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INTRODUCTION

The operational requirements of the Mobile Ocean Basing Systems concept
necessitates the ability to load and unload cargo and personnel with mini-
mun concern for sea state. Due to size and configuration, the M.0.B.S.
platform should be fairly stable, or steady in the water. However, ships
tied up alongside will undergo sea induced motion that may even be exag-
gerated due to waves incident from the open sea being reinforced by waves
reflected and refracted from the M.0.B.S. structure.

Since cargo transfer even at medium sea states in undesirable with
present techniques, methods and requirements must be determined which will
permit routine cargo transfer in medium to high seas. It has been the pur-
pose of this two month study to first investigate the literature with regard
to what equipment is available for cargo transfer, and then, of more impor-
tance, to suggest methods for improving cargo transfer. As a result, this
report will be divided intc three sections: Conventional handling equipment
and methods, motion compensating equipment and methods, and suggestions for
improvement of existing equipment or new equipment. Full attention has
been given to the problem of lifting the cargo from the ship and placing
it on the M.0.B.S. platform. It has been assumed that the cargo is acces-
sible from above, such as through a cargo hatch. Any special handling
equipment required aboard ship to place the cargo in an area which makes
it accessible from above has not been considered. However, as various
methods are compared in the report, the need for special equipment will be
discussed.

The philosophy used in assessing various transfer methods is that in
order to transfer cargo smoothly, the cargo must be firmly constrained

against unwanted motion in 6 degrees of freedom (roll, pitch, yaw, heave,




surge, and sway). If, for example, only heave compensation is employed,
i.e., one constraint, then the cargo may swing in a pendulous manner and
the transfer will not be smooth. A second aspect of the philosophy has
been that whatever method is used, it should be capable of handling
containerized cargo.

One surprising result of the literature search was the alt]most com-
plete lack of information available on motion corpensated cranes. A
wealth of information is available regarding equipment for unloading con-
tainers in protected ports, but if motion compensating cranes are being
built, they are either unsatisfactory or are just not being reported in
the literature. For this reason, it is suggested that an analytical
study be made. This study should be made from the structural as well as
automatic controls point of view. The study would serve to define the
important parameters of a cargo handling device, and show how the various
parameters interact.

There is no question that present technology is capable of developing
better transfer methods. The extra cost involved in providing a more
sophisticated system would be more than offset by the added ease in hand-

ling cargo, as well as the obvious increase in safety.

Conventional Cargo Handling Equipment

A number of conventional methods for handling cargo are available
and are worth mentioning since they might be capable of providing at least
a partial solution to the transfer problem. These methods include Burton,
liousefall, Highline, helicopter, crane, and special purpose container
crane. It should be emphasized that all of the above (except the Housefall

method) have a common, basic disadvantage that once the cargo is even




slightly lifted from the deck, it becomes pendulous and hence potentially
dangerous. Thus, any improvement must provide some method of eliminating
the unwanted free motion of the cargo - i.e., the same constraints which
were originally supplied by the friction between the deck and the cargo
must then be supplied by the transfer method once the cargo is free of the
deck. Further, any method which does not use the ship as a reference
(i.e., not mounted on the ship) must also provide for same type of heave
compensation.

Burton, Housefall, and tlighline rrethods[l]-[g]’[6]’[18]’[21]’[30]*
are roughly similar in that a line is passed between ship and platform and
suspended from some high point at each end. (Fig. 1) All have the advan-
tage that the ship may undergo any motion during transfer, but the Burton
and Highline methods still have the basic disadvantage discussed above
(i.e., a pendulous cargo). One major advantage of the Housefall method is
that the Housefall block may be raised and lowered. This permits a mini-
mum pendulous length for the suspended cargo, and advanced versions of
the Housefall block mechanism are under study at Hunters Point Naval Ship-
yard. The Highline method has been adapted by the San Francisco Bay Naval
Shipyard in developing a method for transferring cargo from ship to a
beach head. The method was felt to be successful although no attempt was
made to test it in heavy seas. A major disadvantage of all three methods
is that a large percentage of the load carrying capacity of the line is
used to keep the cargo up and out of the water, and the cargo is only a
small percentage of the load capacity of the line. Typical maximun load
capacities vary from 3,500 1b to 12,000 1b - the latter being of fair

amount but still falling short of being able to support a 20 ton container.

*Numbers in brackets refer to references listed in the Bibliography.
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Also, some sort of equipment is necessary to place the cargo in position
to be lifted from the ship.

Transfer methods using helicopters are presently employed, [29],[39],
with cargos as large as containers being accommodated. (Fig. 2) The major
disadvantage is the cost of equipment and the basic problem of pendulous
mass as well as lack of heave compensation. One proposed method for
overcoming the heave compensation problem is to tie the helicopter to the
deck while it is hovering above the cargo. Needless to say, this method
is not too popular with helicopter pilots; however it does offer a quick
solution to the transfer problem. This helicopter tie-down method might
not be too objectionable if a good, fail-safe, quick release mechanism
were designed to free the helicopter in case of any mishap.

Cranes of all configurations are, of course, in general abundance
on most cargo ships as well as on platforms and fixed docks, but all have
the basic disadvantage of lacking motion compensation in 5 degrees of
freedom for a ship mounted crane and 6 degrees of freedom for a platform
or fixed dock-mounted crane. A number of these cranes are discussed in

[5] ,[9] ] [13]'[17] )[2'4] ) [25] ) [3l]

the literature, but these are intended
for use in protected harbors to unload ships and/or shuttle cargo about
on shore (Figs. 3 and 4). It is significant to note that most of the
new equipment discussed in the literature are designed to handle primarily,
if not solely, container cargo.

A good discussion was found [40] regarding the problems of unloading
AKA and other similar type ships. <The unloading rate is fairly good during
calm weather, but is effected by the type of boom and winch rig being used,

the effectiveness of the mechanical equipment, the experience of the crew,
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and the weather conditions. The cargo transfer rate can be reduced by
as much as one half if the weather is severe. Ftork lift trucks and
pallet jacks are needed to move cargo from its stowage location in the
hold of the ship to the hatch square where it may be picked up with a
boom and winch rig.

One further idea which would come under the heading of conventional
methods is the suggestion to firmly tie the ship to the platform. The
constrained ship would then be fairly stationary and could be unloaded
with conventional equipment. While this method solves the transfer
problem, it creates another problem of how to constrain the ship. Bar-
ring some means similar to dry docking, it would be impossible to constrain
a ship. That is, a ship is not a rigid body such as a cork, but rather
a flexible structure and hence could not survive the stresses induced in
firmly tying it alongside. The stresses would, of course, be increased
during bad weather when the method of unloading becomes more important.

In sumary, the existing equipment available is probably adequate
for transferring cargo in fair weather but leaves something to be desired
when the seas are heavy. Thus, for a crane to be able to handle cargo
smoothly in high seas, it must be motion compensated. Since motion com-
| pensation means extra expense for additional equipment, it is probably
most desirable to have the crane, or equipment, attached to the platform
rather than the ship. Size is another factor in selecting platform
mounted equipment. A large boom will be required to reach into a hold
and then place the cargo on the platform which may be fairly high above

the ship.

otion compensated cargo transfer equipment will next be discussed,
and for the reasons just stated, the emphasis will be on equipment which is

either platform or dock mounted.
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Yotion Compensated Cargo landling Equipment

To properly discuss motion compensated cargo handling equipment, one
should first define what he means by "compensated." At one extreme is
the manually operated, conventional crane where the operator tries to
match the motion of the cargo to the notion of the ship by means of hand
levers. In this case, the cargo is allowed to bash against the ship as
it sees fit and, indeed, the situation may even be aggravated by the
inexperience of the operator. At the other extreme, one could envision
the careful placement of a delicate instrument on the deck of a ship
while the deck was undulating wildly. Clearly, the proper definition
lies somewhere between these two extremes - but where? For a given type
of cargo, there must be some optimum choice of equipment and operating
specifications. One might be able to define the problem in terms of
some maximum velocity differential that can be tolerated between cargo
and ship, but the answer is really not that simple. This is because one
should also be able to predict the per cent probability of damage to
cargo and ship for a given investment in cargo handling equipment. That
is, for a given investment in equipment, a certain performance can be
expected. Then, given this performance and type of cargo, the per cent
loss in cargo through damage could be predicted. Thus, a strong analytical
investigation needs to be made to answer such questions as '"Can I use a
100 hp motor, or do I need 100,000 hp to achieve some given maximum permis-
sible velocity differential?" With this in mind, the following paragraphs
will describe successively more and more complex equipment which is either
commercially available or in some advanced stage of design or development.
The reader should keep in mind, however, that while the compensated equip-

ment is an improvement over the uncompensatedequipment previously discussed,
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the compensated equipment which is available does not come close to
previding a satisfactory solution to the problem of smoothly transferring
cargo (riding a horse is better than walking but an automobile or jet
aircraft are far superior means of travel). Also, there is very little
analytical work to support the performance of present equipment and on
which to base future designs.

At the bottom of the hierarchy of motion compensated equipment is

[19],[33],(37]

the constant tension winch. These winches have been in
service for a good number of years, and while their reliability may vary
from unit to unit, they are at least an accepted piece of equipment. In
terms of compensation, they offer same small improvement over an uncompen-
sated winch. However, their major disadvantage is that the controlled
variable, i.e., the tension in the line, is not the variable of importance
when trying to transfer cargo smoothly. To place cargo on a deck, one is
concerned with the relative position and velocity between cargo and deck.
Indeed, if the deck is moving up and down, the cargo must do likewise. To
constantly raise and lower the cargo means that it must undergo continuously
varying accelerations. By Newton's Second Law, a changing acceleration
means a changing force or tension in the hoist line. Thus, by definition,
a constant tension winch cannot possibly provide adequate motion compensa-
tion when transferring cargo.

A second cousin to the constant tension winch is the servo controlled
winch used in such applications as maintaining a constant depth for oceanog-

[19],[34]-[37] However, it is important to note a subtle

raphic equipment.
difference in requirements between cargo transfer equipment and depth regu-

lation equipment. A piece of cargo, or load, by virtue of its inertia,
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wants to remain fixed in some given position. Thus, for depth regulation,
the winch is helping the cargo to do what it intrinsically wants to do

in the first place. HNot so with cargo transfer. As discussed above, the
winch must continuously accelerate and decelerate the cargo in a continuous
effort to match the motion of the ship. The difference between the con-
stant tension winch and the servo controlled winch is that the latter uses
a position or velocity type of feedback to control the motion of the load
while the constant tension winch uses a force feedback and is hence less
effective. The use of velocity feedback mmeans a more sophisticated system
with the accompanying advantage of better or closer control and the dis-
advantage of higher cost. One servo controlled winch in an advanced state
of development[37]makes use of a gyro-stabilized vertical accelerometer
and integrator to obtain the ship's heave velocity. A signal proportional
to the velocity of the ship is obtained from the integrator and fed to the
control system of the winch to maintain a cable velocity equal to zero
relative to the earth. Since integrators may be thought of as accumulative
adders, they not only accumulate the acceleration signal from the gyro,

but also will accumulate small error signals which are always present.

The result is that such a system will drift with time unless proper compen-
sation is made.

Next, and last, are the inotion compensated cranes.[8]’[28] Several
are supposed to be available commercially, but inquiries made by this
author to engineers working in the field raised the question of whether the
cranes have widespread use or are merely prototype models in some stage of
design. In any event, they may be classed as true motion compensated

cargo transfer devices - as opposed to the previously discussed motion
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compensating devices. All of these units use some form of motion feed-
back to control the position of the cargo relative to the ship. (Figs. 5,
6, and 7) However, even though these cranes are close to the present
state-of-the-art in motion compensated cargo transfer equipment, they only
provide for compensation in the heave direction, and how well they perform
is not clearly stated. This relates back to the question asked at the
beginning of this section regarding what is meant by compensation. Also,
these cranes have the disadvantage of allowing the cargo to become pendu-
lous after it has cleared the deck. The Northern Line version partially
takes this problem into account in a passive way. Dampers are attached to
the load to prevent large amplitude swinging of the cargo. However, no
attempt is made to match the sway motion of the ship. To properly evaluate
such equipment, one needs to know, for example, what the frequency response
of the equipment is for various values of load. The frequency response
curves show the ability of the equipment to follow an input signal as the
signal varies in frequency and amplitude, and would hence allow some pre-
diction of the equipment's ability to follow the motion of the ship as
well as allow the possible prediction of damage.

In conclusion, it may safely be stated that while equipment is avail-
able which will transfer cargo in a smoother manner, there is still a great
deal of work to be done and improvements to be made. Equipment needs to
be built which will handle container sized cargo and still respond well in
rough weather. The equipment described above could be thought of as merely
a starting point with many limitations. To do a proper job will require
a great deal of analysis and testing. To properly define all the important
design parameters and show how they interact is the next step, and this

will be discussed in the following section.
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DRV CRANE
Model N@ 3157-DRVC

A shipboard hydraulic motion compensating crane. for
handling submersible vehicles weighing up to 25 tons
Special design features permit handling in 8" high waves.
with 10 roll and 3.5 pitch. Designed specifically for
use on the AGOR-15, an oceanographic research vessel to
retrieve the research submarine ALVIN. Adaptable to many
uses which require a 25 ton lif§ capability where constanl
tensioning is of great importance

SPECIFICATIONS

Boom extended—40,000 Ibs. @ 28"-2"

Boom retracted —50,000 lbs. @ 20"-2’

Hook speed with rated load —40 FPM

Max. hook speed during automatic tensioning — 300 FPM
Boom extend speed—4.3 FPM

Boom retract speed —7 04 FPM.

Boom topping—horizontal to 25 up

Time to top. full distance — 105 sec.

Training speed—0.139 RPM

Training capability —380

NORTHERN LINE MACHINE & ENGINEERING CO.

on of tacoma boatbuliding n

1840 Marine View Drive / Tacoma, Washington 98422 Area Code (206) 272-4153

Figure 6 Northern Line DRV Crane
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Recommendations and Conclusions

The successful transfer of cargo from ship to platform under good
weather conditions is a routine task and the equipment is certainly
adequate. However, as the weather becomes worse and worse, the ability to
transfer cargo safely is more and more diminished. To counteract the
effect of the weather, better equipment is required to accomplish the trans-
fer. The present state-of-the-art in transfer equipment is fairly elemen-
tary, and it is recormended that analytical studies be made so as to better
define the design variables and the design problem areas. The fundamental
problem of cargo transfer and one nethod for solving this problem may be
outlined as follows:

1. The ship exerts forces on the cargo, and these forces cause the
cargo to have the same motion as that of the ship.

2. It follows that a motion compensated crane must be capable of
exerting the same forces on the cargo as those forces exerted by the ship.
That is, during cargo lift off, the application of force on the cargo must
be smoothly transferred from the ship to the crane.

3. To exert forces in a precise manner, the pendulous length to the
cargo, when suspended from the crane, should be as close to zero as possible.

4. It then follows that the tip of the crane should reach into the
hold of the ship and be capable of positioning itself at the cargo.

Hote first that the problem raised by item 2 is not alleviated by
mounting the crane on the ship. This problem was briefly discussed in the
section on conventional equipment. Secondly, note that the solution pro-
posed by items 3 and 4 are independent of the crane's mounting location.

It is assumed that the most general problem is to be analyzed - that is,

20




compensation is to be provided for six degrees of freedom. This general
approach permits one to look at more simple models at a later date should
they prove feasible or become of interest.

In line with these suggestions, the configuration shown in Fig. 8
might be considered. Shown is a small, articulated crane which has been
converted from a commercially available backhoe. The backhoe has hydraulic
drive for both azimuth and elevation travel, and is capable of supporting
fairly large loads. An analysis based on kinematics, structural dynamics,
and automatic controls could be tied together to produce a fairly compre-
hensive model of an articulated crane. Also, if the results of the analysis
prove to be promising, a test model could be put together at a considerable
savings over the cost of constructing a specially designed crane.

The articulated crane of Fig. 8 has sufficient travel to follow any
motion under which a ship might be unloaded. However, it is not large
enough to reach from the platform to the ship. Therefore, rather than try
to compensate a crane with a reach of 100 feet or more, the configuration
shown in Fig. 9 should be adequate. The small, compensated crane is
attached to a much larger conventional or uncompensated crane with the
required reach. The larger crane would be manually positioned in the
approximate location of the cargo and then the compensated crane would
commence to follow the motion of the ship.

An important part of the compensated crane is the control box (Fig. 8
and 10) which detects the motion of the ship and essentially guides the
hook to the cargo. As shown in Fig. 10, the control box is a two axis
gimbal for roll and pitch, and also detects changes in vertical position.

During operation, the crane operator would locate the tip of the boom

2L
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Employment of Compensated Crane on Large, Uncompensated Crane

Figure 9
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approximately over the cargo. A sailor in the hold would then grasp the
control line. By pulling down, left, or right, he could guide the compen-
sated crane to the cargo. For example, he might run the control line under
his foot. Then, to lower the hook six inches, he would haul in six inches
of control line. The servo system would cause the hook to follow the line
and stop when the sailor stopped hauling in the line. This ability to very
carefully guide the hook should be a great advantage.

In summary, it is suggested that the following steps be taken to
further the ability to design better cargo transfer equipment.

1. Formulate a structural model of the crane of Fig. 8.

2. Develop a set of kinematic equations of motion for the crane
(including the control box of Fig. 10).

3. Combine items 1 and 2 to obtain a multi-degree of freedom trans-
fer function for an electro-hydraulic servo controlled crane.

4. Perform a parameter study to determine the requirements for
motion compensation. A few of the parameters to be studied would be power
requirements, effect of size of load, hydraulic pressure, response time,
compensation error, crane geometry, etc.

5. Upon the satisfactory completion of the first four items, purchase

the necessary equipment and verify the analysis experimentally.

25




£0x

L1

12.

13.

1y4.

15.

BIBLIOGRAPHY

"Over-the-Beach Highline System," SFNS Technical Report lio. 8-63,
July 1963.

"Over-the-Beach Highline (OBHL) Cargo Transfer System - 1968 Beach
Tests," Final Report, San Francisco Bay Naval Shipyard, Technical
report 15-68, 1968.

"Aerial Traway Development," Final Report, Hunters Point Naval
Shipyard, Technical Report 3-70.

"Crane boats - vhat they can do," Ocean Industry, February 1971,
pp. 17-18.

"Fluor's new 'Di3-5' revolves with 400 tons," Ocean Industry,
February 1971, p. 16.

"Transfers at Sea," Seamanship, Bureau of Naval Personnel, NAVPLRS
16118-B, Chapter 4, pp 56-57.

Lrofeev, N. I., "Mathematical ifodel for Mode of Operation of Crane
Units," Automation and Remote Control, n3, Mar 1967, pp 498-503
(Translated from Avtomatika I Telemekhanika, No. 3, pp 160-166,
March 1967).

Pitchersky, A., A. Southerland, "Handling Problems at Ocean-Air
Interface," Marine Technology, v. 5, n. 4, Oct 1968, pp 410-u426.

"Hydraulic Telescoping Crane Design,'" Fluid Power International,
v. 34, n. 396, Mar 1969, pp 50-52.

Schurr, C. A., "New Wrinkles in Static AC Crane Control," Square-D
Company, Cleveland, Ohio, ASME Paper 69-MH-6.

Stone, D. W., "AC Static Variable-Irequency Speed Control,"
Harnischfeger Corp., Milwaukee, Wis., ASME Paper 69-MH-5.

Raichlen, F., "Motions of Small Boats Moored in Standing Waveg,"
U.S. Waterways Experiment Station, Vicksburg, Miss., Contract
Report H-68-2, Aug 1968, 158 p.

"New Giessen-Figee Twin Cranes Have Dual Functions," Shipbuilding
and Shipping Rec., v. 114, n. 19, Nov 1lu, 1969, p 60.

"Heavy-Lift Capacity for Japan Gulf Express Service," Shipbuilding
and Shipping Rec., v. 114, n. 22, Dec 5, 1969, pp 18-21.

"Container Handling Equipment. Clark Chapman's Contribution,"
Shipbuilding and Shipping Rec., v. 114, n. 5, Aug 1, 1969, pp u4u-u6.

26




16.

17.

18.

195

20.

21.

22.

23,

24,

25

26.

Z2i's

28.

29.

Dreyer, H. J., D. Lieber, "Container Transfer with Two Cranes,"
ICHCA J, v. 3, n. 2, Feb 1969, p 12-18.

Hashizaki, ., "30 Ton Rope Trolley Type Container Transporter Crane
for Tokyo Harbour Bureau," Ishikawajima-Harima Heavy Industries
Engineering Review, v. 1, n. 1, Sept 1968, p 54-58.

"Sealed Transmissions Smooth Ship-to-Ship Transfers at Sea,"
Hydraulics and Pneumatics, Nov 1969, p 22.

Shillinger, G. L., "Development of an Automatic Tensioning Control
System for a Replenishment-at-Sea Winch Arrangement," M.S. Thesis,
University of California, Jan 1965.

Alsop, C. F., G. A. Forster, F. R. Holms, "Ore Unloader-Feasibility
Study," International Federation of Automatic Control - Tokyo
Symposium on Systems Engineering for Control System Design -
Proceedings, 1965, p 295-305.

"Automatic Transfer of Cargo or rquipment at Sea," Engineer, v. 223,
n. 5796, Feb 24, 1967, p 312.

Brown, A. W., P. C. Mortenson, "Hydrostatic System Provides Precise
Crane Control," Diesel and Gas Turbine Progress, v. 32, n. 7,
July 1966, p 42-H3.

Dietrich, Marek, "O Dynamice Hamowania Dzwignic (Dynamic Problems
of Crane Braking)," Archiwum Budowy Maszyn, Warszawa, v. 12, n. 2,
1965, pp 261-281.

Haussmann, G., "Freely Moving Transcontainer Transport and Handling
Cquipment, Part 5: Transcontainer llandling Problems. The Golchofer
Swinglift," FSTC-HT-23-87-68/A, Feb 1968.

Dreyer, Hans-Joachim, and Dietmar Lieber, "Container Transfer with
Two Cranes," International Cargo Handling Coordination Association
Journal, Feb 1969.

Cragin, J. Q., "Ship Response Instrumentation aboard the Container
Vessel S. S. Boston: Results from Two Operational Seasons in North
Atlantic Service," Teledyne Materials Research Company, Naval Ship
Engineering Center Contract No. NO0024-70-C-5182, 1970.

"fruck Mounted Backhoe," International larvester Company, Sales
Information SDE-2133, Feb 1971.

"DRV Crane Model No. 3157-DRVC," Sales Information, Northern Line
Machine and Engineering Co., 1840 Marine View Drive, Tacoma,
Washington 98422.

Egnor, Russ, "Containers - Ship to Shore," Sealift, Feb 1971.

Z7/



30.

31.

325

33.

3u4.

35.

36,

S

38.

39.

40.

"Replenishment at Sea," NWP 38(L), Office of the Chief of laval
Operations.

Gyorfi, Endre, "Container Manipulating Devices," FSIC-HT-23-512-69,
October 1869.

"The Feasibility of Reduced Cargo Gear Installations Onboard Break-
Bulk Cargo Ships," Control Systems Research Report No. 123-1,

The U.S. Dept. of Commerce Maritime Administration Contract

No. MA-4368.

"Automatic Constant Tension Mooring Winches," Sales Catalogue, A. C.
Hoyle Co., Box 589, Iron Mountain, Michigan 43801.

"Mechanics of Raising and Lowering Heavy Loads in the Ocean: Experi-
mental Results," Technical Report R-543, Naval Civil Engineering
Laborator, Sept 1967.

"Dynamic Stress Response of Lifting Lines for Oceanic Operations,"
Technical Report R-703, Naval Civil Engineering Laboratory, Nov 1970.

"Depth Regulation of Lowered Oceanographic Equipment," Development
Report 1215, U.S. Navy Electronics Laboratory, San Diego,
27 March 1964.

Clayson, C. H., "The Design of a Servo Controlled Winch for R.R.S.
Discovery with Compensation for Ship Motion," National Institute
of Oceanography Internal Report No. A. 40, August 1969.

"Feasibility Test of Integral Cargo Handling System," Major E. G. Perez,
U.S. Armiy General Equipment Test Activity, Fort Lee, Virginia,
March 1970, ROTE Project No. 1G643324D59806.

"Wertical Replenishment Mission Evaluation (Rd-3A Helicopter)"
LT T. Beatty, USN, et al., Naval Air Test Center Tecnnical Report
No. FT-62R-68, 5 Sept 1968.

"Study of Materials Handling from AKA, APA, and LPD Type Ships to

Landing Craft," Richard Paillon, San Francisco Bay Naval Shipyard,
SFBNS Technical Report 16-68, November 1968.

28




Initial Distribution List

Mr. Denzil C. Pauli, !Manager ( 2 copies)
Ocean Technology Program

Ocean Science and Technology Division

Office of Naval Research

Washington, D.C. 20360

by €. Smisth
Naval Civil Engineering Laboratory
Port Hueneme, California 9304l

Mr. J. Hromadik
Naval Civil Engineering Laboratory
Port Hueneme, California 93041

Defense Do~umentation Center (DDC) (20 copies)
Cameron Station
Alexandria, Virginia 22314

Naval Postgraduate School
Monterey, California 93940

Code 023 (2 copies)

Code 59wy (Prof. Richard C. Winfrey) (5 copies)
Code 59 (2 copies)

Code 0212 (2 copies)

28




UHCLASSIFIED
Securt}LClunlﬂcnlon

DOCUMENT CONTROL DATA-R& D

(Security classilication ol title, body ol abstract and indexing annolation must bs sntered whan the overall repori ls clacsliled)

1. ORIGINATING ACTIVITY (Corporate author) 28. REPORT SECURITY CLASSIFICATION
Naval Postgraduate School UNCLASSIFIED
Monterey, California ke noUR

3. REPORT TITLE

A Review of Cargo llandling Equipment

4. DESCRIPTIVE NOTES (Type of report and,inclusive dates)

Report, 13971

8. AUTHOR(S) (Firsl name, m e Inlilal, last name)

Winfrey, Richard C.

6. REPORT OATE 78, TOTAL NO. OF PAGKS 7. NO. OF REFS
1 October 1971 cal 40
[88. CONTRACT OR GRANT NO. %s. ORIGINATOR'S REPORT NUMBER(S)
ONR NC2053, P.O. 1-0127 NPS-58WY71101A
b, PROJECT NO.
e. ob. 3.7."".:.::)”"" NO{S) (Any other numbere that may be assignad
d.

10. DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited.

1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Office of Naval Research

A review of the current methods for transferring cargo between a
ship undergoing sea induced motion and a relatively stable platform or
dock is made. Suggestions for improved equipment are offered as well as
a plan for implementing them. Current equipment is felt to be adequate
for transferring cargo in calm weather, but leaves much to be desired
when transferring cargo in inedium to high sea states.

BE .Ii?u-“ 53 (PAGE 1) 30 UNCLASSIFIED

S/N 01018070811 T Newdly Ueallleaton

'4=81400




UNCLASSIFIED

Security Classification

KEY WORDS

LINK A LINK &

LiINRK C

RALE

wT ROLE wT

ROLE wT

Cranes

Cargo tlandling
Materials handling
Ships

Ship Equipment
Hoists

Winches

Port ‘lerminals
Ports and Harbors
Freight Handling

lrwmr———— el

3

DD ..o 1473 (sack)

$/N 0101-807-8821

31

UNCLASSIFIED

> oas

Security Classification

A-31409




