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57] ABSTRACT

A method of assessing a ships weight so as to e.g. assist 1n
its design and development, or to ascertain its actual center
of gravity or its loaded state, comprises positioning the ship
on a dry dock platform made up of a number of articulatedly
joined sub platforms connected for lifting and lowerng by
hoist winches. The hoist winches include signal devices
which signal the load each 1s supporting, to a computer and
visual display unit which displays the loads. The computer
computes e.g. the center of gravity or the ships weight, 1n the
displacement of the center of gravity from its designed
position, the information then being passed to the designer.

2 Claims, 5 Drawing Sheets
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METHOD OF DETERMINING AND
ANALYZING A SHIP’S WEIGHT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present 1invention relates to a method of weighing a
ship and analysing the weight distribution thereof. The
invention has particular efficacy 1n the field of dry docking
marine vessels and 1s described 1n detaill herein in that
context. However, the invention 1s applicable to a wide
range of loads if they are placed on similar lifting devices
and consequently should not be regarded as being limited 1n
application merely by virtue of the specific description
herein.

DESCRIPTION OF THE PRIOR ART

In U.S. Pat. No. 3,073,125 now expired, there 1s disclosed
and claimed a dry dock which for operation was placed
under a ship which lay between two quays, and was then
raised by hoist winches on the quays, along with the ship, to
a height which brought the ship to quay level. The dry dock
included rail mounted trolleys by means of which the ship
could be moved onto the quay.

U.S. Pat. No. 4,087,979 also owned by the same assignee
as this 1nvention and still 1n force, discloses and claims
improvements to the dry dock of U.S. Pat. No. 3,073,125,
inter alia by way of enabling construction in module form off
site, and articulating the structure at positions along its
length. There are a total of one hundred and sixty eight such
dry docks in operation in sixty two countries.

Both types of dry dock are operated by hoist winches
which 1n turn are driven by a.c. synchronous motors, so as
to ensure lift synchronism. Control 1s computerised and
includes manual override.

SUMMARY OF THE INVENTION

It 1s an object of the present 1nvention to provide a mode
of operation of a dry dock of the kind disclosed and claimed
in the aforementioned patents and which should be regarded
as being incorporated herein by virtue of this reference
thereto, which mode of operation enables the extraction of
information from the apparatus which further enables design
modification and/or working of a ship.

A further object of the present invention 1s to provide a
mode of operation which enables the weight of a ship being
lifted, to be observed.

A further object of the present invention 1s to provide a
mode of operation which enables the ships centre of gravity
to be ascertained.

A still further object of the present invention is to provide
an 1ndication of the ships weight distribution.

The mnvention utilises the output from hoist load indicat-
ing means 1n the load path of each hoist winch, 1n a system
of hoist winches on opposing quays.

The load indicating means 1s of the kind which generates
electrical signals when acted on by a said load.

Means are provided which receive and condition the
signals and further means are provided which receive the
conditioned signals and use them to react upon the system
and thereby control it.

10

15

20

25

30

35

40

45

50

55

60

65

2

The further means also uses said signals to generate visual
displays of load magnitudes, current magnitudes, weight
distributions and total weights of gross lifted load and/or of
the ship itself, as experienced by the hoist winches.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be described, by way of example
and with reference to the accompanying drawings in which:

FIG. 1 1s a diagrammatic side elevation of a dry dock
incorporating the present invention.

FIG. 2 1s a diagrammatic view on line 2—2 of FIG. 1.

FIG. 3 1s a pictorial view of a hoist winch of the kind
utilised 1n the practising of the present invention.

FIG. 4 1s a view 1n the direction of arrow 4 in FIG. 1.

FIG. 5 1s a schematic diagram of a signal conditioning,
circuit mncorporated in the apparatus used in practising the
modes of operation of the present invention.

FIG. 6 1s a dual graphic and actual numerical value
display of a ships weight distribution 1n a hoist winch system
incorporating six pairs ol opposed winches of the kind

depicted 1n FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1. A platform 13 of the kind described
in U.S. Pat. No. 4,087,979 supports a ship 9 for vertical
movement with respect to a quay 10 (FIG. 2).

Referring now to FIG. 2. The platform 13 includes main

transverse beams 20 the ends of which lie within cutouts 17
in the opposing faces of the quays 10 (FIG. 1) and 12 (FIG.

4).
The ends of the beams 20 carry sheaves 18.

A hoist winch 19, one of a series of opposed pairs of hoist
winches 19 as seen 1n 1n FIG. 4, 1s fixed to the quay and
supports further sheaves 21 1n approximately vertical align-
ment with the sheaves 18, and further includes a winch drum

29.

A wire rope 27 1s fixed by one end to a load cell 25 which
also doubles as a clevis pin and 1s fixed to the end of the
structure of the hoist winch 19.

The rope 27 1s wrapped around the sheaves 18 and 21, the
remaining end finally leaving sheaves 18 and turning around
the winch drum 29. A signal conditioning circuit 28 1s fixed
to or near the hoist winch structure 19 and 1s connected to
the load cell clevis pin 25.

Referring now to FIG. 3. Each winch drum 29 1s driven
by an a.c. synchronous motor 33 via a step down gear
arrangement 35 and a toothed wheel 37 on the end of the

drum 29.

A limait switch 41 1s fastened to the structure of the hoist
winch 19 and a contact pad 43 1s carried by the beam 20. The
limit switch 1s pre-set and when the platform 13 rises to its
desired height during operation, the pad 43 contacts the limait
switch 41 which then 1s actuated to effect halting of the
platform 20.

Devices (not shown) within the system are utilised to
determine the maximum desired lowered positions of the
platform 13.

Referring now to FIG. 4. During operation of the hoist
winches 19 to raise or lower the platform 13 and its
assoclated ship 9, the conditioning circuit 28 receives elec-
trical signals from the load cell 25 associated with that winch

19. The circuit 28 which 1 FIG. 4 1s depicted by a box, 1s
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more explicitly 1llustrated in FIG. § to which brief reference
1s now made. A d.c. mput 60 1s converted at 62 into a
sinewave plus and minus d.c. voltage. The output from 62 1s
regulated at 64 and the resulting regulated, d.c. excitation
voltage 1s passed to the load cell 25.

The output voltage from the load cell 25 1s amplified at 66
and then converted at 68 to a current output for use in the

computer, to which 1t 1s passed via a power handling
MOSFET transducer 70.

Referring back to FIG. 4. The computer 47 sends control
signals to the ship lift control panel which can stop or allow
operation of the hoist winches 19, and sends further signals
to a visual display unit 49 so as to display information which
has been derived from the signals concerning the operating
performance of the hoist winches 19, e.g. the loads being
sensed, and also the current being drawn by the winch motor
33, the weight of the vessel being lifted/lowered and other
characteristics of the system. Examples of information the

visual display of which 1s enabled by the invention, are
depicted 1n FIGS. 6 to 8 referred to hereinafter.

FIG. 6 displays 1n both histogram and numerical form, the
manner 1n which a particular ship’s weight 1s distributed
over the hoist winches 19. Opposed winch stations 1A and
1B are each experiencing a load of 73.8 tons. Stations 4A
and 4B are each experiencing a load of 256 tons and stations
6A and 6B are each experiencing a load of 72 tons.

It should be noted, that the weights indicated from zero
upwards relate to the ship. The projections of the histogram
below the zero line are 1dentical 1n extent, and correspond to
the constant weight of the platform.

Clearly, the ability of the present mmvention to precisely
ascertain a ship’s weight distribution, also provides the
ability to calculate the ships centre of gravity with a mag-
nitude of accuracy over and above methods used presently
and which by comparison are virtually emperical in both
manner and result.

The foregoing description discloses the use of a load cell
25 1n the form of a clevis pin. However, other forms of load
cell may be used, and positioned anywhere 1n the load path
of the loads which the hoist winches 19 experience during
operation. Thus, by way of example, load cells can be
positioned on the support structure 51 of the hoist winch
sheaves 21, or at 53 between the hoist winches 19 and the
quays 10 and 12, or at the clevis pin supports 1.€. use a
normal clevis pin 25 and support it on a load cell of
appropriately adapted shape. Thus a computer programme 1s
devised which, when the signals 45 from the load cells 25
reach the computer 47 (FIG. 4), will combine those inputs,
(which represent the load experienced by each hoist winch
19) with the numerical value of the spacing between
winches 19, both laterally and longitudinally of the platform,
and from the moment arms thus produced, calculate the
actual centre of gravity of the ship.

Where the ship being handled i1s new and unlaunched, the
information as to the location of the ships centre of gravity
1s passed to the naval architect, for consideration whether it
1s suificiently near to the designed location,. or that modi-
fications should be incorporated, both 1n the design and the
actual ship.

If the ship 1s docked for refurbishment, the employment
of the method described herein, enables he total weight of
the ship, and its distribution, to be observed during any
structural alterations or repairs, and the effect, if any, such
work has on the ships centre of gravity. All observations and
calculations derived therefrom, are transmitted via a line
from the computer or other means, to the yard manager or
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4

naval architect, as appropriate, for action to counter any
undesirable eflects.

A Tfurther advantage obtained by the practising of the
method of the present invention, 1s that on dry docking a ship
which 1s allegedly in light (empty) condition, observance of
any excessive welght, of a magnitude greater than the norm,
and, particularly, a centre of gravity far removed from the
design location for the particular ship, 1s a clear indication
that one or more holds still contain cargo. This would
provide a safety feature where the ship 1s a warship, and the
cargo comprises ammunition, 1n that an opportunity 1is
afforded to remove the ammunition prior to starting work on
the ship.

Where the ship 1s a cargo ship, the excessive weight
would apply undesirable local forces on the ships hull,
bearng 1n mind that the ship 1s no longer supported 1n water.
The mnformation, on being passed to the yard manager, can
be quickly acted on upon as appropriate.

We claim:

[1. A method of determining and analyzing a ship’s
welght characteristics and the distnbution of loads, the
magnitude of which are not accurately known and which are
cgenerated between a ship and a supporting dry dock, com-
prising the steps of:

a) placing the ship on a dry dock comprising a number of
articulatedly jomned platforms, with each said platform
being suspended from a number of opposed pairs. of
hoist winches comprising apparatus which includes
means for signalling the loads experienced by each one
of said hoist winches, means for displaying said loads
in accordance with said signals and means for control-
ling said hoist winches 1n accordance with said signals;

b) observing said loads on said display means, electroni-
cally summing them to achieve the total weight of the
ship and utilizing the results by way of comparing them
with the designed weight of the ship so as to enable
assessment of need for design changes.}

2. Amethod of determining and analyzing a [ships] ship’s

welght characteristics comprising the steps of

a) placing the ship on a dry dock comprising a number of
articulatedly joined platforms, the whole being sus-
pended from a number of opposed pairs of hoist
winches and with said hoist winches comprising appa-
ratus which includes means for signalling the load
experienced by each hoist winch, means for displaying
said loads 1n accordance with said signals and means
for controlling said hoist winches 1n accordance with
said signals,

b) observing the loads being experienced by said hoist
winches, and combining the numerical values of said
loads and the distances between hoist winches so as to
enable computation of the ships actual center of
gravityl;],

¢) performing said computation and comparing the result
with the design predicted center of gravity of the ship
for the purpose of assessing the necessity for design
changes.

3. Amethod of determining and analyzing a [ships] ship’s

welght characteristics comprising the steps of

a) placing the ship on a dry dock comprising a number of
articulatedly joined platforms, the whole being sus-
pended from a number of opposed pairs of hoist
winches and with said hoist winches comprises appa-
ratus 1ncluding means for signalling the loads experi-
enced by said hoist winches, means for displaying said
loads 1n accordance with said signals and control means
for controlling said hoist winches 1n accordance with
said signals,
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b) observing on said display means the loads experienced c) where such loads exist, inspecting the holds 1n that or
by the hoist winches and noting if and where there those localities and if cargo i1s present, unloading it
exists local loads of a magnitude which are large prior to commencing other work on the ship.

relative to the norm for said locality m said ship when

empty and, I
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