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hollow swivel joint 9 couples the outer CO, LTD, a Japanese Company, of No.
hollow arm 2 to the hollow arm 1 and per- 27-7, t.aito 2-chome, Taito-ku,
Tokyo, Japan, mits the outer hollow arm 2 to rotate about do hereby declare
the inveiition, 'for which  a horizontal axis extending through the hol- 5
we pray that a patent may be granted to us, low swivel joint 9. A hollow
swivel joint 50 and the method by which it is to be per-  connection at 10
at the outer end of the formed, to be particularly described in and  outer
hollow arm 2 pernlits the liquid load- by the following statement:-.
ing device to be coupled to a tanker mani- This invention relates to fluid
loading de-  fold (not shown). Ralacing weights 5 and 6 10 vices and more
particulavly to a balancing  are carried by the inner balancing arm  3, 55
mechanism for a loading arm used for loading  weight 5 being concentrically
mounted to the crude oil or the like onto a tanker subject  outer end of
the inner balancing arm 3 beyond to rolling and pitching.
a sheave 12A. The sheave 12a is mounted for Crude oil, petroleum
distiliates or like  pivoting about a horizontal axis extending 15 fluid
are loaded onto a tanker by means of  through the inner- balancing arm  3
and at 604 fluid loading devices which can readily fol-  right angles to
the longitudinal axis of that low the movement of the ship due to wave,
arm. A balancing weight 6 is fixed to the action and take into
consideration the natural sheave 12a by way of an outer balancing arm
rolling and pitching of the tanker as a result 4 which arts as a radial
extension of the 20  thereof. Such fluid loading devices permit  sheave 12a
Thus, the weight 6 rotates at the  65 connection and disassembly to the
fluid mani-  outer end of the balancing arm 4 about the fold of a marine
vessel' such as. a tanker, to  horizontal axis extending through the sheave
be effected easily and. simply, and such de-  l2a; The rotation of the
sheave 12a is con- vices are generally simple-. in construction, trolled by
the rotation of the sheave . ha 25  easy to maintain and easy to inspect,
etc. Two  which in turn is controlled by movement of  70- representative
examples of such fluid loading  the outer hollow arm 2 relative to the
inner devices are explained with refurence to the  hollow arm 1'.
Connection between the sheaves first two figures. of the drawings (see
below). is achieved by. wire cables 13a and' 13b 3  Fig; 1 shows an example
ofa known liquid  joined by means of fixing members 13c and 30 leading
device making use of wire cable. The  13d to form  an endless wire cable
loop  7.5 device comprises an inner hollow' arm I being  trained about the
sheaves Ila and 12a The pivetably coupled top an, outer hollow arm 2
fixing members 13c and 13d fix the corres- by way of a sheave lha which is
rotatable  pwiding points on the wire cables 13a and 13b with arm 2 and
mounted for rotation on arm  relatively to the sheaves Ila and 12a so that
35  1. The inner hollow arm t is: provided with  the sheaves rotate
together. an inner balancing army 3 which may in fact   In this
construction, when the hollow be. an -extension thereof, the inner hollow
swivel joint 10 connected to a manifold: of a. arm  1 being mounted 'for
rotatioir about a  tanker (not shown) is moved with respect to horizontal
axis at the upper end of a fixed, the hollow supporting member 7, due to 40
vertical hollow supportig Pkmber 7, which  rolling and pitching of the
tanker, the balanc- 85- extends vertically upward.::and is- connected  ing
weight 6 is moved, together with the to a source of liquid (not shown).
The. ho-  outer balancing arm 4, by the movement of lowr supporting member
7 supportsthe inner  the sheaves. a, 1.2a and the wire cables 13a, hollow
arm 1. for rotatio  aboutbotr vertical  13b, to establish a weight
balancing relation- 45  and horizontal axes by a hollow swivel joint. ship
in: terms of the equation:       9 Wo(Ro sin. O+L Li 59   Wi(Ri sin 0,)
W6ciRci siz4)-co(c sin eat RcQ siOn Oa)=Q 



1,442,700                                       2 where
coupled also to the outer end of arm  4 by  65 Wo=weight of outer hollow
arm 2, hollow  the connection through the connecting rod swivel joint 10,
etc.,                     13e, and arm 11b follows movement of the
Wi=vweight of inner hollow arm 1, sheaves  hollow outer arm 2. 5  lla, 12a,
inner balancing arm 3, etc.,       In the device of Fig. 2, maintenance and
Wco  weight of balancing weight 6, outer  inspection may be effected more
easily as.-0 balancing arm: 4, etc.,                   compared with the
wire and. cable arr. ne :Wci=weight of balancing weight 5 etc.,  ment of
the device shown in Fig. 1. On the : o=distance between the pivot axis of
other hand, it is necessary to maintain the 10  outer hollow arm 2 to the
gravitational centre  maximum included angle within a given limit of Wo,
in order to restrict the load applied to the  75 Li=length of inner hollow
arm,          connecting rod 13e, Furthermore, when the Lc=centre distance
between the pivot axis  outer hollow arm 2 is retracted inwardly, as for
the hollow swivel joint 8 and that of  shown by the.double dotted broken
line in 15  sheave 12a,                                Fig. 2, a large
compressive force acts on the Ri=distance from  the pivot axis of the
connecting rod 13D  which operates to balance  80. hollow- swivel joint 8
to the: gravitational the rotational force on'the outer hollow arm centre
of Wi,                              2 and the outer balancing arm 4 due to
their Rci= distance from the swivel joint 8 to  own weights, so that' a
further drawback 20  the gravitational centre of Wci,           occurs in
that it is necessary to provide a con- Rco=distance from the pivot axis of
sheave  necting rod 13e with a.Corelatively large cross  85 12a and outer
balancing arm 4 to the gravi-  sectional area  to  provide  the  necessary
tational centre of Wco.                    buckling strength to resist the
compressive force acting thereon. The construction illustrated in Fig. 1 is
The' present 'invention provides a fluid 25  such that an equilibrium  is
maintained by  loading device of the type including an up- 90- satisfying
the relationship 91=62.        wardly' extending hollow supporting member
The advantage' of this known device is that  having at its upper end an
inner hollow arm since the maximum angle included between  pivoted for
rotation abott a first, generally the inner hollow arm I and the outer
hollow  horizontal axis, and 'said inner arm in turn 30  arm  2 is 1800, a
wider operating range of  having pivotably supported at a free end  95 the
loading arm is obtained. On the other  thereof, an outer hollow  arm  for
rotation hand, it has a disadvantage that an elonga-  about a second
generally horizontal axis, said tion is produced in the wire cable array
when  device further comprising it 'is 'loaded, causing" difficulty in
maintain- 35. ing equilibrium, and that it requires main-    a first
polygonal cam plate- mounted to said tenance such as periodic coating with
an  outer hollow arm for rotation together there- 100 anti-corrosive
material,'etc. As an alternative  with about said second axis and to
the'construction of Fig. 1, such devices    a second  similar polygonal cam
plate may  be  constructed  'employing  sprocket  mounted for free
pivoting: movement about 40' wheels instead of sheaves 11a, 12 end end-  an
axis parallel to said second axis and fixed ' less chains instead of the
wire cables 13a, with respect to said inner arm,         105 13b, but the
elongation due to wear and the    a  balancing  weight mounted  to  said
disadvantageous maintenance such as periodic  second   polygonal  cam
plate  radially coating with an anti-corrosive material, etc.  outward  of
' its  pivot axis- and  in  a 45  are not materially reduced.     '
circumferential  position  related  to  the'  ' Fig. 2 shows a second
example of a  circumferential  'position' of  said  outer 110 known fluid
loading device using, instead of  hollow arm  relative to said first
polygonal the cable array and sheaves, a single con-  cam plate, and
neciing rod forming a parallelogram linkage.    an endless loop of linked
rods trained about 50  Parts corresponding to those shown in Fig.. said cam
plates ' for causing' said plates to' 1 are given like reference numerals.
Thus, the  rotate together, said rods each ihaving- a length  115 



parts designated by numerals 1-10 and the  equal to l/n times the length of
one side of construction thereof are substantially the same  the polygonal
cam plates, where "'is' an in- as. that shown ii. Fig. . In Fig. 2, an arm
teker.' 55. 111 which is rotatably mounted to follow     The invention is
illustrated by way of ex- the. rotation of the outer hollow arm 2 rela-
ample in the accompanying' drawings, in  120 tive :to the inner hollow arm
1, 'has pivot-  which: ably connected thereto, at one end, a single    Fig.
1' (referred to above) is a schematic, connecting rod 13e which in turn is
pivoted  front view of. a conventional 'fluid loading 60  to the outer end'
of a balancing -arm' 4 'and  device. which constitutes a link parallel to
the inner    Fig. 2 (referred to above) is a front view  125 hollow arm  1.
It is so arranged that -equi- -of another conventional-fuid loading device.
librium is maintained as in the case of Fig.    Fig. 3 is a front 'view of
a fluid loading 1 by movement of the balancing weight 6  device in
accordance with one embodiment of 4<    3
1,442,700                                        3 the present invention,
the arms in the same  joint 10 is connected to a manifold (not positions as
in the case of the device shown  shown) of a tanker or the like. In this
con- in Fig. 1.                                 dition, the tanker is
connected to the liquid Fig. 4 is a front view of the fluid loading
transferring pipe at the pier or wharf through 5  device of Fig. 3, with
the hollowi arm pivoted  the hollow swivel joints 8, 9 and 10, the  70 t-
a horizontal: position.                 outer hollow arm 2, the inner
hollow arm w-i Fig. 5 is a plan view of -the device shown  1 and the hollow
supporting member 7, in Fig. 4.                                 whereby the
transfer'of liquid can be effected Fig. 6 is a sectional view w.f a portion
of  regardless of pitch or other, movement of the 10 the device shown in
Figr3 taken on line  tanker. "During this time, even when the  75 6-6 of
Fig. 3.                            tanker is moved vertically or
horizontally due With reference to Figs. 3-6, parts of  to the variation in
total load and changes in the fluid loading device-of thecprebent inven-
inclination due to wave action or tide action, tion which are conmon
to'.the. dvices of  the balancof  f the dead weight of the loading 15
Figs. 1 and 2 bear like referenc-.numerals.  arm is maintained by means of
the balance- 80 In this respect; numeral 1 designates gthe inner  weights 5
and 6. Only a frictional force caused hollow arm; 2 the outer -hollo* arm;
3 the  by rotation of the hollow swivel joints 8, 9 inner balancing arm; 4
an. Ouettbalancing  and 10 and other small resistive forces act on arm; $
and 6 balancing weighit; 'and 7-a- the manifold of the tanker, so that the
load- 20  fixed hollow supporting --merniber -;extending  ing arm can
easily follow the movement of 85 vertically. upward from as :wharf (not
shown). the tanker :and thus a safe loading operation The numerals 8, 9 and
10' designate hollow  can be effectively carried out. swivel joints as also
described above. The    The advantages of the liquid loading de- hollow
swivel joints" 8, 9'and 10 allow free  vice constructed as described above
are as 25  rotation of the inner hollow-garm 1 in a verti-  follows: The
-first advantage is that with the 90 cal and horizontal direction
relatively to the  construction of: the connecting rod loop 13, hollow
supporting member 7 which extends  formed by training. the loop of linked
rods vertically upwards, of te. outer hollow arm  over the cam  plates 1I
and 12, each of, 2 in a vertical direction relative to the inner  which has
a tetragonal shape, only tension 30  hollow arm  I and aboutva horizontal
axis, acts on the connecting rods so that there is  95 and of the outer
hollow-arm .'2 in vertical no danger of buckling and the mass of the and
horizontal directions-relative to the mani-  parts can therefore be
reduced. While it. is fold (not shown) of .a tanker or the like to-,
preferable that the cam- plates 11 and 12 each which the device is
connected jby way-of the  have a tetragonal shape,. the shape -is limited
35  swivel joint 10. The construction- of the  to a polygon, and the plates
may take the 100 swivel joints is the same as the swivel joints  shape of a
pentagon or hexagon if desired. in the conventional devices illustrated in
Figs.  In the second place, it is possible to obtain 1 and 2.
a maximum reach by controlling the maxi- 



A cam plate 11 which is polygonal in plan  mum included angle between the
inner hollow 40  configuration is secured to the outer hollow  arm 1 and
the outer hollow arm 2 to 1800  105 arm 2, and ' a cam plate 12 of similar
con-  using the linked rods 13f. Thirdly, in a broad figuration is
supported for rotation about a  sense, although a plurality of small rods
13f horizontal axis at a point on the inner balanc-  constituting the
connecting rod loop 13, may ing arm 3 between the weight 5 and the hori-
be at first glance thought to be a modification 45  zontal pivot axis of
the hollow swivel joint  of a power transmitting chain, by utilizing a  110
8. A  series of small rods 13f are linked  tetragonal cam  plate
arrangement, chain together to define an endless loop as at 13  sprocket
wheels are not necessary, and a with the linked connecting rods being
trained  smooth transmission of rotary motion can be about the respective
cam plates 11 and 12, very practically obtained, serving as a balanc- 50
such that pivoting of the outer hollow arm  ing device for the loading arm,
without re- 115 2 about a horizontal axis defined by the  quiring means
corresponding to the braking swivel joint 9 causes the cam plate 11 to
means normally employed where a wire cable pivot about the same axis, and
by way of  is used. In short, the present fluid loading linked rods 13f
transmits a corresponding  device makes maximum  advantage of the 55
rotation of the polygonal cam plate 12 about conventional wire cable system
and the single 120 a horizontal pivot axis on the inner balancing
interlocking rod system and compensates for arm  3. Turnbuckles 14a and 141
permit  the disadvantages of both, whereby the rotat- tensioning of the
loop of linked rods 13f. The  ing range can be increased, the maintenance
connecting rod loop 13 interlocks the opera-  and inspection may be
effected more easily, 60  tions of the outer hollow arm  2 and the  and an
excellent, easily operable, fluid load- 125 outer balancing arm 4 and
maintains a sub-  ing device is the result. stantial weight equilibrium
therebetween.    Furthermore, the cam  plate 12 is not The hollow
supporting member 7 is con-  limited in terms of its being pivoted on the
nected to a liquid transfer pipe (not shown)  interbalancing arm  3, but it
also may be 65  at the pier or wharf and the hollow swivel pivotably
mounted at the hollow swivel joint 130    144Z,7Q0Q
4 3, for rotation about a. cown-i  hoxizental  mout   for free piroting
veg.    ment about axis. In this mase, the  d    t  balaS   w. ads
tp id second axis and fied jig veigft 6 is detene b  pla              with
respect to said nner   , the quaton,. k=9; It is posikle ntheot-    a .ang
weight ammtow        m said second  35 $i ally, is cosiine two,,or wore sma
rodA IN   p     *a    . pWet radiay outward of its (r a single side of the
camt plate by setting  pivot axis and in a ercamential positiop-_ the
length of the smiulla rod IN at a value of   lte*    the  ecmuetia positon
o f     sai Ili times th  side lengtk. of the cam platea  outer hollow arm
relative to said first; poly- wberew n i Sanr integnA .a    plat, g
mp-. 40 Q    Whie the iuveniu I hS been panticulaxy    up o4     lp qf lind
ro4s trained shows and dacibedi with refetence to a pie-  about said cam
plates for cauxing said- pkie $erreo. embodiment therao it will be uwxr-
1  rean togetrsal rodS eac* having a steod by those skilled is the art that
vaious: langth equAl to 1/n tista the length of one cwges in- frm  and
detals may  w to madE  sjee of  i  *yal        plaits, wherein it 45 t5
teine witout dqntig from the scope of  it ao  Wm    e te iwvemtion  as
defined in tne appended    2.; A*f  lecding :dvice as claimed in c~aiz
claim -    -e               1q l~wcee  s   -ai  ds each have a length eqa
to, fth  length of one side of the poly- WRUAT Wi CLcm& IS:-.
gonal cam   0:                            50 . 1. A fluid loading devicti
of ft type in-    . 3     fluiti leag  4pvice substantially as 2luding an
upwardly- -extendng hollow sup-  dnscbe    with rherence to Pigs. 3-6
porting member hxvilig at its upper end aa       e   aeo  ig    gs iimr
hollow arm pined for rotatin about a fiast, generally hizonal axis, and
said     .          GEE &c C,- ir arm in tam having piAtably supported
AChartd Nt   Agets,. 



25  at a free end throi an outer hollow ann for           - Can       ouse,
rotation ahout a seond genrally hietual                  Chauey. ljneS
axis, said device farther comprising                  LoMIQ, WCA 1Q1U. a
.st poygonal Xu -plate moned to                           and said outer
hollow aim for rotation togetbh              3,9 Eo        , 30  therewith
abot said second aWis and.                   -Gqldf$,: Surrey. a second
sjimr. polygoal cam  plate             Agents for- ft  Applicants. Printed
for Her Maies  Statio8ery  fice by the orier  e    emtnn S   1970.
Published by The Paten Oa en, 25 Sonthempten T in, LIondof, wclA, from. - .
iah copie maybe oin    A  d~     ~~bu  a
Ii1i *l~lll   liiiL '''  lI * 1,442,700
4 8, for rotation about a common horizont   mounted for firee pivoting
movement about axis. In this case, the weight of the balac-  an. axis
parallel to said second axis and fixed ing weight 6 is determined by
placing within  with respect to said inner arm, the equation, Lc=0. It is
possible, theometio-    a balancing weight mounted to said second  35 5
ally, to combine two or more small rods. 3f  polygonal- cam plate radially
outward of its for a single side of the cam plate by setting  pivot axis
and in a ecircumferential positionl the legth of the small rod 13f at a
value of  ielated to the circumferential position of said tIn times the
side length of the cam plate, outer hollow arm relative to said first poly-
where m is an integer.                    gonal cam plate, and.
40 1Q    While the. invention. has been particularly    an endless loop- of
linked rods trained shown and described with reference to a pre-  about
said cam plates for causing said plates ferred embodiment thereof, it will
be under-  t. rotate together, said rods each having a stood by those
skilled in the art that various  length. equal to 1/e times the length of
one changes in form and details may be made  sade of the polygonal cam
plates, wherein X  45 1.5 terein without departing from the scope of  is an
integer. the inventin  as defined in the appended    2. A fluid loading
device as claimed in claims.                                   daim
1,.wherein said, rods each have a length equal to the length of one side of
the poly- WfIAT WE CLAIM IS:-                     gonal cam plates,
-   50 1. A fluid loading device of the type in-    3. A fluid loading
device substantially as 20  duding an upwardly extending hollow sup-
described herein with reference to Figs. 3-6 porting member having at its
upper end an  of the accompanying drawings. inner hollow arm pivoted for
rotation about. a first, generally horizontal axis, and said            GEE
& CO., inner arm in turn having pivotably supported       Chartered Patent
Agents, 25  at a free end thereof an outer hollow arm for          Chancery
House, rotation about a second generally horizonat            Chancery
Lanes axis, said device. further comprising               London, WCZA IQU.
a first polygonal cam. plate mounted to                   and said outer
hollow arm for rotation together            39, Epsom Road, 30  therewith
about said second axis and                  Guildford, Surrey. a second
similar polygonal cam  plate           Agents for the Applicants. Printed
for Her Majestlys Stationery Office, by the Courier Press Leamington Spa,
1976. Published by The Patent Office, 25 Southampton Buildings, Londaon, WA
lTAY, from which copies mar be obtained    


