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The present invention relates to an apparatus for auto 
matic assembly of electron tube parts, and more particu 
larly to an apparatus for automatically mounting one or 
more electrodes on insulating spacer plates to form an 
electrode cage constituting a sub-assembly of an electron 
tube. 
The fabrication of electron tubes usually involves first 

a preparation of sub-assemblies and then an arrangement 
of the sub-assemblies in predetermined relation and fixing 
the same to provide an electron tube. The sub-assemblies 
usually comprise an electrode cage, a stem including lead 
in wires, and a bulb having an open end. The procedure 
in arranging these sub-assemblies to form an electron 
tube usually involves first fixing the electrode assembly 
to the lead-ins or other support parts on the stem to form 
a mount. The mount is then extended into the open end 
of the bulb until the stem thereof is adjacent said open 
end. The stem is then sealed across the open end of 
the bulb. An exhaust tubulation is provided either at 
the closed end of the bulb or in the stem, through which 
the interior of the enclosure formed by the bulb and 
stem is evacuated. After evacuation, the exhaust tubu 
lation is pinched off to effectively seal the enclosure from 
the atmosphere. This completes the manufacture of an 
electron tube except for certain finishing operations, such 
as fixing a base to the stem required in some types of 
tubes, and aging and testing. 
The sub-assembly comprising the electrode cage in-. 

volves the handling of a relatively large number of parts. 
In some types of tubes these parts comprise two spaced 
insulating plates usually of mica, and electrodes including 
a cathode sleeve, an anode and in some cases, also one or 
more grids. The electrodes are mounted between the in 
sulating plates and usually fixed thereto by snugly ex 
tending through apertures provided in the plates. 

Heretofore, the parts forming the electrode cage have 
been assembled by hand. This practice is characterized 
by several serious disadvantages. 
vantages is the relatively high labor cost involved. This 
cost has been estimated to be as high as 33% of the cost 
of manufacture of a completed tube. Another disadvan 
tage of manual assembly of the electrode cage is the need 

This skill is not always 
adequate in view of the critical nature of the assembly 
operation. For example, the cage assembly operation re 
quires observance of relatively close tolerances to as 
sure a desired tube characteristic. Also, uniformity in 
structure from cage to cage for a given tube type is im 
portant to assure uniformity in tube operation. Further 
more, some tube types such as the miniature and sub 
miniature types have parts of such small dimensions that 
handling the parts is difficult and in some cases may re 
quire the use of a magnifying glass. 
point to the need for a high order of operator skill and 
the expenditure of a relatively long time for the com 
pletion of an electrode cage assembly. 

Various attempts have been made heretofore to over 
come the difficulties presented by a manual assembly of 

'. 

an electrode cage. Jigs have been proposed for travel 
through a plurality of stations, at each of which an op 
erator mounts on the jigs one part of an electrode cage. 
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While such a proposal is an improvement, the most it 
does is to realize a splitting up of the mounting operation. 
While it enjoys some benefit from the division of labor 
involved, this benefit is largely lost as a consequence of 
the unavoidable increase in monotony on the part of an 
operator, that it involves. - - 

However, to completely eliminate operators at the 
stations referred to has not been considered practicable. 
This is because no mechanism for feeding all the parts 
forming an electrode cage is known. The design of such 
mechanism has been discouraged, because not only would 
it be required to critically pick up and support a part 
to be fed, but it would require movement in a very sharply 
defined path to critically position and mount the part. 
And even though a suitable feeding mechanism should 
be designed, a suitable movable support for the mounted 
parts would be required that would be capable of assum 
ing a predetermined exact position at each station, for 
receiving a part delivered by the exactly controlled feed 
ing mechanism. 

It is thus apparent that for a successful automatic 
mounting apparatus, the feeding mechanism and the mov 
able support, or jig for receiving electrode cage parts, must 
be highly coordinated in their motions. This coordination 
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requires a common actuating means for the two elements 
referred to. However, in view of the extremely critical 
nature of the cage assembly operation, it is desirable to 
supplement the action of the common actuating means 
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So that preciseness in the positions of the feeding mecha 
nism and the support or jig at each station is assured. 

Accordingly, it is an important object of the invention 
to mechanize the assembly of electron tube parts to form 
an electrode cage. 
A further object is to reduce the cost of assembling an 

electrode cage. - 
Another object is to assemble an electrode cage to 

higher precision standards than possible in manual oper 
ations. 
A further object is to provide an improved apparatus 

for automatically mounting electron tube parts to form 
an electrode cage. 
Another object is to provide an automatic mounting 

apparatus for tube parts to form an electrode cage where 
in the movements of a feeding mechanism are accurately 
coordinated with the movements of a support or jig on 
which the parts are assembled. 
A further object is to provide an automatic mounting 

apparatus wherein a movable support for receiving parts 
in mounted relation is disposed at a station in an exact 
predetermined position with respect to a mechanism for 
feeding one of said parts thereto. 

Another object is to provide a mounting apparatus hav 
ing feeding mechanisms at a plurality of stations, a plural 
ity of Supports movable successively to each of the sta 
tions for receiving parts fed to them by said mechanisms, 
a common actuating means for roughly assuring a pre 
determined position of the supports in relation to the 
feeding mechanisms, and a further actuating means for 
critically positioning the supports with respect to the feed 
ing mechanisms, to assure a precision assembly of the 
parts on the supports. 

According to one aspect of the mounting apparatus 
of the invention a plurality of supports or jigs are mounted 
on a conveyor such as an endless belt or chain for in 
termittent movement in a predetermined path. Adjacent 
the path of travel of the supports or jigs are a plurality 
of work stations each including a feeding mechanism for 
delivering electron tube parts to the supports or jigs. The 
intermittent movement of the belt or chain causes inter 



3 
- station travel of the supports and momentary stoppage 
thereof at the stations referred to. 

According to a further feature of the invention the 
feeding mechanisms and the supports are actuated by a 
common power transfer means, so that the feeding mecha 

- 

the supports when the supports are momentarily sta 
tionary. - 

nisms become operable to feed electrode cage parts to 

A further aspect of the invention concerns a positive 
locking means for supplementing the action of the com 
mon power transfer means in precisely positioning and 
locking the supports in predetermined relation with re 
spect to the feeding mechanisms during a feeding opera 
tion. 
An embodiment of the invention includes an endless 

chain mounted on horizontally spaced sprocket wheels. 
The chain, therefore, includes vertically spaced portions 
lying in horizontal planes. 
chain are mounted supports or jigs for travel with the 

At spaced portions of the 

chain. One of the sprocket wheels is connected to a 
power source thru suitable means such as a Geneva gear, 
for intermittent movement. 

In the path of travel of the upper portion of the end 
less chain are disposed a plurality of work stations which 
include mechanisms for feeding electron tube parts to the 
supports referred to. The stations are so disposed with 
respect to the intermittent travel of the endless chain 
and the supports thereon, that during stationary periods 
of said intermittent travel, one of said supports will be at 
each of said stations. 

In one example of the invention, the work stations are 
four in number and include a first station for mounting 
an insulating spacer plate, such as a mica plate, on one 
of the supports, a second station for mounting a cathode 
sleeve on the support, a third station for mounting a tubu 
lar anode on the support, and a fourth station for mount 
ing a second mica plate on the support. The support is 
designed to receive the parts in predetermined rela 
tion so that the parts referred to form an electrode cage 
of a diode type of electron tube. 
A common power transfer means for each of the 

stations is connected to a power source. This common 
power transfer means may be a rotatable shaft extend 
ing parallel to the upper portion of the endless chain and 

ating the mechanisms at said stations. 

having actuating means such as cams spaced longitudi 
nally thereof and adjacent the stations referred for actu 

The cams are so 
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movement. This properly positions a support and fixes 
it against movement during a feeding operation. 

Further objects and advantages of the invention will 
become manifest as a more detailed description thereof, 
taken in connection with the appended drawing, pro 
ceeds. 

In the drawing: 
Figure 1 (sheet 1) is a perspective view of an electron 

tube cage that the apparatus of the invention is adapted 
to assemble: . 

Figure 2, (sheet 2) is an exploded view of an electrode 
cage showing the parts of which the cage is comprised, 
as well as one form of support or jig that the apparatus 

15 

20 

25 

30 

35 

40 

of the invention may employ; 
Figure 3, (sheet 1) is a plan view of the automatic 

mounting apparatus of the invention; 
Figure 4, (sheet 3) is a side view of the apparatus 

shown in Figure 3; 
Figure 5, (sheet 4) is a bottom view of the apparatus 

shown in Figure 3; 
Figure 6, (sheet 2) is a sectional view along the line 

6-6 of Figure 4 and shows the power transfer means 
for actuating the endless chain of the apparatus and the 
common actuating means for the several feeding mech 
anisms of the apparatus; 

Figure 7, (sheet 5) shows a cross-sectional view along 
the line 7-7 of Figure 4 and depicts one of the feeding 
mechanisms for feeding insulating spacer plates to a 
Support; 

Figure 8, (sheet 6) shows a cross-sectional view along 
the line 8-8 of Figure 4, of another feeding mechanism 
of the apparatus of the invention, for feeding cathode 
sleeves to the supports or jigs of the apparatus; 

Figure 9, (sheet 7) is a cross-sectional view along the 
line 9-9 of Figure 4, and shows the anode feeding 
mechanism of the apparatus of the invention; 

Figure 10 (sheet 7) is a cross-section along the line 
10-10 of Figure 4, and shows the mechanism for con 
trolling the feed of anodes to the jig of the apparatus; 

Figure 11, (sheet 1) is a schematic circuit diagram of 
circuit aspects of the apparatus of the invention; 

Figure 12, (sheet 5) is a sectional view along the line 
12-12 of Figure 7, and shows the mechanism for locking 
the Supports or jigs in position during a feeding opera 
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mounted that they actuate the mechanisms referred to 
for a feeding operation only when the endless chain and 
the supports thereon are stationary during the interval 
between two intermittent movements. 

For a successful practice of the invention, it is im 
portant that the jigs or supports be disposed at a very 
exact position at the work stations in relation to the 
feeding mechanisms at the stations. Furthermore, it is 
necessary that the Supports or jigs be locked in posi 
tion at the stations during a feeding operation to assure 
that no relative movement, of even a slight magnitude, 
occur between the supports and the fixed structures at the 
stations. Reliance only on the power transfer means 
and the chain itself for securing the desired exactness in 
positioning and a locking of the supports against move 
ment, is not desirable. This is because the chain and 
power transfer means are subject to wear in use. Such 
wear may change, although very slightly, the position 
of the supports at the work stations. Furthermore, the 
chain and power transfer means control primarily, the 
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tion, the mechanism being shown in locked position; 
Figure 13, (sheet 5) is similar to Figure 12, except the 

locking mechanism is shown in unlocked position; 
Figure 14, (sheet 5) is a sectional view along the Jine 

14-14 of Figure 7, and shows a feature of the locking 
mechanism; 

Figure 15, (sheet 5) is a sectional view along the line 
15-15 of Figure 7, and shows the resilient power trans 
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fer means employed in the mechanism for feeding an 
insulating spacer plate to a jig of the apparatus of the 
invention; 

Figure 16 (sheet 7) is a perspective view of the plate 
engaging member of the mechanism for feeding insulat 
ing spacer plates according to the apparatus of the in 
vention; 

60 
Figure 17, (sheet 7) is a perspective view of a maga 

Zine for holding insulating spacer plates to be fed by the 
apparatus; and 

Figure 18, is a perspective view of a holder for the 
magazine shown in Figure 17. 

- electrode cage. 
position of the supports in one plane. A guide may be 
used to aid the control in a plane normal to the first 
mentioned plane. But the guide should not engage the 
chain with any appreciable pressure if it is to remain free 
from wear and retain its guiding function. According to 
the invention, therefore, a separate means is provided at 
each station for urging a support against the guide re 
ferred to and for positively locking the support against 

70 

Referring to the drawing in more detail, there is shown 
in Figure 1, an electron tube sub-assembly known as an 

The sub-assembly includes upper and 
lower insulating spacer plates such as mica discs 20, 21, 
between which are supported a group of electrodes com 
prising, for example, a cathode sleeve 22 and a tubular 
anode 23 having channelled side wings 24, 25. The mica 
discs are each provided with three apertures for receiving 
ears 26, 27 extending from the side wings of the anode 
23, and an end portion of the cathode sleeve 22. 

. According to the invention, an apparatus is provided 
75. for automatically mounting these parts. The apparatus 
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includes a plurality of supports or jigs 28, one of which 
is shown in Figure 2. At a first feeding station, a spacer 
plate 21 is automatically loaded on the jig, with the man 
dreis 29, 39, 35 entering the three apertures in the plate. 
The plate fallis onto the surface 32 of the jig. There 
after, cathode sleeve 22 is automatically loaded on the 
ig by threading the sleeve on the mandrel 30. The 
anode 23 is then automatically loaded on the jig, with 
mandrels 2, 35 entering the channels in the Wings 24, 25, 
and the anode proper telescoping around the cathode 
sleeve 22. The other spacer plate 20 is finally automa 
tically loaded on the jig with the apertures in the plate 
receiving the upper end portion of cathode sleeve .22 and 
the upper ears 26, 27 of the anode. Pressure is then all 
tomatically applied to the upper plate 20 to cause the ears 
on the anode and the end portions of the cathode sleeve 
to enter the apertures in both plates 20, 21. The size 
of the apertures in the plate is such that the plates receive 
the cathode sleeve and the ancde ears in relatively Snug 
fits. Additional means, such as dimples on the electrode 
parts may be used to hold the parts together. The re 
sultant electrode cage is therefore effectively held to 
gether as a unit. 

General description of apparatus 

Considering the automatic mounting apparatus of the 
invention in more detail, and referring first to Figures 3, 
4 and 5, it includes an elongated support or table 33 for 
supporting a conveyor means such as an endless chain 
34. One path of travel in one direction of the endless 
chain referred to is adjacent the upper surface of table 
33. Another path of travel in an opposite direction of 
the endless chain lies below the table. 

Fixed to the chain at spaced portions thereof and mov 
able therewith is a plurality of Supports or jigs 28 for 
receiving electrode parts to form an electrode cage. 

Mounted on table 33 and spaced longitudinally there 
of are a plurality of loading or feeding mechanisms for 
loading electrode cage parts on the Supports or jigs 28. 
Each of these mechanisms constitutes a feeding or load 
ing station, past which the jigs 28 are successively and in 
termittently moved. 
One of these feeding or loading mechanisms 36 is dis 

posed at one end of table 33 from which the sportion 
of the chain adjacent the upper surface of the table 
travels. The function of this mechanism in the example 
shown is to load a flat insulating spacer plate 21 on a jig 
28, held momentarily stationary adjacent the mecha 
nism. 
A succeeding loading mechanism 37 is Spaced along 

the table 33, for loading a cathode sleeve to the jig. 28, 
to which has been fed an insulating spacer plate by load 
ing mechanism 36 as indicated above. 

Spaced from the cathode sleeve loading mechanism 37 
along the table 33 is an anode loading mechanism 38, for 
feeding an anode to the jig 28, to which, as described 
above, an insulating Spacer plate and cathode sleeve 
have been fed. 
A final loading mechanism, spaced along the table 33 

from the anode loading mechanism 38, is a mechanism 
39 for loading another insulating spacer plate on the jig 
28, for competing an electrode cage including the cath 
ode sleeve and anode referred to supported between the 
two insulating spacer plates mentioned. 

Also, mounted on the table 33, adjacent each of the 
stations or leading mechanisms referred to, is a locking 
mechanism 35 for accurately positioning and locking a jig 
against movement with respect to a particular loading 
mechanism, as shown in Figure 3. 
A power transfer means, such as shaft 40 (Figure 5) 

is provided for actuating the endless chain 34 and the 
loading mechanisms referred to. This power transfer 
means is connected to a suitable power source, Such as 
motor 41. For imparting intermittent movements to the 
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chain 34, suitable means, such as a Geneva gear 42, is 
provided in series with the shaft 40 and the chain. 

For translating rotary movement of shaft 40 into de 
sired movements for actuating the loading mechanisms 
of the apparatus, Suitable means, such as cams and levers 
are provided, as will appear more clearly from the fol 
lowing. Some of the operations of the apparatus are ac 
tuated by an electrically controlled solenoid and by a 
pneumatic system also to be described more fully below. 
A chute 33a is provided for receiving completed elec 

trode cages. 
From the foregoing, it will be apparent that the ap 

paratus of the invention includes an intermittently mov 
able conveyor; a plurality of jigs mounted on the con 
veyor for movement therewith; a plurality of locking 
mechanisins for accurately positioning the jigs and locking 
then against movement at loading stations; a first load 
ing mechanism for loading an insulating spacer on a jig; 
a second loading mechanism for loading a cathode sleeve 
on the jig; a third loading mechanism for loading an 
anode on the jig; a fourth loading mechanism for load 
ing a Second insulating spacer on the jig; and a com 
mon actuating means for imparting intermittent move 
ments to the conveyor, and energizing the loading mecha 
nisms and locking mechanisms referred to. Each of these 
elements of the apparatus of the invention will be dis 
cussed in detail in the following. - . . . . 

The intermittently movable conveyor 
The intermittently movable conveyor in the example 

shown is in the form of an endless chain 34 supported 
on sprocket wheels 43, 44 (Figures 4 and 6). Sprocket 
wheels 43, 44 are mounted on shafts 45, 46 for rotation 
in a clockwise direction as viewed in Figure 4. The 
shafts referred to are supported on brackets 47, 48, in 
turn suitably fixed as by bolts, to the underside of table 
33. The chain 34 is so supported by the sprocket wheels 
43, 44, that the upper portion of the chain is adjacent 
the upper surface of table 33. 

For rotating the chain intermittently there is mounted 
on shaft 46, as shown in Figure 6, a Geneva gear 42. 
Engaging the Geneva gear is a Geneva drive including a 
pin 49 (Figure 4) mounted on a rotatable support 50 
fixed to shaft 5i (Figure 6) for rotation therewith. As 
the support 50 rotates, the pin 40 thereon enters suc 
cessively the slots 52 in the Geneva gear for intermit 
tently rotating the same. The Geneva drive also includes 
a cam 53 having a rounded surface for engaging the con 
cave edge of a tooth of the Geneva gear, for holding the 
Geneva gear against rotation between intermittent rotary 
movements thereof. The cam 53 also includes a cut 
away or concave edge portion which comes into registry 
with a Geneva gear tooth when the gear is engaged by 
the pin 49, to permit rotation of the gear. 
On shaft 53 supporting the Geneva drive referred to, 

is fixed a miter gear 54. Miter gear 54 is meshed with 
a further miter gear 55, the latter being fixed to the 
shaft 40 serving as the common actuating means of the 
apparatus and to be described more fully under a follow 
ing heading. 
The shafts 46, 51 are mounted for rotation in suitable 

bearings as shown in Figure 6. 
As shown in Figure 7, the chain 34 includes links com 

prising pins 56, sleeves 57, and side plates 58, 59, 66, 
61 through which the pins extends. The plates referred 
to are larger than the transverse area of the sleeves, 
So that a space is provided between plates 53 and 59 
and above and below the sleeves referred to. For guid 
ing the chain in its travel adjacent the upper surface 
of table 33, a lower guide 62 fixed to the table is pro 
vided for extension into the lower space between plates 
58 and 59. An upper guide 63 fixed to the table by 
a bracket 64 is disposed to extend into the upper space 
between the plates 58, 59. The guides 62, 63 bear 
slightly against the sleeves 57 and the inner walls of 
plates 58, 59 to restrain the chain against movements 
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in vertical and horizontal directions other than its direc 
tion of travel. Some of the plates 60 are in the form 
of brackets, as shown in Figure 7, for supporting the jigs 
of the apparatus. 

Jigs for receiving electrode cage elements 
A plurality of jigs for receiving elements to build up 

- an electrode cage are fixed to the chain 34. A suitable 
jig 28 for use in the apparatus is shown in Figure 2. The 
jig comprises a block having sides cut away as at 65 
and grooves 66, 67 for cooperating with a loading mech 
anism to be described. The upper portion of the jig 
includes a recess defined by bevelled walls 68 and having 
a bottom surface 32. The bottom surface 32 is provided 
with recesses 69, 70, 71 from which three mandrels 29, 
30, 31 extend upwardly. The recesses referred to as 
well as the bevelled walls 68, are provided to facilitate 
a loading operation on the jig. The jig also has two 
openings 72, 73 in a side thereof adapted to receive 
portions of the locking mechanism to be described. As 
shown in Figure 7, the jigs 28 are supported on brackets 
60 which are substituted for some of the plates forming 
the endless chain 34. 
The jigs are restrained in movement transversely of the 

path of travel of the chain 34 by means of a guide 74 
shown in Figure 7. This guide also cooperates with 
the jig locking mechanism to be described, for correctly 
positioning a jig with respect to a loading mechanism of 
the apparatus. 
An important feature of the invention is a resilient 

support for the jigs 28. This is shown best in Figure 6. 
Each of the jigs is supported on bracket 60 by means 
of a screw 28a extending through oversize opening 60a 
in the bracket. A washer 28b made of resilient material, 
such as rubber is interposed between the head of screw 
28a and the bracket 60, 

This resilient mounting of the jigs is advantageous in 
correctly positioning a jig in accurate registry with a 
loading mechanism. Thus when slight inaccuracies in 
the chain 34 dispose a jig out of registry with a loading 
mechanism, the jig is permitted relative movement with 
respect to the chain when acted on by the positioning 
and locking mechanisms to be described. This relative 
movement is important, since the chain may be incapable 
of movement during stationary portions of its cycles of 
operation, to permit correction by the positioning and 
locating mechanism of a faulty registry. 

Jig locking mechanism 
The jig locking mechanism 35, as shown in Figures 7, 

8, 12, 13 and 14 includes a housing 75 fixed to table 33 
adjacent a loading mechanism. A locking mechanism 
is provided adjacent each of the loading mechanisms 
of the apparatus. Within the housing 75 is disposed 
a slide 76 having a passageway for receiving a rod 77. 
The housing also includes a chamber 78 for receiving 
a nut 79 fixed to one end of rod 77. The chamber 
is of sufficient length to permit clearance for the nut 79 
during longitudinal movement of the rod 77 in the pas 
sageway referred to in the slide 76. 
At the other end of rod 77 is fixed a plate 80 having 

apertures 81, 82 through which pins 83, 84 fixed to slide 
76 are adapted to extend. Embracing the rod 77 at 
a portion thereof intermediate the plate 80 and the 
slide 76, is an urging means such as a coiled spring 85 
for urging the plate 80 away from the slide with the 
remote face of the plate extending beyond the ends of 
the pins 83, 84. 
The pins 83, 84 are adapted to extend into the pas 

sageways 72, 73 in a jig, when the slide 76 is moved 
to the left as viewed in Figure 12, for locking the jig 
in a desired position with respect to a loading mechanism. 
Before the pins 83, 84 enter the passageways in the jig, 
the plate is first caused to bear against the jig as a result 
of the force of spring 85, to cause the jig to abut against 
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the guide 74. After the pins have entered the passage 
ways referred to, the plate 80 continues to urge the jig 
against the guide 74, to contribute to an accurate posi 
tioning of the jig. During a disengaging movement of 
slide 76 to the right as viewed in Fig. 12, causing the 
pins 83, 84 to be pulled out of the passageways in the 
jig, the plate 80 continues to bear against the jig, to 
prevent the pins from pulling the jig with them. This 
opposing action of plate 80 with respect to the pins 83, 
84, is advantageous in that it avoids the application 
of a force to the jig in a direction in which no effective 
stop or guide such as guide 74 is provided. The chain 
guides 62, 63 (Figure 7) would be inadequate by them 
selves to support the jig against an appreciable force 
applied thereto, such as might be involved in retracting 
stuck pins from the passageways referred to. 
Four causing sliding movement of slide 76 in housing 

75, a forked lever 86 (Figures 7, 12, 13 and 14) is pro 
vided actuated by a suitable power transfer means to be 
described, connected to the common actuating shaft 40. 
Lever 86, embraces a sleeve 87 around pin 88. The pin 
88 engages a bearing in slide 76. Movement imparted to 
the pin 88 by lever 86, is therefore transmitted to the 
slide. The slide 76 is dovetailed in a recess in housing 75 
for fixed position therein. 
As shown best in Figure 8, lever 86 is pivoted at 89 

on a bracket 90 fixed to table 33. At the lower end 
of the lever is a cam follower 91 urged against the 
surface of a cam 92 by a spring 93. The cam 92 is 
fixed to shaft 40 for rotation therewith. The shaft 40 
and cam 92 rotate in a counterclockwise direction as 
viewed in Figure 8. The cam includes a lower dwell 94, 
an upper dwell 95 and risers 96, 97. When the cam 
follower engages dwell 94, the upper portion of lever 86 
engaging the slide 76 urges the slide to the left as viewed 
in Figure 8, into locking position with respect to a jig 
28. The tension of spring 93 is sufficiently greater than 
the tension of spring 85 of the locking mechanism to 
cause the slide to move towards the jig against the force 
of spring 85. As the cam continues to rotate counter 
clockwise, the riser 96 thereof engages the cam follower 
91 causing the slide 76 to move away from the jig. 
Engagement between the cam follower and the dwell 95 
of the cam causes the slide to remain out of engagement 
with the jig. 

The first loading mechanism 
The first loading mechanism 36 is shown at the extreme 

left of Figure 4. It is the first loading mechanism in the 
direction of travel of endless chain 34, above table 33. 
As shown more clearly in Figure 7, the first loading 
mechanism includes an arm 93 fixed adjacent one end to 
a Standard 99. At the other end of the arm referred to is 
mounted a pick-up member 100. The arm 98 is a hollow 
tube connected to a hose 101 which in turn is connected 
to a vacuum source, not shown. The pick-up member 
100 is provided with passageways 02, 103 communicat 
ing with the hollow interior of arm 98, as shown in Figure 
16. The pick-up member is also provided with apertures 
104, 95, 106 for receiving mandrels 29, 30, 31 of a 
jig 28 during a loading operation. 
The loading mechanism referred to is designed to pick 

up an insulating spacer plate 21, which may be rectangular 
in shape, from a reservoir 107 shown in Figures 3 and 17. 
To this end the lower surface of the pick-up member is 
bounded by bevelled edges 103 which guide the pick-up 
member into suitable engagement with a spacer plate to 
be picked up. 
To assure a registry relation between the pick-up 

member 100 and the reservoir 167 during a pick-up op 
eration, the reservoir is provided with slots 109, 10 and 
cut-away sides i:1 and 112 for receiving the side exten 
sions 113, 114 and 15, 16 on the pick-up member. 

While the stack of spacer plates shown in the reservoir 
107 is compressible in response to pressure thereon by the 
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pick-up member 100 during a pick-up operation to there 
by provide a stack accessible by the pick-up member dur 
ing several pick-up operations, additional means, not 
shown, may be employed for raising the stack so that the 
upper spacer plate is in position for engagement by the 
pick-up member 100, during a relatively large number of 
pick-up operations. 
When the lower surface of the pick-up member 100 

contacts the upper of a stack of spacer plates 21, Suitable 
means such as a valve 117 shown in Figure 4, serves to 
connect the hose 101 communicating with the passageways 
102, 103 in said lower surface, with a suitable vacuum 
source, not shown, for causing the upper of the Spacer 
plates to cling to the lower surface referred to of the 
pick-up member. It will be noted that the passageways 
102, 103, are offset with respect to the apertures 118, 119, 
120 in the plate, so that the mouths of the passageways 
engage continuous material of the plate to provide a suc 
tion engagement between the pick-up member and the 
spacer plate. 
The reservoir 107 is adapted to be supported in a frame 

shown in Figure 18, including uprights 121, 122 adapted 
to be received in the cut-away portions 111, 112 of the 
reservoir. The uprights 121, 122 extend only partways 
the height of the reservoir, so that an upper space is pro 
vided at each cut-away portion for receiving side exten 
sions 15, 16 of the pick-up member for registering pur 
poses. The reservoir 107 is easily removed from its 
supporting frame for replacement, when depleted, by a 
full reservoir. 

In order to pick up a spacer plate from the reservoir 
and load it on a jig 28, as viewed in Figures 3 and 7, 
it is necessary that the pick-up member 100 move in suc 
cessive vertical and arcuate horizontal paths. To permit 
movement of the pick-up member in a vertical path, the 
standard 99 is movable vertically in a bearing 23. To 
impart vertical movement to the standard referred to, a 
lever 124 is provided, pivoted at 125 on a bracket 126 
fixed to the underside of table 33. One end of lever 124 
is connected to the lower end of standard 99 by a pivot 
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yoke 127. The other end of the lever is provided with 
a cam follower 128 adapted to follow a cam 129, fixed on 
shaft 40 for rotation therewith. The lever is urged 
against the cam by a spring 129a. The cam 129 has 
dwell surfaces 130, 131 for holding the standard 99 and 
pick-up member 100 in raised position during rotary 
movements thereof for disposing the pick-up member in 
successive registry with the reservoir 107 of spacer plates 
and the jig 28. 
For imparting rotary movement to the pick-up member 

for travel between the reservoir and jig, a lever 133 is 
provided, pivoted at one end to a bracket 134 fixed to 
the underside of table 33. At the other end of lever 133 
is connected one end of a link 135. The other end of 
the link is connected to an arm 136 through a universal 
joint 137. The arm 136 is fixed to standard 99. The 
link 35 as shown in Figure 15, includes a tubular mem 
ber 135a and a rod 138 telescoped into the tubular 
member. The tubular member 135a is provided with 
opposite longitudinally extending slots 139, 140 for re 
ceiving a pin 141 fixed to rod 138. The rod is thus per 
mitted some longitudinal motion with respect to the 
tubular member. To restrain such motion in one direc 
tion a spring 142 is provided bearing against collar 143 
fixed to the tubular member and collar 144 engaged by 
pin 141. Movement in the other direction is restrained 
by spring 45 bearing against collar 144 and collar 146 
fixed to the tubular member. While relative movement 
between the rod 38 and tubular member is thus re 
strained, it is permitted against the tension of either 
spring 142 or spring 145. Any relative movement oc 
curring is therefore resilient. This resilient control of the 
relative movement of the parts referred to is desirable in 
view of the different vertical positions assumed by the 
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arm 136 during movements thereof. When the arm 136 
is successively in lowered and raised position, the distance 
from the arm 136 to the free end of lever 133 is varied. 
If the length of the link 135 were fixed, it would impart 
a strain to the standard 99 when the standard is raised 
and lowered. However, due to the resilient power 
transfer effected by link 135, in association with a guide 
to be described, the standard is free from strain during 
its vertical and horizontal movements. 

For actuating the lever 133 to the left as viewed in 
Figure 7, a cam follower 147 is mounted on the lever and 
is urged against a cam 48, by a spring 149. Movement 
of the lever to the right is imparted by the tension of 
spring 149. Cam 148 is fixed to shaft 40 for rotation 
therewith. 

In view of the exact movements desired of the pick-up 
member 83, its movements are further controlled by a 
guide 50 shown in Figures 3 and 7 having an upper 
guide edge 51, and vertical slots 152, 153. End por 
tions of the guide, one of which is shown at 154 in Figure 
7, rise above the edge 15. 

During rotation of the arm 98 from a pick-up position 
to a delivery position, the upper edge 51 engages the 
arm and supplements the action of lever 124 in deter 
mining the raised position of the arm and its pick-up 
member i09. When the arm reaches the pick-up position, 
it is in registry wtih slot 152. As the arm is lowered to 
permit the pick-up member 100 to engage a spacer plate, 
the action of lever 24 is further supplemented by en 
gagement of the arm with the side edges of the slot, as 
a result of which the pick-up member is accurately guided. 
After the arm is raised in slot 452 and travels across the 
upper edge 151 of the guide, it comes in registry with 
slot 153. This slot also supplements the control of the 
arm 93, afforded by lever 124, in its downward travel 
to dispose the pick-up member 100 in accurate registry 
with jig 28 during a loading operation. The end por 
tions 154, supplement the action of lever 33 and link 
35 in determining the exact length of the arc through 
which the arm 93 is rotated. 

he pick-up member 160 is therefore very accurately 
controlled in its vertical and horizontal movements in 
pick-up and loading operations, required for a precision 
assembly of electrode cage parts. 

The second loading mechanism 
The second loading mechanism 37 for loading a cath 

ode sleeve 22 on mandrel 30 of the jig 28, is shown in 
Figures 3, 4 and 8. The cathode sleeve loading mech 
anism includes a grooved tray 155, supported for sliding 
movement on a holder 55a. The holder includes a back 
support lying in a plane inclined from the vertical, and 
a track 56 for supporting the tray 55. The track is 
provided with an opening 57 with which cathode sleeves 
are successively brought into registry by movement of the 
tray across the holder. Such registry causes a sleeve to 
drop downwardly into funnel 58 having a restricted 
opening 159 with which the central mandrel 30 of the jig 
shown in Figure 2 is adapted to assure perfect registry 
by the means of the apparatus controlling the movements 
of the jigs. The cathode sleeve consequently falls onto 
the mandrel and is threaded thereon. 

{t will be noted from Figure 2, that the aperture 19 
in the spacer plate and the recess 70 in the jig surface. 32 
are slightly larger than a cross-section of mandrel 30. 
This permits the lower end of the cathode sleeve to enter 
the aperture 119 and to extend beyond the lower face of 
spacer 2A and into the recess 70 for snug engagement by 
the spacer plate. Adequate force for the attainment of 
this engagement is at least partly provided by the weight 
of the falling sleeve. 

In order to provide for a registry of successive cathode 
sleeves with the opening 157 in the track 156, for feeding 
cathode sleeves to successively registering jigs, means are 
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provided for intermittently moving the tray 155 on the 
track, for example, from right to left as viewed in Figure 
4. The means referred to include a pinned wheel 160, 
the pins of which are adapted to extend through a slot 
161 provided in the holder 155a for engaging recesses 162 
in the back side of the tray 155, as shown in Figure 8. 
The pinned wheel 160 is fixed to the upper end of shaft 

163, which is mounted for rotation in flanged bearing 164 
fixed to table 33. A spring 165 serves to resiliently sup 
port the shaft vertically. 
At the lower end of shaft 163 is fixed a ratchet wheel 

166 shown best in Figure 5. On shaft 63 is also pivotal 
ly mounted at one end thereof a support i67 for a paul 
168 urged against a pin 169 by a spring 170. The other 
end of support 167 is pivotally connected to one end of a 
lever 171. The other end of the lever is provided with 
a cam follower 172 adapted to be engaged by a cam 73. 
The lever 171 is swingingly supported at one end of an 
arm 174 pivotally supported from the underside of table 
33. A spring 175 connected to arm 74 serves to keep 
the cam follower 172 in engagement with the cam 173. 
The cam 173 is fixed to shaft 40 for rotation therewith. 
As the cam 173 rotates with the shaft 40, it periodical 

ly pushes the lever 171 to the left as viewed in Figure 8. 
Return movement of the lever to the right is effected as 
a result of the tension on spring 75. Movement to the 
left causes pawl i68 to jump a ratchet tooth on the ratchet 
wheel 66 under the restraint of spring 170. Movement 
to the right causes the pawl to engage a ratchet wheel 
tooth and rotate the wheel in a counterclockwise direc 
tion as viewed in Figure 5. This causes shaft 163 and 
pinned wheel 160 shown in Figure 8 to rotate and move 
the tray 155 a step along the track i56. The length of 
this step is equal to the spacing between adjacent sleeves 
on the tray, so that a succession of rotary movements of 
pinned wheel 160 disposes the cathode sleeves on the tray 
successively in registry with the opening 157 in the track 
of the tray holder. 

The third loading mechanism 
The third loading mechanism 38 is shown in Figures 3, 

4, 9 and 10. It includes a vibrating pan 76, supported 
on table 33 and having a spiral feed 177 for moving elec 
trode elements, such as anodes 23, from a random supply 
thereof at the center of the pan, to a chute 178. The 
chute defines a passageway 179 rectangular in cross-sec 
tion as shown in Figure 10. The passageway has a lower 
terminus 180 with which a jig 28 is adapted to be placed 
in registry by the apparatus. 
To control the feed of anodes to assure a feed of only 

one anode to a jig, a control mechanism is provided. This 
control mechanism comprises U shaped member 181 Sup 
ported on a further U shaped member 182 pivoted at its 
arms 183, 184. The U shaped member 182 has an arm 
185 pivotally connected to plunger 186 of a solenoid 187. 
Rotation of U shaped member 181 in a counterclockwise 
direction in response to an upward stroke of plunger 186, 
as viewed in Figure 9, causes release of only one anode 
for loading on the jig 28. Rotation of the member 181 
in a clockwise direction in response to a downward stroke 
of plunger 186, causes an anode to be engaged in readiness 
for release to a Succeeding jig. 
The solenoid is energized periodically by a switch 188 

actuated by a cam 189 fixed to shaft 40 for rotation there 
with, through conductors A, C. The energization is syn 
chronized with the movements of jig 28 to assure registry 
of chute terminus 180 with a jig prior to release of an 
anode, as will appear more clearly in the following. 

It will be noted from Figure 2, that the apertures 118, 
120 in the spacer plate 21, and the recesses 69, 71 in the 
jig surface 32 are larger than the mandrels 29, 31. Thus, 
when an anode 23 is released by the chute 178, not only 
are the side wings 24, 25 thereof threaded over the man 
drels 29, 31 by means of the channels therein, but the 
lower ears 190, 191 of the anode enters the apertures 118, 
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120 and the recesses 69, 71. This entry is effected, at least 
partly, as a result of the falling weight of the anode. 

The fourth loading mechanism 
The fourth loading mechanism 39 includes a structure 

similar to that of the first loading mechanism 36 and its 
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function is to load a second spacer plate on a jig. While 
the magnitude of the vertical strokes of standard 99 may 
be the same in the two mechanisms, it is important that 
the length of the downward movement in the mechanism 
39 should be sufficient to exert some pressure on the last 
ly loaded spacer plate, to snap the assembly together, if 
this has not already occurred as the result of the falling 
Weight of the cathode sleeve and the anode. 

it will be noted in Figure 2, that the anode ears 26, 27, 
199, 192 have dimples 192 thereon. These dimples 
cause the anode ears to have a slightly larger cross 
Section than the width of the apertures in the spacer 
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plates. Some force is therefore necessary to cause ex 
tension of the ears with their dimples into the apertures. 
The falling weight of the anode may be inadequate to 
accomplish the penetration desired. To this end the load 
ing mechanism 39 is so proportioned that pick-up mem 
ber 100 when loading the final spacer plate, pushes 
down on the plate to force the upper ears of the anode 
through the apertures in the plate. This force is also 
transmitted to the anode so that the lower ears thereof 
are forced into the apertures in the spacer plate first 
loaded. When the anode ears are forced into the aper 
tures, as indicated, the dimples are disposed against the 
Outer surfaces of the plates and effectively serve to hold 
the resultant electrode cage together. Dimples may also 
be provided on the cathode sleeve for a similar purpose. 

In order to assure the desired length of the downward 
stroke of the pick-up member 100, the risers 93, 194 
on can 129 may be modified to secure the required 
length of stroke, for fixing the electrode parts as indi 
cated above. 

The common actuating means 
The common actuating means of the apparatus of the 

invention comprises shaft 40 supported in bearings 195 
to 200 suitably suspended from the underside of table 
33. Mounted on one end of shaft 40 is miter gear 55 
meshing with miter gear 54 for actuating Geneva gear 
42, through shaft 51 and Geneva drive 53. The Gcneva 
gear is in turn disposed in power transfer relation to 
Sprocket wheel 44, through shaft 46, for imparting in 
termittent rotation to the sprocket wheel and intermittent 
movements to the chain 34 engaged by the wheel and to 
the jigs supported on the chain. The miter gears 54, 
55 have the same number of teeth, so that shaft 5 
rotates at the same velocity as shaft 40, in response to 
power provided by motor 41 through belt 291. During 
one rotation of shafts 40 and 5, the Geneva drive 50 

55 goes through one cycle of operation. This cycle includes 
a portion during which the Geneva gear is held against 
movement, and another portion during which the Geneva 
gear is rotated through an arc having a length deter 
mined by the number of teeth on the Geneva gear. The 
arc, measured in degrees, will involve a value deter 
mined by dividing 360 by the number of teeth in the 
Geneva gear. By increasing or reducing the number of 
teeth in the Geneva gear, the lengths of the intermittent 
movements of the chain 34 may be decreased or in 
creased. 

In addition to driving chain 34 and the jig 28 thereon 
in intermittent movements of predetermined magnitude, 
the shaft 40 also actuates the loading mechanisms for 
causing them substantially simultaneously to perform 
their loading operations. 
Some of the actuations of the shaft 4) are mechanically 

transmitted to parts of the loading mechanisms while 
other actuations are transmitted pneumatically and elec 
trically. All of the actuations referred to, however, are 
controlled by cams fixed to shaft 40 for rotation there 
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with. The cams are provided with surfaces having dwells 
and risers. The dwells serve to hold parts of the mecha 
nisms in predetermined positions, and the risers serve to 
move the parts from one position to another. The dwells 
and risers of the cams are so disposed around shaft 40, 
that the dwells contact the mechanisms during intermit 
tent movements of the chain 34 and the risers except 
those on cams 129, actuate the mechanisms only during 
periods between intermittent movements when the chain 
34 and the jigs 23 thereon are stationary. 

It will be noted from the foregoing, therefore, that the 
shaft 40 performs its function as a common actuating 
means, through the Geneva gear 42 for intermittently 
moving the jig 23 from one loading mechanism to an 
other, and through the plurality of cams to be discussed 
in the following, for actuating the loading mechanisms 
during stationary periods of the jigs, and for suspending 
actuation of the mechanisms with the exception of the 
spacer plate loading mechanisms, during the intermittent 
movements of the jigs. 
As has been indicated above, the function of some of 

the cams fixed to shaft 40 is to transmit a force mechani 
cally to parts of the mechanisms to be actuated. The 
cams performing this mechanical power transfer are 
cams 129 and 148 at the first loading position and a 
similar set of cams at the fourth loading position. These 
cams, as has been explained before herein, serve to lim 
part vertical and horizontai rotating movements to the 
pick-up member 196 at the first and fourth loading posi 
tions. These movements are transmitted through levers 
and links previously described. Other cams performing 
mechanical power transfer functions are cams 92 pro 
vided at each station for actuating the jig-locking mecha 
nism 35 at each station. A final cam for mechanically 
actuating a part of a loading mechanism is cam 173. 
This cam controls the travel of the cathode sleeve tray 
55 across the holder 55a. - - 
One cam, 202, is provided on shaft 40 for controlling 

the pneumatic actuation of the first and fourth loading 
mechanisms. As shown in Figure 4, cam 202 is adapted 
to control pneumatic, waive A17 to provide communica 
tion with a vacuum source, not shown, and each of the 
pick-up members 160 through conduits 203, 204. The 
pick-up members 200 at each of the first and fourth 
stations of the apparatus are therefore connected to the 
vacuum source simultaneously during the stationary por 
tions of the cycles of intermittent movements of the 
chain 34 and the jig 28 thereon, to permit a suction pick 
up of spacer plates at these stations. . . . ". . . . 
A final cam 89 shown in Figure 9 fixed to shaft 46 is 

utilized for opening and closing an electric switch. 88 
for actuating solenoid 87. The electrical circuit con 
trolling solenoid 87, as well as the motor 4, is shown 
schematically in Figure 11. This circuit includes a main 
switch 205 for connecting the circuit to suitable power 
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reservoir. 107 is full at the first and fourth loading sta 
tions, that at least some cathode sleeves remain on the 
tray 154, and that anodes are contained by the chute 178. 
: Under these conditions, the pick-up member 100 at 
the first and fourth loading stations will be in some posi 
tions other than a loading position. it may be assumed 
that the pick-up members are on their way to pick up 

The cathode sleeve tray 55 will have an 
empty groove in registry with opening 57 in the track 
156 and a sleeve will occupy the adjacent grooves to the 
right as viewed in Figure 3. The feed member 181 at 
the third loading station will be in the position indicated 
in Figure 9. 

Initiation of operation of the appparatus under these 
conditions, effected by closing main switch 205, will 
cause rotation of shaft 40 and completion of the inter 
rupted intermittent movement of the chain 34 and the 
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jigs 28 thereon. It will also cause the pick-up member 
500 to complete a pick-up operation by the action of 
cams 129 and 48 causing mechanical movements, and 
the action of cam 202 in connecting the openings 102,103 
of the pick-up member to a vacuum source through valve 

25 

117. As soon as the interrupted intermittent movement 
of the chain 34 is completed the following operations of 
the loading mechanisms will take place. - 
The locking mechanisms 35, in response to cam 92 

will lock a jig 23 in accurate registry with each of the 
loading mechanisms. Then simultaneously, the pick-up 

30 and descend, under the influence of cams. A29, 148. At 
members will move into registry with the jigs thereunder 

this time, cam 262 closes valve 117, so that spacer plates 
engaged by the pick-up members are free to drop onto 

35 

the jig 28 at the first and fourth stations and become 
threaded on the mandrels thereof. 

Also, at this time, pinned wheel 160 rotates a prede 
termined distance in response to can E73, to dispose a 
groove of tray 55 containing a cathode sleeve, against 
the aperture 57 in the track 156, causing the sleeve to 

40 drop through funnel 158 and onto a jig having a central mandrel in registry with the funnel at this station. 
At the third or anode loading station, cam 89 closes 

switch 188 to actuate solenoid 187, resulting in a re 

tion of feed member 18, to release one anode. 
anode falls by gravity and is threaded on the three man 

Such retraction causes rota 
The 

traction of plunger 186. 

drels of a jig in registry with chute 73. 
While the foregoing indicates the actions of the ap 

paratus on resumption of operation thereof after a stop 
page, and when the second to four stations thereof have 
jigs adjacent thereto that are partly loaded, these actions 
may also characterize an initial operation of the appar 
atus at the beginning of which all the jigs are empty. In 
this event the loading initially of jigs at the second to 

supply through a fuse 286. Leads A, B from Switch 205 
are connected across the motor 41. A parallel circuit 
is provided by lead C connected to leads A and B through 
switch 188 and solenoid 2.87. A third parallel circuit is 
provided by leads D, E for energizing the vibrating pan, 
176. When the circuit C is closed by switch 88, cur 
rent flows through the winding of solenoid 37 to cause 
the plunger 86 thereof to retract to feed one anode to 
a jig. The vibrating pan 276 is also energized to feed 

The switch 188 is urged to open 
position by a spring 207. 

Operation of the apparatus 
A description of the operation of the apparatus will 

be facilitated by assuming the apparatus has been 
stopped and that the mechanisms thereof are in certain 
positions. For example, it is assumed the apparatus has 
been stopped during a portion of the cycle of operation 
at which the chain 34 is going through an intermittent 
movement. It is further assumed that the spacer plate. 

60 

65 

70 

75 

fourth loading positions is undesirable, and the parts 
loaded at these stations may be removed after a loading 
operation. After a second loading operation, the parts 
loaded on jigs at the third and fourth stations should be 
removed, and after the third loading operation, the part 
loaded on the jig at the fourth loading position should 
be removed. When the removal of the parts indicated, 
the apparatus will eject completed electrode cages to 
chute. 33a after the fourth loading operation following 
the Start of operation of the apparatus. 
As an alternative, the loading mechanisms at the sec 

ond to the fourth loading station may be rendered in 
active, by suitable means not shown, in response to an 

• empty jig. However, this problem is relatively minor, 
since initial operations of an apparatus having empty jigs 
occur very infrequently, the normal stoppage of the ap 
paratus usually leaving the jigs partly loaded and in 
readiness for further loading. 

It will be apparent from the foregoing that an advan 
tageous apparatus is provided for automatically mount 
ing electron tube parts to form an electrode cage. The 
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limitations of manual assembly of the parts are avoided, 
and an improved electrode cage results. 
What is claimed is: 
1. Apparatus for automatically mounting electron tube. 

parts to provide an electron tube sub-assembly, compris 
ing a jig for receiving said parts, a support resiliently en 
gaging said jig, a loading mechanism, means for moving 
said support to dispose said jig in approximate vertical 

- registry with respect to said mechanism, and means for 
moving said jig on said support into more accurate verti 
cal registry with said mechanism, whereby one of said 
parts is adapted to fall into desired position on said jig 
when released by said mechanism. 

2. Apparatus for processing electron tubes, comprising 
a jig for receiving electron tube parts, a loading mecha 
nism for loading said parts on said jig, a resilient support 
for said jig, means for moving said support in steps in a 
path adjacent said loading mechanism for disposing said 
jig in a stationary position in approximate registry with 
said mechanism, means for moving said jig in relation to 
said support for more accurate registry between said jig 
and said mechanism, and means for actuating said mecha 
nism for loading said jig while in said more accurate 
registry. 

3. Apparatus for processing electron tubes, comprising 
a jig for receiving electron tube parts, a loading mecha 
nism for loading one of said parts on said jig, a resilient 
support for said jig permitting relative movement of said 
support with respect to said jig in one plane only, means 
for moving said support to dispose said jig in approximate 
registry with said mechanism in said plane, and means for 
moving said jig in relation to said support and in said 
plane, for more accurately registering said jig with said 
mechanism whereby a loading of said jig by said mecha 
nism is facilitated. 

4. Apparatus for automatically mounting electron tube 
parts to form an electron tube sub-assembly, said appa 
ratus including a loader, a jig for receiving a part from 
said loader, a conveyor for carrying said jig into rela 
tively rough part-receiving registry with said loader, re 
silient means fixing said jig to said conveyor, and means 
operable to engage opposite sides of said jig for more 
accurately registering said jig with said loader and for 
locking said jig in its more accurately registered position, 
said last-named means including a fixed backing plate 
adjacent said conveyor and a movable member for urging 
said jig against said backing plate. 

5. An apparatus for automatically assembling electron 
tube parts to form an electrode cage, including a mov 
able flexible conveyor, a plurality of loaders disposed 
along said conveyor, a plurality of jigs mounted on said 
conveyor for movement therewith, means for intermit 
tently moving said conveyor to dispose said jigs into ap 
proximate loading positions adjacent said loaders, means 
for more accurately disposing said jigs in said loading posi 
tions, said last-named means including relatively movable 
members on opposite sides of said jigs for moving the jigs 
with respect to said conveyor into said more accurate 
loading positions. 

6. Apparatus for automatically mounting electron tube 
parts to form an electron tube sub-assembly, comprising 
a plurality of mechanisms spaced in one direction for load 
ing said parts, a plurality of spaced and synchronously 
movable supports adapted to receive said parts, means 
adjacent said mechanisms for restraining said supports 
against movement in a direction normal to said one direc 
tion, means for moving said supports into parts receiving 
positions with respect to said mechanisms and adjacent 
said restraining means, and means engaging said supports 
and urging them in said normal direction and against said 
restraining means, for locking said supports in said parts 
receiving positions. 

7. Apparatus for automatically mounting electron tube 
parts to form an electron tube sub-assembly, comprising 
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a loading mechanism adapted to guide one of said parts 
in a predetermined path, a movable Support adapted to 
receive said parts successively for build-up thereon of Said 
sub-assembly, means for moving said support into a rela 
tively rough orientation in said path, and means engaging 
opposite sides of said support for disposing said support 
in a predetermined critical position in said path, whereby 
said support is adapted to receive said one of said parts 
in a position thereon critically related to the position of 
another of said parts received by said support. 

8. In electron tube processing apparatus including a 
loading mechanism and a movable jig to be brought into 
accurate registry therewith, the improvement comprising 

- a movable support for said jig, a first means engaging Said 
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support for roughly registering said jig and mechanism, 
a second means engaging said jig for moving said jig with 
respect to said support for more accurately registering said 
jig and mechanism, and a third means mounted on said 
loading mechanism for still more accurately registering 
said support and mechanism, and a power transfer means 
connected to said first, second and third means, for Se 
quentially actuating said first, second and third means, in 
the order named. 

9. Apparatus for automatically mounting electron tube 
parts in a predetermined orientation, comprising a loading 
mechanism, a support, a movable jig mounted on said Sup 
port for receiving one of said parts from said loading 
mechanism, means for moving said support in a recti 
linear path to dispose said jig into part-receiving registry 
with said loading mechanism, means directly engaging 
said jig when in said registry for locking said jig in said 
part-receiving registry, said locking means being adjacent 
to said jig in said part-receiving registry, and means con 
nected to said locking means and to said loading mecha 
nism for first actuating said locking means to locking posi 
tion and then actuating said loading mechanism for load 
ing one of said parts on said jig while said jig is in locked 
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position. 
10. Apparatus for processing electron tubes, comprising 

a support for electron tube parts, said support comprising 
first and second relatively movable members, a plurality 
of spaced processing mechanisms for automatically and 
successively loading said parts on said second member, 
means for intermittently moving said members in a pre 
determined path including said mechanisms and for plac 
ing said second member successively in approximate reg 
istry with said mechanisms, means for locking said first 
member against movement when said second member is 
in said registry, and means adjacent each of said mecha 
nisms for moving said second member into a more accu 
rate registry successively with said mechanisms while said 
first member is locked against movement for facilitating 
the loading of said parts on said second member. 

11. Apparatus for automatically mounting electron tube 
parts to form an electron tube sub-assembly, comprising 
a movable support, a jig resiliently mounted on said sup 
port for receiving said parts, a loading mechanism for 
loading one of said parts in said jig, common means for 
actuating said loading mechanism and for moving said 
support to dispose said jig into approximate registry with 
said loading mechanism, and combined positioning and 
locking means directly engaging said jig in said approxi 
mate registry for moving said jig into a more accurate 
registry with said loading mechanism and locking said jig 
against movement when in said more accurate registry, 
said positioning and locking means being adjacent to said 
jig when said jig is in said more accurate registry. 

12. Apparatus for automatically mounting electron tube 
parts in a predetermined orientation, comprising a mov 
able support, a jig movable on said support for receiving 
said parts, a loading mechanism for loading one of said 
parts on said jig, means engaging said support for moving 
said jig toward said loading mechanism, a positioning and 
locking mechanism for engaging and moving said jig into 
accurate registry with said loading mechanism and lock 
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ing said jig in said registry, and a shaft connected to said 
Support, said positioning and locking mechanism and said 
loading mechanism for actuating said support and mech 
anisms in a predetermined sequence, whereby said support 
and loading mechanisms are locked in registry prior to 
actuation of said loading mechanism. 

13. Apparatus for automatically assembling electron 
tube parts in a predetermined orientation comprising an 
endless conveyor having a portion extending rectilinearly 
in a horizontal plane, a plurality of jigs supported on 
spaced portions of said conveyor, a loading mechanism, 
means for moving said conveyor to dispose one of said 
jigs in registry with said loading mechanism, means for 
locking said one of said jigs in the position of said reg 
istry, said last-named means including a fixed backing plate 
adjacent one side of said portion of the conveyor and a 
movable mechanism mounted adjacent the other side of 
said portion of the conveyor and opposite said plate, said 
mechanism being connected to said first-named means for 
movement towards said backing plate, whereby a jig dis 
posed between said backing plate and mechanism is urged 
by said mechanism against said backing plate and means 
for actuating said loading mechanism to load one of said 
parts on said one of said jigs, said locking means holding 
said iig against said backing plate during a loading opera 
tion. 

14. An electron, tube processing apparatus comprising 
a movable support, a loading mechanism for loading said 
Support, means for registering said support and mecha 

Said means comprising a shaft, a power source for rotat 
ing said shaft, power transfer means connected to said 
shaft for moving said support into a relatively rough reg 
istry with said mechanism, a positioning and locking mech 
anism in power transfer relation to said shaft for moving 
Said spport into a more accurate registry with said mech 
anism, and a loading member on said mechanism con 
Fiected in power transfer relation to said shaft for move 
ment into telescoped relation with said support for sub 
stantially perfect registry of said support and said mecha 
nism. - 

15. Apparatus for automatically mounting electron tube 
parts in predetermined orientation, comprising a plurality 
of movable supports mounted for intermittent movements 
in a predetermined path, a plurality of loading mecha 
inisms having said parts and spaced along and above said 
path for vertical registry with at least some of said sup 
ports during terminal portions of said movements, means 
movable to directly engage said some of said supports for 
accomplishing said vertical registry, said means having 
mambers engaging said supports in transverse planes, and 
means for substantially simultaneously actuating said 
mechanisms for release of said parts therefrom, whereby 
Said parts fall by gravity into predetermined positions on 
said supports. . . 

16. Apparatus for automatically mounting electron tube 
parts to form an electron tube sub-assembly, said appa 
ratus comprising a fixed loading mechanism, a movable 
conveyor spaced from said loading mechanism, a fixed 
support for said conveyor, a jig resiliently fixed to said 
conveyor, and having an axis for registration with said 
ionding mechanism, means for moving said conveyor to 
dispose said axis in rough registry with said loading mech 
anisie, and a positioning mechanism for disposing said jig 
axis in a more accurate registration with said loading 
mechanism, said last-named mechanism including a plate 
fixed to said fixed support in predetermined position and 
disposed to one side of said conveyor, a movable member 
mcunted on said fixed support on the other side of said 
conveyor and opposite said fixed plate, and means for 
moving said movable member across said conveyor for 
engaging and urging said jig against said fixed plate. 

... 17. Apparatus for processing parts to form an assembly 
thereof, comprising a processing mechanism, first and 
secoid itembers novable with respect to said mechanism, 

sm in three steps of increasing accuracy of said registry, 
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Said second member being mounted on and movable in a 
plurality of directions with respect to said first member 
and adapted to receive said parts to form said assembly, 
means for moving said members in one of said directions 
to a position to dispose said second member in approxi 
inate registry with said mechanism, means for locking said 

first member in said position, means for moving said sec 
ond member in at least one of said plurality of directions 
and into a more accurate registry with said mechanism 
while said first member is locked against motion and for 
Gcking said second member. in said more accurate reg 

istry, and means for actuating said mechanism while said 
second member is locked in said more accurate registry. 

18. Apparatus for automatically mounting electron tube 
parts, comprising a movable support, a member movable 
with respect to and mounted on said support, a loading 
mechanism for loading one of said parts on said member, 
and means for accurately registering said member with 
said loading mechanism, said means comprising a drive 
mechanism connected to said support for moving said sup 
port to dispose said member in a relatively rough registry 
with said loading mechanism, a positioning and locking 
Filechanism for engaging and moving said member in at 
least one plane for accurately registering said member 
with Said loading mechanism in said one plane, and a fixed 
locking plate extending normal to said one plane and 
adapted to engage Said member when said member is 
reved by said positioning and locking mechanisms, for 
disposing said member in accurate registry with said load 
ing mechanism in a plane normal to said one plane, said 
drive mechanism being connected to said loading mecha 
isinh for actuating said loading mechanism in a path par 

allel to and including the intersection of said planes. 
19. Apparatus for processing electron tube parts, com 

prising a first member movable in a predetermined path, 
a Second member mounted on said first member and mov 
able with respect to said first member in a plurality of 
normal paths including said predetermined path, and 
adapted to receive said parts, a plurality of processing 
mechanisms spaced in said path, means for intermittently 
moving said members in said path, whereby said members 
are intermittently stopped in positions successively to dis 
pose Said second member in approximate registry with 
Said mechanisms, means for locking said first member 
against movement when said second member is in said 
approximate registry with one of said mechanisms, and 
means adjacent said second member in said approximate 
registry for moving said second member with respect to 
Said first member in at least one of said paths into a more 
accurate registry with said one of said mechanisms and for 
locking said second member in said more accurate registry 
for accurately loading said parts on said second member. 

20. Apparatus for automatically mounting electron 
tube parts to form an electron tube sub-assembly, said 
apparatus comprising, a fixed support, a movable conveyor 
incunted for travel on said support, a jig, resilient means 
fixed to said conveyor for engaging one end of said 
jig for mounting said jig on said conveyor, said jig having 
a mandrel at the other end thereof, a loader mounted on 
Said Support and Spaced from said conveyor in a plane 
parallel to the axis of said mandrel, means for moving 
Said conveyor to dispose said jig in a position wherein said 
maildrel is in relatively rough axial registry with said 
loader, a positioning and locking mechanism between said 
loader and conveyor including two relatively movable 
members disposed on opposite sides of said conveyor and 
Spaced from said conveyor for engaging opposite sides of 
Said jig intermediate the ends of the jig, and means for 
moving one of said movable members to engage one side 
of Said jig and for moving said jig on said resilient means 
into engagement with the other of said members for more 
accurately disposing said mandrel in a position of axial 
alignment with said loader, said mechanism having a finger 
for locking said jig in said position. 

21. In an apparatus for automatically mounting elec 
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tron tube parts to form an electrode cage, a loading mech 
anism movable in a predetermined path in a loading oper 
ation, a support adapted to receive one of said parts from 
said loading mechanism and having an opening therein, 
means spaced from said support for moving said Support 
into at least a rough registry with said path, means adja 
cent to said support when said support is in said rough 
registry for moving said support into a more accurate 
registry with said path, said last named means including 
a finger movable in a path normal to said predetermined 
path for entering said opening, and a plate normal to and 
movable with said finger for engaging a surface of said 
support adjacent and normal to said opening, and means 
for urging said plate against said surface when said finger 
is retracted from said opening, whereby said support is 
preserved from displacement during the retraction of said 
finger. 

22. In an apparatus for automatically mounting elec 
tron tube parts to form an electrode cage, a loading mem 
ber movable in a predetermined path, a movable jig for 
receiving one of said parts from said member and having 
an opening and a flat surface normal and adjacent to said 
opening, and means for accurately moving said jig into 
said path, said means comprising a fixed stop adjacent to 
said path, a tapered finger movable on a fixed axis into 
said opening for moving said jig into a plane including 
said path, and a plate normal to and movable with said 
finger for engaging said flat surface for moving said jig 
in said plane into abutment with said stop, whereby said 
jig is accurately located in said path. 

23. Apparatus for processing parts to form an assembly 
thereof, comprising a processing mechanism, first and 
second members movable with respect to said mechanism, 
said second member being mounted on and movable with 
respect to said first member and adapted to receive said 
parts to form said assembly, means for moving said mem 
bers to a position to dispose said second member in ap 
proximate registry with said mechanism, means for lock 
ing said first member in said position, means for moving 
said second member into a more accurate registry with 
said mechanism while said first member is locked against 
motion, said second member having an opening therein, 
said last named means for moving comprising a device 
having a finger movable in a predetermined path to engage 
the walls of said opening for disposing said opening across 
said path, said second member being in said more accurate 
registry with said mechanism in one plane when said open 
ing is across said path, said device including a plate mov 
able with said finger for engaging a side of said second 
member, whereby said second member is adapted to be 
moved in said plane against a stop for more accurately 
registering said second member with said mechanism in a 
plane normal to said one plane. 

24. An electron tube processing apparatus according to 
claim 14, and wherein said support is provided with a 
recess therein and said positioning and locking mecha 
nism includes a finger in predetermined accurate registry 
with said loading mechanism and adapted to extend into 
said recess, said finger having a rounded leading end for 
moving said support laterally with respect to said finger 
when said finger and recess are out of registry in one 
plane, and a movable plate means on said positioning and 
locking mechanism for engaging said support for moving 
the same longitudinally of said finger in a plane normal 
to said one plane and into accurate registry with said load 
ing mechanism. . . . 

25. Apparatus for automatically mounting electron tube 
parts, comprising a support for receiving said parts and 
having an opening in a side thereof, a loading mechanism 
for loading one of said parts on said support, means for 
moving said support into approximate registry with said 
loading mechanism, and means for moving said support 
into more accurate registry with said mechanism for facili 
tating the loading of said one of said parts in predeter 
mined position on said support, said last named means 
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including a finger adapted to extend into said opening, and 
a plate for engaging said side of the Support during retrac 
tion of said finger from said opening for preventing dis 
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placement of said support. - - 
26. Apparatus for automatically mounting electron tube 

parts, comprising a support for receiving said parts; a 
loading mechanism for loading one of said parts on said 
support; said loading mechanism including a pick-up 
member, means for moving said member in a predeter 
mined path from a pick-up to a loading position, and a 
guide having an edge adjacent said path for guiding the 
movements of said member to dispose said member in a 
predetermined loading position; a positioning and locking 
mechanism having a tapered finger for moving said Sup 
port into accurate registry with said loading position; and 
means for automatically releasing one of said parts picked 
up by said member for loading said support. 

27. Apparatus for automatically mounting electron 
tube parts in predetermined orientation for providing an 
electron tube sub-assembly, comprising an endless con 
veyor disposed in a vertical plane, rotatable supports 
spaced horizontally for supporting said conveyor, a plu 
rality of jigs each having an opening therein and mounted 
resiliently at uniformly spaced portions of said conveyor, 
means for moving said conveyor in steps having a length 
equal to the spacing between adjacent ones of said jigs, 
a plurality of loading mechanisms adjacent said conveyor 
spaced from each other by a multiple of said length, 
whereby said jigs are successively brought into at least a 
rough registry with each of said loading mechanisms, and 
a locating mechanism adjacent each of said loading mech 
anisms for moving said jigs into more accurate registry 
with said loading mechanisms, said locating mechanism 
including a tapered finger and a plate normal to said finger 
movable axially of said finger, said locating mechanism 
being operable to dispose, said finger in said opening and 
urge said plate against a side of said jig. 

28. An apparatus for automatically assembling elec 
tron tube parts to form an electrode cage, comprising a 
loading means, a jig for receiving a part from said loading 
means, a resilient support for said jig, means for moving 
said resilient support to dispose said jig adjacent said load 
ing means and in a relatively rough part-receiving posi 
tion with respect thereto, and means for moving said jig 
with respect to said support into a more accurate part 
receiving position with respect to said loading means and 
locking the jig in said position, said jig having an opening 
therein, said last-named means comprising a tapered finger 
adapted to engage first an edge of said opening for moving 
said jig transversely of said finger and to extend fully into 
said opening for locking the jig against further movement 
transversely of the finger, and a plate movable to engage 
a side of said jig for moving said jig axially of said finger, 
and a fixed backing plate coextensive with said first-named 
plate for engaging the opposite side of said jig and limiting 
the movement thereof caused by said first-named plate. 

29. Apparatus for automatically mounting in predeter 
mined orientation electron tube parts comprising two in 
sulating plates, a tubular cathode and a tubular anode, 
for providing an electrode cage for a diode type of electron 
tube, said apparatus comprising an endless conveyor dis 
posed in a vertical plane, rotatable supports spaced hori 
Zontally for supporting said conveyor, a plurality of jigs 
each having an opening therein and mounted resiliently 
at uniformly spaced portions of said conveyor, means for 
moving said conveyor in steps having a length equal to the 
spacing between adjacent ones of said jigs, a first loading 
mechanism for loading one of said plates, a second loading 
mechanism for loading said cathode, a third loading mech 
anism for loading said anode, and a fourth loading mech 
anism for loading the other of said plates, said loading 
mechanisms being adjacent said conveyor and being spaced 
from each other in the order named by a multiple of said 
length, whereby said jigs are successively brought into at 
least a rough registry with each of said loading mecha 
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nisms, and a locating mechanism adjacent each of said 
ioading mechanisms for moving said jigs into more accu 
rate registry with said loading mechanisms, said locating 
mechanism including a tapered finger and a plate normal 
to said finger movable axially of said finger, said locating 
mechanism being operable to dispose said finger in said 
opening and to urge said plate against a side of one of said 
gS. 
30. Apparatus for automatically assembling a first part 

having a tubular portion and a second part having an 
opening adapted to receive said tubular portion, said appa 
ratus comprising a conveyor having a mandrel for snugly 
receiving said tubular portion, said mandrel having a free 
end portion and being substantially coextensive with said 
first part for supporting an end of said tubular portion 
adjacent to said free end in a predetermined position, a 
loading mechanism adjacent to said conveyor and adapted 
to carry said second part in a predetermined path, means 
for moving said conveyor to dispose said mandrel and 
said tubular portion longitudinally in said path, a first 
means for actuating said loading mechanism for carrying 
said second part to said path with said opening axially 
alined with said mandrel, and a second means for moving 
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said loading mechanism in said path to cause said mandrel 
to enter said opening, whereby said opening is adapted to 
receive said tubular portion to form an assembly of said 
first and second parts. - 

- 31. In an apparatus for automatically assembling elec 
tron tube parts to form an electrode cage, wherein one of 
said parts comprises a flat insulating plate, a container 
adapted to support said plate in a predetermined plane 
and having a free recess, a jig spaced from said container 
and adapted to receive said plate, a loading mechanism 
having a member including a flat surface and a projection, 
said projection being adapted to enter said free recess 
Snugly, for guiding said surface to said plate, said mecha 
nism being movable from said container to said jig in a 
loading operation, said member having a passageway com 
municating with said surface, a conduit adapted to connect 
said passageway to a vacuum source, a valve across said 
conduit, means for opening said valve when said projec 
tion is received by said recess and said surface engages 
said plate for causing said plate to adhere to said surface 
during a loading operation, and means for closing said 
valve at the completion of a loading operation for causing 
said member to release said plate. 

32. In an apparatus for automatically assembling elec 
tron tube parts, a loading mechanism for loading one of 
said parts, a contaisier for a plurality of said parts, said 
container having a free recess, said mechanism comprising 
a pick-up head having a surface adapted to engage said 
one of said parts and having a projection adjacent to said 
Surface, said projection having a dimension for snugly 
entering Said free recess, for directing said surface into 
Contact with one of said parts in said container, said load 
ing mechanism having a passageway communicating with 
Said Surface, a valve adapted to connect said passageway 
with a vacuum source, and means for opening said valve 
when said projection is received in said free recess and 
said surface engages said one of said parts, whereby said 
head is guided by said projection to said one of said parts 
and Said one of Said parts adheres to said surface during a loading operation. 

33. Apparatus for automatically assembling electron 
tube parts to form an electron tube sub-assembly, com 
prising a loading mechanism for picking up one of said 
parts from a reservoir and releasing said one of said parts 
at a loading location horizontally spaced from said reser 
voir, a first power transfer means connected to said load 
ing mechanism for Successively raising and lowering said 
loading mechanism, a second power transfer means con 
nected to said loading mechanism for moving said mech 
anism in a horizontal plane, and a common power trans 
fer means for actuating said first and second power trans 
fer means, said second power transfer means being resili 
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ent for following said loading mechanism with reduced 
strain thereon during raising and lowering of said mecha 
nism. 

34. Apparatus for automatically mounting electron 
tube parts to form an electron tube sub-assembly, com 
prising a support movable in a predetermined path; a 
reservoir of parts to be loaded; a loading mechanism adja 
cent Said path for loading one of said parts on said sup 
port; said loading mechanism including a pick-up member, 
Eneans for moving said member Successively in spaced 
33 rallel paths for picking up said one of said parts from 
said 'eservoir and for loading the same on said support, 
and resilient means for moving said member in a path 
normal to said parallel paths for disposing said member 
successively in registry with said reservoir and said sup 
port, whereby said resilient means is responsive to con 
trc the Iovements of said pick-up member in said par 
allel and said normal paths. 

35. in an apparatus for assembling parts to form an 
electron tube sub-assembly, means adapted to hold a 
pillrality of similar parts, said means comprising a fixed 
Support and a member movable on said support, said mem 
ber having recesses for retaining said parts, said support 
having an opening, Said recesses being successively in reg 
istry with said opening when said member is moved in one 
direction on said support for loading said parts, a build 
up fixture movable to a predetermined registry with said 
opening for receiving one of said parts, and common 
power transfer means connected to said fixture and to said 
movable member for first moving said fixture to said pre 
determined registry and then moving said movable mem 
ber for disposing one of said recesses in registry with said 
opeiing for loading one of said parts on said fixture. 

36. In an apparatus for assembling parts to form an 
electron tube sub-assembly, movable means adapted to 
hold a plurality of similar parts, a support for said mov 
able means having an opening, a build-up fixture movabie 
to a predetermined position for receiving one of said parts 
through said opening, a first power transfer means con 
Ilected to said fixture for moving said fixture roughly into 
said position, a second power transfer means engaging 
said fixture, only after said fixture is disposed roughly in 
Said position, for disposing said fixture more accurately 
in Said position, and a third power transfer means con 
nected to said movable means for moving the same only 
when said fixture is in said more accurate position for 
disposing said one of Said parts in registry with said open 
ing for loading said one of said parts on said fixture, said 
first, 88Cinci and third power transfer means including a 
Corrimon power transfer shaft. 

37. in an apparatus to form an electron tube sub 
assembly, a movable build-up fixture, a first power trans 
fer means connected to said fixture for moving the same 
intermittently, whereby said fixture is momentarily sta 
tionary in a position spaced from a predetermined accu 
rate position, a second power transfer means movable 
to engage said fixture, only when the same is momentarily 
stationary for moving said fixture into said accurate posi 
tion, means adapted to hold a plurality of similar parts. 
Said means comprising a fixed support having an open 
ing in registry with said accurate position and a member 
movable on said support and adapted to carry one of said 
parts to Said opening, a third power transfer means con 
nected to said movable member for intermittently mov 
ing the same only when said fixture is in said accurate 
position for loading said one of said parts on said fixture, 
Said first, Second and third power transfer means includ 
ing a common power transfer shaft, and power transfer 
elements engaging said shaft and spaced angularly there 
around for Sequentially actuating said second and third 
power transfer means in the order named between actua 
tions of Said first power transfer means. 

38. Apparatus for automatically assembling two elec 
tron tube parts wherein said parts comprise a fiat part 
and an elongated tubular part, to provide a predetermined 
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sub-assembly, said apparatus comprising a conveyor hav 
ing a portion extending rectilinearly in a horizontal plane, 
two loading mechanisms adjacent to and spaced along 
said portion, one of said loading mechanisms including 
a chute in vertical registry with said conveyor portion 
and having a lower delivery end, said lower end having 
an opening for delivering said elongated part vertically 
only, the other of said loading mechanisms including a 
vertically movable member, a jig fixed to said conveyor 
portion and having a mandrel extending upwardly there 
from, said mandrei having a free upper end, said upper end 
terminating in a horizontal plane relatively close to a 
horizontal plane including said delivering end, means 
for moving said conveyor portion to dispose said mandrel 
in successive vertical registry with said chute end and 
said other of said loading mechanisms, means for actu 
ating said one of said loading mechanisms for releasing 
said elongated tubular part through said opening when 
said mandrel is in said registry with said chute, whereby 
said mandrel receives said part with one end of said 
part engaging said jig and the other end engaging a free 
end portion of said mandrel for supporting said other 
end of said part in a predetermined position, and means 
for downwardly moving the other of said loading mech 
anisms when said mandrel is in vertical registry therewith, 
for loading said flat part forcefully against said other 
end of said eiongated tubular part to form said sub 
assembly. - 

39. Apparatus according to claim 38, and wherein 
the distance between said lower end of the chute and the 
upper end of said mandrel when said mandrel is in ver 
tical registry with said lower end, is less than the length 
of said elongated tubular part, whereby the transit of 
said part from said chute to said mandrel is effectively 
controlled. 

40. Method of mounting one electron tube part on 
another electron tube part to form an electrode cage, said 
method comprising moving said another electron tube 
part rectilinearly and roughly into a predetermined path, 
locking said another part against further rectilinear move 
ment, angularly moving said another part into a more 
accurate position in said path, locking said another part 
against further angular movement, and moving said one 
part in said path and toward and into engagement with 
said another part for build-up of said cage. 

41. Method of mounting electron tube parts on a 
support to form an electron tube sub-assembly, compris 
ing the steps of first roughly orienting the support in a 
predetermined location, then moving said support first 
horizontally to a vertical plane including said predeter 
mined location then in a horizontal direction in said 
vertical plane to a second vertical plane normal to said 
first-named vertical plane and including said predeter 
mined location, and then in a vertical direction to said 
predetermined location, and then moving one of said 
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parts in a vertical path including said predetermined 
location, for mounting said one of said parts on said 
Support. . - 

42. Method of assembling electron tube parts to form 
an electron tube sub-assembly, comprising collectively 
moving a group of said parts rectilinearly in a predeter 
mined path and approximately into predetermined posi 
tions, then individually and rectilinearly moving said 
parts in said group in a plurality of paths including said 
predetermined path for disposing said last named parts 
!aore accurately in said predetermined positions, and 
then moving another group of parts accurately in paths 
terminating at said predetermined positions for loading 
said another group of parts on said first named group. 

43. Method of locating a first part accurately in a 
loading position for build-up thereon of a second part to 
form a Sub-assembly, said method comprising moving 
Said first part rectilinearly in one direction and approxi 
mately into said loading position, then moving said first 
part in another direction normal to said one direction 
and into a plane including said loading position, then 
moving said first part in said plane and in a direction 
normal to said another direction and towards said load 
ing position, and stopping said first part when accurately 
in said loading position. 

44. Method of locating a first part accurately for 
build-up thereon of another part to form a sub-assembly, 
said method comprising moving said first part rectilinearly 
in a first path and into a position approximately in a 
second path extending angularly with respect to said first 
path, then moving said first part angularly in a plane 
parallel to Said second path and to a position from which 
a projection perpendicular with respect to said plane 
includes said second path, and then moving said part 
along said projection and more accurately into said path, 
whereby said another part when moved in said second 
path towards said first part is adapted to engage accu 
rately said first part for precision build-up of said sub 
assembly. 
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