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T H E R E B Y 

(71) W e , NORTHERN ENGINEERING 
INDUSTRIES LTD., a British Company, of 
NEI House, Regent Centre, Newcastle-
upon-Tyne, NE3 3 SB, do hereby declare 

5 the invention for which we pray that a 
patent may be granted to us, and the 
method by which it is to be performed to 
be particularly described in and by the 
following statement: — 

10 The invention relates to methods of, and 
apparatus for use in, joining tubular com-
ponents; and to tubular assemblies made by 
the method and apparatus. 

According to the invention, a method of 
15 joining first and second tubular components 

comprises expanding and working the first 
component to form a rolled joint with the 
second component by rotating a rolling 
tool over a cylindrical path in engagement 

20 with the inner surface of the first tubular 
component which is a close fit within the 
second tubular component opposite said 
path, there being provided a support device 
comprising at least three members having 

25 respective inner surfaces forming a sub-
stantially contiguous cylindrical surface in 
supporting engagement with the outer sur-
face of the second component opposite said 
path, said members having respective outer 

30 part-frusto-conical surfaces engaging an 
inner frusto-conical surface of a backing 
ring co-axial with the components and 
opposite said path, rotating the rolling tool 
in reverse to relieve load thereon, moving 

35 the members both axially and radially out-
wardly relative to the backing ring and 
removing the joined tubular components. 

According to the invention, a support 
device for use in joining tubular com-

40 ponents by rolling comprises a backing ring 
having an inner frusto-conical surface in 
engagement with respective outer part-
frusto-conical surfaces of at least three 
members, the members being mounted on 

45 an annular member for movement between 

a radially outer position and a radially 
inner position with respect to the backing 
ring, in which, in said inner position, 
respective inner surfaces of the members 
form a substantially contiguous cylindrical 50 
surface, means for biasing the members 
towards said outer positions, and actuator 
means for effecting relative axial movement 
between the backing ring and the annular 
member. 55 

The invention also includes a tubular 
assembly made by the method according to 
the invention. 

The invention is particularly though not 
exclusively applicable to the joining of 60 
components where the welding of such 
components is extremely difficult. The 
tubular components may be of the same 
metal or different metals. 

One particular application, for example, 65 
concerns the joining of zirconium alloy 
tubes such as calandria tubes, which extend 
through the reactor core in S.G.H.W.R. 
(Steam Generating Heavy Water Reactor) 
systems, to stainless steel tube-plates. 70 
Zirconium alloy tubes are used because of 
their low neutron absorption property. 
However, zirconium cannot readily be 
welded to dissimilar metals. 

To overcome this problem, the calandria 75 
tubes have stainless steel hubs joined to 
each end by pressure rolling; the hubs can 
then be welded to the tube-plates. How-
ever, one of the requirements is that the 
hubs are as thin as possible to enable 80 
centre-centre spacing of the tubes to be 
minimised whilst also using the minimum 
tube-plate material to support the tubes. 

The problem of pressure rolling the joints 
between the hubs and calandria tubes with- 85 
out damaging either components can be 
overcome using the present invention. 

The invention will now be described, by 
way of example only, with reference to the 
drawings accompanying the provisional 90 
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specification, in which:— 
Figure 1 is a side elevation of a com-

plete apparatus used in the method accord-
ing to the invention; 

5 Figure 2 is a side-elevation partly in ver-
tical section of the support device according 
to the invention as shown in Figure 1; 

Figure 3 is an end-elevation of the device 
shown in Figure 2;, 

10 Figure 4 is a side-view, partly in vertical 
section, of a modified apparatus used in 
the method according to the invention; and 

Figure 5 is a vertical section through a 
modified part as used in the support device 

15 shown in Figure 4. 
The following description particularly 

refers to the joining of a stainless steel hub 
to a calandria tube but the method and 
apparatus are similarly applicable in 

20 general to the joining of tubular components 
for other applications. 

Figure 1 shows an apparatus having a 
support device 10 mounted on a base 12; 
a motor and gearbox assembly 14 mounted 

25 on a platform 15 movable relative to the 
base 12 by support and guide rollers 16; 
and a rigid coupling 18 linking an output 
shaft 20 of the assembly 14 with a shaft 24 
of the rolling tool 22. 

30 The support device 10 (see Figures 2 and 
3) has a backing ring 26, three wedge-
shaped arcuate members 28 and an annular 
plate member 30. 

The ring 26 has a frusto-conical inner 
35 surface 32 which is in sliding engagement 

with the outer surface 34 of each of the 
arcuate members 28. Three equally spaced 
hydraulic actuators 36 are mounted on the 
outer surface 38 of the ring 26. The piston 

40 rods 40 of the actuators 36 are each con-
nected to the outer periphery of the plate 
30, at 42, to move the plate 30 toward and 
away from the ring 26. 

Each arcuate member 28 has an annular 
45 outwardly-extending flange 44 by which the 

arcuate member 28 is attached, by two 
screws 46, to the plate 30. Each screw 46 
is positioned in a corresponding slot 48 in 
the plate 30 so that the arcuate members 28 

50 are movable radially outwardly of the cen-
tral axis 50 of the parts of the device 10. 
The pairs of slots 48 act as guides for the 
screws 46 of each member 28 to ensure 
that the engaging surfaces 52 of the arcuate 

55 members 28 move away from one another 
when the arcuate members 28 are moved 
radially outwardly from the axis 50. As 
can be seen from Figure 3, each pair of 
slots 48 have their longitudinal axes parallel 

60 to a radius from the axis 50, the axes of 
adjacent pairs of slots being 120° displaced 
from one another. 

Three equally spaced spring assemblies 
54 (only one of which is shown) are 

65 mounted on the plate 30, each assembly 54 

being connected to a respective arcuate 
member 28. Each assembly has rod 56 
screwed into its respective arcuate member 
28 at 58. The rod 56 passes through a 
bracket 60 secured to the plate 30. A pre- 70 
loaded compression spring 62 surrounds the 
rod 56 and is compressed between the 
bracket 60 and a washer 64 and locking 
nuts 66 screwed onto the outer end of the 
rod 56. Thus each assembly 54 biases its 75 
respective arcuate member 28 for movement 
in a radially outward direction from the axis 
50. 

A support bracket 68 has a ring 70 to 
which the ring 26 is attached by screws 72. 80 
The ring 70 is attached to webs 74 extend-
ing down to the base 12 (shown in Figure 1). 

A cylindrical locating member 76 is 
secured by a radially outwardly extending 
flange 78 retained by screws 80 in an 85 
annular recess 82 in the ring 70. The 
locating member 76 has apertures 84 spaced 
around it. 

The rolling tool 22 is the type of tool 
known per se used for sizing tubes or roll- 90 
ing joints between tubes and tube-plates 
for boilers. The number of rollers used in 
the tool may, however, be higher than nor-
mally used, e.g. five or seven rollers may be 
used, owing to the size of components being 95 
joined e.g. 180 millimeter o.d. (outside 
diameter). 

The shaft 24 (Figure 1) is tapered at its 
end 86 remote from the driving end 88. A 
sleeve (not shown) is keyed to a support 100 
ring 90. A thrust-bearing (not shown) is 
placed between the ring 90 and a ring 92 
secured to the bracket 68. The sleeve (not 
shown) extends from the ring 90 to sur-
round the shaft 24 at its tapered end 86. 105 
The end of the sleeve remote from the ring 
90 carries a number of rollers (not shown) 
e.g. five, in slots in the sleeve. The rollers 
are tapered in the opposite direction to the 
shaft 24 and are slightly skewed, e.g. at 2°, 110 
with respect to the axis 50 so that in opera-
tion the shaft 24 is "screwed" through the 
rollers to increase the load applied by the 
rollers to the work. 

In use the rollers and/or the inner sur- 115 
faces of the calandria tube are lubricated. 
OPERATION 

H e motor and gearbox assembly 14, 
and the rolling tool, are moved to their 
rearward position as indicated at 94. The 120 
arcuate members 28 are at their inner posi-
tion as is most clearly seen in Figure 2. In 
this position the respective inner surfaces 
96 of the members 28 form a substantially 
contiguous cylindrical surface. 125 

A stainless steel hub 98 for a calandria 
tube 100 is inserted into the support device 
10 as shown in Figure 2. The hub 98 is a 
sliding fit within the cylindrical surface 
formed by the arcuate members 28. The 130 
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end 102 of the hub 98 is located externally 
of the locating member 76 to abut the flange 
78 of the member 76. The apertures 84 
allow inspection to ensure that the end 102 

5 of the hub 98 is abutting the flange 78. 
The hub 98 is shown as having three 

internal grooves 104 into which material 
of the calandria tube 100 will be forced. 
These grooves provide added resistance to 

10 pull-out in the finished joint but in some 
applications may not be necessary. The 
number of grooves 104 chosen, e.g. three, 
is not critical, but testing has shown that 
three grooves give adequate pull-out 

15 strength. 
The end 106 of the calandria tube 100 is 

then inserted into the hub 98. 
The motor and, gearbox assembly 14 is 

then moved towards the support device 10 
20 to insert the rolling tool 22 into the hub 98 

to a position such that the rollers of the 
tool will rotate in a cylindrical path posi-
tioned opposite to the member 28, so that 
the members 28, and the ring 26, will sup-

25 port the portions of the hub 98 and tube 
100 opposite to the path. 

The motor and gearbox assembly 14 is 
then actuated to rotate the shaft 24 of the 
tool 22. The reaction of the shaft 24 on 

30 the rollers of the tool causes the rollers to 
rotate about their own axes and also causes 
the sleeve to rotate so that the rollers rotate 
about the axis 50 in a cylindrical path. The 
skew of the rollers "screws" the shaft 24 

35 through the rollers, which move outwardly 
owing to the taper of the shaft 24 to engage 
the inner surface of the tube 100 and to 
expand the tube 100 into the hub 98. The 
reaction force on the sleeve as the shaft 24 

40 is "screwed" through the rollers is resisted 
by the thrust-bearing (not shown) between 
the two rings 90 and 92. Once the tube 
100 is expanded into the hub 98, the rollers 
work the material of the tube 100 to form 

45 a fluid-tight joint; some of the material of 
the tube 100 is worked into the grooves 
104. 

On completion of the joint, the drive to 
the shaft 24 is reversed to "unscrew" the 

50 shaft 24 from the rollers. When the load 
on the rollers is relieved, the motor and 
gearbox assembly 14 and the tool 22 are 
moved to the rearward position at 94. 

The actuators 36 are then operated to 
55 move the plate 30 away from the backing 

ring 26 and so move the members 28 axially 
of the ring 26 and the joint. As the plate 
member 30 and the arcuate members 28 
move axially away from the backing ring 

60 26, the spring assemblies 54 also move the 
members 28 radially outwardly from the 
axis 50. 

The joined hub 98 and calandria tube 
100 can then be removed. 

65 The actuators 36 are reversed to re-

position the members 28 in their inner 
position ready to receive another hub 98. 

In an alternative form of the method, 
two such apparatuses as shown in Figures 1 
to 3 are provided at spaced-apart positions 70 
and in axial alignment. "V"-shaped sup-
port members are positioned intermediate 
of each apparatus to support the calandria 
tube 100. Each support member has rollers 
with the axes positioned so as to allow 75 
longitudinal movement of the calandria 
tube 100. 

A calandria tube 100 is positioned in the 
support members and a stainless steel hub 
98 positioned in each support device 10. 80 
The calandria tube 100 is then moved on 
the support member rollers so that one end 
of the tube 100 is positioned in one of the 
support devices 10. A joint is then made. 

The tube 100 is then moved in the oppo- 85 
site direction so that its opposite end is 
positioned in the other support device 10 
and a joint made between said opposite 
end and the second hub 98. 

The calandria tube 100 is then moved to 90 
an intermediate position and removed from 
the support members. 

In an alternative construction (not 
shown), the support device 10 could be 
mounted on, for example, slideways and be 95 
movable by hydraulic ram means towards 
and away from a tubular component held 
in support means. The motor assembly 
would in this instances be mounted on 
rollers on the slide member so as to be i()0 
movable with as well as relative to the 
support device. This construction would, 
of course, permit each end of the tubular 
component to be simultaneously joined to 
respective second tubular components sup- 105 
ported in respective support devices 10. 

The apparatus shown in Figure 4 has a 
support device and rolling tool basically the 
same as the device 10 and tool 22 shown 
in Figures 1 to 3, and like reference 110 
numerals have been given to like parts. 

The device 10 has two brackets 108 which 
extend parallel to the axis 50 and are fixed 
to a bed 110, at 112. Each bracket 108 
has a cantilever end portion 114. 115 

A plate 116 having a central aperture 
118 extends across and is secured to the 
ends 114 of the brackets 108. A second 
plate 120 having a central aperture 122, is 
spaced apart from the plate 116 and extends 120 
between and is secured to the ends 114 of 
the brackets 108. 

Screws 124, through both plates 116 and 
120 secured the backing ring 26 to the front 
of plate 116 which has a locating step 126 125 
corresponding to a locating step 128 on the 
ring 26. 

The screws 124 also retain a locating 
bush 130 by a flange 132 in the central 
aperture 122 of the plate 120. The bush 130 
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130 has an inspection aperture 134 so that 
inspection can be made to ensure that a 
hub 136 for a calandria tube (not shown) is 
propertly located against a locating step 

5 138. Closure ring 140 is retained by screws 
142 on the end of the bush 130. 

Three equally spaced plates 144 are each 
secured to the plates 116 and 120. The 
actuators 36 are each mounted on one of 

10 these plates 144 instead of the ring 26 as 
shown in Figures 1 to 3. 

The brackets 108 each have a D-shaped 
aperture 146 for inspection purposes. 

The brackets 108 each have inwardly 
15 extending flanges 148, 150 which act as 

rails for a motor carriage 152. 
The carriage 152 comprises a U-shaped 

channel member 154 on the outer side of 
each limb of which are mounted two wheels 

20 156 for running between respective flanges 
148 and 150. The member 154 is secured 
to a plate 158 which is, in turn, secured 
through anti-vibration mountings 160 to a 
second plate 162. The plate 162 carries 

25 two vertical side members 164 each of 
which has an angled flange 166 secured 
thereto. 

A motor 168 (shown in chain dot) is 
located on the plate 162 by a central screw 

30 170 and by centralising screw members 172 
carried by the angled flange 166 of each 
side member 164. 

The motor 168 shown, is a type which 
can be hand-held, for example a large 

35 industrial drill, and has a handle 174 with 
a trigger switch 176 and a shoulder piece 
178. It is mounted on the carriage 152 for 
accuracy of movement. 

The output shaft of the motor 168 is 
40 supported by a U-shaped journal 180 on 

the carriage 152 and carries at its end a 
chuck device 182. 

A stop 184 is provided at the end of 
each bracket 108 and between the flanges 

45 148, 150 to prevent the carriage 152 being 
pulled off the device. 

The rolling tool sleeve is indicated in 
outline at 186 in this Figure. 

The mode of operation of this apparatus 
50 is the same as that described with reference 

to Figures 1 to 3. 
For development work, the amount of 

material in the hub 136 or other tubular 
component can be reduced by replacing 

55 the bush 130 with the bush 188 shown in 
Figure 5. The bush 188 has a long cylin-
drical body 190 as compared to the bush 
130 so that the tubular or hub component 
can be considerably shortened to abut the 

60 end 192 of the body 190. The bush has a 
flange 194 by which it can be secured to 
the plate 130 in a similar manner to the 
bush 130, a cylindrical portion 196 of the 
flange 194 fitting into the central aperture 

65 122 of the plate 120. 

The apparatus shown in Figure 4 is suit-
able for the rolling of joints between 
smaller-diameter components, e.g. 46 mm. 
o.d. where the apparatus shown in Figures 
1 to 3 is, for example, suitable for use in 70 
rolling components of 140 or 180 mm. o.d. 
However, both types of device can be used 
for several size of components by substi-
tuting sets of arcuate members 28 of 
different sizes. 75 

The arcuate members of the support 
device are preferably made from hardened 
and tempered tool steel and are machined 
to an accurate finish. 

At least three arcuate members are re- 80 
quired to be used in the support device, 
since if only two were used, the split line 
would be on a diameter. The expansion of 
the tubular components into the two arcuate 
members would then have to have a locking 85 
effect and difficulty would be experienced 
in parting the arcuate members. 

WHAT WE CLAIM IS: 
1. A method of joining first and second 

tubular components comprising expanding 90 
and working the first component to form a 
rolled joint with the second component by 
rotating a rolling tool over a cylindrical 
path in engagement with the inner surface 
of the first tubular component which is a 95 
close fit within the second tubular com-
ponent opposite said path, there being pro-
vided a support device comprising at least 
three members having respective inner sur-
faces forming a substantially contiguous 100 
cylindrical surface in supporting engage-
ment with the outer surface of the second 
component opposite said path, said mem-
bers having respective outer part-frusto-
conical surfaces engaging an inner frusto- 105 
conical surface of a backing ring co-axial 
with the components and opposite said 
path, rotating the rolling tool in reverse to 
relieve load thereon, moving the members 
both axially and radially outwardly relative 110 
to the backing ring and removing the 
joined tubular components. 

2. A method according to claim 1, in 
which there is an annular member mounted 
for movement axially relative to the back- 115 
ing ring by actuator means fixedly mounted 
with respect to the backing ring, the mem-
bers being mounted on the plate member 
and being biased radially outwardly with 
respect to the plate member whereby move- 120 
ment of the plate member away from the 
backing ring by said actuator means causes 
said axial and radially outward movement 
of the members relative to the backing 
ring. 125 

3. A method according to claim 1 or 2, 
in which two second components are joined 
one to each end of the first component. 

4. A method according to claim 3, which 
comprises supporting the first component 130 
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for axial movement between first and 
second sets of said members and respective 
backing rings in supporting engagement 
with first and second said second com-

5 ponents, respectively, axially moving the 
first component so that a first end thereof 
is within the first of said second com-
ponents, joining said first end to the first 
of said second components, axially moving 

10 the first component so that a second end 
thereof is within the second of said second 
components, joining said second end to the 
second of said second components, axially 
moving the joined tubular components to 

15 a position intermediate the sets of said 
members and removing the joined tubular 
components. 

5. A method according to claim 1, 2 or 
3, which comprises fixedly supporting the 

20 first components, the members and backing 
ring being mounted for movement towards 
and away from an end of the first com-
ponent. 

6. A method according to claim 5 as 
25 appended to claim 3, in which the first 

component is supported between two sets of 
said members and respective backing rings, 
each set being mounted for said movement, 
the method comprising moving each set 

30 towards a respective end of the supported 
first component to position each end within 
a respective second component, joining 
each end of the first component to said 
respective second component, moving each 

35 set away from said respective end and 
removing the joined tubular components. 

7. A support device for use in joining 
tubular components by rolling comprising 
a backing ring having an inner frusto-

40 conical surface in engagement with respec-
tive outer part-frusto-conical surfaces of at 
least three members, the members being 
mounted on an annular member for move-
ment between a radially outer position and 

45 a radially inner position with respect to the 
backing ring, in which, in said inner posi-
tion, respective inner surfaces of the mem-
bers form a substantially contiguous cylin-
drical surface, means for biasing the mem-

50 bers towards said outer positions, and 
actuator means for effecting relative axial 
movement between the backing ring and 
the annular member. 

8. A device according to claim 7, in 
55 which said biasing means comprises com-

pression spring assemblies, one secured to 
each member, the spring of each assembly 
reacting between a part of the assembly 

and a reaction point on the annular mem-
ber to bias the member towards said outer 60 
position. 

9. A device according to claim 7 or 8, 
in which the members are each mounted 
on the annular member by two screw mem-
bers which are slidable in respective slots in 65 
the annular member, each pair of slots 
having their axes parallel to one another 
and parallel to a radius from the central 
axis of the annular member and the pairs 
of slots being equi-angularly displaced one 70 
from the other. 

10. A device according to claim 7, 8 or 
9, in which the actuator means are fixedly 
mounted with respect to the backing ring. 

11. A device according to any one of 75 
claims 7 to 10, in which the actuator means 
comprises actuator devices equal in num-
ber to the members and equi-angularly 
displaced one from the other. 

12. A device according to any one of 80 
claims 7 to 11, in which the actuator means 
comprise hydraulic piston and cylinder 
actuator assemblies. 

13. A device according to any one of 
claims 7 to 12, in which the backing ring 85 
is secured to a support structure extending 
from, or forming part of, a base member, 
the support structure being such that the 
shaft and the roller-carrying sleeve of a 
rolling tool apparatus can pass there- 90 
through during use of the device. 

14. A device according to claim 13, in 
which the base member has portions which 
function as rails whereby, in use of the 
device, a roller-mounted platform or car- 95 
riage carrying a rolling tool apparatus runs 
on said portions. 

15. A device according to claim 13 or 14, 
in which the base is mounted on slideways. 

16. A method according to claim 1, sub- 100 
stantially as hereinbefore described with 
reference to Figures 1 to 3 or Figures 4 
and 5 of the drawings accompanying the 
provisional specification. 

17. A support device according to claim 105 
7, substantially as hereinbefore described 
with reference to Figures 1 to 3 or Figures 
4 and 5 of the drawings accompanying the 
provisioinal specification. 

18. A tubular assembly made by the n o 
method as claimed in any one of claims 1 
to 6 or 16. 

ROBERT J. CUMMINGS, 
Chartered Patent Agent, 
Agent for the Applicants. 
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