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(54) Sealing devices
(57) A sealing device 30 for minimising
the leakage of toxic or radioactive contaminated environments through a
biological shield along an opening
through which a flexible component 31
moves that penetrates the shield. The
sealing device 30 comprises an outer
tubular member 32 which extends over
a length not less than the maximum
longitudinal movement ofthe component 31 along the opening. An inner
sealing block 33 is located intermediate
the length ofthecomponent31 by
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connectors 34 and is positioned in the
bore ofthe outer tubular member 32 to
slide in the bore and effect a seal over
the entire longitudinal movement of the
component 31. The cross-section ofthe
device may be circular and the block 33
may be of polytetrafluoroethylene or of
nylon impregnated with molybdenum
or may be metallic. A number ofthe
sealing devices 30 may be combined
into an assembly for a plurality of
adjacent longitudinally movable components 31, each adapted to sustain a
tensile load, providing the various
drives of a master-slave manipulator.
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GB 2 038 772 A
SPECIFICATION
Sealing devices

5 This invention relates to sealing devices and in
particularto a sealing device for minimising the
leakage of toxic or radioactive contaminated environments through biological shields along openings through which components move that pene10 trate the shield.
In a common form of remote controlled manipulator ofthe type known as a master/slave manipulator,
a slave arm is connected to a master arm by means
of flexible tensile load sustaining members such as
15 cables, tapes or chains, which pass inside and along
the length of a large diametertube known as a
through-tube assembly and move longitudinally
therein. There is a need to inhibit contaminated air
from leaking from the slave arm end ofthe through20 tube assembly back through the through-tube
assembly without restricting the movement ofthe
cables, tapes or chains. It is the practice to maintain
the environment at the slave arm end at a negative
pressure with respect to the environment at the
25 master arm end so that leakage through the throughtube assembly is biased to flow into the contaminated environment at the slave arm end.
According to a first aspect ofthe present invention, there is provided a sealing device for use with a
30 longitudinally movable elongate flexible member
adapted to sustain a tensile load, the device comprising an outer member having a duct therethrough
which duct extends over a length not less than the
maximum longitudinal movement ofthe flexible
35 member, and an inner sealing member adapted to
be positioned intermediate the ends of the flexible
member and located with the flexible member in the
duct so as to slide and maintain a seal therein over
the longitudinal movement ofthe flexible member.
40 According to a second aspect ofthe present
invention there is provided an assembly of sealing
devices for a plurality of adjacent longitudinally
movable, elongate flexible members, each flexible
member being adapted to sustain a tensile load,
45 each sealing device comprising an outer member
having a duct therethrough, which duct extends over
a length not less than the maximum longitudinal
movement of a respective said flexible member, and
an inner sealing member adapted to be positioned
50 intermediate the ends ofthe respective flexible
member and located with the respective flexible
member in the duct so as to slide and maintain a seal
therein overthe longitudinal movement of the
respective flexible members.
- 55 The or each duct may be of circular shape, and the
or each inner sealing member may comprise a
cylindrical block which is a sliding fit in the duct and
may comprise polytetrafluoroethylene, or nylon impregnated with molybdenum.
60 According to a third aspect ofthe present invention, there is provided a master/slave manipulator
comprising a master arm assembly, a slave arm
assembly, and a through-tube assembly, the
through-tube assembly being provided with a sea-
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sealing devices ofthe second aspect ofthe present
invention.
The invention will now be further described by
way of example only with reference to the accompanying drawings, in which
Figure 1 shows a side view of a master/slave
manipulator;
Figure2 shows a diagrammatic representation of
a flexible member for transmitting movement in the
manipulator of Figure 1;
Figure 3 shows a perspective diagrammatic view
of one form of sealing device for use with the flexible
member of Figure 2;
Figure 4 shows to a reduced scale a perspective
cut-away view of part of a sealing device constituted
by an assembly ofthe sealing devices of Figure 3;
Figure 5 shows a perspective view of an alternative form of sealing device to that of Figure 3, and
Figure 5 shows to a reduced scale a perspective
view of an assembly ofthe sealing devices of Figure
5.
Referring now to Figure 1, a master/slave manipulator 10 is shown having a master arm assembly 11,
and a slave arm assembly 12 connected together
through a through-tube assembly 13 positioned in a
biological shield 14. A wrist assembly 15 at the lower
end ofthe master arm assembly 11 controls the
movements of a jaw assembly 16 at the corresponding end of the slave arm assembly 12. In a known
manner, these movements are effected by use of
flexible tensile load sustaining members (not shown
in Figure 1), for example chains, a typical run being
shown in Figure 2 to which reference is made. In
Figure 2, an endless flexible tensile load sustaining
member 18 is driven by a driver member 19
rotatable on an axis parallel to the longitudinal axis
ofthe master arm assembly 11, and runs on the
underside of two lower wheels 20 and over two pairs
of upper wheels 21,22 respectively. The member 18
then runs horizontally through to the slave arm
assembly 12, moving over pairs of upperwheels 24,
25 respectively down to and under a pair of lower
wheels 27 and around a driven wheel 28. It can be
seen that rotation ofthe driver member 19 results in
a corresponding rotation ofthe driven wheel 28 in
the slave arm assembly 12. Similar arrangements
are made for most movements ofthe master/slave
manipulator 10.
In order to maintain the environments separate
between the master arm assembly 11 and the slave
arm assembly 12, a seal is provided as shown in
Figure 3 in which a sealing device 30 is attached at
each end to a steel chain 31 which corresponds to
the flexible member 18 of Figure 2. The sealing
device 30 comprises an outer member 32 made of
rectangular cross-section tube located in the
through-tube assembly 13 of Figure 1, and an inner
elongate rectangular cross-section block 33 made of
polytetrafluoroethylene (P.T.F.E.) and located in a
duct provided by the bore ofthe outer member 32.
The block 33 is a sliding fit in the bore ofthe outer
member 32, and is provided with a connector 34 at
each end face thereof forconnection to the chain 31.
The block 33 is thereby effectively positioned at a
vr\ninn m+ornnflrl!ato fho anrlc nf fho rhflin
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although the chain 31 actually terminates at each
connector 34 the effect is the same as if the chain 31
passed through the block 33 without a break. The
outer member 32 extends over a length equal to or
greater than the expected maximum movement of
the chain 31 along the bore ofthe outer member 32
so that a seal is maintained between the block 33 and
the outer member 32 throughout the entire longitudinal movement ofthe chain 31, and the rectangular
cross-sectional shape ofthe block 33 and the bore of
the outer member 32 prevent the chain 31 twisting
about its longitudinal axis.
As a plurality of parallel chains pass along the
through-tube assembly 13 of Figure 1 and it is
necessary to allow the slave arm assembly 12 of
Figure 1 to rotate about the longitudinal axis ofthe
through-tube assembly 13 relative to the master arm
assembly 11, this requires that at each end ofthe
through-tube assembly 13 the chains 31 maintain
their correct attitude relative to the respective
wheels (sprockets) they engage whilst allowing the
chains 31 to twist along their length to accommodate
the differential rotation ofthe slave arm assembly 12
relative to the master arm assembly 11 as shown in
Figure 4.
Referring to Figure 4, five outer members 32
identical to that shown in Figure 3 are arranged
parallel to one another and spaced apart, and are
joined together using an adhesive such as Araldite
by two sheets 36 made of plastics material manufactured under the Registered Trade Mark "Warite" to
provide an assembly 40 having nine rectangular
bores 41 therethrough, each end ofthe assembly 40
being provided with a mounting flange 37 for
securing the assembly 40 in a gas tight manner to an
end plate (not shown) of respectively the master arm
assembly 11 and the slave arm assembly 12 of a
master slave manipulator of Figure 1.
A rectangular P.T.F.E. block 33 identifical to that
shown in Figure 3 is provided in each bore 41 and
connected intermediate the length of a chain 31 so
that in effect there are nine sealing devices 30
identical to that shown in Figure 3 and constituting a
single sealing device in the form ofthe assembly 40.
With the assembly 40 of Figure 4, the mounting
flanges 37 can be twisted relative to each other in
parallel planes without restricting the longitudinal
movement of any ofthe chains 31 whilst maintaining
an effective seal between each bore 41 and the block
33 located therein.
Referring now to Figure 5, a sealing device 50 is
shown which is identical in most respects to the
sealing device 30 of Figure 3, except that it has an
outer member 52 in the form of a circular crosssection stainless steel tube within which a circular
cross-section P.T.F.E. block 53 locates as a sliding fit.
The block 53 has a connector 54 at each end face for
connection to a chain 31. The outer member 52
extends over a length equal to or greater than the
expected maximum longitudinal movement of the
chain 31 inside the outer member 52.
As shown in Figure 6 to which reference is made,
several sealing devices 50 (nine are shown) of Figure
5 may be arranged together in a parallel array 60 on
a "Warite" plastics sheets 61. Near one end ofthe
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array 60 which connects to a slave arm (not shown),
the sealing devices 50 and the sheet 61 extend
through a mounting flange 64 for securing the array
60 to a shielding block 66, the space between the
sealing devices 50 and the inside of the mounting
flange 64 being filled with an elastomeric sealant 65,
such as Devcon Flexane 30 supplied by Devcon
Limited, Theale, Berkshire, England. At the other and
ofthe array 60 which connects with a master arm
(not shown), the sealing devices 50 are clamped by a
bridging member 67 to two spaced apart channel
members 68, the sealant 65 being used to seal the
space between the sealing devices 50 and the
member 67. The array 60 is capable of being twisted
at the bridging member 67 in a plane parallel to the
mounting flange 64.
It will be understood that the outer members 32,
52 extend to the master arm assemblies 11 and the
slave arm assemblies 12 of the master/slave manipulator to allow the chains 31 to run through the
assemblies 11,12 in a similar manner to that shown
in Figure 2.
Tests on one assembly of sealing devices similar
to that of Figure 6 have shown that a maximum leak
rate as low as 0.2 cu ft/min can be achieved from the
assembly.
Although the invention has been described in
relation to flexible tensile load susstaining members
in the form of chains, other such flexible members
such as tapes or cables may be used.
It will be understood that ducts and corresponding
sealing blocks may be used of alternative crosssectional shape to those of Figures 3 to 6. Furthermore, the sealing blocks may be of an alternative
material, for example nylon impregnated with polybdenum (IMylatron) and supplied by Polypenco Limited, Gate House, Welwyn Garden City, Hertfordshire, England, or may be essentially metallic.
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1. A sealing device for use with a longitudinally
movable, elongate flexible member adapted to sustain a tensile load, the device comprising an outer
member having a duct therethrough which duct
extends over a length not less than the maximum
longitudinal movement of the flexible member, and
an inner sealing member adapted to be positioned
intermediate the ends of the flexible member and
located with the flexible member in the duct so as to
slide and maintain a seal therein over the longitudinal movement of the flexible member.
2. An assembly of sealing devices for a plurality
of adjacent longitudinally movable, elongate flexible
members, each flexible member being adapted to
sustain a tensile load, each sealing device comprising an outer member having a duct therethrough,
which duct extends over a length not less than the
maximum longitudinal movement of a respective
said flexible member, and an inner sealing memoer
adapted to be positioned intermediate the ends of
the respective flexible member and located with the
respective flexible member in the duct so as to slide
and maintain a seal therein over the longitudinal
movement ofthe respective flexible members.
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3. A device as claimed in Claim 1 or Claim 2,
wherein the or each duct is of circular shape, and the
or each inner sealing member comprises a cylindrical block, the block being a sliding fit in the duct.
4. A device as claimed in Claim 3, wherein the
block comprises polytetrafluoroethylene, or nylon
impregnated with molybdenum.
5. A device as claimed in any one ofthe preceding Claims, wherein the or each flexible member
comprises a chain, a cable, or a metal tape.
6. A master/slave manipulator comprising a
master arm assembly, a slave arm assembly and a
through tube-assembly, wherein the through-tube
assembly is provided with a sealing device as
claimed in Claim 1, or an assembly of sealing
devices as claimed in Claim 2.
7. A master/slave manipulator substantially as
hereinbefore described with reference to Figures 1 to
4 or Figures 1,2 and 5 and 6 of the accompanying
drawings.

New claims or amendments to claims filed on 14th
April 1980.
Superseded claims 1 to 6
25 New or amended claims:-
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1. An assembly of sealing devices for the
through-tube assembly of a master/slave manipulator comprising a master arm assembly, a slave arm
assembly, a through-tube assembly adapted to
connect together the master arm assembly and the
slave arm assembly, and longitudinally movable,
elongate flexible members adapted to sustain a
tensile load and arranged to transmit motion from
the master arm assembly to the slave arm assembly
through the through-tube assembly, each sealing
device comprising, an outer member having a duct
therethrough, which duct extends over a length not
less than the maximum longitudinal movement of a
respective said flexible member, and an inner sealing member adapted to be positioned intermediate
the ends ofthe respective flexible member, said
inner sealing member being located in the duct so as
to slide and maintain a seal therein overthe
longitudinal movement ofthe respective flexible
member.
2. An assembly as claimed in Claim 1, wherein
each duct is of circular form, and the inner sealing
member therein comprises a cylindrical block.
3. An assembly as claimed in Claim 2, wherein
the block comprises polytetrafluoroethylene, or
nylon impregnated with molybdenum.
4. An assembly as claimed in any one ofthe
preceding Claims, including the outer members
being aligned in parallel adjacent relationship, aflat
sheet upon which the outer members are disposed,
a mounting flange having a duct therethrough and
through which the outer members and the sheet
extend, and an elastomeric sealant filling the spaces
between the flange, the outer members, and the
sheet.
5. An assembly as claimed in Claim 4, including a
mounting comprising a bridging member near one
end ofthe outer member, elastomeric material
packed between the outer members and the bridg-
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ing member, and two spaced apart support members which support the sheet and to which support
members the bridging member is secured.
6. An assembly as claimed in any one ofthe
70 preceding Claims, wherein the flexible member of a
said sealing device comprises a chain, a cable, or a
metal tape.
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