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United States Patent Office 2,799,085 
Patented July 16, 1957 

2,799,085 
METHOD FOR PRODUCING WELL CASNG 

CENTERNG EQUIPMENT 
Reuben C. Baker, Coalinga, and Thomas M. Ragana, 

Downey, Calif., assignors to Baker Oil Tools, Inc., Los 
Angeles, Calif., a corporation of California 

Original application September 26, 1949, Serial No. 
117,910, now Patent No. 2,750,911, dated June 19, 
1956. Divided and this application July 17, 1953, Se 
ria No. 368,688 

9 Claines. (C. 29-468) 
This invention relates to the production of centering 

devices, which have the purpose of maintaining casings, 
liners, or similar conduits, substantially centralized or 
centered in well bores. 

This application is a division of our application for 
"Method and Apparatus for Producing Well Casing Cen 
tering Equipment and Well Casing Centering Equipment,” 
filed September 26, 1949, Serial No. 117,910, now Patent 
No. 2,750,911, issued June 19, 1956. 

Centering devices have been mounted on well casings 
to centralize the latter in a well bore. These devices are 
of several specific designs. One particular type embodies 
outwardly bowed leaf springs that are welded to longi 
tudinally spaced collars. Heretofore, the welding opera 
tion has taken Substantial time, and has imparted a con 
siderable amount of heat to the spring members in the 
region of the weld, causing the spring members to lose 
their temper, and requiring Subsequent heat treatment to 
restore the temper. It is apparent that the prior methods 
of welding entail substantial expense and increase the 
cost of production considerably. 

Accordingly, it is an object of the present invention 
to provide a method of welding well casing centering 
equipment, that does not remove the temper from the 
spring members where the temper is required, and which 
enables the component parts of the centering device to 
be welded together in an exceedingly rapid and facile 
Jac. 

Another object of the invention is to provide a method 
of manufacturing casing centering devices, in which the 
component parts can be clamped together very quickly 
prior to the welding operation, and in which the welded 
centralizer can be removed rapidly from the welding ap 
paratuS. 

This invention possesses many other advantages and has 
other objects which may be made more clearly apparent 
from a consideration of a form in which it may be em 
bodied. An apparatus for practicing the method is shown 
in the drawings accompanying and forming part of the 
present specification. Such apparatus and the method 
will now be described in detail, for the purpose of illus 
trating the general principles of the invention. It is to 
be understood, however, that such detailed description is 
not to be taken in a limiting sense, since the scope of 
the invention is best defined by the appended claims. 

Referring to the drawings: 
Figure 1 is a front elevation of a welding apparatus 

used in welding the components of a spring type of casing 
centralizer to one another; 

Fig. 2 is an end elevation taken along the line 2-2 
on Fig. 1; 

Fig. 3 is a longitudinal section through a fixture form 
ing part of the welding apparatus, with parts of a casing 
centering device mounted thereon; 

Fig. 4 is a cross-section taken along the line 4-4 on 
Fig. 3; 
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Fig. 5 is a cross-section taken along the line 5-5 on 

Fig. 3; 
Fig. 6 is a cross-section taken along the line 6-6 on 

Fig. 3; 
Fig. 7 is a fragmentary partial view, in a single plane, 

of several springs welded to a centering collar; 
Fig. 8 is a side elevation of a casing centralizer, pro 

duced with the apparatus and method disclosed in the 
other figures; 

Figs. 9 and 10 are cross-sections taken along the lines 
8-8 and 9-9, respectively, on Fig. 8. 
The method and an apparatus for producing well casing 

centering equipment will be described specifically in con 
nection with a particular form of device illustrated in 
Fig. 8, although it is to be understood that the method 
and apparatus is useful in conjunction with other specific 
centering devices. 
The centering device A shown in Fig. 8 is adapted to 

be mounted on a casing string B disposed in a well bore. 
The centering device includes upper and lower longi 
tudinally spaced collar members 10, 11 slidable on the 
casing. To these collar members are welded longi 
tudinally extending, outwardly bowed leaf springs 12, 
that are circumferentially spaced uniformly around the 
collars. The ends of the springs are received within 
inner notches or recesses 13 in the collars, and such ends 
are also welded to the collars as by running a bead 14 
completely around each collar and over the ends of the 
springs themselves. 
The welding of the outwardly bowed springs 12 to the 

collars 10, 11 serves to hold the latter longitudinally in 
spaced relation. Of course, the springs may be deflected 
inwardly towards the collars, which will cause the collars 
to move away from each other to a certain extent. 
A stop collar 15 or 16 is disposed longitudinally out 

wardly of each collar member, and is secured in spaced 
relation to the latter by means of circumferentially spaced 
straps or tie members 17, that may be spot welded to 
the stop collars 15, 16 and the centering collars 10, i. 
These stop collars or rings are spaced outwardly from 
the collar members 10, 11 in order to cooperate with 
stop members or lugs 18 welded to the casing B. 
The centering device A is mounted on the casing string 

B with the springs 12 in an unconfined state and the 
stop elements or lugs 18 are placed adjacent the inner 
edges 15a, 16a of the stop rings 15, 16 and are welded 
to the casing when in this location. The casing is then 
inserted in the well bore, the walls of the confining bore 
hole tending to urge the springs 12 inwardly towards the 
casing. During lowering of the casing string in the well 
bore, the lower stop lugs 18 engage the lower stop collars 
16 and tend to pull the casing centralized through the 
well bore, Such pulling action facilitating inward col 
lapsing of the springs. As the springs move inwardly, 
the upper spring collar 19 and stop collar 15 move up 
wardly, such upward motion being permitted because 
of the initial longitudinal space allowed between the upper 
stop lugs 18 and the spring collar 10. 

Similarly, upward movement of the casing string B 
would cause the upper stop lugs 18 to engage the upper 
stop collar 15, and pull the centralizer through the well 
bore. 
The present invention enables the springs 12 to be 

welded to the collars 10, 11 in a rapid manner, and with 
out destroying the temper of the springs to any appreciable 
extent. To accomplish this purpose, the components of 
a centering device are mounted on a fixture C, which 
is then rotated at a predetermined speed to enable the 
continuous weld 14 to be run around each collar 10, 11, 
in order to integrate both ends of the springs 12 to the 
respective collars. 
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The welding equipment disclosed in the drawings op 
erates essentially in an automatic manner, to hold a weld 
ing rod 20 in proper spaced relation to the spring collar 
10 or 11 during the time that the fixture and centralizer 
parts are being rotated at a proper rate of speed. The 
fixture C itself is secured to a horizontal drive shaft 21 
rotatable in Spaced bearings 22 carried on standards 23 
Suitably secured to the base 24 of the apparatus. The 
shaft is rotated at a predetermined speed, which is rel 
atively slow, by means of a motor and gear reducer 25, 
which drives a drive pulley 26 that transmits its motion 
through a belt 27 to a driven pulley 28 suitably fixed to 
the drive shaft 21. 
The welding machine D is mounted to the rear of the 

fixture C (as seen in Fig. 1) and is supported on a track 
structure 29 resting on the upper ends of a plurality of 
standards or uprights 30, suitably secured to the base 24 
of the equipment. The welding carriage 31 has a plu 
rality of rollers 32 along which the welding equipment 
can be moved generally parallel to the welding fixture C. 
This carriage supports a reel 33 on which the welding 
rod 20 is wound, the welding rod extending through a 
suitable feeding device 34 with the end of the rod being 
adapted to be located above and adjacent one of the spring 
collars 10 or 11. 
An upright 35 is also secured to the carriage 31 and 

carries a generally horizontal arm 36 to which a hopper 
37 is secured. Flux contained in this hopper will flow 
through a suitable feed tube 38 to the region where the 
welding operation is taking place, the flow of flux being 
controlled by a suitable butterfly valve member 39 in 
the end of the hopper. 
The carriage 31 may be disposed on the track structure 

29, So as to locate the end of the welding rod 20 at the 
proper welding point at one spring collar 10. After the 
springs 12 have been welded to the collar at this point, 
the carriage 31 may be rolled along the track, as to the 
right, to dispose the end of the welding rod 20 and the 
flux tube 38 immediately above and adjacent the other 
spring collar 11, so as to weld the other ends of the 
springs 12 to this collar. 
The welding unit, by itself, forms no part of the present 

invention. A description of its details in this specifica 
tion is unnecessary to an understanding of the present 
invention. 
The centralizer components may be mounted on a fix 

ture C, which includes a head 40 secured to the inner 
end of the drive shaft 21 in any suitable manner, as by 
use of a set screw 41, the head being piloted within a 
hollow drive shaft 42, with the head flange 43 engaging : 
the end of the hollow drive shaft. The latter is fixed to 
the head 40 by a pin 44, and extends in front of the 
Welding apparatus to another standard or vertical support 
45 that is secured to a pin 46 rotatable in a pair of brackets 
47 suitably welded or otherwise secured to the base 24 
of the equipment. The end of the hollow shaft 42 is 
carried by the pivoted Support 45, by being cradled be 
tween a pair of rollers 48 rotatably mounted on pins 49 
fixed to the upper end of the support 45. The pivoted 
standard 45 may be moved to a vertical shaft support 
ing position by means of a suitable handle 50 welded to 
its pivot 46 free of the shaft, to enable the centralizer 
parts to be mounted on the fixture C, and to permit the 
welded centralizer to be moved from the fixture. Such 
outward Swinging movement (shown in broken lines in 
Fig. 1) is limited by engagement of a stop 51 on the 
standard with the brackets 47. 
The fixture includes a pair of opposed expander mem 

bers 52, 53 rotatable with the hollow drive shaft 42. As 
disclosed most clearly in Fig. 3, the left-hand expander 
member 52 is secured to the drive shaft 42 in any suit 
able manner, as through use of a plurality of set screws 
54, and includes an outer disc portion 55 whose periphery 
is of substantially the same diameter as the diameter of a 
stop collar is, in order that the latter may be mounted 
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4. 
thereon. This stop collar 15 is engageable with an abut 
ment flange 56 extending outwardly from the peripheral 
portion. The inner portion 57 of the expander member 
is formed of frusto-conical shape, the tapered surface 58 
of the conical member cooperating with a plurality of 
circumferentially arranged wedges 59 having inner sur 
faces 60 companion to the tapered conical surfaces 58 and 
having their outer surfaces 61 substantially parallel to the 
hollow shaft axis and adapted to engage the inner sur 
face of a spring collar 10. The inner or large ends 62 
of these wedge segments 59 engage a thrust plate 63 
Secured to a sleeve 64 mounted on the hollow drive shaft 
42, and extending therealong. 
A similar expander and holding element 53 is provided 

at the other end of the fixture on the hollow drive shaft 42. 
Thus, an outer disc 65 extends upwardly from the hub 
portion of the device 53, the periphery of the disc having 
Substantially the same inside diameter as the inside diam 
eter of the stop collar 16. Extending inwardly from the 
hub portion and toward the other expander member is a 
frusto-conical expander 66 having its tapered surface 67 
cooperable with encompassing wedge segments 68, which 
are adapted to engage the inner surface of another spring 
collar 11. The large ends 69 of these segments also en 
gage a thrust plate 70 secured to another sleeve 71 mounted 
on the hollow drive shaft 42. 
The wedges 59, 68 are moved up along their companion 

conical expanders 57, 66, to force them outwardly into 
firm gripping engagement with the inner surfaces of the 
spring collars 10, 11, by moving the thrust plates 63, 70 
in opposite directions away from one another. Such op 
posite movement may be produced by a shaft 72 extend 
ing into the hollow drive shaft 42 and projecting out 
wardly from its right end. This shaft 72 is rotatable 
in a head 73 secured within the right end of the hollow 
drive shaft 42 in any suitable manner, this head being 
externally tapered so as to guide the pivoted standard 45 
to its upright position when moved from the dotted line 
position, disclosed in Fig. 1. A removable crank 74 may 
be suitably secured to the outer end of the shaft 72, in 
order to rotate the latter in opposite directions. 
The shaft 72 extends inwardly and has a threaded or 

feed screw portion 75 at its inner end mounted within a 
cooperable nut 76. A plurality of cap screws 77 are 
threaded into the nut and extend through longitudinal 
slots 78 in the hollow drive shaft 42, and through suit 
able holes 79 in the thrust plate sleeve 64. The shaft 
72 is also rotatable within another sleeve 80 disposed 
within the shaft 42, to which a plurality of cap screws 81 
are threadedly secured, such screws extending through 
longitudinal slots 82 in the hollow drive shaft 42 and 
through holes 83 formed in the other thrust sleeve 71. 
Relatively longitudinal movement between the sleeve 80 
and the shaft 72 is prevented by providing spaced collars 
84 on the shaft on opposite sides of the sleeve and in 
engagement with its ends, the collar being secured to the 
shaft by set screws 85 or the like. 
The stop collar 16 shown at the right of the drawings 

is mounted on the disc 65, its outer end being adapted to 
engage an abutment plate 86 having a transverse slot 87, 
to enable the plate to be moved endwise over the hollow 
shaft 42 (as seen in Fig. 6). A clamp nut 88 is en 
gageable with the outer face of the plate 86, this collar 
being threadedly and adjustably mounted on a threaded 
collar 89 secured to the hollow shaft 42 by set screws 
90 or the like. 

Each set of end members 10, 17, 15 and 11, 17, 16 
to which the outwardly bowed springs 12 are secured are 
prefabricated prior to their being mounted on the fixture 
C. Thus, the straps 17 are welded to a stop collar 15 
or 16 and to a centralizer or spring collar 10 or 11, hold 
ing the two collar members in proper longitudinally 
spaced relation. The pivoted standard 45 is swung down 
wardly, clear of the end of the fixture C, which enables 
a stop collar, strap, and spring collar combination 15, 



5 
17, 10 to be moved over the free end of the hollow 
shaft 42 and disposed on the left expanding and holding 
device 52, 59. The stop collar 15 is disposed on the 
disc 55, with its end engaging the abutment flange 56, 
and the spring collar 10 is mounted on the wedge segments 
59, which, at this time, are loose with respect to the 
spring collar, being located downwardly along the wedge 
surface 58 of the conical expander 57. 
The stop collar, strap and spring collar arrangement 

16, 17, 11 for the other end of the casing centralizer is 
then moved over the fixture, with the spring collar 15 
encompassing the gripping segments 68 and the stop collar 
16 being disposed around the periphery of the disc 65. 
The thrust plate 86 is then moved transversely over 
the shaft into a position in which it will serve as an 
abutment for the stop collar or ring 16. Thereafter, 
the clamp nut 88 can be rotated on the collar 89 to 
move the abutment plate 86 up against the right-hand 
disc 65. 
The crank arm 74 may then be placed on the outer 

end of the shaft 72 and the latter rotated in the proper 
direction. Such rotary movement will feed the nut 
76 along the shaft 42 in one direction, as to the left. 
Because of the engagement of collar 84 with the sleeve 
80, the latter is urged in the other direction, or to the 
right. Since the nut 76 is connected to the thrust sleeve 
64, and since the other sleeve 80 is connected to the 
right-hand thrust sleeve 71, rotation of the shaft 72 in 
the proper direction will move the sleeves 64, 71 away 
from each other along the hollow drive shaft 42, and 
will force the respective thrust plates 63, 70 against the 
Wedge segments 59, 68, moving the latter upwardly along 
the expander wedges 57, 66 and outwardly into wedging 
engagement with the collars 10, 11. 
When the collars 10, 11 are mounted on the fixture C, 

their inner end recesses or notches 13 are placed in 
alignment with one another. The outwardly bowed leaf 
springs 12 are then placed in proper position between the 
spring collars 10, 11 the ends of the springs being dis 
posed within the notches 13. In the event that the 
distance between the inner ends of the notches is different 
from the free length of the springs, suitable adjustment 
can be made by loosening the wedges 59, 68 and by 
rotating the clamp nut 88 in the proper direction, which 
will either feed the spring collars 10, 11 toward one an 
other the proper amount, or which will enable the spring 
collars 10, 11 to be moved further apart, depending upon 
the direction in which the clamp nut 88 has been rotated. 
Thereafter, the feed screw shaft 72 is rotated to wedge 
the segments 59, 68 within the collars 0, 11. 
After several springs 12 are mounted in position be 

tween the collars, with their ends in the notches, they 
are prevented from falling out by disposing a coil or belly 
band spring 95 around them. The fixture C is rotated by 
hand, as by turning the pulley 28, and the bowed springs 
12 are inserted within the belly band springs 95, and 
appropriately mounted in the notches 13, until the re 
quired number of springs has been properly mounted be 
tween the collars 10, 1 with their outer ends disposed 
completely within the notches 13. Thereafter, a suitable 
hook 96 may be placed between the belly band springs 
95, which urges them upwardly along the bowed springs 
2, and tends to keep the latter radially inwardly within 

the notches i3, and bearing against the outer surfaces 
of the wedge segments 59, 68. 
With all of the centralizer components assembled in 

proper relation on the fixture C, the springs 12 can be 
welded to their respective collars 10, 11. The hopper 
37 is filled with flux and the welding equipment moved 
along the track 29 and suitably adjusted so that the end 
of the welding rod 20 is disposed substantially in a 
transverse plane including the ends of the springs' 12 at 
one end of the centralizer device. The motor 25 is then 
started to rotate the drive shaft 42 at the proper speed, 
and the flux allowed to flow down through the tube 38 
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6 
onto the work at the region of the end of the welding 
rod 20. The current flowing between the electrode 
20 and the work effects a welding and the formation of 
a welding bead 14 around the entire collar 10 or 1. 
as the drive shaft rotates. The welding equipment auto 
matically feeds the welding rod 20 and maintains the 
arc, which actually cannot be seen because of the Sur 
rounding flux flowing through the tube 38. The excess 
flux drops from the work into a suitable receiving bin 
or receptacle 97 below the fixture C. 
As the work rotates and the ends of the springs 12 

are fed under the welding rod 20, the welding material 
integrates such spring end to the collar. Of course, the 
welding bead 14 is also formed on the collar between the 
Springs, but this does not adversely affect the weld at 
each spring end. As a matter of fact, as pointed out 
hereinafter, it actually reinforces the weld. After the 
work has made a complete revolution, a continuous weld 
i4 has been formed around the collar 19, integrating the 
ends of all of the springs 12 to the collar. Thereafter, 
the welding equipment is rolled along the track 29 
until the welding rod 20 is disposed at the collar a 
(as the right collar), the flux being fed through the tube 
38 to the end of the welding rod, and the equipment ro 
tated at the proper speed to form a similar welding bead 
14 continuously around the collar 11, in order to integrate 
the ends of the springs 12 to the right-hand collar 1. 

After the work has made a complete revolution, the 
welding operation has been completed and the assembled 
equipment may be moved out of the way, the clamp 
nut 88 being loosened, which allows the abutment plate 
86 to be removed and the entire fabricated centralizer 
device A moved off the fixture C, as towards the right 
thereof. The pivoted standard 45 is swung out of the 
way to enable this operation to take place. The belly 
band springs 95 and intervening hook 96 may also be 
removed, enabling them to be used again in conjunction 
with another assemblage of parts placed on the fixture C. 
The Welding operation takes place in a comparatively 

rapid manner. As an example, a collar of about five 
and one-half (5.5) inches outside diameter can have 
springs 2 welded to it in about thirty (30) seconds. 
That is, once the welding equipment is started in opera 
tion, the drive shaft 42 is rotated one complete revolution 
in about thirty seconds to form a bead 14 around the 
entire collar, integrating the springs thereto. The com 
paratively rapid mode of welding allows insufficient time 
for heat to be imparted to each spring 12. As a result, 
it is found that the springs do not have their temperim 
paired, and that they may be flexed repeatedly without 
breaking at the Weld 14, or at an area adjacent to the 
Weld. This action is not only due to the fact that the 
heat is localized and does not move over any extended 
area of each spring, but the bead 24 itself has a certain 
thickness and actually reinforces the end of each Spring. 
For that matter, the length of the bead between the ends 
of adjacent springs also serve to reinforce the entire bead, 
and act jointly with the portion of the bead at the end of 
the Spring itself to strengthen the entire structure. 

It is, accordingly, seen that the components of a casing 
centralizer can be assembled and clamped in assembled 
relation to the fixture in a rapid manner, and that the 
Welding operation can be performed very quickly. All 
of these factors contribute to a substantial decrease in the 
cost of production of a centralizing device, as well as re 
Sulting in a device that is stronger than those manufac 
tured heretofore. 
The inventors claim: 
1. The method of making well casing centering de 

vices, which includes providing a rotatable fixture, clamp 
ing an annular member on said fixture, the inner end of 
said member having circumferentially spaced notches, 
mounting a plurality of circumferentially spaced center 
ing elements on said fixture with their end portions dis 

75 posed in Said notches, rotating said fixture to rotate said 
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member and elements, and during such rotation forming 
a substantially continuous weld around said annular 
member and along the end portions of said elements, to 
weld the ends of said elements to said annular member 
inwardly of the inner end of said member. 

2. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, plac 
ing longitudinally spaced annular members on said fix 
ture, the inner ends of said members having circumferen 
tially spaced notches, mounting a plurality of circumfer 
entially spaced centering elements on said fixture between 
said members with the opposite ends of said elements 
disposed in said notches, rotating said fixture to rotate 
said members and elements, and during such rotation 
forming a circumferentially continuous weld around each 
annular member and along the end portions of said ele 
ments, to weld the ends of the elements to said members 
inwardly of the inner ends of said members. 

3. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, plac 
ing longitudinally spaced annular members on said fix 
ture, mounting a plurality of circumferentially spaced 
outwardly bowed leaf spring centering elements on said 
fixture between said members with the opposite ends of 
said elements adjacent said members, providing a clamp 
ing means around the bowed portions of said elements 
to urge them inwardly to force their opposite ends longi 
tudinally against said members, rotating said fixture to 
rotate said members and elements, providing a welding 
electrode in a plane transverse of the axis of rotation 
of one of said inembers and including the ends of said 
elements adjacent said one member and the adjacent por 
tion of said one member, while said members and ele 
ments are rotating feeding said electrode continuously 
toward said cine member to form a circumferentially con 
tinuous welding bead around said one member and along 
the adjacent ends of said elements, providing a welding 
electrode in a plane transverse of the axis of rotation of 
said other menaber and including the ends of said ele 
ments adjacent said other member and the adjacent por 
tion of said other member and while said members and 
elements are rotating feeding said electrode continuously 
toward said other member to form a circumferentially 
continuous welding bead around said other member and 
along the ends of said elements adjacent said other mem 
ber. 

4. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, plac 
ing longitudinally spaced annular members on said fix 
ture, the inner ends of said annular members having cir 
cumferentially spaced notches, mounting a plurality of 
circumferentially spaced centering elements on said fix 
ture between said members with the opposite ends of 
said elements disposed in said notches, rotating said fix 
ture to rotate said members and elements, providing a 
welding electrode in a plane transverse of the axis of 
rotation of one of said members and including the ends 
of said elements adjacent said one member, while said 
members and elements are rotating feeding said electrode 
continuously toward said one member to form a circum 
ferentially continuous welding bead around said one 
met;iber and along the adjacent ends of said elements, 
providing a welding electrode in a plane transverse of the 
axis of rotation of said other member and including the 
ends of said elements adjacent said other member, and 
while said members and elements are rotating feeding 
said electrode continuously toward said other member 
and along the ends of said elements adjacent said other 
meinber. 

5. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, clamp 
ing an annular member on said fixture, the inner end of 
said member having circumferentially spaced notches, 
mounting a plurality of circumferentially - spaced out 
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8 
wardly bowed leaf spring centering elements on said fix 
ture with their end portions disposed in said notches, im 
parting a force to said elements urging their ends longi 
tudinally against said member, rotating said fixture to 
rotate said member and elements, and during such rota 
tien forming a substantially continuous weld around said 
annular member and along the end portions of said ele 
ments, to weld the ends of said elements to said annular 
member inwardly of the inner end of said member. 

6. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, plac 
ing longitudinally spaced annular members on said fix 
ture, the inner ends of said members having circumfer 
entially spaced notches, mounting a plurality of circum 
ferentially spaced outwardly bowed leaf spring centering 
elements on said fixture between said members with the 
opposite ends of said elements disposed in said notches, 
imparting force to said elements urging their opposite ends 
longitudinally against said members, rotating said fix 
ture to rotate said members and elements, and during 
such rotation forming a circumferentially continuous 
weld around each annular member and along the end 
portions of said elements, to weld the ends of the ele 
ments to said members inwardly of the inner end of said 
members. - 

7. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, plac 
ing longitudinally spaced annular members on said fix 
ture, mounting a plurality of circumferentially spaced 
outwardly bowed leaf spring centering elements on said 
fixture between said members with the opposite ends of 
said elements adjacent said members, imparting a force 
to said elements urging their opposite ends longitudinal 
ly against said members, rotating said fixture to rotate 
said members and elements, providing a welding elec 
trode in a plane transverse of the axis of rotation of one 
of said members and including the ends of said elements 
adjacent said one member and the adjacent portion of 
said one member, while said members and elements are 
rotating feeding said electrode continuously toward said 
one member to form a circumferentially continuous weld 
ing bead around said one member and along the adjacent 
ends of said elements, providing a welding electrode in 
a plane transverse of the axis of rotation of said other 
member and including the ends of said elements ad 
jacent said other member and the adjacent portion of said 
other member and while said members and elements are 
rotating feeding said electrode continuously toward said 
other member to form a circumferentially continuous 
welding bead around said other member and along the 
ends of said elements adjacent said other member. 

8. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, placing 
longitudinally spaced annular members on said fixture, 
the inner ends of said annular members having circum 
ferentially spaced notches, mounting a plurality of cir 
cumferentially spaced outwardly bowed leaf spring cen 
tering elements on said fixture between said members 
with the opposite ends of said elements disposed in said 
notches, providing a clamping force around the bowed 
portions of said elements to urge them inwardly and 
force their opposite ends longitudinally against said mem 
bers, rotating said fixture to rotate said members and 
elements, providing a welding electrode in a plane trans 
verse of the axis of rotation of one of said members and 
including the ends of said elements adjacent said one 
member, while said members and elements are rotating 
feeding said electrode continuously toward said one mem 
ber to form a circumferentially continuous welding bead 
around said one member and along the adjacent ends of 
said elements, providing a welding electrode in a plane 
transverse of the axis of rotation of said other member 
and including the ends of said elements adjacent said 
other member, and while said members and elements are 
rotating feeding said electrode continuously toward said 
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other member and along the ends of said elements ad 
jacent said other member. 

9. The method of making well casing centering de 
vices, which includes providing a rotatable fixture, plac 
ing longitudinally spaced annular members on said fix 
ture, the inner ends of said annular members having 
circumferentially spaced notches, mounting a plurality 
of circumferentially spaced outwardly bowed leaf spring 
centering elements on said fixture between said members 
with the opposite ends of said elements disposed in said 
notches, imparting a force to said elements urging their 
opposite ends longitudinally against said members, rotat 
ing said fixture to rotate said members and elements, 
providing a welding electrode in a plane transverse of the 
axis of rotation of one of said members and including 
the ends of said elements adjacent said one member, 
while said members and elements are rotating feeding said 
electrode continuously toward said one member to form 
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a circumferentially continuous welding bead around said 
one member and along the adjacent ends of said elements, 
providing a welding electrode in a plane transverse of 
the axis of rotation of said other member and including 
the ends of said elements adjacent said other member, and 
while said members and elements are rotating feeding 
said electrode continuously toward said other member and 
along the ends of said elements adjacent said other mem 
ber. 
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