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ABSTRACT

During the evaluation of the joint Army/Navy Balloon Tramsport System
conducted off of Green Beach, Ft. Story, Virginia, the David W. Taylor Naval
Ship Research and Development Center (DINSRDC) was tasked to measure ship B
motions on some of the vessels used in the operation. The vessels instrumented
by DINSRDC were the Army's BDL “LT. COL. JGHN U. D. PAGE," the LST 1180 "usS
MANITOWOC," and two Navy 1LCUs of the 1610 series (1658 and 1659). Two princi-
pal configurations to remove Milvan conteinevs from the vessels were investi-
gated. The first was a ship to shore maneuver for which DINSRDC instrumenced
the BDL and the LOU 1659. The second was a ship to lighter operation for which
DTNSRDC recorded ship motions on the LST 1180 and the LCUs 1658 and 1659.
Throughout the operations, the motions of the vessels investigated were, in
general, rathay small with the largest motions occurring aboard the LCUs when
they ware fendered off of the larger BDL and LST with Yokohama pneumatic
fenders. The vesgsel umotions were not the limiting factor im the operatiom of
the balloon transfer system. Observations indicated that the ability to get
the vessels iato the proper position and westhexr aperationéi linits of the

balloon were of greater significauce in the succeasful transfer of Hilvag

containers from the vessels,
ADHINISTRATIVE IMFORMATION

Thia work was authorized by the Naval Facilities Eagiueering Comuand
Work Requast WR G050 and identified as Work Uait 1-1175-128.
/’/
INTRODUCTION

Inveatigations of the joint Army/Navy Balloon Trausport Systen were
conducted off of Green Baach, Pr, Story, Virginia, during the epring of 1876,
Thase ware to determine the feauibility of vemoving Milvan coutainers from
ship to shore and f£row ehip co lighter by weans of a helium filled ballooan.
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The primary balloon system, see Pigure 1, consists of a 500,000 cubic
foot helium filled balloon, two yarders (diesel powered level wind winches) and
a third winch, used in a manner similar to the yarders, for positioning the
balloon. The yarders are used to control the elevation and lateral positioning
of the balloon in a plane bounded by the distance between the yarders and the
length of the cable on the yarder reels. The cable from the third winch is
attached to a block through wvhich passes a cable from one of the yarders and,
with proper positioning of the “Flying Dutchman," emables the balloon to be
moved tranaversely out of this plane.

During the operations one or both yarders were ahoard the LCUs, and the
winch of a warping tug, i.e., "Flying Dutchman," was used as the third peint
of control in the positioning of the balloon, Ship moticn measurements were
recorded by the Center on the LCUs which carried the yarders and aboard the
container carrying vessels, the BDL and Lst.* Seakeeping data were collected
when the Milvan containers were beilug on or off lecaded from the vessels, The
resulta of this seakeepiug information are presented in graphicel and tabular
form to aid 1o the overall evaluation of tha feasibility of the ballcon trans-
port systam. |

VESSEL PARTICULARS, INSTRUMENTATION AND DATA ANALYSIS

BDBL “LT. COL. JOHN U. D, PAGEM

The Arwy BDL is a 304.2«foot {92.72 wetre) laading craft with a 65-foot
(19.81 metre) bean, 7.5-foot (2,29 uwetve) draft, snd a dieplacement of 2345
long tons (2383 tounes). Iu the balloon trangport system evaluation, the BDL
wag principally used a8 a contaluer carrying vessel from which Milvas con~
taiaers were removed in the ship to shors operatican. Yuring these operstions
the BOL wae equipped with a Mark IV atable platform to measure the shis's
motions, Tha Nark IV atable platform measures ehip pitch, roll, and with
three ntabllized axis acceleroustors yielde the vertical, tranasverse, aud

Havsl Ship Engineeriag Center, Yorfolk, was responsible for wotion maasure—
wenta aboard the werping tug and the Waverider buoy.
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longitudinal accelerations at the point of installation, The installation
location of the Mark IV aboard the BDL was 1.5 feet (.46 metres) to port of
centerline at amidships and two levels below the main deck. Thus acceler~
ations measured at this point {near the ship's center of gravity) could be .
converted to displacements tepreeenfing heave. sway and surge.

LST 1180 “USS MANITOWOCY

The LST 1180 is of the “Newport Class" and has a full load displacement

of 8342 long tons {8476 tomnes), Its length overall is 522.3 feet (159.20
metres) with a beam of §9.5 feet (21.18 metres) and a draft of 15 feet (4.57
metrea). The L3T 1180 was used in the ship to lighter operatioan with the

LCU 1658 tied alongside, A DINSRDC strap down motion package was used aboard
the LGU 1658 with power for the alectromic transducers coming from the equip-
want used aboard the LST. This power requivement limited the positioning of
the electronic equipmont aboard the LST to an area where a cable rum to the

LCU 1658 could be made. Aun arvea for the Mavk IV stable platforu location was
gelected at Frame 235, 8.5 feet (2.59 metres) below the wain deck and 12 femt
(3.66 wetres) starboard of centerline in the PASSAGE AND CONFLAGRATION STATION
No. 2 (2-235-1). Thie is & small compartuent one level below the matn deck,
aft of the tank turntable and helicopter landing pad. The use of this 1ceatiﬁn
did not permit heave, surge and svay measurageats of the ship's center of
gravity. Howaver, it did allow wmeasurements of the vertical, tvaasverse aad
longitudinal recelexations of a point near the Milvan contaiuner off and on 3
loading operations, and eunabled the necessary cable run for the LCU 1658,

LCU 1658 AND 1659

The LCU 1658 and 1659 ave of the 1610 series with a length overall of
134.9 feet (41.)2 wotres), a beam of 29 feet (B5.84 watres) and a dreft of
6.1 feat (1.86 metres). The LCUs of tha 1610 series have a light displacement
of 200 long tone €203.2 tonnes) and a full losd displacement of 375 long tons -
¢381.0 tonnes). o ’

The LCU 1659 wis instrutnented with a Humphrey atable platform which
is equipped with a vertically stabilized directioval) gvroscope for pitch and
roll measurements aud three axis accelevometers. Duriug the f£irst stages




of the operation these accelerometers fuiled and were replaced by a Donner
double integrating accelerometer for the heave displacement signal and two
hard mounted accelerometers for surge and asway acceleration signals., The

aurge and sway accelerometers wore part of the DINSRDC strap down package
which was later moved to the LCU 1658 for the ship to lighter operatioms.
The electronic transducers were positioned near the center of gravity of the
LCU 1659 6.8 feat (2.07 metres) below the main deck, 11 feet (3.35 metres)
aft of bulkhead 40 and on the centerline.

The LCU 1658 was instrumented with the DINSRDC strap down motion package
which consists of a Honeywell gyroscope to measure pitch and roll and three

haxd mounted Donner accelerometers to neasure vertical, transverse, and longi-
tudinal accelerations. Due to a limited length of transducer csble, the
leeation of the DINSRDC strap down package was dependeat upon the locatiomn
along the length of the LST at which the LCU was tied. For Runs 11 through

14 the LCU 1658 was positicned aloug the port side of the LST with its wmidshipa
centered on Frame L84 of the LST and the location of the strap dowm package
aboard the LCU was on the ceatexlive of the wain deck at Prame 15, For Rua 15
the LCU 1658 was positioned along the starboard alde of the 15T, agein with

ics midahipe centerad about Frema 184 and the enrap down uotion packaga was
velocated on the ceaterline of the main deck at Frame 55, '

Theoughout the duration of the operations the sea state was measured by
wesns of 8 Datawell Waverider buoy provided by NAVSEC, Noriolk,

DATA BEDUCTION THECHNIQUE

- The data gignale vere xecorded omn visual divect writing oscillograph
units and aualog tape racorders during the fanvestigativas. The anslog tepes
were later digitized and anelyced at the Center on sn Interdats comiputer. The
calibrations wers entered iuto the computer as engineering units per volt,
and s& the data were digitised, preliminsry analyses were performad to give
the mean and root mean square values for each chaanel.

Two computer padses were made on the data. During the firet pasa the

mean valug of the signal wvas computed along with maximum and minimum values
from the digitized time domain dsta. During the secoud pass the nbean is
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subtracted on a point by point basis from the data, while a FAST FOURIER
TRANSFORM aspectral analysis is performed on the data to yield the signifi-
caat values.

TRIAL CORFIGURATIONS

In the evaluation of the balloon transport system there were two princi-
pal operational configurations, These were the ship to shore and the ship to
lighter configurations. The ship to shore operation involved three vessels
as indicated in the upper half of Figure 2, i.e,, the BDL, the LCU 1659 and
the Warping Tug No. 34, In this operational mode, the BDL was mgored and
uged as a container caxryyirg vessel. The LCU 165% was tied to the starboard
aide of the BDL and equipped with a yarder to serve as one point of coatrol
for the balloon. The second yarder wae on the beach and the warping tug
- (equipped with winch and bleck) served as a "Flyiag Dutchman.' During the
ghip to shore operations tha LOU 1659 was tied te the starboard gide of the
8DL with its bow directed toward the BDL's stern. The LOU was positioned
forvard of the BDL's midehips and fendered off of the BOL with two Yokohams
. fenders. As seen in the upper half of Figure 2, the priucipal directiocn of
the swell component of wave height during thege operatious was off of the
BOL's starbosrd bow and the LCU's port stern, As ilndicated, the apparent
divection of the swell varied velative to vessels. This was due bo the
shifting of nooving lires and changes in the vessels' position., The relative
poaitiocning of the vessels involved in the operatica is critical to tha
proper mansuvarabl...y of the balloon in trying teo vemove Milvaa coutainers.

In the ahip to liglter operhtians. both yavders were aboard LUUs and
all three poiuts of coutrol were attached directly to the belloon tethering
lige as iundicsted in the lower half of Figure 2 aad in Figuve 3. The fivet
attempt in the shin to lighter operation involved the BDL, LCUs 1656 and
1659 and the warping tug. During this brisf attempt to move containevs from
ship to lighter, the toorlng of the BOL shifted and no contatpers were off
loaded (Run No. 10}, The reraining runs were conducted using the LST 1180,
LCUs 1658 and 1659, and the warpiung tug. As indicated in Figure 3, the
relative mooriag configuration between tha vessels changed; this was




principally the result of the change in current direction and an attempt to
keep the LCU 1658 on the lee side of the LSI. As seen for Runs 11 through 14,
the LCU was fendered off the port side of the LST with its bow directed toward
the LST stern. The midship position of the LCU 1658 was located about Frame
184 of the LST with the LCU 1659 seaward of the LST and the warping tug off
the LST's stern. The vessel configuration for Run 1° wsg similar to that for.
the other ship to ..ghter operations with the exception of changing sides of
the LST and the wind driven waves being 180 degrees out from the swell,

RESULTS AND DISCUSSION

Preseated {n Table 1 are the single amplitude significant values for the
ship motion data recorded aboard the BDL ard LCU 1659 in the ship to shoeve
and shi» to lighter coufigurations. In adldtion to the single amplitude siguifi-
cant values for each data chananel, the date, run number, tima of run and aigai~
ficant wave height, (Ew)lla' ave givea. ¥from this information the wave spectya
ueasured ducing each run can be selected from Pigures § through 6. Ia those
instances where data wers unobtainable due to tranaducer failure, alaccronle
malfunction, technical difficultier in peneval, ate., the word “out" is used.
The (®) for Run Ro. 5 is to indicate that the date for the LOU 1659 was aot
recorded simultaneously with that of the BDL, The tims of day for Rua 5 on
thie LCU waa from 1340 to 1405. %he sea state condition during which edch of
tha vessel's data were baiug recorded'for Run 5 was the game; hovevei, the
LCU 1659 was being repoaitioned (moved approximately 30 feat fatther forward
along the length of the BDL) whilae its woticns were recovded.

In « eimilar format, Table 2 prasents the sisgle amplitude maximum values
vecorded for the BDL sud LCU 1659. The maxisvum values for the displuacement
giguals obtained frow double integration of accelaration sigasls are unobtain~
sble, since the meximum values ave obtaiuved frou the time dowain anslysis
and‘fet these channels this would be in terws of g's, uot feet.

Tables 3 and 4 pregent the single amplitude significant aund wmaximum values
recorded gboard the LST 1180 and LCUs 1658 and 1659 during the ship to lighter
operations. The formet ugsed in presenting the data ie the same as for Tables




1 and 2. The wave height spe~tra recorded for~each-o£utheﬁrun§ azé given in -
Figures 6§ and 7. : RS B ,

A3 indicated in Figures 4 through 7, the significant wave heights measured. .
were of the same magnitude for most of the runs in both operating condicions.

The spectra preseated afe point spectra and thus reflect the total wave energy-

regardless of direction. The swell component that existed off of Green Beach.
was generally directed straight onto the shore and was the principal source

of wave energy, as indicated in the various spectra as the modal periocd (period
of uaximum enersgy), with the wind~generated wavés having no noticeably differ-
ent direction except as previously indicated tor Rumn No. 15, The direction of
the principal swell component, as indicated in Figures 2 and 3, was derived
visually, and in many ivstances was difficult to determine due to the small
wave helght and superimposed wind waves,

CONCLUDING REMARKS

As seen from the tables of single amplitude significant and the maximum
values presented, the motions of the vessels wece, in general, relativaly
small and did not inhibit the balleon transport operatioas. The largest wotions
racorded were for roll on beard the LCUs when they were fendered off the larger
vessels with Yokohama fenders. The motions of the LCUs were aggravated by the
stretch of the nylon lines and the resilience of the Yokohama pneumatic fenders.

Observations of the overall operation indicated that the ability to get
the vessels into the pfoper position and weather operational limits of the
balloon are of greater significance in the su.cessful transfer of Milvan cop~
tainers than are the absolute motions of the vessels involved,
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Figure 1 - Yllustration of Primary Balloon Systenm
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Figure 2 ~ Ship to Shore and Ship to Lighter Configurations

iu which the BDL and LCU 1659 were Imstrumented
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Figure 4 - Wave Heipht Spectra versus Wave Frequency as Recorded for
Buns 2, 3, 4, 5 of the Balloon Transpoit System Evaluation
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