
UK Patent Application(19,GB „„ 2 0 3 6 195 A 

(21) Application No 7841099 
(22) Date of filing 

18 Oct 1978 
(43) Application published 

25 Jun 1980 
(51) INT CL3 B25J 19 /00 

F16J 15 /02 
(52) Domestic classification 

F2B 1G 
(56) Documents cited 

None 
(58) Field of search 

F2B 
(71) Applicant 

Vickers Limited 
PO Box 177 
Vickers House 
Millbank Tower 
Millbank 
London SW1P 4RA 

(72) Inventors 
Derek Chilvers 
David Michael Morrison 

(74) Agents 
Haseltine Lake & Co 

(54) A seal for a master-slave 
manipulator 

(57) A replaceable gaiter which may 
be used in sealing the hot side of 
an isolation enclosure which is as-
sociated with a master-slave mani-
pulator comprises a locking ring 11 
having an outer circumferential wall 
formed with at least one circumfer-
entially extending, pivotable locking 
member 13 and with an axially 
extending, pivotable locking mem-
ber 14. This locking ring is inter-
connected with a sealing ring 10 so 
as to allow a predetermined degree 
of rotation of the sealing ring with 
respect to the locking ring, relative 
axial movement between the seal-
ing and locking rings is prevented. 

Apparatus for emplacing or re-
placing such a gaiter in an isolation 
enclosure is also provided; this ap-
paratus comprises an elongate cy-

lindrical body provided at one end 
thereof with pins adapted to cooper-
ate with recesses formed in a gaiter, 
and at the other end with a tem-
plate formed with upper and lower 
diametrally opposed arcuate slots. 
The template contains an axially ex-
tending screw threaded member 
and the arrangement is such that 
axial movement of the template 
with respect to the elongate body is 
possible, while angular displace-
ment between the template and the 
elongate body is prevented. 

The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Improvements relating to master-slave 
manipulators 

5 
This invention relates to master-slave manipu-
lators, and more particularly is concerned with 
a replaceable gaiter for use in sealing the hot 
side of an isolation enclosure with which the 

10 manipulator is associated. 
Such a gaiter must provide a seal while 

allowing rotation of a generally cylindrical 
member passing through the gaiter which 
member serves to connect the master arm and 

15 the slave arm of the manipulator. 
The invention is expected to find its main 

use with so called "hot caves" in which 
materials of high radioactivity can be manipu-
lated. Nevertheless, the invention is not re-

20 stricted to such use; the isolation enclosure 
may be one for handling toxic materials or for 
performing operations which because of their 
hazardous nature require shielding from the 
ambient environment. 

25 According to one aspect of the present 
invention, there is provided a gaiter for seal-
ing a port in an isolation enclosure, which 
gaiter comprises a locking ring and a sealing 
ring interconnected so as to allow a predeter-

30 mined degree of rotation of the sealing ring 
with respect to the locking ring while prevent-
ing relative axial movement between the seal-
ing ring and the locking ring, wherein the 
outer circumferential wall of the locking ring is 

35 formed with at least one circumferentially ex-
tending, pivotable locking member and an 
axially extending, pivotable locking member 
which can co-operate with grooves in the wall 
of a port in an isolation enclosure so as to 

40 lock the gaiter to the enclosure. 
Preferably, the gaiter has, on its locking 

ring portion, three circumferential extending, 
pivotable locking members and one axially 
extending locking member. These locking 

45 members are preferable in the form of latches 
which are pivoted at one of their ends and are 
biassed at their other ends (for example by 
compression springs) outwardly from the cir-
cumference of the gaiter. The circumferential 

50 latches are preferably shaped in the form of 
an elongate comma, pivoting at the tail of the 
comma and effecting their latching action 
through the head of the comma. 

The engagement between the locking ring 
55 and sealing ring of the gaiter is preferably 

effected by means of screws fitted into the 
sealing ring which have extended spigots 
which engage in slots cut through a male 
spigot on the locking ring so that the sealing 

60 and locking rings are fixed axially with respect 
to one another, but so that the sealing ring 
can rotate relative to the locking ring within 
the limits of the movement of the spigots 
within the slots. 

65 To facilitate emplacement and replacement 

of the gaiter, the locking ring is preferably 
provided with a plurality of apertures (advan-
tageously three) which, when the locking ring 
and sealing ring are in a fixed orientation with 

70 respect to one another, co-operate with corre-
sponding recesses in the sealing ring. In this 
way, a tool provided with extensions corre-
sponding in number and location with the 
recesses and apertures of the gaiter may en-

75 gage the two halves of the gaiter and push 
the gaiter forward into a port which is ready 
to receive the same. 

To facilitate replacement of a gaiter, the 
sealing ring is preferably provided with an 

80 axially extending tongue which corresponds in 
length and location with the axial locking 
member of the locking ring. Also, the annular 
end surfaces of the sealing ring and locking 
ring are formed so as to have mutually co-

85 operable surface portions, so that when two 
gaiters are placed side-by-side the end face of 
the sealing ring of one gaiter can engage the 
end face of the locking ring of the other 
gaiter. Thus the replacement of one gaiter by 

90 another gaiter can be effected using a tool 
which urges the replacement gaiter towards 
the existing gaiter, then enables mating con-
tact between the two gaiters to be effected, 
and finally effects removal of the existing 

95 gaiter by unlocking it and then urging it 
forward into the isolation enclosure, leaving 
behind the replacement gaiter locked in posi-
tion as the tool is withdrawn. 

The locking ring of a gaiter in accordance 
100 with the present invention can co-operate di-

rectly with a surface portion of the isolation 
enclosure with which the gaiter is to be used, 
in which case the said surface portion will be 
formed with, for example, a single axial 

105 groove and three circumferential grooves in 
which, respectively, the axial and circumferen-
tial locking members of the locking ring can 
engage. Alternatively, a liner tube the inner 
surface of which is provided with grooves 

110 such as those just described may be inserted 
into the port within a wall of the isolation 
enclosure, thus enabling the gaiter of this 
invention to be used in conjunction with an 
isolation enclosure which does not possess 

115 any special adaptation. 
According to another aspect of the present 

invention, there is provided apparatus for em-
placement or replacement of a gaiter in an 
isolation enclosure, which comprises an elon-

120 gage cylindrical body provided at one end 
thereof with pins adapted to co-operate with 
recesses formed in a gaiter of the invention, 
and at the other end with a template formed 
with upper and lower diametrally opposed 

125 arcuate slots, the template containing an axi-
ally extending screw threaded member and 
the arrangement being such that axial move-
ment of the template with respect to the 
elongate body is possible while angular dis-

130 placement between the template and the elon-
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gate body is prevented. 
Apparatus as defined above will generally 

be used in conjunction with a liner tube 
baving at one end thereof (that end which, in 

5 use, is remote from the interior of the isolation 
enclosure) two diametrically opposed exten-
sion members each bearing a pin, the pins 
being positioned such that they can co-oper-
ate with the arcuate slots in the template of 

10 the tool. 
The invention also provides an isolation 

enclosure having a master-slave manipulator, 
wherein the hotside seal at the interconnec-
tion between the master arm and the slave 

15 arm of the manipulator is formed by a gaiter 
of this invention. 

For a better understanding of the invention, 
and to show how the same may be carried 
into effect, reference will now be made, by 

20 way of example, to the accompanying draw-
ings, in which: 

Figure 1 is a general view of apparatus of 
this invention; 

Figure 2 shows a gaiter of this invention; 
25 Figure 3 shows a gaiter emplacement/re-

placement tool of this invention; 
Figure 4 shows the tool of Fig. 3 being 

brought into engagement with the gaiter of 
Fig. 2; 

30 Figure 5 shows the tool end gaiter being 
inserted into a secondary liner tube; and 

Figures 6 to 9 illustrate successive stages in 
the use of the tool of Fig. 4 to replace a gaiter 
in an isolation enclosure. 

35 Referring to the drawings, two gaiters 1 
and 1A are illustrated in Fig. 1 as well as a 
tool 2 and a seconday liner 7. As can be seen 
more clearly from Fig. 2, each of the gaiters 1 
and 1A (which are identical) comprises a 

40 sealing ring 10 attached to a locking ring 11. 
The attachment between these two rings is 
such that the sealing ring can undergo a 
predetermined degree of rotation with respect 
to the locking ring, while relative axial dis-

45 placement of the two rings is prevented. An 
O-ring seal 12 fits into a groove around the 
circumference of sealing ring 10. The seal 12 
can be formed of any suitable material, for 
example a natural or synthetic polymeric 

50 material. Three pivotable, spring-biassed cir-
cumferential locking members 13 are spaced 
equidistantly about the circumference of the 
locking ring 11. In addition, the locking ring 
11 is provided with a single, pivotable axially-

55 extending locking member 14. Three aper-
tures 15 are provided in the locking ring 11; 
these apertures co-operate with correspondin-
gly positioned recesses formed in the sealing 
ring 10. A forwardly projecting, axially 

60 aligned tongue 16 is provided on the sealing 
ring 10. This tongue 16 is more clearly illus-
trated in Fig. 4 . Fig. 4 also shows that the 
end faces of sealing ring 10 and locking ring 
11 are shaped so that projections on one end 

65 face correspond exactly with depressions on 

the other end face. In this way, two identical 
gaiters when brought together will have mat-
ing end faces. 

As can be seen from Figs. 1 and 3, the tool 
70 2 comprises an elongate cylindrical body 3, a 

template 4 and a handle 5. The handle 5 is 
connected to an axial screw-thread 9 which 
extends through the template 4 and into the 
body 3. Rods 17 extend from the template 4 

75 into apertures in the end face of cylindrical 
body 3. These rods permit axial movement 
between the template 4 and the body 3 while 
preventing relative rotation between these two 
members. Arcuate slots 18 (see Figs. 6 and 7) 

80 are provided in diametrally opposed locations 
on the template 4. Pins 6 extend forwardly of 
the cylindrical body 3 and are mounted on 
blocks 8. The pins 6 are parallel to the axis 
defined by screwthread 9 and are located so 

85 that, in use, they can co-operate with the 
apertures 15 formed in the locking ring 11 of 
a gaiter (see Fig. 2). 

The use of the tool 2 to replace one gaiter 
of the invention by another will now be de-

90 scribed with reference to the drawings. Figs. 
4 to 8 show successive stages in this opera-
tion; for convenience, the apparatus of the 
invention is shown not in association with an 
isolation enclosure, but open to view on a 

95 laboratory bench. It should be understood 
that, in ordinary operational circumstances, 
the secondary liner 7 will be securely fitted 
into a port in a wall of the isolation enclosure, 
such as a cave for carrying out operations 

100 with radioactive materials. A gaiter of the 
invention will be locked to the interior of the 
secondary liner 7 at the hot end thereof. The 
linking mechanism between master and slave 
arms of a manipulator wil l pass through the 

105 gaiter. 
When the gaiter is to be changed, the 

master and slave arms of the manipulator are 
disconnected. A replacement gaiter is then 
fitted to the forward end of tool 2, as shown 

110 in Fig. 4. The pins 6 of the tool enter aper-
tures 15 in the locking ring of gaiter 1, and 
extend into the corresponding recesses formed 
in the sealing ring 10 of the gaiter (these 
recesses are not visible in any of the draw-

115 ings). With the pins 6 engaging the gaiter 1, 
the possibility of relative angular rotation be-
tween the sealing ring 10 and the locking ring 
11 is prevented. In this configuration, tongue 
16 of the sealing ring is aligned with the 

120 axially-extending locking member 14 of the 
locking ring 11. Similarly, the end faces of 
sealing ring 10 and locking ring 11 are posi-
tioned so as to be complementary in one 
another. 

125 The tool 2 and gaiter 1 are then introduced 
into the secondary liner 7 (see Fig. 5). The 
secondary liner 7 is formed with diametrally 
opposed radial extension members 19 each of 
which carries a pin 20 which terminates in a 

130 locking nut. These pins are located so as to be 
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able to enter the arcuate slots 18 of template 
4 (see Fig. 6). As the gaiter 1 enters second-
ary liner 7, circumferential locking members 
13 are depressed against their compression 

5 springs, thus locking the gaiter onto the for-
ward end of tool 2. At this stage of the 
operation, the template 4 is in contact with 
the rear face of cylindrical body 3 (and not 
separated thereform as shown in Fig. 1). 

10 When insertion of the tool and gaiter into the 
secondary liner 7 is practically complete, pins 
20 enter slots 18 of template 4 (see Fig. 6). 
The axial dimensions of the tool 2 are chosen 
so that, when in the configuration shown in 

15 Fig. 6, the replacement gaiter within second-
ary liner 7 is close to, but not yet in contact 
with, the exising gaiter 1A (at the hot end of 
liner 7). The termplate 4 is then rotated in a 
clock-wise sense until it reaches a vertical 

20 orientation. This is shown in Fig. 7. Because 
rods 17 prevent relative angular movement 
between template 4 and body 3, rotation of 
the template as just described also causes 
rotation of cylindrical body 3 and gaiter 1 

25 which is attached to the forward end thereof. 
When in the configuration shown in Fig. 7, 
the orientation of gaiter 1 is identical to that 
of existing gaiter 1A so that the forwardly 
projecting tongue 16 of gaiter 1 is about to 

30 make contact with the axial locking member 
14 of existing gaiter 1 A. The locking nuts on 
pins 20 are then tightened so as to clamp 
template 4 in the vertical position. Handle 5 is 
then rotated so as to cause cylindrical body 3 

35 and gaiter 1 to move within the secondary 
liner 7 in an axial direction away from tem-
plate 4, which is clamped in its vertical orien-
tation. This movement results in contact be-
tween tongue 16 of gaiter 1 and the axially-

40 extending locking member 14 of gaiter 1A, 
the latter locking member being depressed 
against its compression spring, as a result. At 
this stage, the circumferential locking mem-
bers of the existing gaiter 1A are engaged in 

45 circumferential slots in the secondary liner 7. 
The action of the tongue 16 of gaiter 1 on 
locking member 14 of gaiter 1 A, on the other 
hand, releases the locking member 14 from 
the groove in which it was formerly located. 

50 The replacement gaiter 1 is hard in contact 
with existing gaiter 1A, the contiguous sur-
face portions of the two gaiters being mated 
with one another. 

When the replacement gaiter 1 has been 
55 fully mated with existing gaiter 1A, the lock-

ing nuts on pins 20 are released, and handle 
5 is rotated further. This results in rotation of 
the template 4 to the position shown in Fig. 
8, where pins 20 are at the limit of their 

60 movement in slots 18. This rotation of the 
template causes simultaneous rotation of tool 
2, gaiter 1 and the locking ring of existing 
gaiter 1 A. Such angular rotation of the lock-
ing ring of gaiter 1A is made possible by the 

65 fact that tongue 16 of the sealing ring of the 

replacement gaiter 1 has released the axially-
extending locking member 14 of existing 
gaiter 1 A. Rotation of the locking ring of 
gaiter 1A causes the circumferential locking 

70 members thereof to be removed from the 
grooves in the internal surface of the second-
ary liner 7 through the cam action of riding 
up the groove runout onto the bore of the 
secondary liner. The "elongate comma" 

75 shape of members 13 facilitates this cam 
action. When this condition is reached, the 
existing gaiter 1A is fully unlocked from sec-
ondary liner 7. Handle 5 is then turned fur-
ther in a clockwise sense as seen in Fig. 8, 

80 thereby causing axial movement of gaiters 1 
and 1A in a direction away from template 4 
(since template 4 is restrained from further 
rotation due to engagement of pins 20 at the 
limit of their travel in slots 18). The degree of 

85 axial movement required at this stage is just 
sufficient to ensure that the circumferential 
locking members 13 of existing gaiter 1A 
become separated in the axial direction from 
the grooves in which they were formerly lo-

90 cated. Handle 5 is then rotated counter-
clockwise so that the template 4 becomes 
vertical once more, as shown in Fig. 7. The 
locking nuts provided on pins 20 are tight-
ened once more so as to hold the template 4 

95 stationary, whereupon handle 5 is rotated 
clockwise once again so as to effect further 
axial movement of gaiters 1 and 1A. As this 
movement continues, existing gaiter 1A is 
gradually expelled into the interior of the 

100 isolation enclosure. Simultaneously, replace-
ment gaiter 1 moves into the position formerly 
occupied by gaiter 1 A, so that its axially-
extending locking member 14 and its circum-
ferential locking members 13 co-operate with 

105 the grooves in the inner surface of secondary 
liner 7 to lock the new gaiter in position. In 
this condition, further axial movement of the 
replacement gaiter is prevented. The snapping 
of circumferential grooves in the wall of liner 

110 7 also frees the gaiter 1 from tool 2. Fig. 9 
illustrates the final stage of the gaiter replace-
ment procedure, gaiter 1A having fallen away 
from secondary liner 7 and gaiter 1 being 
locked in its operative position and freed from 

115 tool 2. All that is necessary now is to with-
draw the tool 2 from secondary liner 7, and 
this is effected by rotating handle 5 counter-
clockwise thereby pulling cylindrical body 3 
towards template 4 while simultaneously re-

120 moving pins 6 from the recesses 15 of the 
newly positioned gaiter 1. When tool 2 is 
freed from gaiter 1, the locking nuts of pins 
20 can be released, handle 5 is rotated fur-
ther counter-clockwise until the configuration 

125 of Fig. 6 is reached once again, and thereafter 
the tool can be withdrawn manually from 
secondary liner 7. 

It wil l thus be seen that the replacement of 
a gaiter in accordance with this invention can 

130 be carried out in a single operation. The gaiter 
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and tool described above are such that the 
gaiter cannot be removed except by the inser-
tion of a further gaiter, and at all times the 
replacement gaiter is either locked onto the 

5 tool or into its operating position. The provi-
sion of locking members on the gaiter may 
also obviate maintenance within the isolation 
enclosure. 

10 CLAIMS 
1. A gaiter for sealing a port in an isola-

tion enclosure, which gaiter comprises a lock-
ing ring and a sealing ring interconnected so 
as to allow a predetermined degree of rotation 

15 of the sealing ring with respect to the locking 
ring while preventing relative axial movement 
between the sealing ring and the locking ring, 
wherein the outer circumferential wall of the 
locking ring is formed with at least one cir-

20 cumferentially extending pivotable locking 
member and an axially extending, pivotable 
locking member which can cooperate with 
grooves in the wall of a port in an isolation 
enclosure so as to lock the gaiter to the 

25 enclosure. 
2. A gaiter as claimed in claim 1, wherein 

there are three circumferentially extending, 
pivotable locking members and one axially 
extending locking member on the outer cir-

30 cumferential wall of the locking ring. 
3. A gaiter as claimed in claim 1 or 2, 

wherein said locking members are in the form 
of latches. 

4. A gaiter as claimed in claim 3, wherein 
35 the locking members are pivoted at one of 

their ends and are biassed at their other ends 
outwardly from the circumference of the 
gaiter. 

5. A gaiter as claimed in any preceding 
40 claim, wherein the locking ring and sealing 

ring are interconnected by means of screws 
fitted into the sealing ring which have ex-
tended spigots which engage in slots cut 
through a male spigot on the locking ring so 

45 that the sealing and locking rings are fixed 
axially with respect to one another, but so that 
the sealing ring can rotate relative to the 
locking ring within the limits of the movement 
of the spigots within the slots. 

50 6. A gaiter as claimed in any preceding 
claim, wherein the locking ring is provided 
with a plurality of apertures which, when the 
locking ring and sealing ring are in a fixed 
orientation with respect to one another, coop-

55 erate with corresponding recesses in the seal-
ing ring. 

7. A gaiter as claimed in any preceding 
claim, wherein the sealing ring is provided 
with an axially extending tongue which corre-

60 sponds in length and location with the axial 
locking member of the locking ring. 

8. A gaiter as claimed in any preceding 
claim, wherein the annular end surfaces of the 
sealing ring and locking ring are formed so as 

65 to have mutually cooperable surface portions. 

so that when two gaiters are placed side by 
side the end face of the sealing ring of one 
gaiter can engage the end face of the locking 
ring of the other gaiter. 

70 9. A gaiter substantially as hereinbefore 
described with reference to, and as illustrated 
in, the accompanying drawings. 

10. An isolation enclosure provided with a 
gaiter as claimed in any preceding claim. 

75 11. An isolation enclosure as claimed in 
claim 10, wherein the locking ring of the 
gaiter cooperates directly with a surface por-
tion of the isolation enclosure. 

12. An isolation enclosure as claimed in 
80 claim 11, in which the said surface portion of 

the isolation enclosure is formed with a single 
axial groove and three circumferential grooves 
in which, respectively, the axial and circumfer-
ential locking members of the locking ring of 

85 the gaiter can engage. 
13. An isolation enclosure as claimed in 

claim 10, wherein a liner tube is provided 
which fits into a port within a wall of the 
isolation enclosure, said liner tube have an 

90 inner surface which is provided with a single 
axial groove and three circumferential grooves 
in which, respectively, the axial and circumfer-
ential locking members of the locking ring of 
the gaiter can engage. 

95 14. An isolation enclosure substantially as 
hereinbefore described. 

15. Apparatus for emplacement or re-
placement of a gaiter in an isolation enclo-
sure, which apparatus comprises an elongate 

100 cylindrical body provided at one end thereof 
with pins adapted to cooperate with recesses 
formed in a gaiter of the invention, and at the 
other end with a template formed with upper 
and lower diametrally opposed arcuate slots, 

105 the template containing an axially extending 
screw threaded member and the arrangement 
being such that axial movement of the tem-
plate with respect to the elongate body is 
possible while angular displacement between 

110 the template and the elongate body is pre-
vented. 

16. Apparatus as claimed in claim 15, 
which further comprises a liner tube having at 
one thereof two diametrically opposed exten-

115 sion members each bearing a pin, the pins 
being positioned such that they can cooperate 
with the arcuate slots in the template of the 
tool. 

17. Apparatus for emplacement or re-
120 placement of a gaiter in an isolation enclo-

sure, substantially as hereinbefore described. 
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