUNCTION OF SPEED




g e e e T - - T
-k -n—-_“. . _ .
.‘k'
=
S
DISPLACEMENT: 273,000 POUNDS g i
150 3 ‘
Z o
: o 3
Ta 140 _, o 1
: ,//”//)J Eizg
4
] T 130
P— — 1 | =
* 120 ,
1800 ’
,///9 1700 i
//)3’ = 1
1 1600 & i
% k
]
| ,,,/”F/,l// 1500 4
] 1400 2,
/
] d
N 8.5 )
c§*<::
! 8.0
\ = .
S
\\\\ 7.5 g; !
5 2 :
AN 7.0 22 '
~N * 8\
\\\\\ I !
-l [ i
\*©\ 6.5 e .
- :
~ 1 _ & 6.0 E ||
5.5 L*
’,/43;"J3 750 - -
< s
_._’—43~'“"’/’ i 332: |‘
— 700 .5 :
o— a j
2 1
§ ) 650 o i
14 16 18 20 22 24 ;

SPEED IN KNOTS

e Al ad va

FIGURE 14. PERFORMANCE WITH FIXED PROPULSION THROTTLE AND VARYING FAN SPLEDS
65/66 Blank )




TURNING AND MANEUVERABILITY

The StES was operated through a series of left and right turns during which
the throttles (matched rpm's on propeller shafts and on fan shafts) and rudder
angle were held constant. Craft speed was held steady at the start of each
turn in groups of low, medium, and high speed runs  Turning diameter was
measured with a tracking system as the lateral di., .acement of the craft from
the course from which the turn was started to the parallel course through the
point where the craft had changed heading 180 degrees. Heading was monitored
with a MK 27 gyrocompass and time to turn 180 degrees was provided by the
tracking system printout. Wind and sea conditions were approximately calm
during these tests and tidal current, as judged by flow about a navigation
buoy in the area, was insignificant. Test results are not corrected for set
and drift, the effects of which were judged to be minimal. The initial
operating conditions, turning diameter, and turning time results are presented
in figures 15 and 16 for on-cushion and off-cushion operating modes. The SES
is seen to turn slightly better to the left for a given rudder setting at the
Tow speed and slightly better to the right at medium and high speeds. The
off-cushion tests (figure 15) were restricted to 13 knots which was judged to
be the maximum safe speed for the structural integrity of the stern seal.

N

o

Maneuverability of the SES was judged qualitatively when winding or

i rotating about a vertical axis amidship utilizing engines only and during

; various and numerous docking procedures. Winding on engines only is easily
performed either on or off cushion with a greater degree of control in the
off-cushion mode. At and near pirrs and other vessels (at close quarters) the
! SES handles in a controlled and predictable manner. When subjected to high

‘ crouss wirds, or gusty winds in gcneral, low speed maneuverability and control

! is superior in the off-cushion mode. At higher than docking speeds, control

on or off cushion is <*wply a matter of steering through the maneuver required.
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DIRECTIONAL STABILITY AND IMPAIRED ENGINE TESTS

A quantitative measurement was made of the directional and control
stability characteristics of the SES when operated in the normal (on-cushion)
mode, off-cushion mode, and with simulated engine failures. These tests were
conducted in calm seas. Test procedure for each operating mode was to
demonstrate ability to keep a straight course, then perform a zig-zag maneuver
followed by a return to the straight course. Figures 17 to 23 present time
histories of the SES response to these test procedures. Rudder angle is the
operator input required to bring about the craft response, measured at the
rudder. Boat heading is degrees of yaw to the left or right of the original
course that the craft makes in response to the rudder input. Rudder angle and
heading are plotted versus time from the start to the end of the maneuver.
Craft speed at the start, propeller and fan rpm, and operating mode are
stipulated on each figure. These results show that the SES is capable of
straight course keeping and zig-zag maneuvering when on or off cushion and
with one or two fans impaired and with one main engine impaired.

Dieudonne spiral maneuvers were performed with the SES for the various
operating modes and simulated engine impairments. This maneuver consists of
turning from a straight course, while maintaining fixed throttles, in small
increments of rudder angle to full rudder in one direction, then in increments
to full rudder in the opposite direction, and finally back to the starting
position. Each incremental rudder setting is held until a steady rate of turn
is achieved and recorded. When the resulting rates of turn are plotted versus
rudder angie, ideally stable steering characteristics are exemplified by a
straight line that passes through the 0,0 origin. Deviations from the ideal
are revealed by non-linearity and "hysteresis loops" in the rudder angle-turn
rate relationship.

Spiral maneuver test results are presented in figures 24 to 30. Figures
24 and 25 are for normal, on-cushion operation at medium and high speed.
Figure 24 (medium speed) shows good symmetrical rudder response with a slight
breakdown at extreme left rudder probably due to some venting. Figure 25
shows good response to small rudder angles but increased breakdown at large
rudder angles due to the higher speed. Figure 26 shows slightly better
results at the same speed as figure 24 with one 1ift engine secured. The
siight improvement may indicate cushion air pressure is a factor in rudder

performance due to its contribution in the venting process. Figures 27 and 28
show results with simulated engine impairments.

As would be expected, steering performance declines rapidly when turning
away from the side with the secured propulsion engine. Figures 29 and 30 give
results for off-cushion operation. Figure 29, normal off-cushion operation,
shows results similar to on-cushion operation. Figure 30, off-cushion with an
impaired propulsion engine shows better results than on-cushion (figure 27)
and similar to on-cushion with one impaired 1ift engine (figure 28). Previous
comments concerning forced ventilation probably also apply in this case.
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SPEED AT START OF MANEUVER: 11 KNOTS
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SPEED AT START OF MANEUVER: 10 KNOTS
SHAFT RPM: PORT 580, STARBOARD DE-CLUTCHED
FAN RPM: PORT AND STARBOARD DE-CLUTCHED
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ACCELERATION-DECELERATION

The time required by the SES to accelerate to high speed and decelerate
from high speed for several modes of operation was determined using
time-history recordings from a tracking system. The test results are
presented in table 8 and are the average of 2 or more events for each
operating mode. The results show that if an operational requirement exists to
rapidly accelerate from rest or low speed to high speed, the cushion pressure
must be maintained sufficiently high to keep the aft seal clear of water.

This condition is maintained with a minimum fan speed of approximately 600
rpm. The aft seal must be cleared before high speed operation or seal damage
will result due to the large mass of water trapped within the seal bag
geometry (see figure 3). The SES requires approximately three times as long
to accelerate to high speed from the flooded seal status. There is only a
small difference in decelerating to rest from high speed between maintaining
and cutting fan power when cutting propulsion power. As would be expected,
maintaining fan power while decelerating results in longer deceleration times.

A R SRl s SERETOL PP TN RN g 11 DAY
«eallad o vmateisad bl ] ¥




s N

S s -u - AL

RS S e e e

o

TABLE 8
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ACCELERATION - DECELERATION TESTS RESULTS

TEST CONDITON CRAFT SPEED - KNOTS

INITIAL | FINAL

ELAPSED

TIME - SEC__

AT REST WITH AFT SEAL CLEARED OF WATER
(FAN RPM 1280), ACCELERATE TO HIGH 0 29.3
SPEED - AVG. OF 4 EVENTS

79

AT REST WITH AFT SEAL FLOODED WITH
WATER (FAN RPM 0), CLEAR SEAL OF 0 o5 g
WATER AND ACCELERATE TO HIGH SPEED - )
AVG. OF 2 EVENTS

204

ACCELERATE TO HIGH SPEED FROM AN
AHEAD IDLE CONDITION (FAN RPM 590, 6.3 26.6
PRCP SHAFT RPM 250), - AVG. OF 2 EVENTS

DECELERATE FROM HIGH SPEED TO REST BY
CUTTING POWER TO BOTH PROPULSIUN AND 28.3 0
FAN ENGINES - AVG. OF 3 EVENTS

DECELERATC FROM HIGH SPEED TO REST BY
CUTTING PQWER TO PROPULSION ENGINES 27.0 0
ONLY (FAN RPM HELD AT 1590), - AVG. )
OF 2 EVENTS
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NOISE

Ambie 1irborne noise level was measured at seven locations on the SES

for ©= e 'ds of advance and at rest with only the fans operating.

Me ere made with a 1/3-octave band analyzer and the results are

r frequency bands from 0 to 16 kHz. All pass and A-weighted,
wh ¢s Speech Interference Level (SIL), are presented in tabular
form. .. he results. The results are presented in figures 31 through 40 as

noise lev .1, in dB, for each 1/3-octave band center frequency with the SES
operating at low, medium, and high speed and at two fan speeds at rest. The
Occupational Safety and Health Administration (OSHA) occupational safety and
health limits (reference 6) Timiting curve is superimposed over the results
and the equivalent dBA (A-weighted) value and the hour-per-day exposure limit
is listed. Pilot house, passenger compartment, and galley area noise levels
are within safe limits where ear protection is not required for up to 8 hours
per day exposure (figures 31 to 33). These three areas are also below the
OSHA 24-hour exposure limit of 82 dBA. Fiqure 34 is medium speed noise level
in the galley area with the centerline passageway door closed. Comparing
figure 34 with the medium speed results in figure 33 shows nearly identical
results, indicating noise is reaching this area primarily via structural
paths. Figures 35 through 38 show that ear protection should be employed in
the engineroom and all outside on-deck locations. Figures 39 and 40 present
noise levels in the passenger compartment and outside on the main afterdeck
with the SES at rest (main engines secured) and the fans operating at the same
rpm as when underway at low and medium speed. Comparing these results with
underway results indicates that above maindeck level (inside or outside the
deckhouse) the primary source of noise is from the 1ift fans.
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WAKE HEIGHT

The height of the maximum wave(s) in the wake of the SES was measured at a
point 150 feet from the straight path of the craft. Measurements were made
with a calibrated wave buoy as the SES passed in an otherwise calm sea at low,
medium, and high speed both on and off cushion. The wake height results are
presented in table 9. The size of the wake was found to be nearly independent
of speed at speeds higher than 6 knots. At low speeds where there is an
option to operate either on or off cushion, on-cushion operation results in

slightly less wake.

TABLE 9. 110 FT. SES WAKE WAVE MEASUREMENT
FOR VARIOUS SPEEDS AND CONDITIONS

APPROX. SPEED | SHAFT RPM | FAN RPM MAX. WAKE WAVE SIZE
KTS. FROM MEAN, FT. | PEAK TO TROUGH, FT.
6 245 NO LIFT 1.0 2.0
12 540 NO LIFT 1.7 2.9
10 430 1210 1.6 2.4
19 710 1320 1.6 2.5
24 750 1510 1.3 2.2
29 870 1765 1.6 2.9

*EEASUEED WITH A WAVE BUOY AT A POINT 150 FT. NORMAL TO THE STRAIGHT PATH
F THE SES.
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SCALE WEIGHING

The SES was scale weighed with USN load cells at Halter Marine Inc.
facilities in New Orleans, LA, two months following the conclusion of at-sea
testing in the Norfolk area. The craft was lifted with the normal Halter
Marine hoisting gear that is comprised of fore and aft 2-legged cable bridles
attached to the ends of a ridged spreader structure that in turn has fore and
aft cables that terminate at the single crane hook. Calibrated load cells
were inserted in the aft bridle legs with compensating length links in the
forward legs. A lift was made and a measurement of load recorded along with
the hoisting gear geometry. The procedure was then repeated with the load
cells exchanged with the compensating links. The resulting measurements were
resolved into a total weight of the SES, as hoisted, of 261,400 pounds and «
corresponding LCG location 15.41 feet forward of the aft hoisting points
(46.41 feet forward of the transom, frame 15). This weight includes 38,200
pounds of licwids aboard during the weighing that was the sum of the following
components: 3,100 1bs. of potatle water; 12,400 1bs. of fuel; 11,000 lbs. of
ballast water in tanks; 9,200 los. of bilge water in various compartments and
sewage; and 2,500 1bs. of water in a flooded compartment over the starboard
propeller. When weighed, the SES was outfitted the same as during the
February - March 1980 trials with the following two exceptions: (1) less an
inflatable boat with outboard motor , etc. (approximately 250 pounds); and (2)
less U.3.N. test gear, instrumentation, and spares (approximately 1,500
pounds). The average trial displacement was 272,000 1bs.
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RELIABILITY, MAINTAINABILITY AND MAINTENANCE

During the 30-day test period in the Norfolk area an assessment was made
of SES reliability and maintainability. Due to the short test time, a
complate assessment could not be made but trends could be identified.
Corrective and preventive maintenance data were collected along with all
failure data. These results are reported in Appendix B. A block-time chart
of a simulated ferry operation is included in Appendix B.

VESSEL MANNING AND HUMAN FACTORS

A survey of the SES was conducted both in port with a cold plant and
underway during the simulated ferry operation to determine manning
b requirements for a civilian passenger ferry and a Coast Guard patrol boat.
| Areas of the craft which should receive detailed human engineering design
r effort were identified. This evaluation was performed by the U.S.N. Personnel
and Training Analysis Office (NAVSEA O5LIC). The PATAQ report is included in
this report as Appendix C.
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DISCUSSION

The evaluation of the qualities of any marine vehicle can be directed in
many different directions and usually results in the comparison of one or more
performance parameters with those of other craft of similar type and design.
The Bell-Halter 110-foot SES, a large-displacemen: sidehull surface effect
ship, is a unique type and design of operating cri¢’t and therefore performance
comparisons within a family of similar craft is not possible, Several
techniques have recently evolved that permit the comparison of basic
performance parameters, in a normalized or non-dimensional sense, for marine
vehicles of differing design types and differing size and displacement
classes. The latter is important because of the scarcity of published
quantitative test results for all types of craft. A presentation of
comparative smooth water performance and load carrying capability of the SES
is given in figures 41 and 42 utilizing a format and some of the results from
reference 7. A comparison of SES ride quality with those of a diverse group
of other vessels is presented in figure 43 in a format and with results from
reference 8. The results in those figures are derived from actual trial
measurements and are not theoretical or model predictions.

Comparative smooth water performance, tigure 41, shows the non-dimensional
speed-power results for the SES and 82-foot WPB compared with similar type
results for 10 other craft ranging in size and type from a 25-foot surf rescue
boat with a hybrid stepped hull and hydrofoil to a 165-foot patrol gunboat
with a displacement hull. The format is a transportation efficiency
coefficient versus speed coefficient (volume Froude number: Fy) computed
from displacement, speed, and power factors. The several lines in figure 41
labeled for different hull types and that tcqether form an approximate
diagonal on the figure, represent an indication of current state-of-the-art
performance. The SES, especially when normally loaded (no. 1), is clearly "in
advance" of the state-of-the-art in this comparison. The LCVP(K), no. 10, is
included here because it was a prototype surface effect vessel (circa 1963)
that nad thin sidewalls, an articulated hinged flat bow seal to contain air
ducted beneath the hull and was termed an “air lubricated hull." The other
craft presented in figure 41 are generally open water patrel craft with top
speeds that meet or exceed that of the SES.

Useful Joad as a percentage of design displacement (load fraction) is
presented as a function of Fy for the SES in comparison with 10 other
craft in figure 42. Results for some of the craft, like the SES, are
presented for several different loads. The design condition (240,000 1bs.)
for the SES was projected from the results of the heavier conditions that were
tested. Useful load in this figure includes fuel, potable water, ship's
complement and effects, stores, and military payload, if any. The SES
compares less faverably as a load carrier than the several moderate deadrise
planing hulis CPIC(X), 80 ft. PTF, LCSR(L) in a similar or higher speed
range. These three craft each are equipped with high power-density,
sophisticated propulsion systems. If the SES was similarly equipped, its
relative position on this speed-load fraction comparison would be considerably
improved. The comparative vessels in this figure range from the heavy
displacement landing craft LCM-8 to the 1ightly loaded deep vee harbor
security HSPB.
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Ride quality in a marine vehicle is always a difficult parameter to
quantify because so many factors such as vessel size, speed, weight, sea
state, and motion interact to affect ride. The ride quality criteria
presented in figure 43 is based on an assumption that has evolved from varied
combatant craft experience that the upper limit of acceptable c.g.
acceleration is an average of the 1/10 highest accelerations equal to 1 g. 1In
figure 43, if a vessel's top speed in the seaway is less than its position on
the plot with respect to the "design speed", the vessel under those conditions
is within the criteria. For example, the SES operated approximately 26 knots
in (head sea) sea state 4; the SES falls on the 30-knot "design speed" line;
therefore the SES is within the criteria. The other craft shown are also
within the criteria except the PTF OSPREY, a known "hard rider," and the
LCVP(K). The LCVP(K), with a top speed in rough water in excess of 21 knots,
is in excess of the criteria. The KNOX class FF-1052, a displacement ship, is
included to demonstrate the extreme; it would react to a sea state 3 or 4 as a
small craft would to a near calm., This criteria is based on accelerations
only and does not allow for pitching and rolling motions per se. Therefore,
the 82-foot WPB ranks well within the ride criteria which are not affected by
the previously discussed large WPB roll motions. The displacement-sea state
chart at the top of figure 43 gives the approximate sea state condition
associated with the vessel points below. The SES, at 121-ton displacement,
projected upward falls within the sea state 4 area; which, in fact, was the
sea state measured during the trial condition represented. The LCVP(K), at
14-ton displacement, is in excess of the criteria in low sea state 2, and the
82-foot WPB would be expected to exceed the criteria in mid-sea state 3 at a
speed of approximately 24 knots. The displacements of the other vessels
plotted are tabulated on figure 41 except that for the FF-1052 which is
approximately 4000 tons.
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CONCLUSIONS

The test results indicate the Bell-Halter 110-foot SES is an effective and
able marine vehicle that warrants consideration for varied future military and
civilian applications.
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APPENDIX A

SEAWORTHINESS TEST RESULTS FOR THE BELL-HALTER
110-FOOT SES AND 82-FOOT WPB IN
SEA STATES 2 TO 4
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APPENDIX A

Seaworthiness Test Results for the Bell-Halter 110-Foot SES
and 82-Foot WPB in Sea States 2 to 4

The following pages present more cumprehensive seaworthiness test results
| than those presented in the main report. The data is presented in order of
L ascending sea states and grouped by test dates. Where applicable, SES and WPB
data is arranged for easy comparison. Data is presented for 52 runs of the
SES with 30 of the runs side-by-side with the WPB,
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The aforementioned statistical results are repeated along with a listing
of mean value, number of peaks, and root mean square (rms) value for each
parameter during each trial run. The rms values present a measure of relative
energy content experienced during the run (and between various runs) among
parameters of similar units (pitch and roll angles in degrees, accelerations
‘ in g's). A chronological listing of each peak and each trough, for each
) parameter, is included (starting from the beginning of each run up to a
F‘ maximum of the first 16 data points) that gives a sense of the sequential
S occurrence of events during the run. A ranked listing of peaks and troughs is

also presented for each parameter starting with the largest magnitude measured
during the run and progressing down through a maximum number of 16 data points.
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APPENDIX B

Reliability, Maintainability and Maintenance

B-1. General. This appendix reports the measured and observed reliability,
maintainability, availability and required maintenance during the Surface
Effect Ship's test period. Prior to the test period the SES had accumulated
approximately 712 hours of operation. During the test period the SES operated

116 hours,

B-2. Procedure, Prior to the start of the evaluation, discussions were held
with the crew to ascertain the condition of the machinery plant and all other
operating systems onboard the craft including hull integrity. Equipment
failure and maintenance problems experienced prior to the test were discussed
with the Captain and Engineer in general terms since no official records were
available. These discussions indicated that the highest failure item has been
the raw water pump impellers and strut and hull cracks in the after
structure. Design changes in the after hull structure were made to eliminate
this problem, i.e., relocate fuel tanks to the lazerette and make them
non-integral in lieu of integral. The total down time and effect on
experienced and potential operation is unknown to this activity.

During the entire evaluation period all operation and maintenance data was
collected on a daily basis and an assessment was made of the effect that any
failure or degraded performance had on the ability to get underway for the
daily test procedure or to achieve a mission related requirement, During the
test period one critical fajlure and four major failures occurred. A critical
failure is defined as or~ which results in the ship's inability to get
underway or perform to Tull design potential. A major failure is one which
causes a significant reduction in the capability of the ship.

B-3. Design Considerations

B-3.1 Design. The hull construction techniques are typical of qulf coast
constructed crew boats, i.e., a combination of continuous and intermittent
welding at random spacing., Many of the observed intermittent welds have
developed hairline cracks at craters at weld terminations. The welds crater
cracks were observed throughout the craft where intermittent welding was used.

B-3.2. Machinery. The propulsion and 1ift fan engines are conventional
diesel and can be found in both military and crew boats around the world.
Detroit Diesel engines, of the types installed, have accumulated thousands of
operating hours in various marine environments. Other support systems are
common in military and crew baats and represent production standards in design
and fabrication. The exception to military standard is the use of black iron
pipe in the piping systems of the SES.

B-4. Failure and Maintenance Data. During the test period all failure and
maintenance data were collected. 1In addition the crew was interviewed each
morrning prior to underway operations to determine what preventive maintenance
had been performed as a result of the prior day's operations. All preventive
maintenance was of a routine nature with no unusual maintenance requirements.
Failure data is shown in figure B-1. The only item not shown is the
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development of a hull crack in the port underwater hull, This crack leaked
constantly and was patched by a diver with a temporary patch. The leak did
not endanger the crew or craft and was contained within the after port rudder
compartment, The stern seal developed a split which was first observed to be
approximately 6 inches long. This split had grown to several feet in length
at the cempletion of the test. The hull crack was not observed by the test
activity and the split in the skirt was not actually measured.

B-5. Reliability and Maintainability. As a result of the short test period
and a Timited data base, statistical projections have not been conducted to
predict the overall reliability and maintainability of the SES. It would be
more appropriate, however, to provide an objective overview of the SES as
compared to other craft that have undergone extensive test and evaluation
programs. The SES performed as well as any other craft that has been tested
and the failure rate of equipment is much lower than previously tested craft;
however, this craft has had a year shakedown prior to this test and has been
in actual operation as a crew boat. Therefore, the failure rate should be
much lower than a prototype boat or craft. The SES is considered, based on

the test period, to be maintainable and reliable. It is recommended, however,

that the hull structure undergo a design review prior to any procurement
action by the U.S. Government.

B-6. Simulated Ferry Operation. The SES was made available for VIP use on
28 February 1980. During that underway exercise a simulated ferry operation
was undertaken. Figure B-2 depicts a block time chart of that exercise.

B-2
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FIGURCZ B-1

EQUIP FAILURE DATA CRITICAL MAJOR MTTR HRS
RAW WATER PUMP RAW WATER PUMP 2/25/80 X .3
IMPELLER- IMPELLER FAILED.
GENERATOR REPLACED WITH

ONBOARD SPARE.
RAW WATER PUMP RAW WATER PUMP 2/27/80 X .3
IMPELLER- IMPELLER FAILED.
GENERATOR REPLACED WITH

ONBOARD SPARE.
GASKET-TURBO TURBO-CHARGER 2/28/80 X 1.0
CHARGER STBD GASKET LEAKING

AIR. REPLACED

WITH ONBOARD

SPARE.
TURBO CHARGER, EMERGENCY SHUY- | 3/1/80 X 2.01
STBD ENGINE DOWN MECHANISH

SHAFT FAILED

ALLOWING THE

FLAPPER VALVE

ON AIR INTAKE

PASSAGE FROM

THE BLOWER 70

GO TO THE CLOSED

POSITION WHEN

TURBO CHARGER

CAME ON LINE,

SHUT FLAPPER

CAUSED TURBO

STALL AND OVER-

HEAT
FLAPPER VALVE, SEE ABOVE 3/2/80 X 1.0
BLOWER, STBD

1 DOWN TIME - 24 HRS AWAITING PART AND MECHANIC.
REPLACED AND FLAPPER REMOVED.

REPLACEMENT; EST TIME 1.0 MTTR HRS.

B-3
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APPENDIX C!

Vessel Manning Standards and Human Factors Considerations

C-1. PURPOSE AND SCOQPE

A. The purpose of this section is to develop and document preliminary
quantitative manning estimates and to present findings on a brief human
engineering design survey for use by the interested activities in projecting
operational manpower estimates for their respective uses of the craft.
Qualitative manning requirements have also been projected to the extent

possible, where appropriate.

B. The scope of the following report in regard to both manning requirement
determinations and human engineering efforts will be limited to areas
concerning basic craft operation and maintainability while in operation. It
will exclude considerations of potential weapon systems and shore based

maintenance support personnel,

C-1I. APPROACH/METHODOLOGY

A. Data gathering for use in the development of this section included the
following:

1. An initial visit to NAVSEADET, Norfolk, for briefing on the SES Test
Program and initial planning in regard to testing purpose, scope and protocol.

2. Familiarization with the SES through the examination of manufacturer
supplied reports, technical and engineering drawings and documents on
development, performance and intended uses.

3. An initial familiarization visit to the SES at the Bell-Halter
industrial facility at New Orleans, LA, while the craft was out of the water
for inspection and repair.

4. Observations and data gathering while the craft was in operation
during the test period at the Naval Amphibious Base, Little Creek (Norfolk),
VA. Included were observations of pilot house and engineering spaced
activities while underway. The following evolutions were observed:

a. Getting underway
b. High speed maneuvering

¢. Low speed maneuvering
d. Personnel transfer via hoist from the boat to a stationary

facility at sea (basket hoist to Chesapeake Light Tower)
e. Open water operation of the craft by inexperienced personnel at
maximum cruising speed
f. Docking and securing
5. Discussions with the Bell-Halter crew and with pertinent test

personnel,
6. Review of U.S. Coast Guard (Federal) regulations pertaining to

operation of small passenger vessels,

7. Discussion with U.S. Coast Guard personnel familiar with the operaticw

and manning of the 95-foot patrol boat (WPB).
B. Analysis of data assembled and development of preliminary manning

estimates included the following assumptive parameters:

! Pprepared by: Perscnnel and Training Analysis Office (NAVSEAO5SLIC),
Washinoton Navy Yard, Washington, D.C.
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1. The projected USCG patrol boat and commercial ferry craft would
utilize the same basic hull size/design and propulsion systems as currently
configured, (Bell-Halter Hull #1). It is recognized that utilization of the
Bell-Halter SES as an LCM-9 type craft would require drastic reconfiguration
| such as installation of bow or stern ramp, resituation of pilot house, etc.

2. The projected operational environment and mission of the SES utilized
as a USCG patrol boat would be the same as that of the 95-foot WPB.

3. Manning recommendations for the craft uses addressed would only
include craft operations. Corrective Maintenance (CM), Planned Maintenance
(PM), and Facilities Maintenance (FM) analyses would not be conducted as
insufficient data exists to adequately project workload estimates in these
areas.

4. The commercial ferry version will be assumed to remain under 100 gross
tons and remain within the provisions of the Code of Federal Regulations
(CFR), title 46, subchapter T. No weight limitation will apply for a military
configuration of the craft.

5. The commercial ferry version would operate within protected or
partially protected waters as defined in the CFR, title 46, subpart 178.05,
and the duty day for craft operation personnel would be less than 12 hours.

C-ITI. MANNING ANALYSIS

A. Commercial Passenger Ferry Craft

1. Discussion: The Bell-Halter SES, configured for the conveyance of
approximately 275 passengers on a frequent, scheduled basis would be
designated as an "L" vessel? under U.S. Coast Guard regulations for small
passenger vessels. Upon USCG inspection of the craft, prior to it being
placed into service, the Officer in Charge, Marine Inspection, will
certificate the craft in accordance with "L" vessel requirements for the
appropriate minimum qualitative and quantitative composition of the crew.
Establishing the minimum crew composition is a judgemental determination based
upon many factors, including, but not limited to, projected operating
scenario, number of passenger spaces and ingress/egress routes, particularly
in regard to emergency egress, and other considerations primarily involved
with proper navigation and operation of the vessel and necessary protection of
the vessel and passengers during emergencies.

At the time of testing, within an anticipated ferry operating scenario,
the SES is certificated for the conveyance of 57 passengers with a crew
consisting of one ocean operator and two deck hands for one "watch", or a duty
day of 12 hours or less. During a duty day two operators would be primarily
involved with operation/navigation duties in the pilot house. The deck hands
fulfill two functions: general engineering/boatswain duties; and duties
involved with seeing to the safety/survival needs of the passengers in
emergency situations. As the number of passengers increases, it must be
assumed that the required number of deck hands or attendants will increase, as
determined by the inspecting officer, although not necessarily at the same
arithmetical rate,

Passenger seating is centrally located aboard the craft in a dedicated
space and passengers are requested to remain seated during transit periods,
except for use of the restroom, etc. No passengers are permitted below decks
or outside of the passenger cabin during operation. This concept would best

2 In general: > 65 ft in length, < 100 gross tons, and carries

passengers for hire
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be adopted for commercial ferry operation as it confines the passengers to a
space where they cannot only enjoy maximum comfort and safety while underway,
but they would also be able to more readily receive instructions and
assistance in any emergency situation.

2. Findings: The Bell-Halter SES has been operating for over a year,
involved with the conveyance of “passengers" in its crew boat utilization. As
far as minimal “"operational" manning requirements are concerned, the
in-service record of the SES has confirmed that a crew of three personnel, in
quantitative terms, can adequately handle the conveyance of up to 50
passengers. In actual practice, one of the two "deck hands" functions
primarily as an engineering watch stander while the craft is underway insuring
proper functioning of the propulsion, 1ift and auxiliary systems.

In passenger ferry usage, with increased ship power production, passenger
support systems and other auxiliary systems requirements, one crew position
should be dedicated to an engineering spaces watch. This assignment would
bring the operational crew minimum to four, prior to the consideration of
additive manning to directly support 225 additional passengers. Table III-]
outlines the operational manning projections for a commercial fervy version of
the SES.

Beyond basic operational requirements, the addition of 225 passengers, by
extending the passenger cabin aft for added seating space and restrooms, etc.,
will obviously necessitate additive attendant manning. The total number
required would have to be a best estimate at this point, based on an
individual viewpoint, because of undefined factors such as duration of
passage, ingress/egress design, state or local requirements, union agreements,
if applicable, concessions anticipated, ticket/pass taking methods, etc.
However, the primary factor driving attendant manning will be the assurance of
the minimum number of personnel required to see to the safety, rescue and
survival of the passengers in all emergency situations. Using safety as a
baseline for the purpose of making a projection, and assuming that additional
25-man inflatable life rafts (2 currently aboard) would be required to support
30-50% of the maximum passenger capacity, &n estimated 2 to 3 additional crew
members would be necessary. Each deck hand and attendant would be responsible
for deployment of a raft and seeing to its orderly occupancy.

B. U.S. Coast Guard Patrol Boat Operational Requirements

1. Discussion: At present, the 95-foot WPB performs its assigned mission
requirements with a crew of 154, Current standard composition of the WPB crew
is as follows:

Current U.S. Coast Guard 95-Foot WPB Manning

Commanding Officer

Quartermaster

Boatswain's Mates (2)

Machinery Technicians (4)

Electrician's Mate

Seamen (4)

Ship's Cook
Basic craft operations while underway are performed with three watchstanders
rotating 8 hours during a 24-hour duty day (4 hours on - 8 hours off). The
watch positions consist of an Officer of the Deck {00D), a Helmsman, and an
Engineering Watch, requiring an operational total of 9 personnel. The
additional quantitative manning is required for the performance of special
evolutions involved with the WPB mission, such as law enforcement, boarding,
rescue operations, etc. The cook is primarily for crew support and his duties
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are obvious, The qualitative composition of the WPB particularly in the
engineering area is driven not only by required maintenance capability while
underway, but also by preventive and corrective maintenance requirements while
in port - areas not addressed in this report.

2. Findings:

a. Based on observations of SES underway operation, the estimated
crew requirements for its use as a replacement for the 95-foot WPB are well
within the capability of the currently authorized crew. Although the SES is a
product of both innovative design and “state-of-the-art technology," its
operation with conventional skills, particularly those found aboard the WPB,
will only require minimal training and orientation. The helm of the craft
employs conventional or near conventional controls and its engineering spaces
employ conventional power plants (the SES propulsion engines are the same as
those uytilized in the WPB).

b. Table III-2 contains recommended manning to perform craft
operations of the SES as configured for WPB usage. Included is manning
necessary for three, three-section watches. Also included is a Commanding
Officer as this position is considered necessary for crew supervision/
management and making executive decisions on mission responsibilities and
special evolutions, as necessary. Rationale for the estimated rating mix is
included in the primary responsibilities of each billet within Table III-2.
It should be pointed out that alterations in the skill mix may be necessary if
significantly different equipment is installed due to changing operational or
mission requirements,

¢. Training and orientation for operation of the SES by an
experienced WPB crew will largely be involved with familiarization with the
pilot house controis, (particularly the 1ift system controls), and engineering
orientation training on 1ift engines and fan maintenance.

C. Use of SES by the U.S. Navy as a Landing Craft (LCM-9)

1. Discussion: The U.S. Navy is interested in a reTatively fast landing
craft as a replacement for the LCM-8, to support amphibious assault operations
in the 1980's and 1990's. The role of the LCM-9 will be that of a minimally
manned craft capable of delivering a heavy payload in heavy sea and surf
conditions. The LCM-9 will be required to perform several varied Fleet

support roles, such as:
a. Conduct towing/salvage/rescue operations
b. Provide sealift for cargo and personnel
c¢. Conduct search and rescue operations

d. Provide Fleet training services
e. Provide disaster assistance including evacuation and transporation

of casualties
f. Serve as a platform for diving operations

The LCM-9 will be required to operate in normal marine environment for
ships and craft. In addition, the craft must be capable of maneuvering into
and out of well decks ot amphibious ships, as well as transiting a surf zone
to Toad/unload troops and cargo. The ability to maneuver in a well deck
requires that engine exhaust gases be minimized to prevent harmful
concentrations, and that the structure be rugged or sufficiently protected in
order tu withstand hull damage from contact with well deck sides. The craft
will also be capable of approaching the beach sufficiently close so that
troops/cargo can be safe’y offloaded.
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Manning of the craft will be kept to the minimum required to operate the
craft. In executing its wartime mission, the crew members should be trained
to act as a homogeneous unit with each member able to assume other crew
member's duties in a casualty situation. Because of this concept it would be
difficult to segregate purely operational duties from those involving defense,
communication, etc. Therefore, the recommended operational crew will show a
complete, estimated manning complement.

2. Recommendation: Based upon a minimum manning concept with the ability
to accompTish its assigned mission, LCM-9 (SES) estimated manning is contained
in Table I11-3.

C-IV. HUMAN ENGINEERING SURVEY OF THE BELL-HALTER 110-FOOT SES

A. A brief survey was made of the Bell-Halter 110-foot SES while the craft
was underway conducting a Coast Guard demonstration run. The major objective
of the survey was to examine the current craft design in order to provide
recommendations for the human engineering design effort which would be
required if the craft were reconfigured as a commercial passenger craft or as
a Coast Guard patrol boat.

B. The following comments resulted from the human engineering survey of the
Bell-Halter 110 foot SES.

1. The controls and instruments in the pilothouse should be rearranged
for more effective operation., At present they are generally too spread out
and not logically organized. For example, the 1ift control and the engine
controls are located on opposite sides of the wheel such that when the
operator is adjusting 1ift and propulsion at the same time, the wheel is not
under control. Consideration should also be given to increasing the angle of
the instrument panel.

2. The 1ift and propulsion engine tachometers are located appropriately
with respect to the operator's primary visual field, but they are arranged in
a pattern different from the pattern of the controls.

3. Switching main engine control is done by depressing a control at the
station where propulsion control is wanted. The control, unfortunately, is
the size, shape, and located such that it can easily be accidently depressed,
resulting in the loss of control at the station where it is expected. This
control should be guarded to require more positive action.

4, Visibility from the pilothouse is generally excellent during daylight
hours. At night, some interior indicators are too bright for good dark
adaption and some cast glare on the windows.

5. More upward visibility from the pilothouse aft steering station would
be desirable for the craft in its present mission and should be considered in
potential missions.

6. Markings on hatches to show the OPEN or LQOCK position of handles would
be desirable.

7. A ladder up to the escape hatch from the engineroom would be
desirable. The escape hatch in the aft-most compartment is now partially
blocked by a recently installed fuel tank. A big man would need considerable
adrenalin to get out of this hatch very rapidly.

8. Cables and pipes throughout craft need marking for identification,
j.e., system, circuit, vpltage, pneumatic hydraulic, pressure level, fuel,
lube, direction of flow, etc.
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9. At present, the engineer must rove the engine compartment to check
gauges and instruments and must compare readings from instruments in several
locations. In addition, to check a cooling pump temperature, for example, he
must crawl out on to the enaines and check the temperature with his hand.
This involves a certain amount of risk. Recommend that sensors be installed
to measure required engine and electrical functions and that this information
be brought tcgether into a central, integrated engineering panel, with
engineroom circuit breakers and bridge communications.

10. While two separate radar systems are desirable from a
redundancy/reliabijlity point of view, consideration should be given to
relocating one CRT to the navigator's area.

11, There was no built-in fire protection or fire suppression system seen
in the craft.

12. Walking around inside the craft, while underway, is a little tricky in
spacious compartments, at least for lubbers. The craft should be provided
with installed hand grabs or rails so that passengers or crewmen can move
around as necessary.

The human engineering considerations identified above are merely examples of
some of the problems which appeared in a brief survey of this craft. If
designed as a Coast Guard patrol boat, additional study areas would need to be
considered, both in regard to militarizing the craft and to the installation
and manning of mission equipment. Still other areas would need to be examined
were the craft to be configured as a commercial passenger craft.

There are a number of human engineering standards used to guide the design of
military hardware which are equally applicable to civil hardware since the
standards are oriented to function, mission, and environment. These standards
include MJL-STD-1472B, "Human Engineering Design Criteria for Military
Systems, tquipment and Facilities"; MIL-STD-759, "Human Factors Engineering
Design for Army Material"; and, Air Force Systems Command Design Handbook,

DH 1-3, "Human Factors Engineering",

It is critical that the human engineering effort begin in the very ealy
stages of a system design program. Professional human engineering effort in a
program appropriately starts during the preparation of the contract and
proceeds throughout design and tests and trials. Human engineering technology
sgr:eE 1ittle purpose after the craft design is frozen, except to document
mistakes.
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