
jUK Patent Appl icat ion,,^ „„ 2 1 3 4 4 8 3 A 

(21) Application No 8 4 0 2 0 4 3 
(22) Date of filing 

26 Jan 1984 
(30) Priority data 
(31) 8 3 0 3 6 9 4 
(32) 10 Feb 1983 
(33) United Kingdom (GB) 
(43) Application published 

15 Aug 1984 
(51) INT CL3 B25J 1 1 / 0 0 
(52) Domestic classification 

B8H 560 DV 
U I S 1881 2312 2319 
B8H 

(56) Documents cited 
EPA 0 0 1 7 0 1 6 

(58) Field of search 
B8H 

(71) Applicant 
United Kingdom Atomic 
Energy Authority 
(United Kingdom) 
11 Charles II Street 
London SW1Y 4QP 

(72) Inventor 
Peter David Wilcock 

(74) Agent and/or Address for 
Service 
Paul Austin Wood 
United Kingdom Atomic 
Energy Authority 
11 Charles II Street 
London S W 1 Y 4 Q P 

(54) Manipulators . 

(57) A manipulator arm consisting 
of a plurality of annuli 3 joined 
together by lengths 1 of tubing 
having circumferential corrugations 
2, two longitudinal webs 4 ,5 ex-
tending the length of the manipula-
tor arm and diametrically spaced 
with respect to the annuli 3, the 
webs 4 ,5 being adapted to be flexi-
ble in a first plane but stiff in a 
second plane at right angles to the 
first plane, and so positioned that 
the first planes of the webs are 
coincident thereby to render the 

manipulator arm stiff in the first 
plane but flexible in the second 
plane, and means, such as straining 
cable 6, for causing the manipula-
tor arm to flex in the first plane. 
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SPECIFICATION 

Manipulators 

5 The present invention relates to manipulators, 
that is to say, devices which enable operations 
to be carried out remotely from an operator. 
In particular, such devices are used on closed 
vessels with limited access ports such as those 

10 used in connection with vacuum apparatus 
radioactive materials, on the handling of other 
hazardous liquids or gases. 

Existing manipulators have a number of 
elbow joints in their construction. Each elbow 

15 joint provides for motion about a single axis 
and the bend radius of a single joint elbow is 
smaller than the radius of the entry port for 
the manipulator. This necessarily limits any 
"sealed working bore" for the manipulator to 

20 a small fraction of the bore of the entry port 
for the manipulator. In order to provide a 
usable number of degrees of freedom of 
movement, a number of such joints are re-
quired. Each joint has to be of sturdy con-

25 struction, particularly the one furthest away 
from the operative end of the manipulator. A 
result is that the entry port through which the 
manipulator is inserted into an enclosure in 
which it is to be used has to be large, which 

30 is undesirable if the enclosure forms part of a 
vacuum chamber or a "cave" containing haz-
ardous materials. 

According to the present invention there is 
provided a manipulator arm consisting of a 

35 plurality of annuli joined together by lengths 
of tubing having circumferential corrugations, 
two longitudinal webs extending the length of 
the manipulator arm and diametrically spaced 
with respect to the annuli, the webs being 

40 adapted to be flexible in a first plane but stiff 
in a second plane at right angles to the first 
plane, and so positioned that the first planes 
of the webs are coincident thereby to render 
the manipulator arm stiff in the first plane but 

45 flexible in the second plane, and means for 
causing the manipulator arm to flex in the first 
plane. 

Preferably the means for causing the mani-
pulator arm to flex in the first plane consists 

50 of two cables positioned at the ends of a 
diameter of the series of annuli at right angles 
to that joining the webs. Each cable is at-
tached to a winding drum at one end and to 
the annulus furthest from the drum at the 

55 other, so that by shortening one cable relative 
to the other the lattice beam is caused to 
deflect in the direction of the shorter cable by 
bending movements so applied. Such bending 
movements can equally well be applied hy-

60 draulically, or pneumatically. 
In a preferred embodiment of the invention, 

there are two sections of manipulator arm 
joined together by a rotatable joint, so that 
the two lengths of manipulator arm can be 

65 caused to be flexible in different planes 

thereby giving a three-dimensional operating 
capability of a manipulating head or optical 
probe mounted at the free end of the manipu-
lator arm. 

70 The invention will now be described, by 
way of example, with reference to the accom-
panying drawings, in which: 

Figure 1 is a general view of a manipulator 
embodying the invention. 

75 Figure 2 is a cross-section of a portion of 
the manipulator arm shown in Fig. 1, 

Figure 3 is an isometric view of a control 
unit for use with the described embodiment of 
the invention, and 

80 Figure 4 is a longitudinal section of a 
rotatable joint joining two sections of the 
described embodiment of the invention. 

Referring to the drawings, a manipulator 
arm has a first section made up of a number 

85 of lengths 1 of stainless steel tubing which 
has circumferential corrugations 2. The corru-
gations 2 make the lengths of the stainless 
steel tubing 1 flexible. Each length of tubing 
1 is joined to its neighbour by an annular 

90 flange 3. Two longitudinal webs 4 and 5 of 
elongated cross-section with their longer 
cross-sectional axes co-planar pass through 
holes in the flanges 3 and are attached to 
them. The assembly forms a lattice beam 

95 which is stiff in the plane in which the longer 
axes of the webs 4 and 5 lie, but flexible in a 
plane at right angles to that plane.Two longi-
tudinal straining cables 6 and 7 pass freely 
through other holes in the intermediate 

100 flanges 3, but are attached firmly to an end 
flange 8. The other ends of the straining 
cables 6 and 7 are attached to winding drums 
9 and 10 which form part of a control unit 
11. The straining cables 6 and 7 are posi-

105 tioned at the ends of diameter of the flanges 
3 which are at right angles to those which 
join the webs 4 and 5, and define the second 
plane in which the manipulator arm is rela-
tively flexible. The webs 4 and 5 lie on the 

110 neutral axis of the manipulator arm with re-
spect to movements in the second plane. 

In the embodiment which is being de-
scribed, the webs 4 and 5 are made up of 
two superimposed tubes of circular cross-sec-

115 tion which are used to carry control cables for 
other parts of the apparatus, but of course 
other configurations can be used. For 
example, the webs 4 and 5 can be made up 
of more than two superimposed tubes, single 

120 tubes of rectangular cross-section with or 
without rounded corners, or I-beams. 

Attached to the other side of the end flange 
8 is a second section of manipulator arm 
similar in constructions to the first section. 

125 The second section of manipulator arm termi-
nates in a rotatable joint 12, to be described 

i in detail later. The webs 4 and 5 extend along 
the second section of the manipulator arm so 
that it has the same planes of stiffness and 

130 flexibility as the first section. The webs 4 and 
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5 are firmly attached to a collar 13 which 
forms a part of the rotatable joint 12. A 
second set of straining cables 14 and 15 
passes freely through holes 16 in the joining 

5 flange 8 and all the intermediate flanges 3 of 
both sections of the manipulator arm. The 
straining cables 14 and 15 also are made fast 
to the collar 13 of the rotatable joint 12. Thus 
the second section of the manipulator arm 

10 also can be caused to flex in the same plane 
as the first section, but independently of it. 

Referring specifically to Figure 4, the rotata-
ble joint 12 consists of the aforementioned 
collar 13 to which is attached a cylindrical 

15 open structure 17 which is fixed in relation to 
the collar 13. The junction between the struc-
ture 17 and the collar 13 is made vacuum 
tight by means of an O-ring seal 18. The 
structure 17 has a detached portion 19 which 

20 can move in an axial sense in relation to the 
main part of the structure 17 on two guides, 
which are not shown in the drawing. The 
detached portion 19 of the structure 17 also 
does not rotate in relation to the collar 13. A 

25 second cylindrical structure 20 is mounted 
with the structure 17 by means of bearings 
21 and 22. The cylindrical structure 20 has a 
main portion 23 which is hollow and connects 
the second section of the manipulator arm to 

30 a third section which forms a probe head 24, 
and a secondary portion 25 which can move 
along the main portion 23 by means of a 
bearing 26 and rotates in conjunction with the 
main portion 23. The detached portion 19 of 

35 the structure 17 and the secondary portion 25 
of the structure 20 form a sub-assembly 27, 
the two parts of which are free to rotate 
relative to each other by means of a needle 
roller bearing 28 and two thrust bearings 29 

40 and 30 and axially along the cylindrical struc-
ture 20 by means of the bearing 26. The 
junction between the structure 20 and the 
structure 17 is sealed by means of a rotary 
vacuum seal 31, and the junction between 

45 the third structure 20 and the probe head 24 
is sealed by means of an 0-ring seal 32, The 
part of the structure 20 which lies within the 
open portion of the structure 17 has a drum 
portion 33 which has two circumferential 

50 grooves 34 and 35 formed in it. The inner 
tubes of the webs 4 and 5 pass through a 
base portion 36 of the structure 17 and 
extend to the axial positions of the grooves 34 
and 35 whereupon they turn towards each 

55 other through a right angle and follow the 
circumference of the drum portion 33 for 
about a quadrant of the drum portion 33, so 
that control cables 37 and 38 issuing from 
the inner tubes of the webs 4 and 5 enter the 

60 grooves 34 and 35 tangentially. The control 
cables 37 and 38 extend around approxi-
mately three-quarters of the drum portion 33 
and are then fixed to it. Thus tightening one 
control cable or the other will cause the inner 

65 cylindrical structure 20 to rotate in one direc-

tion or the other. The overlap between the 
cables 37 and 38 enables a full circular 
movement of the structure 20 to be obtained. 
Another control cable 39 passes through the 

70 upper tube of the web 4 and is attached 
firmly to a collar 40 which forms part of the 
detached structure 19. 

The other ends of the control cables 37, 38 
and 39 are attached to further winding drums 

75 in the control unit 11. 
The outer end of the cylindrical structure 20 

has a flange 43 to which is bolted an end 
flange 44 of the probe head 24 of the mani-
pulator arm, of similar general construction to 

80 those already described. However, instead of 
the deflection being controlled by two strain-
ing cables, a single cable 41 is used on one 
side of the probe head 24 together with a 
series of tension springs 46 on the other. A 

85 series of distance pieces 47 limit the amount 
of deflection of the probe head 24 which can 
be obtained. This is arranged to be about a 
right angle. The deflection only occurs in one 
direction, but because of the full circular mo-

90 tion permitted by the joint 12, this is unim-
portant. Deflection of the probe head 24 is 
achieved by pulling on the control cable 39 
which moves the sub-assembly 27 to the left 
in the diagram, so pulling on the cable 41. If 

95 the control cable 39 is slackened, then the 
sub-assembly 27 is free to move to the right. 
The tension in the cable 41 due to the springs 
46 causes this to happen with the result that, 
as the sub-assembly 27 moves, the tension in 

100 the cable 41 is released and the probe head 
24 straightens out. The travel allowed the 
sub-assembly 27 and the lengths of the 
springs 46 are arranged to be such that when 
the probe head 24 is straight, some tension 

105 remains in the springs 46 and the cable 41 
thus providing a degree of rigidity in the 
probe head 24 in its rest position. 

CLAIMS 
110 1. A manipulator arm consisting of a plu-

rality of annuli joined together by lengths of 
tubing having circumferential corrugations, 
two longitudinal webs extending the length of 
the manipulator arm and diametrically spaced 

115 with respect to the annuli webs being adapted 
to be flexible in a first plane but stiff in a 
second plane at right angles to the first plane 
and so positioned that the first planes of the 
webs are coincident thereby to render the 

120 manipulator arm stiff in the first plane but 
flexible in the second plane, and means for 
causing the manipulator arm to flex in the first 
plane. 

2. A manipulator arm according to Claim 
125 1 wherein the means for causing the manipu-

lator arm to flex in the first plane comprises at 
least one cable lying in the second plane and 
attached at one end to a winding drum and at 
the other to the annulus furthest from the 

130 winding of drum and passing freely through 



holes in the intermediate annuli. 
3. A manipulator arm according to claim 2 

wherein there is provided two such cables and 
winding drums, the cables being diametrically 

5 opposite each other. 
4. A manipulator arm according to claim 2 

wherein there is provided a plurality of co-
planar tensioning devices linking the annuli 
and positioned opposite the said cable. 

10 5. A manipulator'arm according to claim 1 
wherein the means for causing the manipula-
tor arm to flex in the first plane comprises a 
pluarlity of double-acting rams linking the 
annuli and lying diametrically opposite one 

15 another in the second plane. 
6. A manipulator arm according to any of 

claims 1 to 4 wherein there is provided two 
sections of manipulator arm joined together 
by means of a rotatable joint and means for 

20 rotating one section of the manipulator arm 
relative to the other. 

7. A manipulator arm according to any 
preceding claim wherein the webs are hollow 
and at least one control cable passes there-

25 through to actuate a device at the free end of 
the manipulator arm. 

8. A manipulator arm according to claim 7 
when dependent on claim 6 wherein control 
cables pass through the webs to operate the 

30 rotatable joint, and to cause the second por-
tion of the manipulator arm to flex in its 
associated first plane. 

9. A manipulator arm substantially as 
hereinbefore described with reference to the 

35 accompanying drawings. 
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