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3 (Claims. (Cl. 29-1555) 

This invention relates to a method of producing frame 
grid electrodes for electron discharge devices. 

In certain types of electron tubes wherein it is desirable 
to employ grid electrodes having closely spaced and very 
?ne lateral wire turns, it is often necessary to use grid 
electrodes known as frame grids. These grids comprise 
a frame including a pair of parallel side supports or side 
rods usually of circular cross section spaced apart by 
cross straps extending between and secured adjacent each 
end of the side rods. The lateral wire is wound about 
the frame and supported thereby. 

According to one method of fabricating such grid 
frames, the side rods are fed into a welding machine in 
a direction at right angles to the cross straps. The cross 
straps are ?rst Welded to one side rod, a mandrel is in 
serted between that side rod and a second side rod, and 
the cross straps are then welded to the second side 
rod. F or increasing the rate of production of frames ac 
cording to this method, the cross straps when welded to 
the second side rod are simultaneously welded to another 
side rod of a second frame, the two side rods having been 
fed into the welding machine in closely adjacent relation. 
Thereafter the cross straps extending between the adja 
cent side rods are cut to separate the two frames. The 
mandrel is then inserted between the side rods of the sec— 
ond frame to repeat the cycle. 
One problem associated with the fabrication of frame 

grids by the method described is that it has been found 
di?icult to provide frames having closely controlled 

That is, although a 
mandrel is provided for controlling the spacing between 
the side rods of each frame, frames having non-parallel 
side rods are often produced due to the diiliculty of main 
taining the side rods ?rmly against the mandrel during 
welding. One reason for this is that the side rods are not 
perfectly straight as they are fed into the welding ma 
chine and against the mandrel. The wires come from 
wire spools, and although ?rst passed through a wire 
straightening device, some curl remains in the wires. 
Upon welding, the welding electrodes thus often engage 
the round side rods offecenter. This results in a rolling 
and displacement of the side rods from their desired 
position against the mandrel. A further reason why it is 
difficult to provide frames having parallel side rods using 
the apparatus described is that while a side rod positioning 
mandrel is provided for controlling the side rod spacing 
of the two side rods of the ?rst frame, it has been di?icult 
when fabricating frame of small size (for reasons which 
will ‘be disclosed hereinafter) to provide positive position 
ing means for the side rod of the second frame. Thus, 
upon welding, this latter‘ side rod is relatively free to move 
from its desired position. 

This problem is further aggravated by the fact that 
in a recently designed grid frame it is desirable that the 
cross straps extend beyond the side rods of each frame 
a predetermined length. Because of this it is necessary 
that the two adjacent side rods of adjacent grid frames 
be welded to the cross straps in spaced apart relation 
whereby the freedom of movement of the side rods is 
further increased. Hence, not only has it been found 
di?icult to maintain the parallel spacing of the side rods 
while fabricating frames of this type, but it has also 
been found difficult to provide such grid frames having 
extending cross straps of desired length. 
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A still further problem is the di?iculty encountered in 

the prior art method of maintaining the cross straps in 
proper relation with respect to the side rods during frame 
fabrication. In the prior art method described, guide 
combs are provided through which the cross straps are 
fed to the side rods. To avoid interference with the 
operation of the welding electrodes, however, these combs 
must be spaced at some distance from the side rods 
whereby close control of the relative positioning of the 
cross straps with respect to the side rods has not been 
easily obtainable. As known, frames having improperly 
positioned cross straps produce undesirable variations in 
the electrical characteristisc of electron tubes using the 
frames. 

it is therefore an object of this invention to provide 
an improved method for fabricating grid frames of the 
types described. 

Particularly, an object of this invention is to provide 
an improved method for fabricating grid frames of the 
types described wherein the spacing between the side 
rods, the length of the cross straps extending beyond the 
side rods, and the positioning of the cross straps with re 
spect to the side rods are more accurate than in. the 
prior art. 

For achieving these objects in accordance with this 
invention, a method is provided wherein the frame straps 
are fed transversely of a mandrel and sets of side rods, 
and wherein the cross straps are welded to adjacent side 
rods of two separate grid frames. For welding the cross 
straps to the side rods, a pair of oppositely disposed weld 
ing electrodes are provided, the electrodes being mov 
able into engagement with the cross straps and side rods, 
and at least one of the welding electrodes serving also to 
accurately separate the side rods. 
According to one embodiment of the methodof this 

invention, each of the welding electrodes is provided 
with at least one projection or tongue adjacent its end. 
Each tongue extends toward the other welding electrode 
and each has a generally decreasing cross section or 
wedge shape having its narrowed portion facing the other 
electrode. Upon movement of the welding electrodes 
into engagement with the grid frame elements, the tongues 
are inserted between the two adjacent side rods. The 
tongues wedge the two side rods apart, one of the side 
rods being pressed ?rmly against the mandrel and the 
other adjacent side rod being pressed ?rmly against a 
back-up plate. The side rods are thus maintained in 
proper parallel spaced apart relation during welding. 
Also, the side rods are spaced apart to‘ provide the de 
sired extending lengths of cross straps. 
According .to another embodiment of the method of 

this invention, each welding electrode is provided with an 
extending portion or ridge along substantially the en 
tire length of the electrode. The ridges are also wedge 
shaped and each ridge is provided with a transverse 
groove adjacent the ends thereof. During welding, the 
Welding electrodes are moved into engagement with the 
cross strap and side rods so as to insert the ridges between 
the adjacent side rods and to position the grooves astride 
the cross straps. By these means, as Will be described 
more fully hereinafter, the side rods are maintained in 
properly spaced apart relation and the cross straps are 
properly positioned with respect to the side rods. 

FIG. 1 is a view in perspective of one type of grid 
frame which may be made by the method of this in 
vention; 

FIGS. 2 and 3 are fragmentary views in perspective 
illustrating the manner in which a lateral wire may be 
secured to the grid frame shown in FIG. 1; 

FIG. 4 is a view in perspective showing parts of a grid 
frame fabricating apparatus invention; 

FIG. 5 is a partial plan view of the apparatus shown 
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in FIG. 4 but at a later step in the grid frame fabricating 
cycle; 

FIG. 6 is a sectional view taken along line 6-6 of 
FIG. 5; 
'FIG. 7 is a sectional view‘taken along line '7——7 of 

FIG. 5; 
FIG. 8 is a view in perspective showing parts of an 

other embodiment of a frame fabricating apparatus; 
FIG. 9 is a view similar to FIG. 8 but at a later step 

in the grid frame fabricating cycle; 
FIG. 10 is a view along line 10—10 of FIG. 9, and; 
FIG. 11 is a view similar to FIG. 10 but showing still 

another embodiment of a frame fabricating apparatus. 
The grid electrode frame 10 shown in FIG. 1 comprises 

a pair of spaced apart parallel side rods 11 of circular 
cross section and two pairs of cross straps 12 extending 
between the side rods and secured adjacent each end 
thereof. The cross strap pairs 12 are secured to the 
side rods 11 as by welding, and each cross strap has a 
length, or ear 13, which extends beyond the side rods. 
The purpose of ears 13 is to secure the end of a lateral 
wire 15 to the grid frame as shown in FIGS. 2 and 3. To 
do this, the leading end of a lateral wire 15 may be ?rst 
threaded between cars 13 and along a side rod 11 (FIG. 
2) and the ears 13 then crimped against the side rod '11 
(FIG. 3) to clamp the lateral wire therebetween. 
In FIG. 4 is shown apparatus for fabricating grid 

frames of the type shown in FIG. 1, theapparatus in 
cluding a pair of guide combs 20 through which the cross 
straps 12 are fed. The cross straps 12 are provided from 
supply spools, not shown, and are fed in the direction of 
arrow A through guide combs 20 to the welding portion 
of the apparatus. Pairs of adjacently located side rods 
22 and 23 are fedrfrom supply spools, not shown, in the 
direction of arrow B so as to extend between and trans 
versely to the pairs of cross straps 12. For welding the 
cross straps 12 to the side rods 22 and 23 and for pro 
viding the proper spacing between the side rods and the 

- proper length of the ears 13, a pair of elongated oppos 
ing welding electrodes 25 and 26 are provided. The 
details of construction of the welding electrodes 25 and 
26 and the manner in which the welding electrodes per 
form these functions will be described hereinafter. Al 
though not shown, means for feeding side rods 22 and 23 
may comprise known moveable chuck means adapted 
for grasping the side rods and advancing them in the de 
sired direction. Also, means are provided for moving 
welding electrodes 25 and 26 transversely of their lengths 
and towards each other. Such means are not shown but 
may comprise cam and linkage arrangements known in 
the mechanical arts. 

Oppositely disposed cutters 28 and 29 are provided for 
cutting the cross straps 12 extending between the adjacent 
side rods 24 and 48, and cutters 31 are provided for cut 
ting the side rods 22 and 23. Also provided is a mandrel 
32. Mandrel 32 has a slot 34 therein which divides the 
mandrel into two sections 36 and 38. Section 36 is of 
such size as to ?t between side rods 23 and 24 of a grid 
frame 40 for providing proper spacing therebetween, 
and section 38 serves as a back-up plate for side rod 22. 
:Slot 34 is of such width as to receive the side rods 22 and 
123 in proper spaced apart relation. 
As mentioned, one problem of the prior art is the 

difficulty of preventing movement of the side rods dur 
ing welding. It has been suggested that longitudinally 
extending grooves could be provided in place of the 
straight sides 42, 43 and 44 of the mandrel sections 36 
and 38 shown in FIG. 6. Such grooves would reduce 
the amount of movement of the side rods by providing 
positive receiving and positioning means for the side rods. 
It has been found, however, that due to the small size 
of the grid frames and the corresponding small size of 
the mandrel 32, it is dif?cult to machine the mandrel to 
such desired cross sections. In one embodiment, for 
example, the frame side rods have a diameter of 31 mils 
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and are spaced apart 100 mils. Mandrel section 36, 
which ?ts between the two side rods 23 and 24 of frame 
40, as mentioned, has a width of 85 mils and a thickness 
of but 35 mils. Mandrel section 33 has a somewhat larg 
er cross section than section 36 as shown in FIGS. 4, 6 
and 10, but the thickness of the narrow end 44 thereof 
which acts on side rod 22 is but 15 mils. 

' The operation of the apparatus shown in FIG. 4 will 
now be described. As shown, the apparatus is at an inter 
mediate step in the grid frame fabricating cycle, the 
cross strap pairs 12 having already been welded to the 
two side rods 4-8 and 49 of a frame 50 and also to one 
side rod 24 of frame 46, side rod 24 being adjacent to 
side rod 48. Mandrel 32 is then moved forward in the 
direction of arrow C so as to engage the side 42 thereof 
with side rod 24. Two side rods 22 and 23 are then fed 
in the direction of arrow B from the side rod supply 
spools and into slot 34 of mandrel 32 as shown in FIG. 
5. The two side rods 22 and 23 are fed in closely adjacent 
relation to one another and lie in a plane extending 
through side rod 24 (PEG. 6) and the longitudinal axis 
of mandrel section 36. The welding electrodes 25 and 
26 are then moved transversely of their length and to 
wards one another so as to engage the cross strap pairs 
12 and the side rods 22 and 23. As will be described here 
inafter, the welding electrodes clamp the cross strap pairs 
against the side rods 22 and 23 and press and maintain 
the side rods 22 and 23 against the mandrel sections 36 
and 38 in properly spaced, parallel relationship. The 
cross straps are then welded to the side rods. Cutters 28 
and 29 are moved together to cut the cross strap pairs 
12 between side rods 24 and 48 and to separate frame 
50 from frame as (FIG. 6) and cutters 31 (FIG. 4) cut 
the side rods 22 and 23 to proper length. Mandrel 32 
is then moved in the direction of arrow D conveying 
frame 46 along therewith and pulling additional lengths 
of cross straps 12 through guide combs 20 from the cross 
strap supply spools. Frame 45 is thus moved to the 
position just occupied by frame 53. Mandrel 32 is then 
retracted from within frame 459 and moved in the direc 
tion of arrows E and F to the position shown in FIG. 
4. This completes the frame fabricating cycle. 
As mentioned, the welding electrodes perform the func 

tions of welding the cross straps to the side rods and pro 
viding the proper parallel spacing between the side rods. 
For accomplishing these purposes, each electrode may be 
provided with a projection which extends outwardly from 
the face thereof and towards the opposing electrode. 

According to one embodiment of the apparatus as 
shown in FIGS. 5, 6 and 7, one welding electrode 25 may 
be provided with a projection or tongue 55 adjacent each 
end thereof. Each tongue has a generally decreasing, or 
tapering cross section, and has a length or height slightly 
less than the diameter of the frame side rods. Upon 
movement of the welding electrodes 25 and 26 towards 
one another (FIGS. 6 and 7), the tongues are inserted 
or wedged between the two adjacent side rods 22 and 23 
and tend to force them apart. At full insertion, that is 
when the faces 56 and 57 of the welding electrodes 25 and 
26 engage the cross straps 12, the side rods 22 and 23 
are spaced apart the proper amount to provide the cor 
rect length of cross strap cars 13. Further, the side rods 
22 and 23 are ?rmly pressed against mandrel sections 
36 and 38, respectively. If desired, additional tongues may 
be provided intermediate the ends of the electrodes to 
provide further pressing action. Also, tongues may be 
provided on each electrode. Current is passed through 
the welding electrodes and the cross straps are welded to 
the side rods. As mentioned, an advantage of this ap 
paratus is that the entire lengths of the side rods 22 and 
23 are maintained ?rmly against the mandrel sections 
during welding whereby the proper parallel spacing be 
tween the side rods is provided. 

In another embodiment of the apparatus, welding elec 
trodes 60 and 61 are provided as shown in FIGS. 8, 9 



3,226,803 
5 

and 10. Each electrode 60 and 61 is provided with a 
longitudinally extending projection or ridge 63. The 
ridges 63 are wedge shaped, as shown, and the height of 
each ridge is slightly less than one half the thickness of 
the grid frame 40 including the cross straps 12. Each 
ridge is provided adjacent each end thereof with a trans 
verse groove 65. As shown in FIG. 8 the walls 66 of 
grooves 65 taper towards each other, the distance‘between 
the walls at the bottom of the grooves being about equal 
to the width of the cross straps 12, and the opening be 
tween the walls 66 at the mouth of the grooves 65 being 
slightly greater than the width of the cross straps. Also, 
the grooves in each ridge are carefully spaced apart from 
each other a distance equal to the desired spacing between 
the cross strap pairs 12 of the grid frames 40. 
Upon movement of the welding electrodes 60 and 61 

together, as shown in FIGS. 9 and 10, ridges 63 are in 
serted between the adjacent side rods 22 and 23 and force 
them apart and against the mandrel sections 36 and 38 
in a fashion similar to that described above. The grooves 
65 register with the cross straps 12 and as the welding 
electrodes come together the tapered walls 66 of the 
grooves guide the cross straps into proper orientation with 
respect to the side rods. The ?oor of the grooves engage 
the cross straps and press them against the side rods, cur 
rent then being pass-ed through the electrodes 60 and 61 
for welding the cross straps 12 to the side rods 22 and 23. 

In a still further embodiment of apparatus having 
utility when it is desired to make frames that do not have 
ears 13, the extending tongues (or ridges) are located 
near the side edge of the welding electrode face. When 
welding electrodes 68 and 69 incorporating this construc 
tion (FIG. 11) are brought together, tongue 70 extending 
from electrode 68 tends to force the two adjacent side rods 
22 and 23 tightly against one another and against the 
mandrel 32. In this embodiment, the backup mandrel sec 
tion is not employed. 

Further embodiments and variations of the invention 
will be apparent to those skilled in the art. 
What is claimed is: 
1. In a method of producing frames for grid electrodes 

the steps of feeding pairs of closely adjacent side rods 
transversely to sets of spaced cross straps, wedging said side 
rods apart and outwardly against a mandrel while main 
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taining them parallel to one another, securing said cross 
straps to said side rods, and cutting said cross straps be 
tween said side rods. 

2. In a method of producing frames for grid electrodes, 
the steps of providing spaced sets of cross straps, attach 
ing a side rod to the leading ends of said cross straps, pass 
ing a mandrel transversely to said cross straps and into 
engagement with said side rod along one side of said man 
drel, passing a pair of closely disposed side rods trans 
versely to said cross straps and adjacent to said mandrel 
along the other side thereof, wedging apart said pair of 
side rods a predetermined distance and welding said cross 
straps to said wedged apart pair of side rods by mov 
ing portions of oppositely arranged welding electrodes 
into engagement with said cross straps and said pair of 
side rods and other portions of said welding electrodes 
between said pair of side rods, and cutting said cross 
straps between said pair of side rods. 

3. In a method of producing frames for grid elec— 
trodes, the steps of providing spaced sets of cross straps, 
attaching a ?rst side rod to the leading ends of said cross 
straps, passing a pair of closely disposed side rods trans 
versely to said cross strap and parallel to side ?rst side 
rod, wedging apart said pair of side rods a predetermined 
distance and welding said cross straps to said wedged 
apart pair of side rods by moving portions of oppositely 
arranged welding electrodes into engagement with said 
cross straps and said pair of side rods and other portions 
of said welding electrodes between said pair of side rods, 
and cutting said cross strap between said pair of side 
rods. 
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