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FOREWORD

- This rapoxrt reflects the complerion of the Eplléw}ng series of research

tasks pevtalning to balloon transport systems for the Defense Advancied Research

L T

Projects Apency (AKPA) of the Department ol Defenee (DoDl) under confiacts DAANOL-

72~G~0982 and DAAHOL-73-C~0147: !
[ Sub-task 3 of Tagk 1 on o Ship-to-Showe Balloon Tganapdr;
System (BTS) ' i

]

. Task 14 on a Balloon Transport System for Tactical Miliﬁnry
Operations ;

] Task. 18 on An Analysis of Data Derived From the Oregon
© Series T11 Field Tests of a Balloon Transport System '

e Tactical Technelogy Center (TACIEC) Task R-4247 on a
Balloon Trangport System Test

e  TACIEC Task R-4227 on Balloon Ship-to-Shore Military
Cargo U'vacsport Field Test Plang

' ‘TACTEC Task R-4225 on a Balloon Ship-to=-Shore Military
Carpgo Lransport Meetiing,

e Bl i

The foregolng contracts are monitored by the Coutracts Office of the U.S. Army
Missile Command, Reddtone Arsenal, Alabumu.

The timely guldance and asslstance provided by LTC George Greanleaf, who
is ARPA's Techniecal Monltor of these BTS vesearch projectsy, and by COL Arthur Hesse
and v, Francis Niedenfuhr, who were formerly assoclated with' the projects, are
gratefully acknowledged,

The specinl contributlons of personnel of the Range Measurements
Laboratory (RML), with whom these projects have been coordinated/conducted, are
also recopgnized -- in particulav, the supervision, cooperation, and technicel
asuistance provided,by Mr. Walter Manning, Director of RML; LTC Louis DelDo, RML

Branch Chief; Mr. Elmer Shepherd, Test Program Manager; and Mr. larold Recd,
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Test Project Officer of Pan.ﬁmericun'AirwayH. Other individuals of wmilitary

agencles who were ianstrumantal Lo the guccess of this projeet arve, LTC Charles

o AL, AT+ ! 1 G AT e AT,

Day in the Office of the Deputy Chicf of Stafi/Logletice, Department of the Army,
and Mr. Walter Adams in the Naval tacilities Cowmand, Department of the Navy,
Battelle also wishes to oxpreys Its appreciation of the technical countributions

made by Raven Industrics and Balloon Trans Alr and for the use of thely balloon

R )

system and ingtrumentacion ln accomplishing the desired weasuvements,
Fina)ly, the authors arce partlenlarly mindful of the noteworthy amsist-
i ance provided by Mr, John Minor, who performed much of the cable analysis, and by
gecretarics of the Defense Systems and Technolopy Offlee: Virglnia Kenuey, Joan
-g Tewiy, and Kay Todd,
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. AN EVALUATION OF THE
VEASTBILTTY OF UTILLZING BALLOON SYSTEMS
FOR THE SHIP-T0-SHORE TRANSPORT OF S
MILITARY. CARGO ' S D

EKEQUTiVE.SUMMARY

» Tha overull objecclvu of thiq raport Le to provide an evaluation of the
foablbility ‘of utiliz ing u Balloon Prannport Syatew (BTS) fou LransporLlng mtllLa
’cargo from ship to shura. The information and ‘conclusions presenrcd in this summury
and the overall reporL ale baaed upon field tests conducted over land at Lulp Crerk
lOrebon, in October 1972 and March 1973 by the AMr Force Range Mausurements
Laboratory (RML) and upon a syuLomﬂ analyals by BnLLPl]e Columbus Laboratorlos
- (BCL) with respect to the various forces which interact in the actual operation qf
guch n‘system. These experimental and rheovetical tasks, which were performad under
the sponsorship of the Defeuse Advanced Research Projects Agency (ARPA) as part of
_its Advanced Balloon Technology Program, concentrated upon the techniques for
offloading, shoreward movement, and placement of containers, which provide the
baglc means of transporting mlilitary cargo. IDuring the perforwance of these tashks,
consideration was given to the military requirements for load capacity, discharge
rate, range, sufety, accuracy, reliabllity, mobility, and survivability In the
. ship-to~ghore movement ofvcontﬁinerlzed cargo, employing standard MILVANG -.. which
“are .B feet high, 8 feet wide, and 20 feet loug, and have a.fully loaded weight of
22}5 tons, - oo ‘

The prototype ballooun utilized in these fleld tests was a heavy-1llft
balloon transport system, now in use by the loggling ilndustry, with a load capaciﬁy
exceedling 10 tons. FRetention of th; balloon and positional control are maintained
by cables from two winches installed on a single vehlcle known as a yardex. One
of the winches controls themain line passing directly to the bulleoon which pulls the
balloon toward the yarder, The other winch controls another line (the haulback
1ine), which passes through a series of blocks to reach the balloon from the
opposlite direction so as to pull it away from the yarder, Thus, by controlling
the rotatlonal direction of these two winches, the balloon cen ba pulled in uitkér
direction (ove reeling in, the other reeling out) or allowed to move up or to be
pulled down (both reeling in the same direction). '

The evaluatlion conducted by BCTL indicated that the logging industry

balloon systen could be modified to accomodabe the additional requlrements for
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ahip-to-shoro movement of military cargorand that guch_a balloon system would
be feasiblé'for this operation in the actual ovex-water enviromnment. The fleld

“ testis conducted at Cuip.Creek validated the theoretical data &nd demonetrated.the
viabllity of the commercial system in a simulated over-land, wmilfitary envigcrmnent.
The results of these tesgts are published In Alr Force Eastern Tesat Range

RMI: Technical Report 72-024, Ship to Shore Oregon Demungtration Tests (Series I)

dated November 9, 1972 and Techaical Report 73-026, Ship to Shore Oregon Test
Serics IT Prelluwinary Report dated April 20, 1973,

The Sexies I field test provided familiarization with the balloon system
used by the 1ogging industry, demonstrated that a standard MILVAN contalner could
be extracted from a simulated cell, and Indicated that containers up to 40 feet in
length could be handled, transported, and positioned by the system,

Original test planning included the conduct of an over-water demonstra-
tion at Cape Kennedy Alr Forxrce Statioun; however, numerous difficulties were
encountered in procﬁfing the necessary equipment and obtaining the necesgary
approvals to perform these tests. The NASA barge expected to be used as the test
platform was needed for another program at the time scheduled for these tests, The
Range Safety Ofifice also ralsed questions vegardiug the operation of the balleon
equipment. In addition, the costs of tranmsportiug the yarder aad other equipment
from Oregon td Floxida, us well as the costs of the helium required to inflate the
balloon, were comparatively high. Finally, it was felt that the tost site available
in Florida would provide only mill ponq conditions, Though the needed dynamic con.
‘ditions might be created by waves genefated by other boats, it was determined that
the NASA barge was too large to be iInfluenced by avallable craft. Therefore, the
over-water demonstration was eliminated,

in view of the foregoing limitations, the second series of field tests
(Series II), simulating as nearly as possible a ship-to-shore cargo transport
gcenarlo was also conducted in Oregon, The general objective of this test seriles
wad to obtain performance measurements of the various components of a wimulated
balloon ship-to-shore transport system under varying test conditions to include
simulation, to some degree, of problems that would be fmposed by operation over

‘water rather than over land, The sketch on page 1v provides an insight Into the
ship-to-shore site layout simulated for the Serles II field tests. The Flying

Dutchman rigging, consisting of a line attached to a running block on the maln line,

iv
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ﬁgllé tha cable-1étéraily'uncti';he balloon-and load line uie-oﬁer~n»se1e6ted
container cell, After a contalner is'extréctud and 1lifted into. the nir, the:
Flying Dutchman is relaxed, ‘the cables return to the cable run, and the bnlloon

zwirh its load Ls pulled to thc disuharge area.

A1though the’ Serles I1. tests did not involve an evaluation of the
dvnamic conditions namociaLed with: pitching and rolling of! ships riding on the

sur[acc of a turbuleut sea, the reaults of the testy did confirm expeLtationa

- that the balloou gystem could be posirionnd to pick up and dnposit a container
within desired éucuracy criteria, ‘The teats further confirmed that frictional

- forces’ generated by. off-cpntcr loading of the container or by tilLing the con-

tainer cell as much ag 5 degrees in pitch and 5.7 degraes in roli (to simulate

'nmtion of the containership) would not prevent extraction of %he container.

Initial cbmparison of test measurement values for cable tensions
invblved in operating the system with computer-developed values for these parame-
ters showed fairly good correlation. Thus, the computer model can ba used in
designing future BTS Systems of test layouts,

Extrapolation of the measured times for individual steps, coupled with
dgystem Improvements such as faster winch speeds, indicates that containers could

be extracted from the cells and woved within the deslred discharge rate of 12

~containers’hour to a position 3500 feet away with the single balloon system

utilized in the test. Over-a greater diaténce, such as a mile, it .would appear _A
that a dual system eémploying two balloons would be conceptually feasible and would
sﬁstain the 12 contalners/hour rate. Yor transporting coutainers from off-shore
locations at distances exceeding one mile, it would appear that lighters must be
employed. 1In such operations, the BIS could operate as a wobile crAane to extract,
swing, and place.containers on a lighter within the desired cyclé time, A
Indicated in the sketch ou page iv, a simulated lighter position was provided, and

this concept was testad to the degree possible under over-land conditions.

Although these over-land tests did not permit the evaluation of the
balloon systewm under the dynsmic sea conditions that might be associated with
an actual off-shore operation, the major characteristicas of the system were
determined, and no serilous problemn were encountered in the operation of the
system or its comporents. Tt is therefore concluded that the technology nnd
engineering capabilities do exlst to proceed with the development of a BIS for
the ship-to-shore wovement of military carge. However, the next logical step
would be to configure and test a prototype system under actual off-shore and

over--the-beach -conditions.
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LETRODUCTION

g

Oblective

1

Tha overall objective of thie rescarch program is to evaluate the
feasibility of using a balloon system for transporting mllitary cargo from ship

to shore.

Project Background

1

Since the barrage ballooun era of World Wars 1 and II, the possible

military applications of low altitude, tethered balloons have been pursued to
only a limited degree. Balloons had come te be generally considered within
military circles as unreliable platforms of an older period. In the commercial
fleld, howaver, low-ultitude halloons controlled by ecables and winches have.f0und
“geveral uses, One of the principal applicaticng, the logging of mountalnsides
with the ald of balloons, has proved both practical aud cconomical. The perfor.
mance of halloon systems 1n the rough enviromment of the_iogging industry, aloug

with tlie knowledge that 1s reing gafned from related advanced research efforts




B

'n_conuaruing low altitude, tetharedballoons sponaored by the Defanaa Advanced

'Reﬂearch Pro]acta Agency (ARPA), auppurts the axaminatiun of tha capabilitias o o

of 1ow-altitude balloona for the ship-to-shore transport of military ‘cargo.

b

3 E. Although the conccpt of a ship-toe- shore balloon system has bauu conaidared for ) f{

; é \ several years, there have been inadequaLa data for judging the feasibilicy of ' 2
% ﬁ.! uuph a system and juatlifying a dcyplppmﬁnt progrum. AR a part of 1lte Advancad e '1 |
;,ér Balloon Technology Program, ARPA deqided to suppdrt limitad experimeatal and !

; i ~.theoretlcal atudies of the bajiloon traneport syutmm (BTY). Thesn studies warn o

ﬁ g ) "to ba exploratory, almed at. rrovldiug a base for Judging the posaible contifbu- I -‘ -
. E tion of balloon vehicles to the overall ship-to-shore tranaportation syatem. N

f i The expevimental £leld work was doune dt.Culp (Creck, Oregén, under the |[ i ¥
5 § direction of the Range Moasurements Laboratory (RML) of . the Alr Force Eastern Test §

; E _ Range (AFETR), uaing perﬂonnel and equipment provided by the balloon and logging ,i {.
i E industries.

%& i | Theoretical studles and analyses of the system components were poarfnrmed ' !

H by Battelle Columbus Laboratories to:

§'¥ ‘ #®  Dotermine the operatlonal conditions and performance ‘;

objectives desired of a BTS for ship-to-shore militarny 1&
cargo trauspori.

S ¢ Analyse the chnracter;atica and capabllltiea of balloon ‘ o }aﬂgf
S systems which either are available or could be developed ' 'g‘?
'F'é' for this purposa, 7
o o : ]
4 3 ® Analyze the forces in the cables and other key components ;ﬁ 1
‘ﬁ of the balloon system, B S
) ' .
g * Determine the critical problems to be expected in the use o
E of balloorns in a transport avstem, . o
I i Lt
Q ¢ Tdentify the key questlous to be anawered and tests to he : ' 10 3
g carcied out in judging the feasibility of the B1S. " S
| a4
i B
1} :7: 4
1

1T e et e,
e




APPLTCATLON OF ‘BALLOON TRANSDORY SYSTRMS

0 SHTP-TO-SUORE CARGO_TRANSPORL 1+~ .

Balloon Tranguvort Systems_in the Logging Industry

Fgure 1'111uétrqtcs thmrmdjor CQnm¢nente of a typlaal bhalloon sysdtem
uuud|1n logging vperdtions. 'The majoy cowponents are the halloon, fuur-&irEwrope
coutrwl cablos (baiidOH'tugher 11&0;.19nd line, muin‘linu and haulback 1ine), a
Nyarder" (a self propelled, stecrable tractor carrying two wirchus) and sevaral
ground-mounted sheaven (tafl blocks). The point whove tnulﬁnur cAhLe9 join 1s
called the cunfluuncu'point. - ' i )

7. Thc.main dnd -haullback lines coutrol the verkical and to and Ero motion
of the balloun and pavioad. 'The Balloon providus buoynnt‘lifﬁ te support both
Ithullog payload aud a part of the welght of the other wreten compoﬁentu. The
malu Tlne runn directly to a wlnch ov the yhrder.  PThe haulback Tine vans nway
from the yarder, through a sevies of blocks and then bazk to {t+ own winzh on
the yardar,

“The two wLn&hps,m0pntud on the yarder th e {ndepondent 1y: controllesd,
Oparating oth dn bthe gama dirvectlon moves the balloen ub ur dowir. Raeling fa
oug line while rmaiing out the other moves the balloon to and £ro,  Yor gsafaty,
the balleon tether, wmimning from the eonfluence poiut to thd:batlpon,lm uaually
two porallel wirze roﬁun. '

The vavder tractors ave heavy machinos, thoy muslt wore than componasntoe
the 1Lt of the balloon with no payload so that buoyancy and dynamic Yovees do
not l(qr or tip thew,  Oceasdonally these tractora are anchorad op loaded with
axbra weipht to nssuve that Chaey rcmqin statienary,

The boat balloon shape Fomud for Togging opnrntlcne in the an-called
uncuxal shape, slanllav in npponrnﬁca teoa sphere with a confcal lower section,
Thig shape provides excellent load.carcvylny eapabllitlen, since the major |
ptrossas are carvied lenpthwlise along the goren and there is vary littic clrcum.
forentLal stregaing., Furthermoro, for Che volume coutalnad, the vatural shapn
has o mindmum surface area, awd Chan, o whodam fabrfe weapsht,

When nosed 1uto the wind nerodynamlceally shuped halloons hava Lower
drag than the natural abape, aud they can provide vome aerodynmuice 1HE, NHowever,

experlance with logglng has shown that Lt in preferabie to wlonlumlze the affoct

e oSttt i

T e T




s

CEEEN

[x

LLB
LINET

- a5
Llae,




LWyl

of the aerodvnéﬁié lift, Winds néar the ground lavel arn'ofteﬁ'not in the dasirad
. direction, and they frequently change fn both direction and magnitude, resulting in
errat{c wot:lon aud lift in the balloon. Natural-shaped balloons, which obtalu
thelyr entire lift from serostatic upward forces created by low denslty of the
cqntdincd ghaeq,_arq more stable in oporation.
Since the natural-glhiuped ﬂulloon has still auother beneficlal feature,
1n that lt presents the same size and shape in all horizontal directions, it can

“be moved in any direction without having to ﬁirat»swlng_around,’or weather cock,

LB

as do anerodynamically ahépdd balloons. For transport applications requiring
rapid shifté in direction, this characteristic 1s a valuable time saver.
The characteristics of several natural-shaped balloons developed or

designed Yor logging purposcs are listed in Table 1.

A

T o e i AP

iz

i Table 1, Characterilstics of Natural-Shaped, Heavy-Lift Balloons
Models 250K 530K* 670K 315K 1000K f %
S Volume (i:'tB) 250,000 530,000 666,000 815,000 1,000,000 ;
S Dlawoter () ; 81 105 s 122 130
i 6 l; Height (ft) 87 113 113 i 131 140
Approximate Balloon 3,000 6, 200 7,500 8,800 9,600
; Weight (1bs)
Net Usable Lift (1bs) .
Sen Level T 11,000 25,000 32,100 40,000 48,000
i 5,000 ft 9,500 20,700 26,600 33,000 42,000
Approximate Wind ﬁrag 2,400 4,100 3,100 5,500 ' 6,300
! at 25 mph, Sea Level (1hw)
Liflt-to-Drag Ratio .6 6.1 10.3 7.2 7.6
g Lean-over Angle at 12° ¢ gv 8¢ 7°

25 mph

Fatlmatod LLFL Lose#k 25 40 40 50 60
(1b/day)

Y Desipgned, tested, and prasontly avallable,
GRS Mia o gradual loss of lifring gau,

The surface area of a balloon increases with the square of the diamuter,

whercas the volume aud 11ft inerease with the cuba. Thus, the sideward forces

created by winds are propoctionately less on the larger balloons aa {a 1llustrated

in Tabla 1 by the lean-over angle which veduces an the balloon aize increanes.
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Over ailx fligbtnynhfs of ekporiancg have beén accumulated én theue
balloons. One flew for more than three yaars bafore nﬁ:uccident during heavy
snow conditlions caused deflation. This balloon is being refurbished and will
be Elown again. ' '

The balloovwy developed. for logging operations have proved to be rugged,

‘These balloons have been operated in winds up to 35 mph, the maximum for any

logging operations since winds dxcacding Ehnt veloceity cause the balloon to
dimple and lose shape. Under sform conditions, the inflated balloon is pulled
in and tied down In a.pwe§iou31§ prepared bedding area. With thls precaution
balloons have aurvived windatuﬁ.to 100 wph,

Three 530,000-ft31baﬁ100na are now flyilng in Oregon and Alaska. By
the end of July 1973, five will be flying. An 815,000-ft3 balloon has been
deslgned, built, and tosted, and the general design.and gpecifications for a
1,000,000-(.’!:3 balloon have been formulated.

The remainder of the systew {8 also siwmple and rugged. Experience has
shown that malntevance requires only a few hours per month, Tralning of operut&rﬂ

1y ‘readily accomplished in a few days.

Application to Ship-to-Shore Cargo Transpoxt

Flgure 2 illustraies ono method for applying logging-balloon technology
to ship-to-shore transport of military cargo. With reaspect to the balleoon transport
system elements, 1t differs from the logglng system just dilscussed by the addition
of the Flying Dutchman line and a winch to add a lateral control feature. The
acrial end of this line attaches to a moving block (the Flying Mitehman Block)
which rides freely on the main line. The Flying Dutchman winch and line are
g0 positioned that reeling 1n or out ou the winch deflects the balloon laterally
with respect to the linecar path between the off-shore winch and the on-shore
discharge point. Thus, nccess to all celis on the containership Lls possible,

Figure 2 represents only one of many posslble ship-to-shore conflgurations.
A accond Flying Dutchman line and winch could ba based on shore to provide shore
positioning flexibility. The haulback line, shown in Figure 2 as roturning to
the winchesa through the watey, could be pasaad over a block attached rear the coun-
fluence point, This mothod weuld keep the line drier, clear the wataxr area for
increased ship maneuvering, and reduce the control cable tensfons (although 1t

would add to the dead wolght the balloon muat carry).
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Another configurat;on alternacive would be tu rig the. svatam 8o Lhat the

R Lt

winehes would be positionced on shore, raquiring juat the blocks to ba on buoys..' ' Ebf
IWherc_Chg B1S- would be used only for offloading from the containership to lighters,
then all surface eleﬁznta_of the system could be located off shore oun barvges, buoys, B
“or ships as wbuLd_buladaptéd fox Ehe purpose. »Such'variétiuna highlight the '
- flexibility of the BIS to meet any situation occasioned by the availability of naval
9hip5 and'eqﬁipment and the uff-shore and on-ﬁhoie ébﬁditionc aﬁ a particuiar gite,
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9
PERFORMANCE OBJECLIVES AND OPERATIONAL REQUIREMENTS
CFOR CTHE SHITP-T0-SHORE TRANSPORT OF MILITARY CARGO

While the ship-to-shore contulner transport operation 1s conceptunally
the same as trangporting logs Ffrom one place to another, the details of the opera-
tlons, particularly a wilitary ghip-to--shore operation, differ significautly.
Thus, before evaluatiung the feasibility of applylug a BTS to the military transport

" problem, 1t was necessary to determine the performance objectivos required of

such a system., This sectlon treuats the development of these objectives and the
objectives themselves. .

The Services recoginlze and aupport the containerizatlon concept for the
movement of military cargo. Under thls gystem, a standard-size box or contailner
is placed at an inland factory, trausported by truck or train to a terwlnal, loaded
onto a sghilp, carried to a distant port, offloaded, and transported again by truck,
tralu, or other means, to a supply point. 7This section of the veport addresses the
task of pilcking wp the standard military van (MILVAN) from a coataluership und
depogiting it within acceptable tiwe and accurscy limits alongside the ship or
trangsporting Lt to n designated spot ou land. This must be done under a wide
varlety of weather, climatlc, und geographic condltlons.

For cuase of héndling on the beach and on the ship, as well as for ver-
gatility, the Military Services prlmarily use the standard ﬂILVAN a 8-ft~high,
8-ft-wide, and 20~ft-longcontainer reromrended by the Tnternatiounal Organization
for Standardization (ISP) and the Amei'can National Standards Institute (ANSL).
Military regulatious gpeclfy that the total walght of a loaded 20 £t MILVAN shall
not axceed 22.5 shovt tons and that the center of gravity of the loaded container
shall not be farither from the genmetric center of the base than 10% of the distance
to elther gside. Expericnce shows that maxlwum loading is undommon, but that the
center of gravity restriction is not always observed, )

Sinve the contailners are designed to carvy thelr loads through the verti-
cal corner posts, care must be taken in slinging. 1f the sling lines used to
attach the corner posts te a central cable are too short, excessive compreasive
strosses may Dbe exerted alony the top of the container, causing {t Lo collapse,
long sling lines are awkward in operation, however, and speclal frames, called
sproeader bars, have bLeen developed to connect the central holsting cables to the

corners of the container. ‘These frames arce cequipped with locklng devices which
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fit iato place at the upﬁer cbrners‘bf the container, and are ﬁtrong_unough'to
carry the loads and short enough to allow eagde in handling. The standard spreader A
bars waigh baotween 2500 and 5000 lba, depending upon the variety of containers to '
be handled aand the locking mechanism. Special lightweight spreader bare welghing
on the order of 1000 tom 1500 1bs have beaen developed for helicopter operatiouns. |
Some of the lightweight apreader béra must be manually attached to the coutainers,
in contrast to the automatic technique normally available with the standard spreuder
bars. -

The contalnership is & 3veclal-purpose vessel, A framework congtructed
throughout the hold to pravni la.ncal movement of the containers dividea the
cargo space into a seriles of vertical cells designed to carry a self-supporting
stack of containers. A lateral clearance, or rattle space, totaling only 1 1/2 in. ;i
18 provided between the contalner and the side/end of the cell space. The cells : i :

are typlcally arrauged with the long dimension of the c¢cntainer parallel to the

uﬁip's axls. While the si:es of contalnerships vary conslderably, oship widths
on the ordar of 100 £t are becomlag common, After as many as slx containeres are C

toaded in each cell, a hatch cover weighlng about 30 tons 18 placed over four

ks &

cells, and additional contalners are then stacked as many as three high above
the hatch. I .

The initial step in the offluading process is to pick up containers and :‘
move them to the ship's slde, a distance that could excead 100 fr, After the con-

tonluers on deck are offloaded, the hatch cover is removed and those below deck are

1ifted to the level of the deck and carried to the side of the ship for further

disposition,

In precontainerization dars, each ahip carriled its own cranes and was

_i able to remove cargo from 1ts hold wund swing it over the side to lighters for |

novement to the shore. With the advent of contalnerization, however, the cranes

Ut LRl

! have been moved from the ship to positions on shore to permit handling of the much
i o
| heoavier container loads, to provlide more cargo space, and to speed the procesa, L

’ As a reault, contalnerships are no longer able to handle their own carges, and

supplemental lifting capabllity must be provided, 4
If the containership cannot tle up at a pler, but wust anchoxr off shove,

there is an additlional requirement to transport the container from ship to shore

e
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" by ‘some other means, . The magniﬁude of this movement, the transport distance,

ﬁay vary from a few foet for deposit on a.bier or ﬁllighter alongaide to whatevar
distonce 1s necossary to reach the €lual destination of the fudividual coatalner.
Opinfons vary ragarding the tranuport dlhtﬁncu to bha anticipated. The lrang lydro
Graft Study belng prepared by the 1.8, Army Combat Deyclgpment Command 'I'rausporta-
tlon Agency indicates u 2~ to 5-wile offshoré digtance requivamont 85% of the time
for Logist103u0ver—TheuShora (101855 oquutions, but Navy and Marine Corps per-
sonnel feel that transportation systems providing shorter transport distances than
this would also be very . usefuyl, '

Since contalnerships ave expected to be premdum transportatioh vehlcles
for which turn-around tiwme must be wminindzed, a dlschacge rate of 12 nontainers/hr
has been establiched as a performance objective, The cost and operational problems
could be reduced if the 1ifting mechanism that 1s used on the ship's deck also
carries the container to and bayond the shorasline, thus elimivating the reduirement
for lightera. In the case of a aingle system providing both Lfft and tramsport,
the movement of contalners through a transport distance of up to one mile within
the allowed time of five mivutes per conialner is a deslrable objective,

‘fo determine the degree of potenuial user interest in a balloon asystem
for ehip-to-ghore military cavge transport, ARPA in December 1971,‘hosted a
meeting of personnel from the Military Sérvices. At this meetlng, R. Pohl and
R. Inderson of Raven Industries, Inc., presented Information on thlie characteristics
and performunce of logging ballecon systems, discussed the application of a system
using similar components for ship-to-shove cargo transport, and propéaed 4 program
for examining the feasiblility of a balloon-sysﬁem to meet this wmilitary requirement,

The ARPA Program Mnnhger (Colonel Arthur Hesse) far balloon research, develop-
wment, test, and evaluation (RDT&E) indicated in December 1971 that ARPA wmight
support a feasibility evaluation and demonstration program, hut that information
would be neceded from the military tranaportation community regarding the need for
such a system, together with opinions and comments regarding the proposed technlque.
tolonel llesase requested letters ffom the several organizations represented at the
meeting, which would address the followlng three points:

o Is there a definite requlrement for a transport system for
ghip-to-shore military cargo trensport, could a BTS contri-
bute to such g system, and does the system presented at the
mereting merit evaluatien for transportation puxrposes?
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- What problem areas are enviasioned in a BIS fox salp-to-shore
cargo transport?

+

» What comments oxr suggestions arc offered for a BTS feusibllity
cvaluation program?

Letters were recelved from the following organizations:

U.S. Army Deputy Chief of Staff, Logistics

U.S. Army Materiel Command

U.8, Army Mobllity Equipment Command

U.S. Army Cowmbat Development Command Transportatlon Agency

U.5, Navy/Naval Facilities Engineering Command

.8, Navy/U.S. Marine Corps Depury Asgistant Chief of Staff, &

These letters confirmed that a requirement f{or a system for ship-to-shore
carge tranaport exists and expressed gufficlent interest in the potential of the
balloon method to justify an initial axploratory program. Subsequen:t meetiugs
developed questions and potential problem areas regarding the design, opevation,
and cost of a bailoon system, together with operational requirements peculiar tc
a balloou transport system.

In sunmary, a transport system fcr ship-to-shore dfscharge of military
cargo from a contaiunership muat:

® Extract loaded covtainers weighing as wuch as 22.5 tons and
measuring 8 by 8 by 20 ft ¥rom cells up to six containers
deep and discharge them from the contalnership at a rate of
at least 12 per hour,

& Carry the containers to shore pusitions up to five miles away
from the ship.

® Operate in steady wiads up to 10 knots, with gusts to 20 knots,
and in Sez State One conditions. (The capability to cperate
In sustained winds of 15 knots, with gusts to 25 knots, and
Sea State Two or wore, would be desirable).

¢ Tolerate high and low temperatures and operacs in all but the
most extreme environmental conditions,

¢ Operate over all surf and tarrain conditions at the beach and
inland. -

The use of a balloon system to accomplish rhe sbove raises the following
gspecific questions relating to:
] Design

-~  5hould winches to operate the gystem be located on the
ship, on geparate work boals, or on shora?

- Are the cable and wineh requirements for a wderate--
range trangpoxrt dlstance -. up to one mile ~- within
reazonable size and weight limits und within the
current state of the art?




| Ex s e

om K

13

Would ballast technlquea improve system performance?

Can the cable system be designed to avold interference
with the ship?

Would the cable deteriorate rapidly Lla the salt walev
enviromment, particularly under conditiony of inter-
nitteut gubmersion?

Whot size balloon would Le required, and is this size
within reason?

Operation

{

Cosats

How vulnerable are the balloons to enemy action and

would a high rate of loss of helium impose excessive
demands on the gas supply to mailntain sustalned offlouding
operut%ons?

Could a BTS be delivered to the site and set up for
operation in time to avoid delay of the high speed
containerzhips?

Since commercial containerships do not have an aft
anchoriong system, how will the containership be held
in posltion duvrlng discharge operutions?

What problems are anticipated in the mooring of the
winches and bucys?

Would the cables iuvolved in the BTS limit the use of
other systems tor discharge operations?

What is the estimated cost for procurement, operation,
and maintenance of the BTS?
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 EVALUATION OF THE POTENTTAL OF A BALLOON . ‘ _
TRANSPORT SYSTEM.10 MERT THE REQUIFFMENT: ‘ N

T

Yrellutuary ¥xaminatlon of System Fagtors

R T T

_Answers to some of che questions listed.in the previous section were

o)

developéd on the basis of khawludge and exnperiervica or could be addressed In the

T

doaihn of a prorotype syatem, Othexs requi“L field tests to find out if the

- gystem can. lﬂef Lhe n=..\vﬂrdce objectivea and the operﬂtlonal rcqvireanrs.'

EN T

Thé systom ann be dﬂaxyned o avoid ?uterference between the dystem
B cowponents and the ship. The b4x;nnn and cables will normally travel back and
forth through a corridor.ia fron: of §r,to the side 'of the ship. Whea the balloon
ig in the ‘viciniry of the silp and the cables are suspended high enough to clear B

the ship, thé.Flyiﬂg Dutchman will pull the talloon and confluence point over the

e

declk,  This rigging techaique will provide flexibility to the system and allow o

ST e An

other discharge wethods to be used simultaneously., However, the locution of

T T
~

winches and blocks with respect to the shilp must be carefully consldered. Placing

winches on the deck of the cockalncership would be undesirable.

Ry

Force nnasurémenté taken in the Series II Fleld Tests, together with X

the praliminary ca=imates of the wihch manufaéturera, provide confidence that

the cables and winches for a one-mile syastem cau be develcoped and produced with

no major extension of the state of the art. The aystem peryorms best when heavily "
lvadeq, since the cable forces neceassary to hold the balleon down are reduced and
therefore winch poier vequirements are decieased. Thuy, in transporting a series ; { .
of Mghnly inaded centaloers, 1t way be desiruble to:attach a water-loaded ballast S

block to the spveader bar. This reduces cable forces and enables the winch power
gaved to be used to obtain greater velocity in transporting the contalners., The fi e

uge of galvanized cable would reduce corrosion, but a better solution 18 to hold

the return cable out of the vater with a supporting block attached near the
ecoafluence poilant.

3 \

A 1,000,C00-ft" aatural-shapad balloon with a net 1ift of 48,000 1lbs |

has been proposad for the ship-to-shore system. However, to handle the cable ["{I

welght Yor a one mile owffahore sygtem, at least a 13,000 1b 1ift should be allocated, o
togethor with 4,000 1bas for the spreader bav., Tn adlditlon, a 10% or 6,000 1b frea

v
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lifc should be provided in ordel o ensure h.zh aac;letation and other high per-
formnncc chnrac;eristlcaqr Thuﬂ. a total 1 ft on thc order of 68 000 1bs is needed,
corresponding to & balloon having a volume on the order of 1,300,000 Lt3. The

present state of the art ip the design, manufacture, and operation of heavy 1ifr

\balldons should permit extension to the 1,300,00()—&3 slze without encountering

any signifdcant Lechnical problems. _
Since bdl]oonu ave filled at a pressure which exceeds the survrounding

alr by the equivqlent of only a one~ to two-inch column of water (,03-,06 p,s,1.)
the balium 1ift1ng_gus gscaper very slowly through any small holes., Holes created
by small arms fire generally could be teadily patched in the field, Damage croated
by larger wcapons, sQCh as the 40 wm gun and the REDEYE missile, would be move
difficolt to repair, but probably could also be accomplished in the ficld.

The B1S could conceivably be designed to be ajr transportable in C-5 alr-
craft (bosqibly in the C-141) for deployment to airfields in the proximity of the
desived operating location. Subsequent movewent would be by normal intra theater

trangpartation. Alternatively, it appears conceptually feasible to desipn the BTS

to be transported in several containers on the top level of the above deck stack of

containers on a4 contalnership. These could be opened in place for assembly and
fnflation of the balloon using the upper svrface of the contailners as a working
platform, The inflated balloon could then be used in conjunction with shipboard
equipment and supporting vessels to complete asgsembly of the BTS.

Anchovxing of the containership and buoys amust be positive, Techniques
have been developed for using one of the two bow anchors on a ship for aft
anchoring purposes. The large lateral forces on the cables of the balloon aystem
would raquire substanzial anchors for the ships carrying winches or buoys carrying
blocks, These anchors would probably need to be explosively driven to obtain
sufficient holding action.

Estimates provided informally by balloon contractors indicate the
initial cost of a balloon and equipment capable of handling 22,5 tons to approach
$1,000,000, including the cost of winches, cabléy, and other ancilliary items.
The simple, rugged nature of a BIS, coupled with the logging industry cxperience
with similar balloons, indicates that cquipment muintenance, persouncl training,
and system operation should be relatively inexpensive. This is based on an
assumption that the required winches and blocks can be readily attached to

existing typea of ships, barges, or buoys, It does not, however, include the
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.oberating costs of such supporting platformé.' It hluo'dbes.noc cgnsider;theg'. .
cont of providing a weans for recovering the helium'gﬁﬂpfc:»trauaportable ator- ﬁ!"
“age whenever tha BTS 1s dismantled between operations, o ' ‘ '
Fleld tests of the BTS are addressed later in the reporv, = .+ ' 2
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Mathemgtical Analyses

To aid Iin plauning ficld tests the potentlal contalner-cell framework

plnding-probinm was analyzed, In addition, a mathematical modal of the cable

peomatry and tensions for a generalized system configuration was formulated both

for a test planning ald and to provide a tool to permit determining optlmum '

systen geumetry for specific transfor situations,

Uontuanr~Ucll:Framework Bindling

To galn a better understanding of conventlonal techniques used to reumove
contalners from the cells of cootalnerships Iin dockside opera.ions, vielts were
made to the Sea Land contalnership facllitles in Baltimore, Through these visits
it way recopnilzed that the rigidly.-supported gaitry cranes commonly usod are able
to control six degrees of freedom on the sgpreader bar/container combinatlon -
three deprecs In translation and three in rotation., This amount of control Is
not possible in the more flexlble balloon usysten,

Tt was also recognized that, with the smaller amount of control avallable
and with the small clearance allowance between tha eell structure and container,
situatlons could arise iun which the container might bind or -jam in the cell. The
most common cage would be thu condition whereln the container is cocked in the
cell with an upper edge and the opposite lower edge ﬁrusaing vgainst: the cell
guideways. ‘hrough misalignmeﬁt of the 1ifting cable or offsat of the center
of gruvity of the load, torgue actlons could he generated, thus Inducing noxrmal
forcos and frictilonal forcus capable of locking the container in place. 1In
geveral lnstances in which thig Jamming has vcecurred, even under the close control
of the gantyry crane, it has baen necessary to cut tha contalnors free.

. Sevoral technliqueus can be applied to reduce tha [rictiomal and bindlng
forcen. Tubrlcating the cell guides would be one solution., Adding rollers to
the ends of the spreader bar would be another.

Since lubrication would add a tiwmo penalty during the initial loading
period, a reluctance to apply this method way be expected.  Adding vollevs to

the spreader bar may fncrease the difficulty in Ilnserting the spreader bar into

the cell, Tn additlon, the rollers would lese thelr effectivennss as the spreader




1y

”'}bar ¢lears the top-of the cell juar at a. Pinw when the grvateat bjndlng action

“can be expected Recogniaing Lhe blndfng p1ob1um to be' n pocenttally critiou]
ivaue in eBLaoliﬂh'ng tho tuanibillry ot the BI5, au. nnalyn{ﬂ wau made of thu
forcus pregent in tha inrerdcrion of Lhc gontutnnr, cell, and extracting cable,
Thie- anulvals 49 presonted dn Appendix A, X e -

- It wau coneludad ‘from this analysis thnL the cable force normal . forces,
and fxiuLLona] forces batwean the conta!nav nnd cell guldes are strongly depen-
dent upon Lhe &mounL of off-conter loading, the. offovartical oablc ungle, the
heipht of “tha connection point or length of the sling lines, and the frictlomal
QonQitiOns,buLween the container and cell guides. For container extraction in
the fleld by mobile cranes, the center.of gravity of the load and the cable off-

,varticalréngle must be licld to small valuew,

‘ Lquication of the cell guldes will consilderably reduce the [riclional
forcen, The addition of rollers on the edges of the sproader bar will redude
the frictiunal foreon along tho upper edge of the contaloer, whera the normal forceu

.‘ura the greatest, lowever, aflter the spreader bar and rollers have cleured the top

of the gulde coll, the containers will coms into direct rabbiug contacl with the

gulde Lranewoxk, and the frictional forces will increase unless rollers dre also
mountda on.the lips of the cell guides. The normal forces on the ald=s 6f the
eumrglng contalners will also increase becawiv of tha decreasing me . =% armg,

1t 48 most impoftunt therefore, that the angle of the cable he clowsely controllaed

in Ghe final phase of extraction,

Mathematlcal Analysis of Cable Geometyy and Tansions

A mathematical wodel of a generalized BLS was desired to ald taest planning
and to provide a tool for optimizing system geouwetry for_specific transfer sltua-
tione, Of particular fntorest were:

s  Coutrol-cabla tensiouns.

*  Control sensitivity inlormatilon,

e VPotential for cable-ship Lnterference.
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A datailad'qccuunc'nf the davelopmant of this model  and the computationg made .

with 1t uru'pruadntcd in Appendix . ‘Tha sallent featurcs of the model and the

computatlons arve djucunsed tu the Lollowing paragraphs,

WhL mathematical modal is based on u static nnnlyHLn. Experience
indiuatea that balloon control-cable tensions will be grenteﬂt when the balloon

“1s pulied dovn and held stuLionury whilv fhﬁ conLaJnox Ly bolng attached or

S B O T L L TR g

detached: (Bldbk load liue), LonLrol qenuJLLvLLy dnd tha potential lor ship and

cable interferance also appear most . critical while approaching a particular ship
cull,'during containar -attachment, and when withdrawing the ccntatner. These
operationy all occur In a falrly [lnite region and at very low speeds, 1Lf any.
Thus, 1t dddd molb secwm necessary to formulate w wodel based upon a dynamilc analy-

ula that would turn out to he very cemplex in this case bocause of the flexibility

CTRENE | el R T

of the entire syatem, The atatle analyses can still bo used to investigate the

cable tounslon anywhare along the system's trajectory as long as the point choben
yW y p

la vot ona where large accolerationn accur,

Although o real cable forvms a catenavy curva, o model utilizing catenavy

2 cquations cannot: he uged wilthout recourse to tables stored In a computer memory,

T
M . M

To wimplily “he model, the more uwsual parabolic approximation to a cateuary curve

wag used, A parabolic approximation 1s valid se long as the cable tends to be

mwore horizontal than varvtical, Recogniziag that at eltcher end of ite travel the

BI'S has at least ove cable oriented wmore vertically than horizontally, Lt was

]
; . decided to tallor the wodel for greater general accuracy for the balloon ncar a
ahlp located much closer to the off--shore winehed and Flying Dutchman anchors
) thon to the shore unloadlng area. The talloring approximatlions are discussed In
1 Appendlx Y,
. Limlted computatiors wore made 1n the course of plamaing for the fories 11

' Fleld Test and the approximate behavior of some olemonts of the system could ba

sredicted from them, One obsorvation 2an be made, for example, from a configura-

4
il

o Liou optimization viewpeint. ‘Thewe 18 u tradeoff betwaen minilmizing cable tensions
by locating tbe workboat winches and Flving Dutelman anchor block close to the ship t
and reducluy the chance of sblp and cabie {nterference by Llocating the winches and '
Flylog Dutchwan anchox block further senvard, :
The wodel was also usad to exavine the configuration finally choavn for i1
: tho Series TT Fleld Tests, Predleted calile tenslons compared favorably with data ?;
ay dlscussaed in the scctilon sumuarizing tlesa Fleld Tests. E

=

T
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¥ield Teuts

Planned Overwater Demonstration Testas i

The Alr Force Ronge Messurements Laboratory (RML) at Patrick Alr Force |
‘Buse wae tasked by ARPA to conduct an experimental program to evaluate the ship-
to-shore ﬁéllonn Traosport Syarum (BT8) concept. Tn turn, RMI, contracted with
Raven Industries tb provide the equipwent and personnel for this test program.

Puring a March 1972 meetiﬁg at ARPA with vepresentatives of the Military

} Servicas, Mr. Harold Reed of RM), présented initial plans for the teats. It waa ;

. ' expected that thase tests would be conducted near RML in Florida, where balloon-
: experienced personnel and facilities would be available, 'The plan way to similate
a ship-to-vhore test by transporting contalners from a barge to a beach area,
Tt whs recognized that site selection would involve problems with power lines, ..
bridges, and dredge channels,

In subgoquent meetings with representatives of the Military Servicen '

it was agreed that the wajor objective of thz tests should be to procure data for -

operational analysis, e.g., container rewsval time, balicon tow velocities, cycle
1
time, and bhalloon/vessel and balloon/lighter interactions. It was further . ) ;I

agreed that removal of the top containor from u cell would not be sufficlent to

evtablish fea4ibility, but that remnval from a second or third tier down would "

impose sufficient difficulty to do sgo:

Tho following test objectives were established: I]

0

bl

| * Phase 1

=  Evuluate the capability of a balloon system to remove an ‘
8- by 8- by 20-ft MILVAN container from the thivd tier of

a similated cell on a large vessel under quiet sea state

_ condjtions, to place the container on specified location
! on deck, and to reload the container into a cell. |

Datarmine the extent of binding and other wotion con-
straints, rigging configuratlon, and operating procedures.
=  Repeat under increased sea state conditiona,

e Phase 2

- Evaluate the capability of balloon system to remove an
8- by 8- by 20-ft MILVAN coutainer from a simulated cell
and place it on a lighter under quiet nea state conditionn,
Determine the problems of lataractions between a balloon-
supported contalner and a lightar.

-  Repeat under increased sea state conditions,

0 S bl e

',4,= t= ﬂ‘/z’ ree'ecd %
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: o Phase 3 B L
gl ; -  Evaluate the capability of balloon system to remove an
8- by 8- by 20-ft MILVAN coantainer from the top throee
. tiers of a simulated cell and to transport it to shore
S over a distance of at least 2000 ft under quiet sca state
conditions, (Yarder to be located on the lond end of
P cable aystem.) lkvaluate the capability of returalung the
oy container from ghove to ship., Detemnine the maximum
< l balloon tow veloclty, contalner pick-up and deposit tlmes, 2
‘ overall cycle time, rigging configuration, and ballooun %
7 and contioiner pos!tioning accuracies, Identify anchoring 43
I problems and possible superstructure fouling problems, é
C - - Ropeat under lncreased sea state. conditions, - 4
- e DPhase &4 ! %
' ]
- i -  Repeat Phase 3 with the yarder Installed on a harge, ’?
Numerous difficulties were encountered 1u procuring the necessary equip- E
: i ment and c)l?taining the nocessary approvals to perform these tests. The NASA barge E
i expected to be used as the test platform was needed for another program at the g
: E time initially scheduled for the testw. Range Satety also ralsed problems regard- :
g fug the operation of the balloon equlpment. The costs of transporting the yarder
E and other equipment from Oregon to Florida, as well as the cost of the lLielium
. . required to inflate the balloon, were comparatively high., VFinally, it was felt
5 i : ]
! that the test site available in Florida would provide only mill pond conditiops. i
' i Though the needed dynamic condltions might be creatad by waves generated by other
- boats, 1t was determined that the NASA barge was too large to be influenced by
. i avallable craoft. Vor thase reasons, the dynamic parameter, was eliminated from
! comsideration in the fleld tests,
g i E
i . Saries I VField 'lests
% ' _ n view of the difficultiesy encountered with pexrforming the Plannad '
%3 o Overwater Demonstraiion Tests, Colonel Hesse dirvected that tests of a more limited (
3 :
,g ! geope be conductad. ‘These teets ghould examine the oparational characterlsnlces
e of a balloon transport system ln general and the critical issues, namely, tha polen- -
¥ 5
e | ‘ tlal for binding during container extraction and the accuracy with which a contalner F
1= F ' could -ha positionad, Thene tests becume known as the Series 1 Flold Testw,
s r

-\'Jﬂ
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Reapoheibility for preparing test plans was placed with RML, C..D. Fitz
was asked to asmist the planning and evaluation of thesa tests, with the spoecific
missions of Lnsuring compatibility betwaen the experimental work aud the analytical
work and correlating the requirenments of the potentlal miliuﬁry usars,

In preparing for this test series, visits were made to Bohomia Inc,,
at Culp Creek, Oregon; the Navy Cargo Handling and Port (NAVCHAP) Group, at the
Navy Supply Center, Williameburg, Virginia; and the slte of the Offshore Dischurgq;
of Contalunership (0SDOC) field test operations at Fort Story, Virginia.

The operational charaqteristics of a BTS using a 530,000 ft3 balloén
ware examlned during n‘trip to Bohemla's balloon logglng site. The technique
used in coutrolling the motion and the accuracy with which objects could be
positloned were speclfically studied.

During the visit to the NAVCHAP Group, a two-contalner-high cell simu-~
lator was examined, This simulator has been used for helicopter practice in
extracting containers from contalnership cells. Fxamination of the simulator
showed that a two-high simulator would be adequate for test purposes and simpler
to construct than deeﬁer simulators,

MILVAN containers and various aystems to be tested for conEuinerﬂhip
discharge during the 08DOC IX éest program were examined during a visit to the
Navy Amphibious Base at Little Creek, Virginia. It was learnhed here that to
reduce the problem of accurate aligument of the extraction cable, cell elevators
were belng considered to lift the containers tc the maln dack. Mobile cranes in
the form of helicopters or balloons could then move the contalners to lighters or
ashore. Although helicopters or balloons might encounter binding in the extraction
process, thoy could, 1f used in conjunction with elevators, be useful system com-
ponents in accomplishing the balance of the cverall process.

During a viaié to Fort Story, Virginia, during the OSDOC II test opera-
tiona, heavy wind forced a temporary suspension, and after the wind subsided a
heavy surf continued to impede diacharge operatlons. It wae recognized that a
BT8 would have been valuable in transporting cargo over the heavy surf, The poten-
tial capability of a balloon system to transport materlal to posltions further
inland, past the baach, was also noted, ‘

With the results of the visits, and the asslatance of the projoct con-

tractor, the Series I tests were planned. These tesats were to be conducted at




23

‘the site of balloon logging activities conducted by Bailoon Traus-Air, Inc., a
subsidiary of Bohemla, Inc,, using an operational balloon system, Approval for
these tasts was glven by Dr, Prancls W, Niedenfuhr, who had replaced Coloncl A,

Hesue as the.-ARPA program manager .

Swimuary of the Series 1 Finld Tests

AR

. Fleld tests were conducted on October 14 and 15, 1972, The objectives,
procedurce, and detailed rosults arc dedcribed in a report prepared by RML.-X- ‘f

Bach of the major steps in the ship-to-shore trangport process was checked, and

s

XX Fw’m"’&?-m‘!‘ i

H ne serlous major problems were encountered, Specifically, it was shown that a

| BUS can:

R ot R 55
I

i * lLixtract a container trom a simulated cell without bindiug. ‘Z {
4
"":‘ & Return a container inte the cell with guidance from % L
EE' 2 manually-controlled tag lines, 3
[ .
§ i3 e DPlace a container on a specified position with an accuracy % i
L on the order of a few inchas. i
S | ®  (Carry countalnery of 20 £t and 40 ft up steep slopes and across 3 j
‘;5'i distances of about 1500 ft, i’
3 : e Plck up a slinp-supported container, transport Lt 1500 ft, 3;3
R I deposit it, and return to the starting position, in three K
e to five winutes. This i equlvalent to offloading 12 to ’]s
B i | . 20 countainers per hour from 1500 ft, s\‘
- E
=N i Returning the contalner into the slmulated cull proved ko be a difficult }}f
b - wy
R t\‘ process, llowaver, this was partly caused by the cell simulator design and partly :g’
E i ' by the positioning of the cell simulator during test activities. Actual cells ‘z
5 i Z In contalnerships have a flared entrance at the top of tke cell which assists éj
] in fuaneling the container inte position. With the flared entrance, position [ﬁ
| i inaccuracles up to four inches caun be allowed, Without the flare, the container
must: be positioned within one 1inch, '
l Tn additlon, the cell simulator was positioned on top of a flatbed truck
' wlith the top of the cell 16 ft above ground, VYositioning the contalner by tag :
‘ lines drawn byf operators some distance below the cell entrance level was extremely :
difficult., Tn future test operations, a flare should be ifncluded in the cell rE
i admulator design and the top of the cell should be brought dowu te ground level ;
g
relative to the opeiators,
i 1 l_w mmlﬁ\_l.{‘ep;rt No, 72-024, "Ship to Shore Oregon Demonatration Test!, sponsoved

by ARPA, Office of Advanced Sensors, under ARPA Order 2176, AFETR RML,
November 9, 1972.




jz5ll

N SR P T B S S TS T 0

24

A saecond problem ancountared wag the pendular motion of the container

o8 Lt was brought into the loading zone. This was caused By the inextia of the

container during acceleration and deceleration, particularly under high sprad

conditions. For lundiug 1in a general beach uarea, the pendular motion can be

elilminated by gkidding the bottom surface on the gand as Lt 1s brought in. For
depositing in a closcr tolerance receiver, the container could be first set on

the beach or deck to eliminate the motion and picked up again for imsertlon in

the receiver, In the cese of ship-tu-lighter operations, the system would not

ha accelerated to high speeds and the penduinr motion would he minimal.
The balloon system used in these field tests conglsted of:

® 530,000-ft3 natural shape bglloon with a grogs lift
at sea level of 24,000 1b,

e A two drum wineh system with suitable controls
for powering each drum separately from a 500 hp
dizsél englne,

®

Calble consisting of one Iluch British Wire rope with
3000 ft on the main lipe' drum and 7000 ft on the
haulback line drum,

L] Tail bloecks and side blocks,

A caterpillar tractor for moving the balloon to and
from Jts bedding area.

Series IT [ield Tepta

Following the favorable results of the Series I Fiald Tests, Lt was

decjded to proceed with more compraliensive tests, Although overwater tests

were a8ti11l desirable, problems remaived concerning the pcssibility of conducting
tham in Florida.

Therefore it was considered desirable to continue taesting in
Oregon.

The availability of the logging balloon system depended upon the coumer-

clal logging schedule. Bohemiz Inc. could not afford to divert its balloon system

from commercial operations during the regular harvest scason at a price within

the tost funds which were allocated, Becauze logging operatlons ceasad during

the winter months, Bohemla agreed to provide the balloon system during this seadon
at a conslderably lower coat,

Bacause of pogaible high wind counditions in mid-
winter, the best tast periled would be {mmediately before or after regular logging

ot Tl i
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-oparations. It was declded to take advantage of this opportunity and to conduct

the system tests in March 1973, Suitable locations for balloon trénéport rung
greater than 1000 ft, poasibly up to 2000 ft, were understood to be available
near the araa In which the balloon was bedded down Eof the winter,

Tast plans were formﬁlated E;r the Serles II T'{eld Tests, distributed
for review and comment to the urganizations_conéerned with these tests, and
approved with only minor changea.2 .

The general objective of the fleld tests was to further evaluate the
feasibility of.the BTS Dby exaﬁining the-potentfal problem areas and by nﬂaa"ring
performance characteristics and dynamic conditions. Specific objectives inclxded

® Mnauurement of the cycle time for a coutainer-discharge
operation and the lncremental time for each atep of the
operation using a spreader bar connection system,

¢ Bvaluation of several rigpiug arrangements for lateral
displacement of the balloon and for handljng the haul.-
‘ back lines.

] Measurement of cable tensions for various condltions of
the system.

o  Exumination of contaiuver wlithdrawal under counditions
simulating extreme cell plitch and roll and off-center
loading,

Theae nhiectives were to be accomplished in the context of the followlng
three scenacios which relate to the site layout shown in Figure 3:

e Scenario 5-1

- Similate contalner transport from a ship to shore with
deposit 1v a general reglon on the beach, Distance of
trangport to be at least 1500 ft and accuvacy of deposit
to be + 10 ft,

® Scenario 5-2

Simulate transport of a contalner trom a ship to shore
with deposit on a hopper at the shore end, In the deposit
operatilon, communtcation with the winch operator for control
of the container deposit to be achieved by radio only.
Trangport distance to he 10G0C ft and deposit accuracy Lo
be 1 1.5 ft,

® Scenario S-3

= Stmulate tfansport from a ship te a nearby lighter. Winch
operator tn have a clear view of all ateps. Transport

distance to be spproximately 200 ft and deposit accuracy
+ 1 ft,

Range Measuvements Luhornrory,"nalloon Ship to Shore MLlitary Carge Trausport
Systom, ?lan for Oregon Teat Scerles (T", December 20, 1973.
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The 1000 ft distance of ScenarioIS-Z was selacted to provide an
Intermedlate transport range for calculating performance time-versus-distance
data..lThe logging balloon operators pointed out, however, that at the i -
1000 -ft position the balloon is normally at a high point in itg trajectory, and
that'uaing a rigging originally set up for 1500-ft transport would lead to very
high cable forces or the Qsc_of long loud lines, Alternatively, the tall block
could be moved to a position near the 1000-ft drop area, but as this was a
laborous and time-consuming job, 1t ras decided to change the transport distance
for Scenario §-2 to 1500 ft, | ‘

In oxder to distribute the beneficial effects of increased operator
xpoerionce and not unduly penalize any one of the scenarics for belng low on the
learning curve, 1t was congsldered desirable to rotate through the scensriles.

Two runs for each sconario were therefore scheduled for each day over a three

day perlod, This plan also enabled equalization of possible effectd of weather

changés over the several scenarios. 7The desire to votate the scenarios was

another Important reason for not moving the tail block anchors for a change in

travel distance as discussed above, ‘ .
The Oregon Series 11 VField Tests were conducted during the week of |

March 12-16, 1973 at Culp Creek, Oregon. Details of thewe tests, iucluding a

description of the equipment and results, are presented in a report prepuared by
the Range Measurements Laboratory.é The following discussion summarizes the

esgential results. .

Overall Operation. The balloon transpcrt system configuration used for most

tests is shown In perspective in Mgure 3 and in plan diagram in Figure 4, The opera-
tional performance of each of the cowponents and of the system proved to be very
satlsfactory. Initially, the simulated ship's cell was positioned in a hele near

the yarder to correspond to placing winches on a tender ship near the contaluer. .
ship. 1In this configurastion the containers werc casily extracted, transported,
and depcsited, Later the cell framework was moved to the other end of the test
area, near the tail blocks, and set on the ground behind a acreen of trees ‘8o

that control of the halloon and load line could only be achleved through radio

3 Range Meaguxements Laboratory Repert No. 73-026 "Ship to Shore Dregon Test
Series 1T, Preliminary Report", April 20, 1973,

et L i a6
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'éonmmniCQQion. This simulated the yardayr on a beach some distance fromithe ship.

ik

occasionally necessary during the tests to stop operations and ‘¥ool the over

Performance of this ''yarder on the beach" arrangement was also very satisfactory, : 1 %
.In mountaln logging operations the linesa go up ateep slopes. ‘ine balloon i %
lifts up the slope and the logs carried in the return operation help vo puli the : %
balloon down, Operation over level ground in these tests induced higher than E 3
nbrmal cable tensions which, in turn, tended to overload the winch. 1t was ; 2
b

!

heated power plante, This is not considered to be a prdblem 1ﬁherent to a BTS

'syétem in general, Rather it was a case of using equipment in a mode other than _ 2
that for which it was intended. ‘ ér i

Performance fime. For ea~h scenario measurcments were made of the i §

total cycle time and the incremental time for each operational otep over multiple g; %

cycles. The atarting polnt for each cycle was the spreader bar pesitioned above ? %

the cell with the tag lines hangling down and touching the surface. Starting with E

two containers stacked in the simulated cell, eaclh was extracted, tranasported, and !

deposited and the spreader returned to the starting polnt. ‘lwo complete cycles \ . é
‘ware run to provide an even flow of activities cerrusponding with a continuous . %
discharge of containers. The results of the total cycle time measurements for v, %
. E
the three scenarios are presented in Table 2. S
1 =
§ T
Table 2, Measured Cycle Time for 3 Scenarlos b
Number Mindlmum Maximum Average i v
Cycles Minutes Mivutes Minutes SRRy

Scenario 1 10 3,95 8 *G, 08 "
1500 ft distance b
» 1+ 10 fr accuracy S
Scenario 2 7 4.33 7.25 5.89 g

1500 ft distance i

+ 1.5 ft accuracy
I Scenarlo 3 8 2.87 - 4.5 3.74

200 fr distance
+ 1 ft accuracy \ : :

Tl

* Scenario 1 was designed to simulate placement in a general beach ox atorage
area (+ 10 ft accuracy). However, the test pergonnel attompted to achleve
a high degree of placement nccuracy, which tended to increase the time factor,
With experienca, the cycle time for thia type of operation could be reduced.

e el
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: E#ch;cycle_wué divided into seéven operatinnal ataﬁs from a srarting
pqéitiou over the sinmlated call: ' , '
Step 1, TInsartion of the spreader bar iuto the cell,

N

. Attachmant of the spreader bar, Loading group

Step.
. Stap 3, Extraction of the container.

5.  Deposlt contailner,

3

Step 4. Movement of the container to the deposit polnt,
..5tép 5
6

: Landing group
». Disconnect apreader bar, ' :

Step

SEep 7. Return to startiug point over eeil.

In the fleld testy it was found that sevaral of the steps occurrved so close together
that it was difficult to distinpuish and accurately measure the Individual sleps.
However, these steps could be combined into groups which were amenable to more
accurate measurements., These groups were a) the 1ohd1n3 group, consilsting of the
spreader bar insertion step, the attachmént step and the contaiver extraction

step followad by b) the container movement, c) the landing group, consisting of the
steps to deposit the container and dlsconnect the spresder bar, and finally, d) the
return of the gpreader bar to the starting point.

. An analysis of the step time combined in groups provides a base for
determining expected cycle times for longer transport distances. It was found for
example that the total average time (22 repetitions) for the two end groups at
loading and landing was 95 sec. This included an average tfm. of 10 sec for the
attachment gstep using the manually operatc” spreader bar connector., It is believaed
that the attachment atep could be reduced to 2 sec by using remotely controlled
electromechanlcal connectors of the type used in conventional dockside operations.

In addition, the average time measured for the deposit container step
(45 sec over 22 repetitions) is greater than would be expected in rormai operations,
where Low plucement accuracy is sufficlent, Deposit time, it ia believed, can be
reduced to 30 gec. These improvements would reduce the time required for the
loading and the landing groups of operations from 95 sec to 72 sec.

For 15 repetitiona of the contalner transport und spreader bar return
over the 1500-ft range of the field tests, an average time of 4 min 25 sec was
required, corresponding to an average velocity of 678 ft/min. TIf the line speed
were increased to 2000 ft/min and acceleration and deceleration accomplished at
1/3 g,the time required for contaluner wovement and spresder bar return would be
102 sec. Combining this with the improved loading and landing operation steps, a

total cyecle time of 2 min 54 sec would be required for the 1500~ft range,
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.

Agait allowing 7¢ seconds fur the loading and 1anding grvoups of steps
and uslng a line speed of 2000 ft/min, contaivers could be transporsed overla
range of 3500 ft within the allowable 5 min total cycle time.

Over a one wile range, the time for contajiner transport and spreader
bar return moving at 2000 ft/min with 1/3 g accelération and deceleration would
be 5 min 27 sec. The total cycie time, including the loading and landing steps
would be 6 min 39 sec, This would correspond to a dlscharge rate of about 9 con-
tainers/hr, Without the anticipated improvements in the attachmen: and depbsit steps,
the total cycle time for the mile range would be 7 min or n discharge rate of 8.5
containers/hr. \

1f a dual balloon system is used and a 20% allowance is provided for
poasihle overlap Iin operations and again the cable wmoves at 2000 ft/min, the
discharge rate could be innreased to 15 containers/hr, With only n\lEQO ft/min
line speed and a 20% overlap allowance the discharge rate would still be iz
containers/hr,

A few time measurements were also mede using contalners with rope
slings. These measurements demonstraved that {he extruction‘time aud total

discharge time could definitely be reduced by preslinging the containcrs,

As a matter of interest, since it was nccessary to reload the cell
structure for subsequent use, it was decided to measure the time for reloading
containers. During the first two day's reload activitles, excessive time was

required to align the spreader bar over the containers in the depoailt area,

This was caused by the lack of a funnelling devlice over the container and the

~difficulty in achieving accurate alignment while using tag lines controlled by

operators game distanca below the level of the apreader bar, Special guides .
welded to the sprecader bar aided aligmnment and reduced the time spent on this

operational step, This modisication reduced the time for attachment from an s

average of 166 scconds to an average of 42 gaconds.
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gh__g The type of rlggiAg unad in tests juet described and shown in

V”Pigurn 3 1e known in logging operations us the 1rﬂveling Skyhook with Ground Return,
;gana.chuhhaulbuck 1ine 18 returned to the yarder on the ground. In a ship-to-

_ahorglapplléétion, this line would drag in the water and obstruct the movement of

contalnerahips,

- To avold thoae problems, 1t 18 feamible to rlg a Travaling Skyhook with
Invertﬂd Skyline, By thin_method, the portion of the haulback line returning to the
winch passes through a block carried by the balloon as shown in Figure 5,

| This rigglng method was set yup and examined operationally during the test

series. Operation of the BTS with this conflguration was satisfactory and provided
the additional benefit of lower tensions in the main line and haulback 1line. Tt
should be recognlzed of course, that a longer haulback line and the additional weight
to be carried by the balloon are disadvantages in lmplementing this alternative
contiguration,

With the Flying Dutchman rigged as shown in Figure 5, a greater movemen®
of the Ilying Dutchman was required to obtain the sume lateral movement obtained
in the case of the Traveling Skyhook with Ground Return, If the Flying Dutchwman
had bean attached to blocks on the returning haulback line as wall as the main line
leteral motion control would have been approximately the same as for normal ground
rerurn riggling of the haulback line,

“The Flying Dutchman rléging vas alno tested in the deposit area, 7This
concept of expanding the arca available for unloading worked very well. The
system configuration is eusentinlly defined by the positions of tha yarder and the
varlous ground blocks during the tests, and these positions were often detemmined
more by conditions and aquipment existing at the tesk eiterchan by cholice., 1Tt I8
appavent that the exact arrangement of blocks and winches strongly affects the
flexibillity of the B&S. In this regard it should be remembured that no attempt:

was made to determine un optimum coufiguration, but to evaluate the idea,

i it
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- == BALLOON

.- TETHER LINES

'MAIN LINE ~—.._

v

 RUNNING BLOCK

) /—"// LOAD LiNE \
- -~ -

7 ' \
‘) ‘\ . [\ =

MAIN WINCH (
(/" SIMULATED SHIP'S CELL GENERAL LANDING AREA

FLY ING DUTCHMAN WIMCH AND RIGGING

}

Flgure 5, Inverted Skyline Rigging Confilguration
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Cable Tenasion, The teusion in each of the principal lines and the "
velocities of the main and haulback lines were measured an& racorded on strip o

. charts during several cyoles of the three test scenariloa.

' Table 3 presants forces measured at two locations and cable tensions for t 1‘

one locetion Cﬂlhulﬂted with BatLelle 8 computer program (see Appendlx B), o

Table 3, Cable Teusions in BIS at Selected Balloon Positilons

] N
it Ballnon over simulated container - ' ' f
i, ship cell with 122 ft Yoad line in i
1 d tai o
% cell lying slack ovar container Computed 1b Mggggged b " !
%- Balloon Tether Force 21,000 22,500 /
i Main Line Force 22,250 26,000 z. :
Haulback Line Force 11,970 10,000 SIS
Flying Dutchman Force 22,130 22,500 '

: Balloon L1n landing zone with I
contalner on ground and load
line slack,

T e

Balloon Tether Force Ak 22,500 {
Main Line Force ‘ *k 12,000

Haulback Line Force . N ok 20,000 !
Flyding Dutchman Force ok 0 ;

*  Additional geometry specifications wera:
Location of center of cell relative to yarder: 1Ll1 ft parallel to cable
run, 78 ft perpendicular to cable run,
Flying Dutchman length = 53 ft,
Location of Flying Dutchman anchor relative to yarder: 52 ft parallel Y
to cable run, 122 perpendicular to cable run. .
Distance of winches tatafl block = 1500 ft,
% Not computad

The close correlation between the computed and weasured forces in the
flrst example of Table 3 supports use of the computer tachniqﬁe for future use in
analyzing and predicting forces in various possible syntem layouts. .

Tha two examples alsc 1llustrate that, as expected, the main line cable
carries the greatest load when the balloon is near the yarder, while tha haulback

line has {ts greatest load when the balloon {8 in <he landing zone.
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Operations With Stationary Simulated Pitch and Rulifand 0f f-Center Loading.

Ag stated,it waa not possible to simulate the dynumic motlon of a containership.

However, it was considered desirable to glimulate the extreme positions which the
ship might aspume and Lo test the ability to extract coutalners under these tilted.
cell conditliong and under conditions of frictional binding craated by off-ceunter
loading. In some reapacts, such static conditlons are mora demanding since motion
18 not avallable to help break the statle frletlion lock,

During the Sories II tests,the simulated ship cell was tilted thrcugh
sevoral pltch and roll angles to a maximum of 59 pitch and 5.7° roll.

the container was luaded off-center by B8.7% and 17,4%.

In addltion,

Extractions were made for several combinations of pitch and roll, with
center of gravity offesets 1lu the same direction as the pitch and In the opposite
direction. The most severe combinatlon was pitch = 50, roll = 8° and center of
gravity offaet = 17.4% obposite to the directlon of pltch. No extraction problems
werc encountered during these tests, Thé frictional force Llncrease computed from
the data was minor except in the extreme case described above In which the frictional
load went up to 6000 lbs from the more usual 2000-lb value. ‘This iucrease was
ensily accommodated by the balloon 1lift, and the load line tension was still far

below‘braaking strength,

Aerodynamic Forces on the Balloon. There 18 a general lack of full scale,

experimental aerodynamic force date on natural-shapad valloons. Wind tunnel
weasurements for hard models of the natural shape indicate a drag coefficient of .25
at: a Reynolds Number of 12,0 x 106. However, the drag characterlistics of actual
soft natural shapes due to surface effects such as dimpling of the skin from wind
pressures, were expected to be higher than wind tunnel prodictioné'baaed on hard
models,

To more completely understand the forces in this systewm, aerodynamic
forces on the balloon were measured. Tnetrumentation consisted of the following:

e load cell to measure the total force of the balluon cable.

e A device to measure the angle of the balloon cable relative
to the vertical,

. Wind veloclty inatruments.

Singals from these instruments were telemetered to the instrument van and recovded,
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The resulting data tliat are being reported in detail in a separsate RML,

‘Zanélyeis—indicéte.a considerably higher drag coefficient than indicated by the

wind tunnel teste with hard wodels. lowever, these results should be considered
preiiminury. There appears to be a need for further full range testing to
further corifirm and extend the aerodynamic force data base for soft, natural
ahaped, low altitude balloons,

Shock Loada. The dynamic characteristics of the balloon and the cable
tensfons under shock loading conditlons sve ilmportant considerations, To doter-
mine'thege characteristics, the B1S was subjected to two types of shocks,

First, the balloon was pulled down by the control cables, which were
then released and the balloon allowed to riee frealy. The brakes on the winches'
drums were then applied quickly. In one test, the balloon tether temsion, nor-
mally 22,500 1lbs, rose to over 34,000 1ba. Vibration waves ran through the
balloon several times with no perceptible 111 effects!

Next, with a 17,000-1b log load attached to the load line, the balloon
was drawn .own rapldly until the load struck the ground. The balloon continued
downward for a short distance, causing slack in the control lines, then shot
upward until stopped by the control lines, In one such test, this induced a
load Hne tension gremter than 60,000 1bs. The load cell broke, but the cables
lield, and nn 111 effects were perceived at the balloon. A gimilnr shock occasion-
ally occurred when the contalner was dropped on the cell framework to reduce
swinglng. Since this type of shock can be excussive and could lead to fallure

of tha tether lines, care should be exercised in "slamning down" operatios.

Free Lift. ‘o achleve fast response and better all-around performance,
an nccepted criteria in balloon technology is the provision of 10% gdditicnal

11ft (free 11ft) over and above the basic load,

To check the BUS performance under heavy load conditions and to obtain
an estimate of the necessary free 11ft, it hod been suggested during test planning
that heavy-load tests be made. These additional tests were scheduled fou the last
day of the series, but westher conditions eliminated them.

To obtain the deslired heavy-load data, Bohemla agreed to provide their

balloon system later. These tests were conducted April 14 at a logging slte near
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Cﬁlﬁ Créek. Ofégon.-'Thé gronb.lbnd wés 21>006 lbu'"while.the bnlloon haﬂ'én :
available 11£t of 25,000 ‘be, ragulting in a ftee‘lift of 4,000 1be ox 19% of the
load. Extract 1on, wovement, and deposition were easily accomplimhed.

Though performance with ovnly 107% free 1ift was not examined the resulta

support. the expevtation that the system will operate well with 10% free life.
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38 1
. Summation of Ballgon Transport System Potential
3 o . : ;
3 Ovarall assessment of the theoretical and experimental evaluation of the i
. potential of a BTS leads to tho following swmary of the known and atlll-to-bew-
! determined capabilities of such a system, 31
i Spacifically, the filield tests showed that a BTS, in u configuration asg
) described, can: -
f e Place » spreader bar plck-up rystem accurately over a '
) contalnership cell position on a ship's deck,
% ¢ Extract containers from containership cells over 4 { E
N si. alficant range of atntically simulated roll and .
o pitch angles and off-center center of gravity con- t
' ditions with a surplus (free) 1ift in the balloon
of 20% of the gross load.
. |
4 ® Return a countainer into the cell with guildance from _,

manually controlled tag lines, !

. e Transport contalners of 20 ft and 40 ft lengths
v through the air horizontally and up steep slopes.

a Deposit containers with lateral accuracies of loas S v
than a foot, even when relying solely on a radio i ;
frequency 1ink to communicate contalner movements
to the winch operator. '1

o Achileve discharge rates of 15 to 20 containers/hr
to a neavrby lighter, and 10 to 12 containers/hr to "
a position 1500 ft away. (Faster diacharge rates
than these were achieved using previcusly attached
aliug connectiond, rather than spreader bar connectien t

devices,)
e Withstand high shock loads,
o Operatz in winds up to 10 mph. i 3

An evaluation of the current state of the art sapports the Lullowing

observations: .

s Coupling the extrapolation of measured times for : C i
individual steps with balloon system improvements, )
guch aa winch speeds of 2,000 ft/min, indicatesg
that discharge rates of about 12 containers/hr to
& position 3500 ft away should be achievable.

e Over a mile range, such a system should support o N jk
discharge rate of 8 to 9 containeramhr., To : E
achieve a higher rate of 12 to 15 containers/hr b/
over that distance, a dual balloon system is . iy
believed conceptually feasible,

TR T
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e VWhile no attempt was mude to determine an optimum
configuration, a BTS can ba designed to avold inter-
ference amoug Lhe ship, the various winches and
cables of the system, and other off-loadiung activities,

o A pre-packaged or air~transportable system 18
potsible, ‘ '

® The analytical model developed can be usaful In
system design,

Fywecd
=
&

ficld tests did not permit an evuluatlon of the followlng:

) Operatioh of. the ayhtem under dynamic condltions feaulting
from wind and wave-induced motion.

e Opbtlmum poaltioning of the offshore blocks and winches.

[T

Suitability of the necésaary anchor systems,

® [ ]

Operation at a transporl dirtanve in excess of 1500‘ft,

Operation with the suirplus (free) 1ift of only 10% of the
gross load usually provided in the dasign of balloons,
However, there 18 reasonable confidence that the BTS will
opeivate satisfactorily at that figure,

X P T

s ﬂ.‘;
g et e
s ® ®

Operation in winds in excess of 10 mph., However, logging
operations with eimilar balloons are cartvied out safely
in winds .up to 30 mph.

Operation under extreme weather conditions, such as henvy
fog, roiln, or snov.

e R T

Operation carrvying loads in excess of 10.5 tons. lNowever,

it 18 considered a rcasonable extension of the state_of the
art to design, construct, and operate a 1,300,000 £t balloon
capable of carrying the desired 22,5 ton payload.
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| ALTERNATIVE SHIP-T0-SHORE CARGO TRANSPORT SYSTEMS

Cranes and helicopters have been considered as alternative ship-

to~shore carge transport systems,

Craues

In spite of the advantage of operational simplicity, cranes are
clearly limited in the vertical and horizontal distance which they can trana-
port cargo. Thus, in ship-to-shore transport operations they can normally serve
only to transfer cargo from the ship te an adjacent lighter, (either of conven-
tional design or air cushioned vehicle), to a pler or barge, or from the conven-
tional lighter to a very close beach.

As stated earlier, the commercial containerization industry has all but
eliminated ship-mounted cranss. Thus, short of major redesign of the container-
ship itself, cranes on auxiliary hulls or cranes temporarily set upon the ships
would be required, The latter solution may require reinforcement of the deck to
accommodate the additionnl weight of the crane and 1ts power source, [t would
also reduce avallable cargo space, The deck-mounted crane would have to be installed
at the .loading port, since installing a crane on the cohtainership at the unloading
slte would be an almost impossible task, requiring one or more other cranes to move
the disassembled crane aboard the containership. This would require a 100-ton
floating crane, which would be slow to deploy.

Auxiliary-hull mounted cranes could be cither gantry or derrick cranes.
Gantry cranes predominate in dockside container transfer. These cranes are lerge,
heavy machines that typically land the container somewhere beneath them, that 1is,
on what would be the guxiliary bull if current gantry models were used. Gantries
specially designed for depositing containers on an adjacent lighter would be even
larger and heavier., In addition to the design and operational problems stemming
from auxiliary hull stability, Lhere is the larger problem of deploying these cranes
and their auxiliary hulls to the operational site within an acceptable time.

Derrick (standard) cranes, which are occasionally us«d in dockside
operations, could be mounted on auxiliary hulls. However a derrick crane requires

a wlde mounting base,such as a barge for support., This would aguln obvicusly present

transportation problems, There are also problems created by boom oscillation,

The interaction of water betwezn the ship and a barge creates a bumping effect

causing boom awings which would preclude operation on other than a mild sea,
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.A}though-craqeu were shown in the 08DOC II tests to be efficient means of disw.

charging & ship in calm water, experience factors héve not as yet baen developad

to ahow the extent of their possible use 1v. various ser states or thely discharge
rates over a long period.

 Since the use of cranes vaequives lighterage, there still remains the

_problem_ag offloading the convetitlonal lighter when it arrives at the beach, The

“air cushioun vehicle type lighter could preclude this necessity where terrain con-

‘ditions permlt their operation, To offload the conventional lighter, a crane

mounted on an auxiliary hull or om the beach could be effectively used where tho
lighter could get within the crane boom reach of the shore, HNowever, 1f the
desired discharge point is further away or higher than the boom can veach, an
intermediate meang of land treusport between the lighter and the diucharge point
would be needed, Uader such conditions a transport system that could carry the
containers through th: air from the lighter in one wovement to the discharge point,
would b2 much more efficient, particularly 1if rough or high terrain (such as clifts)

had to be surmounted on shore.

Helicopters .

Helicopters have obvious potential for the ahipﬁto-shore transpoxrt of
military cargo. Careful consideration must be given to both thelr advantage
and disadvantages,

In principle, their advantages center, of course, on their mobllity and
flexibility. For ranges on the order of 1000 miles, they can be readily flown
between operating locations. On arvival, the helicopter 1s a self-contained cargo
transport system, requiring only the flight crew to operate the system. It can
move the cargo from the containership to & nearby lighter or carry it to shore
locations vapidly without any significant range limitation., An cven bigher rate

of discharge could be achleved by operating several helicopters toiachieve contine

“uous, rapld operation, Ruggedness of terrain would not be of conscquuence.

(Oun the other hand, there arec also disadvantages. ‘The neavy 1lift heli-
copter, itself, 1s expected to present problems in deployment by either air or
sea., It may even be too large for movement by C-5 aircraft, requiving disasaembly,
preservation, processing, and deck loading for movement by sea. Once nrcived,
although the helicopter could readily operate from a nearby pad on land or ahipboaxd,
special support provisions would have to be made, particularly for aircraft nain-
tenance and fuel. Puiting the pad aad necewsncy support facllities on a containersuip

18 not very likely since it would have to be at the expende of valuable cargo

space. Othex problama obsevved in using helicopters for this purpose (nclude the
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tight clearances involved in extracting containers move than ona layér deep and
., in operating near the ship'es superstructure, pendulant wotions resulting from [

both the alrcraft and ghip movements, aud hazards due to rotor downwash, It

T e

should also be recognized that & heavy 1ift helicopter which will meet the 22.5 ,(

ton fully lozded MILVAN requirement (exceeding the present 12.1/2 ton helicopter o
Lift capability) will not be available before 1979 at tie earliest, '
As fovr costs, present estimates are that the program cost for the heavy

_1ift helicopter will be at least $12-14 willioo per copy with associated high

maintenance and supjort costs. i
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CONCLUSYONS
The field terts conducted cver land demonstrated that an adapted
logging balloon system can accommodate the udditional criteria ilwmposed by,
and is cconceptually fcasible for, ship-tc-shore operations involving the
trangsport of contalvnerized military cargo.
Based on these tests and the state of heavy-1lift, low-altitude,
itethered balloon technology, it is considered to be feasible for a BTS to:

° Transport containex loads ap to 22.5 tons over vanges of
1L mile with discharge rates of 8 to 9 containers/hr for a single
balloon system or 12 to 15 Fontaineralhr with a dual balloon system.

® Extvact contalners from the lowest level of a cell below
deck or from the top uf a stack above dack.

° Operate in wiuds up to 30 wph.

° Survive in a bedded-down condition, i. winds uv to 100 mph.

. Cperate at night or dey, and in fog, light rain, or light suow.

Further BTS testing under dynamic conditiong imposed by a woving
sea gsurface is warranted.

Although preliminary studies indicate that to meet tle discharge vate of
12 containers/hr over & range of a mile, a dval systewm employing two balloons is
feasible, further study would be requlred to define a system configuration,

Further study would also be required for ranges between one and five
miles. OQOver these greater distances, a combination of lighter orevation with
a B'IS or several B1S' would appear to be conceptually feasible,

A balloon trangport system would probably not be operable undar
extreme weather conditions, such as heavy seas, high winds, or moderate lcing,
but, on the other hand, could be safely operated under restricted visibility
conaitions, such as fog.

Like other airborne vehicles, such as helicopters, the balloon would
permit ship-to-shore off-loading operatlous where rugged tevrain, surf, or reef
conditions might otherwlse preclude such operations.

lu terms of lower costa and lesser opevating problems, the BTS appears
to be a more sttractivse alternative than ship mounted cranes and helicopters for
the ship-to-shore trangport of military cargo.

A syscemy analysic comparing computed cuable forces with the forces
messured in the fileid testy indicates gufficlent accuracy to Justify coulidence

in ¢he computer program results. ‘Thia program can be very useful in the design
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of various system components, such as winches and cables and in determining the
most efficient BTS operating configuration relative to location of the various
compcaents of the system such as the balloon, on-shore and ofi-shore winches, and
cable blocks,

Based on the costs arsoclatec with the use of heavy 1ift balloon
syatens in the logging industry, balloon contractors have informally estimated
that the balloon related equipwent ior a single balloon aystem, capable of
1ifting and transnorting a 22,3i-ton container ovar a distance cof one mlle at

a winch speed of 2,000 fpm would be approvimately 51 million,

RECOMMENDATIONS

That favorable consideration be given to the design, development,
and Lcstinglof a BTS with a load capacity of 22,5 tong and a transport distance
of one mile. ‘

That the ncxt logical step in so proceeding would lLe the configuration
of a prototype system for testing under actual off-shore and over-the-beach

conditions.
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between the cell guide and the contalners will be presant and resultant frictional

APPENDIX A

ANALYSIS OF POTENTIAL BINDING DURING LXTRACTION OF CONTAINERS

Measuremant of the Coeflficient of Friction Petween the
Containar and Containership Cell Guide

A force component to be considared in the axtraction of a container

from a cell in a containershlp 1s the frictional force generatad between the

container and the cell guldes. .If the container is loaded with tlte center of
gravity exactly in the center of the contalner, 1f <he cables rem)ving the con-
talner pall exactly parallel to the cell guideways, and 1f the ship, and therefore

the cell, has absolutely no pitch or roll motion in the water, un. twisting momants

T e B R T
L ki 1Al

will be generated, and there will be no lateral forces or frictional forces. 1In

a practical situation, however, gome off-centev loading, some augularity in the

b 2o

extracting cable, and some motion of the shilp can be expected. Lateral forces

!

forces will be generated. The magnitude of the friet!onal forces depends on the

Sk T el i
Ul

magnitude of the rormal loads and the coefficlent of friction. The total arca of

0 P

contact. 1s practically negligible in its effect, unless the normul force is con-
centrated to such an exteat that cutting actions occur.

No data were available relative to the frictional relationship between
the containers and the guides, and force measuremeats were not taken during the
0SDOC 1 test program. To obtair a better basis for estimating the frictlonal
forces and, therefore, the total forces requirad of an extracting mechanism,

crude measurements of the coefficlent of friction were made by Colonel A, Hesse

and C. D. Fitz on a cell simulator located at the HAVCHAP Group at Chesatam Annex f
of the Navy Supply Depot, Williamsburg, Virginia. _
This cell simulator is a steel framework fabricated to correspond to gz

the top two contaiaer levels in a typical cell. 7The geometry and spacing between £
the cell and containers have beun preserved. To simulate the rusted steel of
the cell simulator, several angle sections were selected from a screp pile.
These sections were used to provide a normal load and the.correct type of surface.
In the first group of measuremenrs, the horizoutal force required to

initiate motion of the rusted steel sections over a horizontal, palnted, steel

gurface of a MILVAN container was determined, A simple spring scale manufactured
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by Chatillon, covering & range of 0 to 6 1b with 1/16 ib graduationa, was used
for the force measuroments. Table A-1 summarizes the results, It was notad
that the force required to rustain motion was only slightly lower than that

required to overcome static ’rlction,

Table A~-1, Static Friccional Forces of Rusted
Steol Angle on Painted Steal

Normal Static Coafficilent: of
Load 1b Frictional Force, 1b Static Friction
2.1/2 11/2 0.6
6 ‘ 3 3/4 0,62
7 5 0.71

In the second group of friction measurements, the rusted steel szctions
were pulled over another rusted steel surface on the framework of the cell simulator,

The experimental results are shown in Table A-2,

Table A-2., Frictional Forces of Rusted Steel
Angle Sliding on Rusted Stael Framswork

Lubricat:ed

Dry Static Coefficlent Dry Kinetic Static
Normal Frictional of Static Frictional m Frictional "
Load, 1b Forca, 1b Friction Force, 1b _k Forc:, ib .8
21/2 1 3/4 0.7 il/2 0.6 i .
6 3 3/4 0.62 2 0.33
7 4 1/2 0.64

Tn & third set of measurements, grease which had been applied to the cell
guldes was transferred to the rusted surface of the framework, and the steel angles
were pulled over the gressed surface. The experimentzl vesults of these tests are
algso shovm in Table A-2. In this casme, the coefficient of friction decreased to

a value of approximately 0.3, only half the value messured in the dry surface

condition,
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1t was concluded from these sets of measurements that a coefflcient
of static friction of 0,6 for dry conditions and of 0.3 for lubricated condltions

ghiould ba used in estimeting the frietiomal forces.

Forces and Motion in_the Extraction of
Containers from Containership Celly

In addition to balancing the weight of a loaded containcr, the force
required to extract a container {rom a containership cell must overcome Ilntevactions
between several components of the overall system. For example, a wmisalignment
between the center of gravity of tlie load and the center line of the container will
generate o twisting moment on the framework of the cell. Although the restoring
forces are normal to the side of the container and to the direction oi motion,
frictional fovces proportional to the wagnitude of the normal force are generaltued,

These frictional forces opposc the extraction of the contuiner from the cell.

i
aal’}
Cell ' Coblle lift o .
guide CP - N,
Container ‘/“"lNI
b I
— d o 3
Ny = I
\ w
He Nzl Load

Figure A-1. Container Cell Forces

1n the cage of the standard spreader bar, the cable lifting the
spreader bar/container combination connects at the center of the bar (Figure A-1),

This cable mugt pull along the center line of the cell frame or a terque will :

be generated, resulting in latcral normal forces and consequent frictional forces.
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The motion of the ship creates a tilting of the cell frame and a

variation of the direction of the load force. This,in turn, causes & variation in

the magnitude of the lateral force on the cell frame and also of the frictional
forcen, Other complex accelarations and forces result from the motion of the ship,
the containera, and tha cable, Finally, the extracting mechanism, whether a barge-
mounted crane, helicopter, or balloon, is subject to winds, waves, and other

disturbances that feed back into the ovevall system, Thus, the forceas and motilons

encountered iu contailner extractions are related to numerous characteristics and

properties of the mystem components.

Force Relationshipe

The several forces involved In this system are shown in Flgure A-1,

W = welght of load concentrated at the center of gravity
which, in turn, 18 d ftr off the center line.

I, = 1ift by the cable at the connectlon point; the cable
is pulled at an angle, 0, to the center line of the
cell guides.

normal force between the cell gulde and the upper
right edge of the contalner.

z
4

U, » frictional force batween the cell guide and the
upper right edge of the contajacr.

N, = normal force between the cell gulde and the lower
left edge of the container.

= frictional force between the cell guide and the
lower left edge of the contairert.

Consider first the sltuation in which the containership is perfectly still
and the cell guides are motionless and vertical (mill pond conditions). The forces

would satisfy the followiag equilibrium equations:

Sum of the torques around the connection point:

LTCF = 0 = Wd + ulNln - sz - UZNZa (1)

Sum of the horlzontal forces:

I He 0= L gin § - Nl + N2 (2)
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Sua of the vertical forces:
IV=e0® Lcos 0 ~W ~ ulNl - NZNZ
These reduce to:
Wd - *uluNl + (b + uzn)N2

Q=1 8in 0 - N1 + N2

W= L cog O - ulNl - uZNZ .

Solving these three equations for the threc unknown forces, L, Nl’
msz,wehwe:

Vid (”2 + u]) + W [b+ a (u2 - ul)]

L e ——-

cos 0 [b + a (u2 - u])] - 8in 0 (by, + 2aulu2)

W [d cos 0 + (du? +b + uza) ain 0]
M, = -

cor O [b + a (u2 - ul)] - 8in © (bul + Zauluz)

W [d cos O + My (a - d) s8in 0]
N,= .
cos 0 [b + a (u2 - ul)] - 6in. 6 (bpl + znuluz)

Ingerting the dimenslons of . the MILVAN contalner:

&= 10 fr,
b= 8 ft,

sasuming a total load, W = 40,000 1b,

and considering unlubricated frictional resistance between the contalner and

(4)

(5)

(6)

N

(8)

(9)

cell guides ior which the coefficient of static friction was measured as being

0.6, the force equations reduce to:

o 40,000 fd 1.2 + 8]
8 cos B ~ 12 sin 6

L

(10)
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N. = 20,000 [d cos 6 + (0.6d + 14) sin 8] (11)
1 R cos 0~ 12 sin 9
N 40,000 (d cos b + (6 - 0.6d) sin 0] . (12)
2 8 cos 0 - 12 8in ©
Values of L, N1 and N? for a range of values of d und 9 are sumarized In
Table A~3 and L and N1 arc plotted in Figure A-2, (Since N? is less than Nl’ it is

eliminated from Figure A-2 to simplify the plot.)
Figure A-2 illustrates.the subavantial increare in the cable 1ift force L

and the container/cell guide normal force Nl with an increase in the center of

gravity offset and the cable angle. A large portion of this increase may be
attributed to the frictlional forces at the point of contact hetween the contalner
and the cell guldes.

Frictional forces could be reduced by lubricating the cell guides. As
previously indicated, the coefficlent of friction for this situatlon has been

measurcd as 1 » 0.3. The force equations for this value of the coefficient reduce

to:

f = AC2000 (0.6d + ) ‘ (13)
" Bcos U~ 4.2 sin 6
N = 40,000 [d\cea 8 + (0.3d + 11) sin 0] (14)
1 € ¢33 8 ~ 4,2 sin O
N, = 40,000 [d cos B + (3 - 0.3d) sin 8] ) (15)
2 8 cos 0 ~ 4.2 ain O

Vzlues for the 11ft and normal forces for the lubricated casc are shown in Table A-4
and plotted 1in Figure A-3,

It has been suggested that rollers be installed on the edge of the
sprcader bar., These rollers would be designed to carry the interaction force
between the upper edge of the contalner and the cell guides and thus reduce the
frictional forces at this point. Not only would it be easiest to incorporate
rollers at this location but, also, the normal force is greatest at the upper ecdge,

and reduction of friction in this area would have a majnr effect.
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Table A=3., Cable Lift Forces and Normal Forces Between Container and

f
3
&

l
1

- l Cell Guide for Unlubricated Cuides. MILVAN Contalner with

! 40,000 1b Load at Various CG Of fset Distances and Cable

b Off-Vertical Angles. Ll1 = U2 = 0.6
13 B ‘
2 d (ft) 0 1 2 3 4
,r I L (1b) 40,000 46,000 52,000 58,000 64,000 !
i N, (1b) 0 5,000 10, 000 15,000 20,000 [
o L N, (1b) 0 5,000 10,000 15,000 20,060 ‘
. 8= 5"
ki 1 a (£t 0 1 2 3 .

' L (lb) 46,217.8 53,150.5 60,083.1 67,015,8 73,947.9

I N, (1b) 7,049.3 13,106.9 19,164 25,221.,3 31,278

- N, (Lb) 3,021 8,474.2 13,927.4 19,380.5 24,833.7
1 ;
t | o = 10° ;
I I d (ft) 0 1 2 3 4 :

! L- (1b) 55,223,4 63,506.5 71,790 80,073.4 88,356.9 ;
é' N, (1b) 16,781.4 24,298.6 31,815.8 39,333 46,850.3 g
% I N, (1b) 7,192 13,270.9 19,349.6 25,428 .4 31,507.3
g I o = 15°
& d (ft) 0 1 2 3 4
% ! . L (1b) 69,2404 79,626.4 90,012,5 100,398.6 110,784.6
E‘I : 8, (1b) 31,361.3 41,065.4 50,769.6 60,473.8 70,178
g I N, (1b) 13,440.5 20,4566 27,472,7 34,488.7 41,504.8
r
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Figure A-2, Lift and Ncrmal Forces Unlubricuted
Cell Guides
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Table A-4. Cable LLift Forces and Normul Forces Between Container and ‘ ;
Cell Guide for LubricatedGuides MILVAN Container with
40,090 1b Load at Varlous Center of Gravity Offset Distances

and Cabla Off-Vertical Anglns, ul uz = 0.3. ﬁ é
o =0
d (ft) 0 1 2 3 4
L (1b) 40,000 43,000 46,000 49,000 52,000
N, (Lb) 0 5,000 10,000 15,000 20,000
N, (1b) 0 5,000 10,000 15,000 20,000 :
9 = 50 %
d (£r) 0 1 2 3 4 k
L (1b) 42,085 45,242 48,398 51,555 54,711 !
Ny (1b) 5,043 10,422 15,800 21,178 26,556
®, (1b) 1,375 6,479 11,582 16,685 21,788
@ = 10° | Ii
i 1: d (ft) 0 1 2 3 b "
2. L (1b) 44,760 48,117 51,474 54,831 58,188 .
; éﬁ }H N, (1b) 10,687 16,489 22,193 28,092 33,893
) g N N, (1b) 2,915 8,133 13,352 18,570 23,789
] |
oy o = 15°
%- 3; . d (fr) 0 1 2 3 4 i
b L (1b) 48,190 51,804 55,419 59,087 67,607
f’%l ]; ~ 1, (1b) 17,150 23,433 29,722 3, 008 L7, 205
§ N, (1b) 4,677 10,025 15,379 20,790 26,080
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Figure A-3, Lift and Normal Forces - Lubricated Cell Guides
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Forze equations for the cable lift and the contailner/cell gulde normal
forces for the sftuation in which the cell guldes are lubricated (p = 0.25), and
vollevs with a volling coefficient of friction of 0.033 are Installed on the

spreader bar are as follows:

L 40,000 (0.2834 + 10.17) (16)
7 10.17 cos 0 - 0.4333 sin O

N = 40,000 [d cos 6 4 (0.25d + 10.5) sin B L7y
I8 10.17 cos 6 - 0.4333 sin 0

\ = 40,000 [d cos 8+ 0,033 (10 - d) sin 0] (18)
2 10.17 cos 0 - 0.4333 sin O '

The reduced Lift and normal forces resulting from the Incorporatlon of rollers
on the spreader bar ave shown in Table A-5 and plotted in Figura A-4,

While rollers mounted on the spreader bar would be beneflcial i
reducing the frictlonal forces when the contain:r is completely in the cell,
this technique loses 1ts effect at the time the spreader bar clears the top of
the celi. Furthermore, as the container 18 pullad further out of the cel® the
moment arms of the normal forces become swaller and the normal forces themscelves
must increase, Thus, the frictional forces and tie cable llft forces ilncrease
substantially.

If we Introduce the term ¢ to denote the distance the conraluer has

been pulled from the cell, the force cquations becorne;

A}

P (19)

cos 0 [b~-c+a (;12 - ul)] - gin 0 (bu1 o C“Z + Zauluz)

L= wd (Uz A ul) + W [b - ¢+ a (“Z__— H

b
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h=12

. i :
! Table A-5, Cable Lift Forces and Normal Forces Between Container and E
i . GCell Guide for Spreadar Bar with Rollers and Lubricated , ( ;
| Guides. MILVAN Container with 40,000 1b Load at Various _ I
! Cantor of Gravity Offset Distances and Cable Off-Vertical
= Angles, L = ,0333, uz = 23,
i :
: 4= 0° E
B d (I't) : 2 3 4 } %
] | L (1b) 41,114 42,228 43,342 b, 456 z
! N, (1b) 3,933 7,860 11,799 15,732 : %
N, (10) © 1,933 7,860 11,799 15,732 . g
@ = 5" .
do(re) 1 2 3 4 §
;- L (1b) 41,400 42,450 43,600 44,750 §
y :
N, (1h) 7,510 11,433 15,354 19,375 |
N, (10) 4,048 7,982 11,919 15,950 ! §
QO | i g;
o= 10 ' i g:
d(fr) 1 2 2 4 ! 9
L (1b) 42,100 43,300 44,400 45,650 .} I =
-3
N, (1b) 12,106 16,872 21,638 26,404 | §
N, (1b) 4,197 8, 161 12,125 16,089 ~ i | §
- w157 s
J ) . . ! : |
l d (Ft) o1 2 3 4 T E
= | Io(Ib) 43,000 44,300 43,090 46,700 -é
1 l N, (1) 16,428 21,672 26,916 32,160 E
g ! N, (Lb) 4,231 8,207 12,183 16,159 . ;
%‘2
4 :

3

<
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N . W [d ?os 0+ (du2 + L+ uzn) sin 0] (20) o
1 N . ,
cos 3 [b~- ¢+ a (u2 - ul)j - uin 0 \bu1 + cHy + zauluz)
A 3 - Y .. ’ :
‘. Wildcos 0+ c (c+ My uld, sin 0] (21)

cos 8 [b - e+ a (u2 - ul)] - 5in 0 (bu1 + e, + Zauluz)

For the previously examined coatainer/cell guilde, where a = 10 ft, b = 8 ft, t

We 40.00@ lb. and “l and U2 e 0.3, and for the specific situation in which the
load 1s 2 ft off ceAnter and the cable angle 1s 5 off vertical, the forces on I

the cable and at the contalner/cell guide interface for various emergeat distances '
arc shown in Table A-6 and Figure A-5,

Table A-G, Cable Lift Forces and Normal Forces Between Container and
Cell Guide for Lubricated Guldes for Partially Removed
MILVAN Contalner with 40,000 1b Load with the Center of .
Cravity at 2 ft Off Center and the Cable Angle at 5% vif ‘

the Vertical, ul = B, = 0.3.
b |
% 0 =5, d=2ft, c = Distance Top of Container is above the Cell. .
[}
¢ (ft) 0 1 2 3 4 5 ' ! i
L (1b) 48,398 49,839 51,810 56,668 59,190 67,477
N, (1b) 15,800 18,2564 21,612 26,482 34,187 - 48,213
N, (1b) 11,582 12,639 17,096 21,717 29,028 42,336

After completion of the above force analysis, it was noted that the
connection from the light spreader bar to the main cable is made through inter-

mediate sling-1ike cables to the four corners of the gproader bar, This displaces

, the connection point Lo a position "h'" distant above the apreader bar. The
principal benefit gained from these additional cables 1s theilr ability to hold

the spreader bar horlzontal, thus making 1t easler to handle the bar while inserting
it in the cell. In addition, by taking the load from the corners in the form of

5 tensile loads 1n the cables, the bending stresses in the apreader bar are reduced.

The geometry of the force relatlonshipa for the situation with the intermediuate

Iine to the sgprcader bar would be as {llustrated Iin Flgure A-6,
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Flpure A-6,  Force Relationship for Contalner Supported
hy Spreader Bar with Intermediate Lines to
Main Cable

The force cquatlons would be modified to:

Sum of the torques around the connection point:

LTCP = 0 = Wd - Nlh +- ulNlu - N2 (b + h) - UzNza {22)
Sum of the horizontal forces:
Il =0=1 sin 6 ~ Nl + N7 (23)

Suwm of the vertical forces:

3 = () = d - - - 4
Y 0 L cos 0 W plNl “2N2 (24)
Solving for the cable force, I, and the normal forces, Nl aud NZ’
we obtain:
1 . . o -
Wd (112 + ul) + W [b+a (112 ul)] (25)

L=

coy O [b + a (112 - “1)] - gin 0 [bpl + 2aulu2 + h (ul + “2)]
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W {d cos 0 + (du2 +b+h+ uaul.ifi_Q{“ﬂun_ - (20)
con. 9 [b 4+ a (u2 - ul)] - gin 0 [bu1 + 2ep u, t b (pl + “2)]

9

W [d cos 8+ (h + u
N, = L

cos O [b + a (p2 !

a - y,d} sin 9]

1

27)
l)] ~ gin © [bul + 2“”1“2 + h (u] -+ _u2)]

Sk

Thus raising the connectlon point with the Intermediate lines vresults in

‘the jutroduction of an additional term in the sin ¢ portion of the deunominator of

the force equations, This {fn turn results in an increase in the lIft force L necded

to extract the container at cable angles 9 greater than zero. Intarpreted physically,

it may be seen that the lift force L has a greater moment arm with the additionul
height h and 1s able Lo press the contalner edges harder ugaiast the. cell puides.

lhe increased normal forces result in greater frictfonal forcer and, therefore,
preater 11t requivements,

bt Lt i il L T

Table A-7 and

Figure A-7 1llustrate the greater 1ift requirements
accompanying the use of

the intermediate lines, or sling lines, and point up the E
desirability of keeping these lines as short as possible. ?
Motion of Container in the Cell Gulde Z

L

The frictioual characteristics of the container/cell guide Interface and ! §

the elastic charactevistics of the lifting mechanism generate conditions leading é
d

to a "stick/slip" type of motion, 1In the injitial phase of this motion, the cable '%
gtarts exerting a pull on the contalner but static friction bolds the container %
in the cell guide. As the cable pull increases, the clastic members In the system g

stretch until finally a force corresponding to that required by the contalner load

1\

and the static friction is exerted throughout the lifting system, At this point,

the container will slip or jerk away from Ltg static condition, Since the kinctic

Frictlonal resistance is lower than the static, a surplus force is applied
to the slipping container,

The container will therefore accelerate and

will slip vight oo by the elastic condition correaponding to the kinetle friction

force, Under some conditionyg the container would oscillate sinusoidally around the

kinetic friction point. lowever, If the contalner clows down and com2g to a lull

stop prior to a return swing avouund the kinetic friction level, the static friction
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Table A-7. Cable Lift Ratio and Cable Lift Force for Various
Connaction Point Heights of Intarmedi{ate Lines,
various Centev of Gravity Offset Dlstances, and
Various Cabla Off Vertical Angles.

=

Assume: a = 10 ft, b = 8 ft
o=, = 0,6 (Unlubricated)

- o 1.2d + 8 .
L = 40,000 R where R = 8 cos 8 - (12 + 1.2h) sin © i

b e sl

0 00 52 .10° -
b (£t 0,5,10 0 ft 5_ft 10 fr _0_ft 5 £t o
d = 0 fu ;
R 1 1. 14 1.23 1.33 1.38 1.68 2,16 ‘
L (1b) 40,000 45,600 49,200 53,200 55,200  €7,200 87,400 :
- |
d =1 Fft %
R 1.15 .01 1.41 1.53 1.59 1.93 2,48 . ;
Lo(1h) 46,000 52,400 55,400 61,200 63,600 77,200 99,200 S
1
d = 2 ft i
R 1.3 1.48 1.6 1.73 1.79 2.19 2,82 N
L (1b) 52,000 59,200 64,000 69,200 71,600 87,600 112,800 b %
SR
d =3 ft ¥ :
R 1.45 1.66 1.78 1.93 2 2,44 3.13 . ;
L (1b) 58,000 66,900 71,200 77,200 80,000 97,000 125,200 » 1
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will geize the container and hold it in the "ntick" condition., At this position,

the elastic members are deflected in the opposite direction, and the container would

slide back down were it not for the static friction, The exact amount of this

static friction depends upon the cable angle and the lift force from the cable,
Mecanwhile, 15 the lifting mechanigm contirues upward, the elast{c members

will relax thelr deflections from the oppoeite direction and will build up

new deflections in the directfon of motlon until the static fLriction is again

exceeded and the container will slip, thus repeating the cycle, A series of

jerky steps or relaxation oscillations can be anticipated for the motion of the

container,

Toward ift
mechanism
[ o4
0
e
[+}]
: \-/\ M St

Time

Figure A-8, Stick Slip Motion of Container Relative
to Lifting Mechanism

FigureA-8 illuatrates the type of motio:n plot that would be expected
between the container and the liftiug mechanism, Tr this plot, the straight line
occurs during the "stick" condition and {1llucstrates the motior of the lifting
mechanism pulling away from ithe container and stretchiog the elastic members.

The S-curved portion represents the "slip" action ss the container breaks loosec,
slides past the kinetic frictiou, and then slows dowm, utops, and is teld by
the static friction.

This type of wotion can be reduced by several stepe, First, lubricating
the cell guides reduces the difference between the static and kilnetic friztion and
introduces some veloclty-dependent reaistance. Second, stiffzning the elastice
wembers will reduce the deflection of the members. Third, increasing the veloclty
of extraction may prevent the containew from coming to a full step in the

extraction process.
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APPENDIX B

HATHEMATICAL ANALYSIS Of CABLE GEOMETRY AMD TENETONS

Introduction

One configuration of a proposed ship-to-shore balloon transport system

is shown in Figures B-1l and B-2, All wiaches are agsumed located on a work boat
and the haulback line returns from shore through the water. Awmathemaltical wodel of
this system was deaired to aid planning and evaluating fleld tests of the systew, 7
0f particular interest were: :
e Control-cable tensions,
e Control sensitivity information.
° Potential for cable-snip interference.

For a number of reascons, a static analysis approach was chosen,

Ixperience indicates that control-cable tensions will probably be greatest when

the balloon Is pulled down and is held stationary while the cargo is belng

g

actached or unhooked. Control sensitivity and the potential for cable-ship inter-
ference also appear more critical whille approaching the ship loading position,
during the hook-up operation, and when withdrawing the load. These operations all
occur in a fairly finive regiom,

Changes in wind magnitude and direction significantly affect cargo trans-
fer aperations. Compensating for wind effects through winch motion appears critical,
however, only during ship and shore operations. Aboard ship, since the load is more
or less static, the balloon system must also be static.

The confluence point -- that point where ail cables come together --
was chosen as the point where all forces would be required to balance, i.c., the
"body" subject to static conditions. This 1s a logical cholce because it is the

point where the control forces are applied to the system being controlled, i.e.,

the balloon, the cargo, and the connecting line(s).

This cholce also simplifies the treatment of wind effects, Without

wind, the ballnon and cargo can be replaced by a net vertical lift acting on the
confluence point. With wind, a horizontal force component can be applied, Thisg
approach eliminates the complexities of accounting for the position of the balloon
and load. Aerodynamic forces on the control cables have been neglected as they are

believed to be negligible relative to forces for pull-down and aerodynawmic balloon-

load compensation, .
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Siatie Condition

For descriptive purposes, the system of Flgure B-1 wus reduced to that
shown in Figure B-3, The forces contributed by the balloon and 1its tether, any
cargo load, and its line te the confluence point, C, are all combined into two D
forces acting at the conflueace point: a net verticul 1ifi., L, and a horizontal :
torce, Lw, which describes the aerodynamic forces on these vowponents. Points A,
B, and D correspond, respectively, to the Flying Dutchman anchor block, the deck M

winches, and the shore block of Figure B-2; all are agsume’ to be at cea level.

Poiut ¥ refers to the position of the Flying Dutcaman moviag block,
Nnte that all coordinates in Figure 5-J are expressed relative to the
deck winches, B, Note also that no ship is shown. The XY coordinates of the o

confluence point correspond to the XV coordinates of the ship cell under !

consideration, 7The Z coordinate is the length of the load line plus the helight {
of the contalner above sca level, %
2 i
J A

- T LSRR T L T T T
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Moving Block A ¥ . _g

Flying Dutchman Line
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Figure B-3, Physical Coordinate System
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Te simplify the analysia, the analyt!cal coordinate system shown in
Flgure B-4 was adopted. (Any comput.r program can easily perform the required
trand formation,) For the remainder of this dincussion “he analytical coordinate

system (Figure 8-4) will apply,

\
~
~
‘\
~
: i

N
>
oLl

e

Figure B=4, Analytical foordinate System 4

I Static equilibrium of the confluence point under the influence of 2
gtatic applied loads is deacribed by the following equations: : ‘z

R Y F o= ‘ ' : - 3

i1 2 F Ly cosd, + T+ i x 0
4 S F 0 : + T 0 §
8 I py 1-y = Ly 9inQ, + T y Ty y ° (L)
‘f'if 3
Y O 2 T &

' X F, Lot Ty Ty, 0 |

L

2

P T Rt e Sy




o L LM.WM

=6 ;
! £
0 !. %i
there L = nat vertical 1{ft = balloon statle 1ift minus load E
Lw = combined horizontal component of aerodynamic loads ou balloon, [ :
cargo, and Lift and load linen : :
8 = wind dlvection weasured in horizontal plaae; @ = 0 {iu the %
positive x direction and iucreases pesitively counterclockwise : -
I
T"n* haulback line tension ' ;
T..% = main line tension | E
M1, . J 3
In this analysin, 1., IW' and Gw are treated as juput conditions. Thus, : :
m . ™ I " N ! E
l”“ und [ML are "unknowns", | =
Wiiile 1t appears that ovly two unknowns exisc, 1t must be remewsered E
that live tensions ave forces haviuy direction as well us wagnitude, Reference i E
to Flipure B-2 will show that both eads of the baulback line are fixed by the
coovdinates of the confluence polnt ¢ and the shore tail bloek D, Tn this z

respact, regardless of hiow the lines are wodeled, the "direction' of T““ iy

alwnys known, This {8, however, not the case for the wmein line, since ity direction

JRTRPRRI M 32, T T

fa controlled by the Flyfug Dutchman lioe which west move to bulance the loads on
the conlinence polnv,  Thua, Ia Kquations (1), the divectlon and mapnitude of TMI i

Thevefore, three values rvowmain to )

Al o

are unknown, as well as tho maguituda of 'L'"n.

be determinad,

—
I i

Haulhack Ling a

N 1 - () \ l.(_] ‘0OY
[HH and ]Ml. ara nveded for

nolving Bquations (1). 1t welightluss lines were assumed, such expressions would

Explicit axpreasioun for the components of !

b enay o Formulate,  dowover, connlderviug that a ahidp wmay ba neveral thousand .

ot Trom the shiove block, a weiphtlons Line assumption would neplact suvoral, -

thowmuds ol pounun of eable that will have o nignfficant Influonce on tha cablo

tounlon nt tha confluence polut,  Iacluding cable waight vasultn in s cutonary o

cible ahipa, Thoe accompany iy, analytieal complaritinag of hyperhalle funct{ons

winra dnventipntad wich the Flual rvoaverslon to the upunl parabollc appro}imation,
Howaves | tho ranu bt arve dEHPParont Frow Covan aaually oncountirad, and thao, ghey

will ha diseunnad in dotall, !

M'TMfﬁmﬁNFHEJ«Mnm compousnty In tha x, vy, mwd » dlrectiona,
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Figure B=5 shows an incremental plece nf cable of weight w par nnic

length and the vertical (V) and horizontal () cowponents of tension including

thelr incrementul values,

Figure B-5, Tucremental Cable Length and
Forcea Acting Upon &

Conditlons of static equilibrium requlire the sum of forces and

moments to be zero. Thus

X Lo 0= Uk diy - 0 (2)
> FZ a 0 v (V4 dv) - V - wuds 3)
OM O n G e wda dx 4+ (4 didz - (V4 dy) dx (h)
2
Frrthermore . luapection of Flpure 5 ylolds
dx (5) |

dz
tin o o == and con
dx dn

Fron Egquation (2), d fa ovideaatly zevo,  Comblning Fquatlonn (3) and (5)

Lulde
vialLdy - 3
: V A )
(v W | { (d):) dx (6)

Fxpandtup Bguation (4) aud nogloctiuyg products of Jueremontal tormn ylelda

sa €

Vool an !
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which can also be written

a2
v - i E (8)
2
dx
Combining Lquations (6} and (8), rearranging, and defining ¢ = % yields
2.
dx . dx (9)
[

Integrating Equation (9) ylelds

Wl (dz) L ox
#inn (dx) c + a,

which can be rearranged as

dz , X
ax s inh (c + 1> (10)

where 8 1s an Intepration constant,
Tategrating Equatlion (10) ylelds
P9 ' . 11
z = ¢ cosh = + a} + b, (L)
the general form of a catenary curve whewre a and b are {ntegration conutants,
uxprossad ag a power series
2 4

4 6
A A A
vosh A = (1 o5+ 7 4 3 + “./

Usiny the flrst two teras of thin seriaes, ¥guation (11) can be writtan

}(2 b3 ﬂz
z n o oe (1 }—"-}- toas ok S b, (12)

whilch danceriboen a gounrsl pavabolic curva,

Tha procading has boon a panoral fnvestigation, %o dotormine tha
fntopgration constants, tha lovatfons of thae and points of the halback 1ine muet
Le Introducad,

(n torme ol the malytiecal coovdipate oyntewn (Flgure B=4) the "lowar®
wd of tha haulback Ling e oat polot D, aud the "upper” mud U at the cond hianen
podue. o Nguatlon (12), thmaofore, the 2 coordiuaty of the vurve corvespodn to
tha 2 coovdiuate of Flgure B4, Howaver, the x ovarlable of Mguatlon (12) corvanpomeln

to the projaction of the enble Tu the plina vy of Flipura Wb, whiteh (o (an e ynz)l/ﬂ'

Thig, the sad polat condftionn 1o ba appllad to Vgquation (12) ae

A o e

a0 A L b e

ol

L




x = 0, z = 0
and x = £ = (xg + yi) 1/2 > 2 = 2o the altitude of the confluence

point. Applying these conditions to Equation (12) and solving for the integration

constants yields

2 z
. X0 C _E.)
2 7 2 + (T T 2e x 5 (13)

where again,

i = (xg + yg) 1/2 , and
H
\

< k]

The relationship hetwcen the vertical and horizontal components of
cable tension, V and H, and the cable curve, is given by Equation (7). Using this
equation, the definition of ¢, and Equation (13) yields

z
\'tw(x-!zf)*--jc-ﬂ (16)

as the general expression relating V and H to any point along the curve. (Recall
that this - position is measured along the projection of the cable in the xy plane
of Figure B-4.)

Of primary interest are V and H at the confluence point, or in terms
of Equation (14), at x = 4, Thus, at the conflueance point

VvV = Ezi + if:- H : (15)

The first term in Equation (15) is half the weight of the cable,
insofar as the projection (£) of the line in the horizontal plane is a good
approximation of the actual length. The second term describes the relstionship
between V and H for a weightless line and ZC 1s the tangent of the angle between the
horizontal and a straight line between the shore block, D, and the confluence point C. '

it is now possible to write expressions for the three components of the
tension in the haulback line, T

HB

components is THB 2’ the vertical component; thi  is Equation (15). Recaliing that

H is the horizontal component of cable tension,

, needed for solving Equations (1). One of these

and TH {(the cable tension

_
HB x By
components in the x and y directions) are simply the componentc of H in the x and

y directions.
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Redefining
]
H = THB = horizontal component of THB ,
the needed expressions can be written as
X5 '
TBx = T Tmp
Yp '
Ty = 7 Tus (16)
t I
Bz = "¥2 ~ 7 Tas
where
£ =

("nz- + Ynz) 1/2

and the subscripted x, y, aud z refer to the coordinates of the subscript points
in the analytical coordinate system of Figure B-4,

The negative sign in the THB . expression occurs because while the
V of Equation (15) is positive upward, the effect of the V on the confluence point
is a downward force, that is, negative in the sign convention in use,

The shortcomings of the paraboli. approximation to Equation (11) are
best observed in Equation (15). As the line becomes more vertically oriented (as
the confluence point moves tiward the shore block D), the projection of this line
in the horizontal plane, £, becomes smaller. In the limit, where the confluence
point C is over the block D, £ = 0, and the expression for V becomes meaningless.
In reality, V should then be the total weight of the line plus any down pull
exerted for control. In general, the parabolic approximation is valid here only so
long as £ is large with respect to 205 the altitude of the confluence point.

As stated, the parabolic approximation ottains from using the first
two terms of the power series expansion for cosh A, 1In an attempt to reduce the
limitations of this approximation, use of the first three terms was investigated,
This led to a cubic equation for one of the integration constants that was deter-
mined to have one real rooz. Thus, while somewhat greater generality seems possible,
the algebraic complexities introdu¢ed and the short time available for this analysis

militated against pursuing this approach further.

Main Line

In Figure 3-6, the control cables have been drawn on the analytical coordi-
nate svstem as i{ thev were weightless. 1In this case, the main and Flying Dutchman
lines lie in the plane of the triangle formed by the Flying Dutchman anchor hlock

A. the deck winches B, and the confluence point I. Though the Flying Dutchman bloack
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deflects the main line, point E on lire AB way be considaraed a vitvtual end point

insofar as control of the confluence point is concerned. That {s, it {8 to the

wain line as poliut D {s to the haulback line -- with one exceptioan == polnk E 14

moved by Cthe Flying Dutchman line,

i
4
&
i
[

z

Welightless Main Line I

e AT

/WEightless tlaulback Line CoR

T

. —— ..:T_'.ﬁ-,. D

.
|

.'f_u;{__. F U S [ - X

R S

—es v Moightless Flyfug Ttchman Line

sl

. 1
ey

T (A B

Flpure B-6, Welghtless Line System

Uaing poiut ¥ as the lower cad point of the main line, 1t would be

S poduible to write expressions for the main-line tension coordinates iu the fovm of
. Z- those derlved carlicr for tho haulback line, However, the limitationa of the
1 § parabolic approximution svcemed woat manifeat [n this case because the ship cell
3 é would be relatively close o polnts A aud B for the Ovegon trials, and probably a
é in any actual ship unloading counflguration, Further, because of the aeriai i
L portion of the Flying Dutclman Llne, oua half the woeight. of a aingle Lino running ! i
between B nad ¢ would bo lesy than thut actually workiog dowowavd ab point €, J E
Thougn 1€ fa ponsible to comblne both watn and Flylog Ditchman Llinea, the 1wty i

ol the paeabolic approximation st L axiat,

In the lant mnalynin, the followlag wquatfonn for tho componentn of

1
tenglon dn the madn Ling wers vaed Lo nolving the static ogqultibe tum conditlonn, !
FEguantioun (1) %, . t 3

ook T L
13
Yy ' :
b I | 1) 1
MLy r ( ‘

i | ""(‘ . |
th “ oty \% no h T IbH.
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where:
T = horizontal component of main-line tension

coordinates of point E (Figure B-6)

o’
N‘<
L}

I' = horizontal projectionof line EC = (xsz + ygz) /2
a,b = 1lengths BC and KE, respectively (Figurc B-6)

The forms of Equation 17 are identical to Equation 16, The major
difference i8 in the weight term. First, the a and b lengths are used 30 that
in no circumstances will the weight be zero. While the sum may represent more
than actual cable lengths, there are iimiting cases when this sum would be more
nearly correct -- when the conflvence point is close to the line BD or well back
toward A, 1In the parabolic assumption, one-half of the cable weight is used, but
this applies most accurately when a cable is more nearly horizontal. Knowing that
as the cable becomes more nearly vertical the fraction of the weight must Zpproach
one, a value of three-fourths was used for compromise, '

Equations (17) include the x and y coordinates of point E, wiich lies
along the geonetric line AB. Since the coordinates of A and B are known, an equation
for 1ine AB can be written. Thus, for any x, on K’i, Yg is known. Thus, the requisite
two unknowns are x. and IML"

Equations (16) and (17), plus a general equation for the line AB, are
necessary and sufficient for solving the force equilibrium equations [Equations (1)].
This solution provides the magnitudes of the horizontal components of the haulback line

and main line tensions and the coordinates of point E. The actual tensions in the
main and haulback lines are then computed by first computing the vertical component
as given in Equations (16) and (17) and making use of the general equation

. 2
(line tension) = (vertical component)2 + (horizontal componen;)z

Flving Dutchman Line

In addition to the tension in the Flying Dutchman line, the coordinates
of the Flying Dutchman block and the length of the line from point A to this block
were needed. These values allow investigation of cable-ship interference, and
Flying Dutchman motion required to compensate for changes in wind magnitude and

direction.
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For ease of computation the Flying Dutchman line was assumed to be
weightless. As this places it and the main line in the plane of the triangle
ABC of Figure B-6, determining its tension and length and the coordinates of its
aerial block becomes an exercise in plane geometry.

Only the results of the exercise are presented, and Figure B-7 defines
symbols that have not been defined elsewvhere.

Figure B-~7. Triangle ABC (Figure B-6), Defining
Symbols used to Determine Flying
Dutchman Parsmeters (£) and £7 are
legs of Main Eine; LFp is Aeridl Por-
tion of_Flyin; Dutchman Line; I'' {g
length EC).

Static force equilibrium requires the angle at the Flying Dutchman block
between the two legs of the main line to be bisected by a continuation of theFlying
Dutchman line LFD through the angle. In other words, the angle between the Flying
Dutchman line and each leg of the main lire is identical.

Tnus, by inspection,

Flying Dutchman tension = TFD = ZT!“ZL cos® (18)

and the folilowing equations lead to 9
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2 2 2
where 2 = 1 4+ b - ZLFDb cosA1

and AL = 8 - C

Computations

For ease in computing cable tencions and Flying Dutchman block positions for
various locations of the winches, Flying Dutchman anchor, and confluence point, a pro-
gram was written for the Wang 600-6 programmable computer. Required input data
includes the coordinates in feet of the Flying Dutchman anchor (A), the winches (B),
the confluence pc-at (C), and the shore block (D), all relative to the position of
the winches as shown in Figure B-3. Also required as input data are the net
vertical 1ift (L), the horizontal drag force on the balloon <Lui)’ both in pourds,
the angular direction of the drag force (Qw) in degrees, and the weight per foot
of the cable (w). The program includes a coordinate transfer and the equations
discussed in the preceding section of this report, so that the output gives the
position of the Flyirg Dutchman block with respect to the analytical coordinate
set shown in Figure B-4 (XDB’ YpB® zDB)’ the computed tensions in the three
cables (THB, TML, TFD)’ and the length of the Flying Dutchman line from anchor
to block (LFD)' In tabulated results, the Flying Dutchmen block coordinates have
been transformed to the physical system, Figure B-3.

A general description of the balloon-system configurations studied with
the computer ﬁrogram is shown in Table B-1.

Runs 1 were based on the distance originally expected to be available
in the Oregon test series. A 2000-foot spzcing was expected between the yarder
winches {(B) and the shore block (D), and the sirmulated ship's axis was originally
expecred to lie 400 ft from the winches. For this spacing it was estimated that
a Flying Dutchman anchor point midway between the winches and ship's axis .

(XA = 200 ft) ard 1000 ft to the side to accommodate a cell position 700 ft back
would be appropriate.

Ccmputer runs were made for this selection of positions to determine the
position of the Flving Dutchman block and cable tensions as a function of wind
direction for a 25-mph wind and the confluence point located over the starboard
farthest aft position. Runs were also made to determine the lozus of positions of the
Flving Dutchman block for a series of confluence points located along the starboard side.

These were accomplished to check the possible interference of the Flying Dutchman

wirn the ship's structure. Although the interference problem zppeared non-existent
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Table B~1l. Description of Cowmputation Runs

! N . v - . . . .
C Run Coordinates (Feet)” Load (Pounds)
FIyvTng . . i . . y -
' Dutchmen Anchor Confluerce Point Shore Block Ship Wind Drag
é A G D &J lw QJ
o X y X Yy oz N y X (Load) (Direction) g
i S .
E la 20N 1000 450 700 200 2000 Q 400 0 -
4
i 1b 200 1000 450 700 200 2000 0 400 4100 Var,
o
; 1o 200 1000 450 Vvar., 200 2000 O 400 4100 270°
1d 200 1000 450 700  Var, 2000 0O 400 0 -
j 2a 100 1000 200 700 200 1500 0 200 0 - ?
: 2b 100 1000 200 700 200 1.500 0 200 4100 Var,
: 2¢ 100 1000 200 Var. 200 1500 0 200 4100 270° 1
? ; 2d 100 1000 250 Vvar., 200 1500 0 200 4100 270° %
‘. 3n 10 1000 250 Var. 200 1500 © 200 4100 270° 3
o b 10 1000 150 Var, 200 1500 0 200 4100 270° 3
L Q - :
E 4 10 1000 50 Var. 200 1500 0 100 4100 470 , 3
E .
' 5u 1 500 100 80 125 1500 0 NA 0 --- !
5b 1 500 200 8G 200 1500 0 NA 0 - b
E T e T T T T T L T e R, T e T I T L T R T T L e T T LT T TR S T S L T e T A I U TN 2L T S o %
i *  Hotference Figure B3, : b F
’ *%  Reported dray for 25 mph wind: balloon lift = 25,000 1bs: cable welght = 1,6 1b/ft, y o
t g
Progreenssion ol Runn 1 ~ Original layout oy é
£ Runs Runn 2 = Moved ship closer to shorve, winches closer to ship ; 3
E Runs 3 ~ Moved lMlying Dutchman anchor awny irom ship .
Runn 4« Moved ship closor to winchos ! §
Ruan 5§ - Cheek of posaalbla Oregon tesl layout ' E
buneription of lu, 20 -~ No wind cawno - §
Runn: Ta, 7b ~ Wind effuectn B E
Le, 24, da - Interferance fox "O" wmoved along ahiyp stworbonrd ailde

20 = luterfoeronce for "CY moved along to the aide of tha ship (H
b, 4n - Intorforence tor "G omovad along ahip port wide
1d - Vartation of Altitude of "e"

Plan viow of gonoral cong (3 v winchen)

[
lﬂdu e L, N ) b il
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with the selected spacing, the cable tensioﬁs for tha comparatively short load
1ine (3h = 200 fU) were excessive. For this reason & sat of rous was made for
louger load Tlines ov a greater helght of the conlluence point, As expected, the
coble tensiony were reduced substantially. However, the longer load lines would
reduce the acvuracy of positioning and {ncrease the problems of handling the
container paylonds during plck-up and dcpquéinn.

For this wveason It was judged desirable to reduce the ship-axis-to-
winch distance to 200 ft and the Flylng Dutchuun anchor gpucing to a widway
posltion, It was aldo learned that only 1500 ft would bha aveilable for a wiuch-
to ghore-block spuacing ac the Oregon test slte, This new gpacing srrangement
served as the basis for the configurations studied {n runs 2,

Computations accomplished in the runs 2 indicated possible
fnterference between the Flylug Dutcliman blocl: and the confluence point, The
Flying Dutchman anchor was therefore again adjusted to a position almost
directly behind the winches (xA w10 ft). Kung 3 were made for this
ad Jngted conliguration,

Space Limltatlong at the Oregon test site were found to be cven wore
restrlictive on the positions of tha plck-up point (or confluence polot) thon
had been expected. Runus 4 and 5 were set up corrvesponding to spaeling Found
to be available for the simulated ship at the test gite,

Overall, the cable computaticus assilsted In plancing the fleld tests
and the actual space available at the teat site vequired adjustments lu the
computed contipurations,

The resnlts of Rung la, 1b, 2o, and 2Zb relatlng to the vaviation of the
position of the Flying Dutchman block versus wind direetion for a 25-mph wind are
shown In iflpure B=-8. Theos datn relate to control veuponny, in that they {ndlcate
the wotdion of the Flyiug Dutchman block needed to keep tha conllucuce point iu the
same place an o atondy wlod varles In divoect{on,

Vipure B9 ohown the locus ot the Flyliag Butechmen bloele (From n vity Lty
ol rune) versun the locun ol the coulfluence potut (the strafpht tine ranulog Toro
and nf L alther port, starbomsd, or on the shidp contarting for nevoral baale
coulipurationn) .  Data are shown tn plan and alovatdon for studying potential
Intevferecnes botwoen Fly e Dutehman block and e, and ship ouperstrectare,  Run

20 In Flpuro B=9 Indlenten fnterleraucee (0 F tha sapeostruetra phould ogtond abovn

Fhe watar 100 £ fully aceoaan the nhip,
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Limited computatfons were made to determine the general expected hehavior
of the system. However, some obsexrvatione are puasitle. In general, as the con-
fluence point (C) &approachee the line between the winches (B) and the I'lyi-g Dutchman
anchor (A), the main and Flying Dutchmsn lines become more nearly vertical, thus
reducing the tenslons in thease cables, Alsu, 48 the confluence point is pulled away
from the line between the shore block (D) and the winches (B), the temsion in the
Flying Dutclman line Increases. There ia a trade-off betwean minimizing cable
tensions by moving the counfluence point (and ship centerline) cloeer te the wiuches
and the Flylng Dutchwen anchor, and reducing the change of cable interference with
tha ship superstructure by noving the confluence point in the other direction.

The conurol cable tensions are presented for all the varlous Runs iIn
Tables B«2 to B~l1, The tensions in the wala line, haulback line aud the Flylng
Dutchman line werc observed for the specific configurations used in the Series 11
tests, These configurations were then studied with the computer program, and the

predicted results compared favorably with data available at the time of thiy

analyti:al work, These data are shown in Table B-12.
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