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Ohio 
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28 Claims. 
This invention relates to improvements in an 

electric tube evacuating apparatus in which a 
plurality of heating elements co-operate with 
Vacuun-producing means for drawing moisture 
and occluded gases from the glass and metallic 
units within the tube. 
The main objects of this invention are to pro 

wide a machine of the above-mentioned class 
which will be rapid, economical and accurate 
in operation and that may be economically, Sim 
ply and COmpactly constructed. 
In carrying out these objects, . We have Con 

structed a machine wherein the tubes are con 
tinuously moved during the evacuating proceSS, 
thus eliminating the time necessarily consumed 
in the usual intermittently operated exhaust de 
Vice, in starting and stopping and also during 
the vertical movements of the bombardment 
coils when being brought into and Out of Opera 
tive relation with the tubes. The vacuum pumps 
are mounted in close relation with the tube ex 
haust ports which permits a very short connec 
tion between the tubes and pumps thereby elim 
inating long and complicated connections with 

Furtherinore, there is an indi 
vidual pump for each tube exhaust port, which 
eliminates tube Waste if a leak occurs by pre 
venting the destroying of a number of tubes at 
a time, as happens in other types of exhaust 
ing machines where a plurality of tubes are 
connected with each punp unit. 
The vacuum pump units are all mounted inde 

pendently of each other and in such a manner 
aS to permit the ready replacement of any one 
of these pumping units without in any way in 
terfering with the operation of the remaining 
units in case of accident or breakdown. We ob 
tain further economy by using three-phase rela 
tively Small notors for operating the vacuum 
punpS Which eliminates starting Windings on 
the motors, large feed wires, trick throw-out 
SWitches, etc. 
Anothsr object is to conserve energy by provid 

ing simple means for automatically shutting of 
the respective purnp motors during the unload 
ing and ioading of the tubes. 

Still another object is to eliminate mercury 
funes by providing means for cooling the mer 
cury cups through which electrical connection 
is made with the tube filaments. 
A further object is to provide simple and effi 

cient means for automatically sealing the tube 
Whereby the Seal-off tube Will be cut in close 
proximity to the base of the tube. - 

(C. 250-27.5) 
A still further object is to provide an exhaust 

apparatus which may be easily and quickly ad 
justed for different types and sizes of electric 
tubes. . 

Other objects and advantages relating to the 
details of the structure and the form and rela 
tion of the parts thereof will more fully appear 
from the following description, taken in connec-. 
tion with the accompanying drawings in which: 

Figure 1 is a top plan, partly broken away, of 
an apparatus embodying the various features of 
this invention. - - 

Figures 2 and 3 are enlarged detail sectional 
views taken respectively on lines 2-2 and 3-3, 
Figure 1, illustrating one of the pump units and 
manner of mounting the same on the machine. 
Figure 4 is an enlarged transverSevertical Sec 

tional view taken substantially on line A-4, Fig 
ure 1. w 

Figure 5 is a horizontal sectional view taken 
On line 5-5, Figure 4, in the plane of the top 
of the stationary table, with various portions 
broken away to more clearly disclose certain of 
the underlying parts. the resultant leakages and thus shortening the 

evacuating title. Figure 6 is an enlarged detail inner face view 
of adjacent ends of a pair of the Segments com 
prising the outer electrical pick-up bar for sup 
plying current to the tube filament, taken sub 
stantially on line 6-5, Figure 5, and illustrating 
the manner of mounting these Segments in in 
Sulated relation. 

Figure 7 is a sectional view taken on line 7-7, Figure 6. 
Figure 8 is an enlarged transverse vertical sec 

tional view through the oven and one of the tube 
exhaust ports taken on line 8-8, Figure 1, and 
illustrating the manner of connecting the tubes 
With respective vacuum pumps. 

Figure 9 is a horizontal Sectional view taken 
in the plane of the line.9-9, Figure 8. 

Figure 10 is a vertical Sectional view taken on 
line 0-0, Figure 9. - 
... Figure 11 is a horizontal Sectional view taken 
on line fl-lf, Figure 8. 

Figure 12 is an enlarged detail vertical Sec 
tional view taken in the plane of the line 2-2, 
Figure 5, illustrating the manner of mounting the 
collector brushes for the motors for the pump unitS. 

Figure 13 is an enlarged vertical sectional view. 
taken in the plane of the line 3-3, Figure 12. 

Figure 14 is an enlarged detail vertical Section 
taken on line 4-4, Figure 5, illustrating the 
manner of electrically connecting the inner pick 
up bar with the return bar. 

O 

5 

20 

25 - 

30 

35 

40 

45 

50 

  



10 

15 

8-8, Figure 4. 

Figure 15 is a detail sectional view taken on 
line 5-5, Figure 14. V 

Figure 16 is a face view of adjacent ends of 
a pair of the segments comprising the inner elec 
trical pick-up bar for the tube filament wires 
taken substantially in the plane of the line 6- 6, 
Figure 5. . 
Figure 17 is a sectional view taken on the line 
7-7, Figure 16. - 
Figure 18 is a horizontal detail sectional view 

through the rear end of the oven, taken on line 

Figure 19 is an enlarged detail vertical sectional 
view through the rotary table taken substantially 
in the plane of line 19-19, Figure 5, and illus 
trating in elevation, one of the pump motor con 
trol units together with the automatic throw-out 
and starting members. 
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taken on line 37-37, Figure 36. 

Figure 20 is a vertical sectional view through 
the three wire connector taken on line 20-20, 
Figure 19. - . . . . . . . . - 

Figure 21 is a horizontal sectional view through 
one of the motor switches and the throw-out 
member taken on line 2 -2, Figure 19. 

Figure 22 is a similar view to Figure 21, taken 
Substantially on line 22-22, Figure 19, showing 
One of the motor Switches in connection with 
the automatic starting member. 

Figure 23 is a face view of one of the pump 
motor three-wire control switches. 

Figure 24 is an enlarged sectional view taken 
On line 24-24, Figure 23. 
. Figure 25 is a detail transverse sectional view 
taken in the plane of the line 25-25, Figure. 5, 
illustrating the Water connections for the water 
manifold. w Figure 26 is a detail horizontal sectional view 
taken on line 26-26, Figure25. Figure 27 is a diagrammatic view illustrating 
the electric circuit for each pumping unit motor. 

Figure 28 is an enlarged vertical sectional view 
ithrough the bombarding carriage taken in the 
plane of the line 28-28, Figure 1. . . 

Figures 29, 30 and 31 are enlarged vertical sec 
tional views taken respectively on lines 29-29, . 
30-30 and 3-3, Figure 28. - 

Figure 32 is a side elevation of the rear por 
tion of the bombarding carriage showing por 
tions thereof broken away to better disclose the 
actuating means. 

Figure 33 is a horizontal sectional view taken 
in the plane of the line 33-33, Figure 32. 

Figures 34 and 35 are vertical sectional views 
taken respectively on lines 34-34 and 35-35, 
Figure 33. - 

Figure 36 is a top plan of the forward end of 
the bombardment carriage showing the seal-off 
mechanism. w 
Figure 37 is a vertical detail sectional view 

- Figure 38 is a vertical sectional view taken 
on line 38-38, Figure 36. 

Figures 39 and 40 are detail vertical sectional 
views taken respectively on lines 39-39 and 
40-40, Figure 36. 

Figure 41 is a horizontal sectional view taken 
on line 41-4, Figure 39. . . . . 

Figure 42 is a transverse vertical sectional view 
taken on line 42-42, Figure 36. Figure 43 is an enlarged detail sectional view 
illustrating the manner in which the starting trip 

i 

member Supporting bracket is hingedly mounted. 
... The machine illustrated in the drawings is : 
adapted more particularly for evacuating electron 
tubes containing a plurality of metal parts such 

2,006,771 
as a filament, plate, grid, etc. as used in radio 
tubes, and is comprised of substantially four 
units, namely, a vacuum-producing or pumping 
means, a heat-producing medium for treating 
the glass tubes and filaments, an electrical bom 
bardment means for heat treating the metallic 
portions of the tube such as the plate, grid etc., 
and a seal-off means closing and severing the 
seal-off tube, all of which function for successive 
ly and continuously treating the tubes as they 
travel through the machine from the starting 
position to the finish or seal-off position. 
These units are mounted upon and supported 

by a circular stationary table and a rotary car 
rier mounted for movement in a plane below the 
stationary table. Upon the rotary carrier is 
mounted to move therewith the pumping units 
together with the tube-supporting exhaust ports. 

Each of the pumping units, in this instance, 
consists of a pair of pumps capable of producing 
a high vacuum in the tubes and an electric motor 
for operating the pumps, there being one-half as 
many pump units as tube exhaust ports, with 
one pump operably connected with a respective 
exhaust port. Upon the stationary table in op 
erative relation with the tube. exhaust. ports is 
positioned a furnace or oven adapted to have 
the tubes continuously moved in sequence there 
through and a bombardment carriage. 
. . The oven, in this instance, extends substan 
tially two-thirds the distance circumferentially 
over the stationary table and is provided with 
Suitable heat-producing means for causing a suf 
ficiently high temperature in the oven for baking 
the glass bulb as the tubes are passed through 
the oven to such an extent as to free the glass 
of the absorbed gases. . . . 
The carriage is mounted for oscillatory move 

ment upon the stationary table at the discharge 
end of the oven and is provided with suitable fixed 
bombarding coils between which the tubes are 
caused to travel as they are being continuously 
moved away from the discharge end of the oven. 
As the tubes pass between the colls, they are sub 
sjected to powerful high frequency currents in 
duced by the coils. The intense heat thus created 
in the metallic parts of the tube frees said parts 
of the Occluded gases which are immediately 
evacuated from the tubes by the pumps. The 
tubes then pass between another pair of coils 
carried by the carriage and which are positioned 
at the level of the getter cup which flashes a gas 
absorbing element such as magnesium, barium or 
the like. 
The seal-off mechanism is operably secured to 

the discharge end of the carriage for auto 
matically severing the seal-off tube as the vac 
uum tube passes from the bombardment zone 
after which the tube is replaced by an unex 
hausted tube. 

Referring now more specifically to the con 
struction of the apparatus as disclosed in the 
drawings, represents a vertically disposed base 
having its lower end curved outwardly to form an 
annular Supporting flange 2. The upper end of 
the base has an inwardly extending annular flange 
3 upon which is mounted an upwardly extend 
ling tubular column 4 which, in turn, has the upper 
end thereof provided with an inwardly extend 
ing flange 5 for supporting a plurality of, in this 
instance nine, outwardly extending radial arms 6, 
See Figures 1 and 4. 
These arms 6 extend across the upper end of 

the column 4 and are secured thereto by bolts or 
Screws 7 screw-threaded in the flange 5 and by 
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2,006,771 
a supporting spider 8 positioned within the upper 
end of the column 4 with the ends of the arms 
thereof engaging the underside of the flange 5 
and to Which the inner ends of the arms 6 are 
Secured by Suitable bolts or ScreWS 9. The Outer 
ends of each of the arms 6 terminate in a ver 
tically extending head 6' to which is adjustably 
Secured an inverted U-shaped bracket O by 
means of a pair of Screws passing through 
elongated slots provided in the head 6' and screw 
threaded in the adjacent side of the bracket. 
The arms 6 and the brackets are for the pur 

pose of supporting the stationary table as f2, 
see Figures 4 and 5. The table f2, in this instance, 
consists of a pair of concentric annular support 
ing plates 3 and 4 positioned concentric with 
the base and a pair of similar plates 5 and 6 
composed of any suitable insulating material 
such as that commonly known as transite or the 
like. 
The supporting plates i3 and 4 are disposed 

in a horizontal plane in radial spaced relation 
with each plate positioned beneath a respective 
leg 0 of the brackets while the insulating 
plates 5 and are positioned over a respec 
tive supporting plate and are secured to said 
plates and to the Supporting brackets to by means 
of boltS or screws 7 passing through register 
ing holes in the brackets and adjacent insulating 
plates, and screw-threaded in the respective sup 
porting plates, as shown more particularly in 
Figure 4. These insulating plates 5 and S have 
their adjacent edges extending inwardly beyond 
the adjacent edges of the supporting plates 3 
and 4 for the purpose of supporting a pair of 
electric pick-up bars 3 and 9 composed of brass 
or other Suitable imaterial equally well adapted 
for conducting electricity, see Figures 4 and 8. 
These bars 8 and 9 may be secured to the re 
Spective plates 5 or is in any suitable manner 
aS by boltS or Screws 29 and are arranged to ex 
tend circumferentially of these plates with their 
inner adjacent edges in vertical alignment with 
the inner adjacent edges of said plates for the 
purpose of permitting a continuous electrical 
connection with each of the tube exhaust ports 
during the rotation of said exhaust ports in a 
manner hereinafter more fully explained. 
Mounted upon the table 2 is the oven 22 which 

is maintained in position upon said table by the 
brackets 0 through which the furnace passes. 
The furnace, in this instance, is inverted U 
shaped in cross section and is composed of an 
outer and inner case 23 and 24 respectively which 
are insulated from each other by any suitable in 
sulating material such as mineral wool 25. 
The cross section of the furnace is substantially 

the same in form and size as the inner cavity of 
the brackets So that when said brackets and 
the Stationary table E3 are secured together, the 
oven 22 will be securely clamped therebetween. 
The furnace, as hereinbefore stated, extends circumferentially over a greater portion of the 

table 2 and has the lower end thereof partly en 
closed by the insulating plates 5 and 8 of the 
table 2 Which extend in Wardly Sonne distance 
beyond the resp2ctive side Walls of the furnace 
So as to form a boStoria for the irier chamber 
as 26 in the furnace having the lower or bottom 
side thereof provided with a circular slot 27 ex 
-tending circumferentially from one end of the 
furnace to the Other. As ShoWa, this slot extends 
entirely around the stationary table 2 for per 
mitting the tubes to extend through said table 

3 
and into the furnace during the continuous move 
ment of the tubes. 
The ends of the furnace are closed by Suitable 

end plates 23 slidably mounted in vertical guides 
29 Secured to opposite side walls of the respective 
ends of the furnace, see Figures 4 and 18. Each 
of these end plates 23 is provided with an opening 
30 which extends upwardly from the lower edge 
thereof and having the contour thereof conform 
ing with the contour of the tubes for permitting 
the tubes to be continuously moved into and out 
Of the Oven through Said end plateS. 
Any suitable neains may be utilized for produc 

ing the required amount of heat in the oven 22 
such as electrical heating elements, or as shown 
in the drawings, the oven may be provided with 
perforated tubes or burners 32 which are, in this 
instance, arranged in three sets of two tubes each 
with a tube of each set positioned at the botton 
of the oven chamber 26 adjacent the Outer and 
inner Wall of said channber, two of the Sets of 
tubes extending inwardly from respective ends 
of the oven to substantially a third of the dis 
tange around the chamber 28 while the third Set 
of tubes is positioned at the central portion of 
the oven between the two outer positioned sets 
of tubes, as illustrated more clearly in Figure 1, 
for producing a uniform fiane throughout the 
oven chamber. 
The gas may be supplied to the burners under 

pressure through suitable conduits or pipes 35 
which are connected with any suitable Source 
of gas supply not shown, by a common conduit 36 
to which the conduits 35 aire connected. 
The conduit 36 may be provided, as shown in 

Figure 1, with a suitable valve 3 for controlling 
the supply of gas to the tubes 35, and the tubes 
35 in turn may be provided with suitable valves 
38 for controlling the amount of gas Supplied to 
the burner tubes 32 connected thereWith. Any 
suitable means for supplying air to the burners 
32 may be provided such as the pipes 34 which 
are, in turn, connected with a coinnon air Supply 
pipe 39 adapted to be connected with a pump not 
shown or other suitable means for Supplying air : 
under pressure. 
The pipe 39 may be provided with a control 

valve 48 for governing the amount of air Sup 
plied to the pipes 34 while each of the pipes 34 
may also be provided, as shown, with Suitable 
control valves & for governing the Supply of air 
to the respective burners connected therewith. 
In order... that access may be had to the interior 
of the oven, the upper wall of Said oven may be 
provided with a plurality of, in this instance two, 
openings 43 which may be closed by suitable 
cover plates A4 formed with insulated Spaced 
Walls similar to the construction of the Walls of 
the oven 22 and which are adapted to extend into 
the openings 33 for preventing the escapement 
of heat through Said Openings. 

Carrier . . . 

Below the stationary table 2 is a, rotary car 
rier composed primarily of a rotatable table 45 
and a tube carriage 4 ... The rotary table 45 is 
mounted in a horizontal plane near the base of 
the column 4 and is provided With a central open 
ing therethrough for receiving the lower enlarged 
portion 4 of said columin. The table 45 is mount 
ed for rotation upon a bail-bearing 46 which is 
mounted upon the upper surface of the flange 3 
of the base . 
The table 65 is rotated, in this instance, by 

means of a ring gear 4 Secured to the outer 
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periphery of a dependent annular flange 48 se 
Cured to or made integral with the table 45 and 
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which surrounds the bearing member 46. 
A pinion 49 for driving the gear 47 is secured 

to the upper end of a vertically disposed shaft 
50 which is rotatably mounted in a suitable bear 
ing 5 secured to the base by screws 52 or their 
equivalent, as shown more clearly in Figure 4. 
The lower end of the shaft 50 is operably con 

nected with a suitable speed-reducing gearing 53 
which is mounted on a horizontally disposed 
bracket 54 secured by screws 54 to the vertical 
portion of the base below the bearing member 
5. The drive shaft as 55 for the speed reducing 
gear 53 extends outwardly, in this instance, in a 
horizontal plane from said gearing, and has se 
cured to the outer end thereof a pulley 56 which 
is connected by a suitable belt 5 to the drive 
pulley 58 mounted upon the armature shaft of a 
motor 59 secured to the flange 2 of the base . . 
The outer edge of the table 45 terminates some 

distance within the vertical plane of the station 
ary table 2 and is provided with a pendant flange 
or skirt 60 which has the outer peripheral sur 
face thereof formed with a plurality of, in this in 
stance twenty, flattened surfaces 6 formed at 
right angles to a radial line passing through the 
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center thereof, see Figure 5. These flattened por 
tions 6 are for the purpose of supporting a re 
spective pump unit 62 which, in this instance, 
consists of a supporting bracket 63, an electric 
motor 64 and a pair of vacuum pumpS65, See Fig 
ures 2,3 and 4. The motor 64 is secured to a plate 65 which has 
one end thereof pivotally connected at one side 
at 67 to downwardly extending lugs 68 formed on 
the underside of the horizontal portion 63' of the 
bracket 63, while the other end of the plate 66 is 
adjustably secured to the bracket 63 by means of 
a screw 69 so that the motor may be adjusted 
relative to the drive pulleys as 70 of the pumps 
65 for adjusting the tension of the drive beltaS 
for the pumps which pass around the drive pulley 
as 72 of the motor and over each of the pump 
pulleys 70. - 
Each of the pump units 62 is removably Secured 

to the table 45 by means of a pair of screws 3 
which pass through respective slots 74 provided 
in the vertical portion 63' of the bracket 63 and 
is screw-threaded in the apron 60 of the table 
45. Each of the slots 74, in this instance, has 
the lower portion thereof enlarged to receive the 

. . . 55 
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head of the respective screw 73 so that all that is 
necessary for removing the pump unit from the 
table 45 is to loosen the screws 73 sufficiently to 
permit the pump unit to be raised until the heads 
of the screws are in registration with the en 
larged portion of the slot 74 whereupon the pump 
unit may be readily removed, and it is evident 
that a pump unit may be as readily secured in 
place to the table 45 by the reverse operation. 

Pump motor circuit - 

It will be readily understood that the pump 
units 62 will be continuously rotated by the table 
45, and in order to continuously operate each of 
these pump units during the rotation of the 
table 45 and independently of each other, there 
has been provided the following novel construc 

70 

75 

tion for Supplying electrical energy to these 
motors and which is illustrated more clearly in 
Figures 4, 12, 13, 19 to 24 inclusive, and Figure 
27 of the drawings. 

Each of the motors 64 being a three-phase 
motor, We have provided a brush unit 6 which 

2,006,771. 
is supported upon a bracket 77 in insulated re 
lation thereto, said bracket being secured by 
screws 78 to the vertical portion of the base 
at any convenient location as at the rear there 
of, as shown more clearly in Figures 1 - and 12. . 

5. The brush unit 76, in this instance, is provided 
with three brushes 79 which are pivotally mounted 
at 80 to a respective metal base 8, said brushes 
and bases being arranged in electrically spaced 
relation upon supporting plates 82 composed of 
insulating material, and each base 8 is provided 
With an electric terminal 83 adapted to be con 
veniently connected to one end of a wire 84 lead 
ing to a suitable source of potential not shown. 
The upper ends of each of the brushes 9 are 
yieldingly maintained in sliding contact with a 
respective bus-bar 85 by means of a compression 
spring 86 having one end positioned in a socket 
87 provided in a brush support 88 with which each 
brush proper is connected and the other end rest 
ing upon the adjacent portion of the base 8, as 
shown more clearly in Figure 13. “. . 
The bus-bars 85 extend concentrically about 

the base in radially spaced relation from each 
other, and they are Secured in electrically spaced 
relation to the underface of a bus-bar support 
ing ring 89 which is composed of any suitable 
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insulating material such as ebonite or the like. 
This bus-bar Supporting ring 89 is, in turn, Se 
cured to a plurality of, in this instance twelve, 
insulating spacing blocks 90 which are secured 
in uniform circumferentially spaced relation to 
the underside of the table 45 between the flange 
48 and apron 60 by means of screws 9 . . 

It will now be understood that the brushes 9 
being Secured to the base , will remain in a 
fixed position, while the bus-bars 85 being se 
cured to the table 45, will be rotated thereby 
relative to the brushes 79 but will be maintained 
in fixed relation with the pumping units 62, and 
by electrically connecting each of the pumping 
unit motors 63 with the bus-bars 85, electrical 
energy may be continuously supplied to each of 
said motors, and in accomplishing this result, we 
utilize a three-wire connector 92 which is illus 
trated in Figure 20 and diagrammatically in Fig 
ure 27, and which in this instance consists of a 
pair of terminal supports 92' and 92''' composed 
of any Suitable insulating material, and each of 
these terminal Supports is provided with three 
terminal units 93 and 94 respectively which are 
adapted to be removably connected with each 
other. 
connected by screws or otherwise to the skirt. 6 
of the table 45 adjacent the respective pump 
units, while the other terminal support 92'' is 
frictionally maintained in operative relation with 
the terminal 92 by the engagement with each 

One of the terminal supports as 92 is . 
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other of the terminals 93 and 94 thereby per 
mitting the ready connecting or disconnecting of 
the circuit Wires for the notor when mounting 
Or de-mounting the pump units, - 
Each of the connectors 92 has one set of ter 

minals 94 thereof connected in circuit to a re 
spective set of brushes of the corresponding 
pump motor 64 while the other set of terminals 
93 of the connector is connected in circuit with 

: respective Contact members of a three-phase 
four-wire 440 volt contactor 95, see Figure 27. 
Each of the contact members as 96, 97, 98 and 99 
of the contactor is maintained in electrical con 
nection with respective terminals 100, foll, 102 
and 03 by means of a relay 04 which is normal 
ly maintained in an energized condition by a cur 
rent passing from one of the bus-bars 85 through 
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2,006,771. 
the terminal f C3, contact member 99 and wire 
a to a respective terminal unit 93-94 of a second 
three-wire connector 92 constructed similarly to 
the hereinbefore mentioned connector 92 for the 
motors 64 and which is shown as being connected 
adjacent the respective pump unit upon the outer 
edge of the pump bracket 63, Figure 4. 
From the terminal unit 94, the current passes 

through a wire b and a manually operated Switch 
S. and Wire C to a second terminal unit 93-94 of 
the second-mentioned three-wire connector. 92 
and thence through the wire 95, cut-out switch 
06 and wire to the relay f4 and thence to the 

ground circuit of the motor 64 as shown. . . . 
It will be noted that the switch S is normally 

maintained in the closed position so that if, at 
any time, it is desired to Stop the operation of the 
motor 64 and pump connected there with in case 
the pumping unit breaks down or fails to properly 
function for any reason, the operation of said 
unit may be discontinued independently of the 
remaining punp units and the respective unit re 
placed without in any way interfering with the 
operatical of the remaining units by merely open 
ing the SWitch S which Will break the circuit pass 
ing through the relay 38 causing said relay to 
be de-energized and permitting the contactor 95 
to move to the open position thereby breaking the 
circuit for operating the l'espective notor 64. 

If, however, the circuit for any one of the 
pump motors 64 is broken, said pumping unit 
Controlled thereby is idle due to the respective 
relay 4 becoming de-energized with the conse 
quent opening of the respective contactor 95, and 
if it is desired to put said pumping unit, into 
Operation, all that is necessary is to cause the en 
ergizing of the relay, 84 by closing a manually op 
erated switch r connected in series with the cut 
out switch 36. When the switch r is closed, the 
current then will pass from one of the bus-bars 
85 through the teriniinal 3, wires 3 and d. 
through a respective terminal unit 93-94 of the 
second-mentioned three-wire connector 92 and 
thence through the SWitch r, line c, terminal units 
93-94, wire 5 and thence through the normally 
closed cut-out switch 28 and wire 37 to the re 
spective relay 4 and then to the ground cir 
cuit leading from the motor 64 whereupon the 
relay 84 will again become energized and cause 
the closing of the "espective contactor. 95 which 
Will again establish a current through the respec 
tive pump motor 34 and cause the respective pump 
unit to resume operation. - - 
As hereinbefore Stated, there is one of the auto 

matic cut-out 2 ind starting Switches for each pump 
unit and they are constructed in the following 
nihanner: A base as 3, Figures 19, 21, 22, 23 and 
24, compoged of suitable insulating material such 
as ebonite or the like, is secured to a plate 
Which, in tulin, is Secured to the skirt. 6 of the 
table 45 in proXimity to the corresponding pump 
unit. - -, i." 

Upon the base f { is mounted in spaced rela 
tion a pair of contact mennbei's 2 and 3 which 
consists of relatively thin narrow strips of Spring 
metal with their intern ediate portions bent to 
extend outWardy to for'ta respective can men 
bers and 5. One end of these contact men 
bers is secured by bolts or screws 8 to the base 

3. The other end of each of the contact mem 
bers is provided with a lug to form one-half of 
respactive contact points 20 and 2i, the other 
half of which is secured to respective ends of a 
common terminal bar 22 which extends trans 

5 
versely of the base float one end thereof and to 
which said bar is secured by a screw 23. ... 

It will be noted that the automatic cut-out 
switch 06 is normally in the closed position, 
while the automatic starting switch 08 is nor 
nally in the open position. . . . . 
By referring to Figure 27, it will be understood, 

as previously explained, that with the cut-out 
switch f36 in the closed position, the relay 4 
is maintained in an energized condition which 
maintains the gang switch 95 in the closed posi 
tion and thereby maintains a closed circuit for 
the espective pump motor 64. When it is desired 
to stop the operation of the motor 64 and the 
pumps actuated thereby, it is only necessary to 
open the respective cut-out switch 06 which will 
cause the relay 94 to become de-energized and 
tiereby permit the gang switch 95 to move to the 
open position and open the motor circuit, and 
for this purpose, there is provided a throw-out 
trip member 26 which is, as shown in Figure 5, 
so positioned as to open the cut-out Switch and 
stop the corresponding motor at the end of the 
bombardment zone. This throw-out trip mem 
ber 26, in this instance, consists of a base plate 
f 27 composed of any suitable insulating material 
and which is secured by screws 28 to a Support 
ing bracket 29 secured to the vertical wall of 
the base . 
Mounted on the base plate i27 is a U-shaped 

latch bracket 30 having a pair of side plates 3f 

10 

secured to opposite sides thereof. Pivotally se 
cured to the side plates 3 f at 32 is a latch mem 
ber 33 which is mounted in proximity to one of 
the legs as 34 of the bracket 30 and arranged so 
that, said leg Will form a Stop for limiting the 
pivotal movement of the latch 33 in one direc 
tion, as illustrated in Figure 21. 
The latch is yieldingly maintained against Said 

lug so as to extend outwardly in a radial direction 
from the machine base f by a spring-actuated 
plunger 35 which has one end thereof pivotally 
connected to the latch 33 and the other end slid 
ably mounted in a guide bushing 36 secured to 
the opposite leg as 37 of the bracket 30. 
The outer end of the latch 33 is arranged to 

extend in the path of movement of the cam 4 
of each cut-out switch member 06 so that as 
each cut-out switch is moved past the throw-out 
trip member 26, said switches will be opened 
thereby sufficiently to open the circuit leading 
through the relay O4 thereby causing said relay 
to be deemergized and permit the gang switch 95 
to assume the open position and cut off the supply 
of current to the respective pump motor. . . . 

. In order that the pumps may be automatically 
started to operate again after the evacuated tubes 
have been replaced by fresh tubes and before these 
tubes enter the oven 22, which operation will 
hereinafter be more fully described, there is pro 
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60 vided a starting trip member 39 which is posi 
tioned, as shown more particularly in Figure 5, 
ahead of the throw-out trip member 26 inter 
mediate the bombarding Zone and the inlet of the 
oven 22. This starting trip member 39 is con 
structed substantially in the same manner as the 
throw-out trip. 26 and, therefore, the different 
parts thereof have been given the same reference 
numerals as the throw-out trip member 26 and 
need not, therefore, be further described. 
The starting trip member 39 is mounted simi 

larly to the throw-out trip member 26 except 
that the starting trip member is positioned so 
that the latch 33 thereof will be in the path of 
movement of the cams 5 of each starting switch 



is 

25 

As 

so 

s 
f8 for automatically closing said switch, and the 
bracket 29 upon which said starting trip member 
39 is mounted is hingedly connected as at 29, 
Figures 5 and 43, with the base so that the 
starting trip member may be swung about a hori 
zontal axis out of the path of movement of the 
cans 5 and thus permit the pump units to pass 
the inlet of the oven without starting. This is 
done when the machine is to be shut down so that 
as the tubes are sealed off and the remainder of 
the tubulations are removed from the respective 
exhaust ports, the now open exhaust ports will 
enter the oven with the pumps connected there 
with inoperative, which will thus prevent the 
damaging action of otherwise drawing the hot air 
from the oven into the pump system. 
By referring to Figure 27, it will be evident that 

the closing of the starting switch, when the con 
tactor 95 is in the open position, will establish a 
circuit from the terminal 63 through the start 
ing switch 08 and line IOT and then through the 
relay 64 to the ground line of the motor circuit. 
this will cause the relay 04 to be energized which 
in turn will bring the contactor 95 to the closed 
position and thereby re-establish the circuit 
through the respective pump motor 64, and it is 
evident that this motor circuit will remain closed 
as long as the relay 04 remains energized which 
condition will be maintained after the starting 

36 switch 68 has returned to the open position by 
the current passing through the switch contact 
member 99, line iO5, cut-out switch to and line 
167 until such time as the cut-out switch 6 is 

member 26. 
again opened by the action of the throw-out trip 

Tube carriage 
... The vacuum pumps 65 may be of any well 
known construction adapted to produce a high 
degree of vacuum in the tubes and, therefore, it is 
not necessary herein to illustrate or describe these 
pumps in detail. The suction port of each of the 
vacuum pumps 65 is provided with a nozzle sis 
which is connected to a respective exhaust port 
40 secured to the tube carriage as f4 mounted 
on the rotating table 45 in the following novel 
manner: The tube carriage 44, in this instance, 
consists of an annular water manifold 43 formed 
of a plurality of, in this instance eight, hellow 
segments 44 rectangular in cross section and 
maintained in fixed operative relation, end to end 
beneath the fixed-table 2 and in vertical align 

55 

ment with the slot 27 in said fixed table by means of a plurality of, in this instance eight, brackets 
45. 
These brackets f45 are arranged one at each 

of the meeting ends of the adjacent segments, 
as shown more clearly in Figures 5 and 26. Each 
of these brackets is provided with a slot in the 
upper surface thereof of substantially the same 
width and depth as the manifold 43 for receiv 
ing the ends of the adjacent manifolds which are 
secured in place and to the brackets by a cover 

s 

re 

plate 45 which extends over the top of the 
manifold ends and is secured by screws or other 
wise to the bracket proper. - 
Each of the manifold brackets f45, is secured 

by screws f46 to the outer end of a horizontally 
disposed arm 47 which extends outwardly in a 
radial direction from the column in a plane 
some distance above the rotor table 45. 
The arms 47 are secured to the rotating table 
5 in uniform circumferential spaced relation to 

rotate therewith by means of upwardly extend 
lag posts or brackets 48 and 49. These brack 

4,000? 
ets are arranged in radial spaced relation upon 
the table 45 beneath a respective arm f47 and 
are secured to the table at one end While the 
other ends of these brackets are secured to a 
respective arm 47, as indicated more particular 
ly in Figure 4. 
Each of the manifold segments f44 is pro 

vided with a plurality of, in this instance five, 
vertieal openings 50 therethrough arranged in 
uniform spaced relation circumferentially about 
the manifold and in a plane midway between 
the side walls thereof, see Figures 8, 10 and 26. 
In each of the holes 50 is secured in a liquid 
tight manner, a flanged bushing 5 which has 
mounted therein a vertically disposed exhaust 
tube 52 composed of rubber or other resilient 
material. These tubes 52 are each removably 
secured in the respective bushings by means of 
a collar 53 composed of brass or other suitable 
material and which has a loose sliding fit in the 
bushing 5?, while the opening through the col 
lar is of less diameter than the tube 52 for fric 
tionally engaging said tube, as shown in Figures 
8 afid 10. w . . , 

Each of these exhaust tubes f 52 is removably 
secured in the respective bushings fs by means 
of a resilient retaining member 54 which, in this 
iristance, is composed of spring wire bent to form 
a rectangular outline of sufficient size to extend 
beyond the peripheral edge of the bushing 5, 
while the ends of the wire are arranged in spaced 
relation at one side of the rectangle and are 
inserted through respective diametrically Op 
posed holes provided in the flange of the bush 
ing 6 and extend into an annular peripheral 
groove 53' provided near the outer end of the 
collar 53, as shown more particularly in Figur 
8 and 26. . . . 
The tubes 52 each have a central Opening as 
5 extending longitudinally therethrough, of 

substantially the same or of slightly less diam 
eter than the seal-off tube as X of the vacuum 
tube Y being treated so as to tightly receive and 
grip said seal-off tube for the purpose of hold 
ing the tube vacuum tight in the operative posi 
tion upon the tube carriage 4. The upper ends 
of these tubes 52 are arranged flush with the 
upper ends of the bushings - 5 while the lower 
ends of said tubes extend some distance below 
the manifold 43 and are connected with respec 
tive suction nozzles 65 of the adjacent vacuum 
pumps 85 by means of a tubular trap 57 com 
posed of glass or other suitable material. 
The trap 57, in this instance, is composed of 

two tubes. 58 and 59 of different cross sectional 
areas. The smaller tube as 58 extends through 
one end of the outer tube 59 and has the inner 
end thereof extending to within a relatively short 
distance of the opposite end of the outer tube 
f59 while the other end of the tube f S8 extends 
beyond the tube 59 to form the inlet of the trap, 
and is secured in the lower end of the central 
opening 55 of the tube 52. - - - - - 
The outer tube 59 of the trap is also provided 

with a laterally projecting tube 59' which ex 
tends at right angles to the inner tube 58 from 
that end of the Outer tube through which the 
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inner tube passes and is connected with the re- - 
spective suction nozzle 65' by means of a hose 
or flexible tube 60 so that air or gas drawn from 
the vacuum tube. Y will pass through the inner 
tube 58 to near the lower portion of the outer 
tube 59 of the trap f 57 and thence upwardly 
through the tube 59, as indicated by arrowsz, 73 
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Figure 8, through the outlet 59' and tube 60 to 
the respective pump 65. 
The lower end of the trap 5 is positioned in 

a spherical vessel 62 also composed of glass or 
like material adapted to contain a Suitable cooi 
ing element Such as liquid air which is normally 
maintained at a level above the lower end of the 
trap 5 as indicated by the dotted line I in 
Figure 8 for the purpose of maintaining the lower 
end of the trap at a very low degree of tempera 
ture for cooling and condensing the heated gases 
being drawn from the tube and thereby assisting 
in maintaining a very high degree of Vacuum in 
the vacuum tube being exhausted. 
The upper end of the vessel i82 may be pro 

vided with a cover as i G3 provided with a cen 
tral opening therethrough for receiving the lower 
end of the trap 5 and which may have a rela 
tively tight connection with the trap 57 and Ves 
sel 62 for the purpose of preventing the de 
composition of the cooling element contained in 
the vessel 62 to the maximum degree. 
The vessel 62 may be removably maintained 

in operative relation with the trap 57 by any 
suitable means Such as a Spring-actuated brack 
et 65 having a plurality of, in this instaince 
three, upwardly extending diverging arms 65' 
adapted to engage the vessel 62, the bracket 
being slidably mounted in a Swinging arm 6i 
which is pivotally connected at f6 to a bracket 
f 68 secured to each pump 65. 
Secured to the upper end of each bushing is 

in the manifold fig3 by screws it is a terminai 
support i? composed of any suitable insulating 
material, see Figures 8, 9 and 10. EaCh of these 
supports has its opposite side Wails provided 
with an inwardly extending slot i2 in which 
is positioned a terminal block 73 composed pref 
erably of stainless steel and which ihave an in 
ner chamber 14 extending downwardly from 
the upper surface thereof. 
The outer vertical wall of each of the terminal 

blocks 3 extends a relatively short distance be 
yond the adjacent face of the terminal Support 
if i and is provided with a longitudinally ex 
tending horizontally disposed slot is for re 
ceiving therein one end of a respective pick-up 
brush 6 which has the other end thereof ex 
tending rearwardly and normally Spring-pressed 
outwardly for slidably engaging the adjacent 
pick-up bar or track i8 or 9. - 
The upper end of each terminal block chanber 

iTA is enlarged to form an annular receSS for 
supporting therein the upper end of a mercury 
cup. 78 which is adapted to extend downwardly 
into the respective chaniber 4. These inercury 
cups it 8 are for the purpose of receiving the 
terminal wires of the tubes during the evacu 
atting process for the purpose of electrically con 
necting them with a source of potential so that 
these wires may become heated for the purpose 
of driving the gases out of the coating of the filia 
ment, and in order that this connection imay be 
readily made without the use of clamps, Screws 
or the like, the cups are partially filled with a 
*conducting liquid such as mercury so that when 
an electric circuit is connected. With, for in 
stance, the outer pick-up ring 8, current will 
pass through the outer brush f is to the respec 
tive terminal block 3 and thence through the 
mercury cup 8 and mercury contained therein 

in said cup; thence 
through the filament to the mercury cup posi 
tioned at the inner side of the terminal block; 
thence through the respective mercury cup 78 

7 
and terminal block 73 and pick-up brush Sto 
the inner positioned pick-up bar 9. . . . 
As hereinbefore described, the pick-up bars 

or tracks 8 and 9 extend from within a short 
distance Within the inlet end of the Oven 22 , 
around through the Owen and to Within a short 
distance of the discharge end of the bombard 
ment zone, and in order that different voltages 
may be applied to the filaments as the tubes are 
moved through the Owen and bombardininent Zone, 
the outer pick-up ring or track 8 is made up of 
segments as 8', see Figures 5, 6 and 7. These 
segments 8' may be made of any desired length 
and are joined together in insulated spaced rela 
tion by means of a tie block 80 composed. Of Suit 
able insulating material which is Secured by any 
Suitable means to the outer insulating ring 5 
of the fixed table 2. 
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The adjacent ends of the segments, 8' are ar 
ranged in Spaced relation when assembled and 
each of the tie blocks f8 is provided on its inner 
vertical face with an inwardly extending tongue 
f89' which extends inwardly between these ad 
jacent ends of the segments 8' to maintain said 
SegmentS in insulated spaced relation. In order 
that each of the segments may be supplied with 
a pre-determined Voltage, we have shown a plu 
rality of, in this instance ten, electric conducting 
Wires 8 which are connected with respective 
pick-up. Segments 8' as illustrated in Figures 5 
and 8. These wires 8 may be maintained in 
fixed relation with the stationary table 2 in any 
Suitable manner as by a Series of brackets 82. 
Each bracket f82 has the inner end thereof 

provided. With a terminal 4 which is connected 
With a respective wire 8 and by a metal strap 
85 to a respective segment 8. The other end 

of the wires 8 may be connected with any 
Suitable Source of potential including a trans 
former not shown whereby the voltage for each 
Segment 8' may be quickly and easily changed 
independently of the remaining segments, to pro 
duce the proper heating of the filament as the 
tube is moved through the oven 22. The volt 
age of the current supplied to the tube filaments 4 
depends very largely upon the temperature at 
Which the tubes are designed to operate and the 
voltage for each segment may be uniform or 
Varied as desired to obtain the maximum effi 
Ciency. 
The inner pick-up bar 9 may be one con 

tinuous member or may be made up of segmental 
portions similar to the outer bar 8 in which case 
the Segments would be electrically connected 
together, and in either case, the pick-up bar f9 
is provided with one or more ground wires as 
86 for electrically connecting said bar with a 

: circular return bar f36' secured to the brackets 
f0 and which in turn, is electrically connected 
With the transformer in any well-known manner 
to complete the circuit through the filaments. 

Cooling system. 
In order that the tube exhaust ports and par 

ticularly the mercury cups 8 may be main 
tained at a relatively cool temperature and to 
eliminate the escape of mercury fumes which 
would otherwise be caused by heating, a cooling 
agent Such as water may be supplied to the mani 
fold 43 and to each of the mercury cups in the 
following manner: An annular vat 87 is mounted 
adjacent the column 4 upon the inner ends of the 
manifold supporting arms 47 to rotate with said 
arms and manifold, as illustrated more particu 
larly in Figures 1, 4, 5, 25 and 26. . . . . . . . . . . . 
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The upper portion of the vat 8T is opened for 

the purpose of receiving water therein from any 
suitable source as the supply pipe 88 which ex 
tends over the top of the oven 22 and may have 
one end thereof connected with any suitable 
source of water. Supply, as a tank or water main 
not shown, while the other end is provided with a 

10 

15 

20. 

30 

45 

50 

55 

60 

flow vat 9 with a drain or 

Connected. With the lower 

downwardly extending portion adapted to direct 
the water into the vat 87 as said vat is being ro 
tated by the rotary table 45. In order to prevent 
the overflow of the water in the vat 87 in case 
the water is supplied thereto faster than it is 
being discharged, there is provided a pair of 
overflow pipes 90 arranged at diametrically op 
posite sides of the vat and which have their upper 
ends positioned a short distance below the upper 
edge of the vat 87 and extend downward 
ly through said vat with the lower ends thereo 
extending into an overflow vat f 9. 
The overflow wat 9 is an annular vat similar 

to the vat 87 and is secured in any suitable 
manner to the column 4 intermediate the receiv 
ing vat 87 and the rotary table 45, as illustrated 
more particularly in Figure 4. Any suitable 
means may be employed for connecting the over 

source of supply as 
the outlet pipe f 92. . . . . portion of the inlet 
vat 87 at diametrically opposite sides thereof and 
in this instance in the vicinity of the Overflow 
pipes. 90, is one end of an outlet conduit 94 
which is connected at the other end to the Water 
manifold f43 adjacent one end of one of the seg 
ments thereof, as shown more particularly in 
Figures 25- and 26 for the purpose of supplying 
Water to said manifold. In order that Water may 
circulate from these segments to the remaining 
segments of the manifold, there has been pro 
vided a water connection comprising a U-shaped 
tubular member 96 which has the ends thereof 
connected with adjacent ends of the segments for 
by-passing the water around the closed ends of 
said segmentS. . . . 
The end of the segment adjacent the segment 

to which the water inlet is connected is provided 
with an outlet conduit 97 similar to the inlet 
conduit and which has the discharge end thereof 
connected with the respective overflow pipe 90 
intermediate the inlet vat 87 and overflow Vat 
19, as shown in Figs. 25 and 26 so that water en 
tering the inlet pipe as 88 and discharged into 
the vat 87 will flow from said vat through the 
manifold inlet conduits f 94 and enter at dia 
metrically opposite sides of the water manifold 
f43. The water then flows through the manifold 
in the direction of rotation thereof and from one 
segment to the other through the joining conduits 
196 to the opposite side of the manifold where it 
is discharged-through the outlet conduit 97 
and overflow pipe 90 to the overflow vat f9 

- and thence out through the outlet pipe 92 there 
by maintaining a fresh supply of cooling liquid 
to the manifold at all times. 
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In order that cooling liquid may be also sup 
plied to each of the terminal blocks and mercury 
cups contained therein, each of the terminal 
blocks in the terminal Support 7 adjacent the 
inlet conduits f 94 is connected with the interior 
of the manifold by means of a flexible conduit 
98 and a tube 99, said tube extending through 
a suitable Opening provided in the rear end wall 
of the terminal support 7 f. and having the inner 

- end thereof Screw-threaded or otherwise mounted 
in an opening provided in the vertical wall of the 
respective terminal block 73 in communication 

2,006,771. 
with the chamber f74, as shown more clearly in 
Figures 25 and 26. The opposite side of said chamber is provided 
with a similar tube. 200 connected therewith and 
which extends outwardly through an opening in 
the forward end of the terminal support and 
is connected by a Suitable flexible tube or hose 
20 to a similar tube 200 connected with the next 
adjacent terminal support 7 and which, in turn, 
is in communication with the respective chamber 
74 provided in said circuit. 
Each of the terminal supports and the terminal 

blocks 3 provided therein are connected in like 
manner with the next succeeding terminal sup 
port and block throughout the respective half 
portions of the water manifold with the last 
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positioned terminal support connected with the 
interior of the respective manifold segment by 
outlet conduits 202 similar to the inlet conduits 
98 and which communicate with the interior of 
Said segment near the outlet conduit 97 of said 
Segment. It is now evident that the water en 
tering the water manifold 43 at diametrically 
Opposite sides thereof, will not only pass through 
Said manifold but will also be forced up through 
the inlet conduits 198 due to the pressure provided 
in the inlet vat 97 and through each of the 
terminal block chambers 74 and about the mer 
cury cups contained therein and thereby main 
taining the mercury in said cups at a sufficiently 
cool degree of temperature to prevent the escape 
ment of any mercury fumes which might other. 
Wise be discharged. . . . . . 

Bombardment carriage 
The carriage as 204 is utilized to support the 

inbefore mentioned, adjacent the exit end of the 
oven 22, see Figure 1. The carriage 204, as illus 
trated in Figures 28 to 33 inclusive, Consists of a 
pair of side bars 206 arranged in radial spaced 
relation one at either side of the slot 27 provided in 
the stationary table 2. These bars are slightly 
curved longitudinally to conform with the curva 
ture of Said slot and are joined together' by a 
plurality of, in this instance two, U-shaped end 
Cross bars 20 and four intermediate U-shaped 
crossbars 208, all of which are arranged in spaced 
relation longitudinally of the side bars 206. - 
The two end cross bars 207 are made, as shown, 

to extend a short distance below the side rails 
206 and have rotatably mounted on the lower 
ends of each leg thereof, a pair of grooved rollers 
209 arranged in vertical spaced relation for re 
ceiving a track rail 2fOtherebetween. There are 
two of these track rails 20 arranged concentri 
cally with the stationary table slot 27 one at 
either side thereof and they are maintained in 
sufficient spaced relation from the upper Surface 
of the table 2 by supporting brackets 21 secured 
in any suitable manner to the table 2 to permit 
the free movement of the carriage over said table. 
A coil-supporting plate 2?2 composed of in 

Sulating material is positioned longitudinally of 
the carriage 204 over the transverse portion of 
the cross bars 207 and 208 to which the plate is 
Secured by Screws 23 or by other suitable means. 
This plate 22 is for the purpose of supporting a 
plurality of, in this instance five, pairs of bom 
barding and flashing coils 205 arranged in trans 
verse Spaced relation longitudinally, of the car 
riage 204. These coils are each composed of 
copper tubing or the like coiled in a flat spiral 
with the outer ends 24 thereof extending up 
Wardly, through a respective slot 25 formed in 
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bombardment coils 205 and is positioned, as here 

40 

45 

50 

55 

60 

65 

5. 



O 

5 

20 

30 

40 

60 

65 

25. 

2,006,771 
the vertical edge of the coil-supporting plate 22 
and then bent at substantially right angles to ex 
tend substantially half way over the plate 22 
where it is coupled with the corresponding end 
of the companion coil by a union 26 to form a 
continuous passage for a cooling liquid Such as 
water, from one coil 205 to the other coil of the 
corresponding pair. 
The other end 27 of each coil is bent to extend 

outwardly from the interior of the coil and may 
be connected as is the case With the inner posi 
tioned coils of the first, third and fifth pair of 
coils by a flexible tubing as 28 to a Suitable 
source of fluid supply such as a pipe 29 connect 
ed with a cooling tank and force pump, not ShOWn, 
supplying distilled water, see Figure 1, So that 
cooling fluid as distilled water may be Supplied 
to the coils. Others of these centrally located 
coil ends 27, as those of the inner positioned coils 
of the Second and fourth pair and of the Outer 
coil of the fifth pair, are connected by a flexible 
tubing 220 to a respective return pipe 22 which 
are adapted to convey the fluid from the coils 
to the cooling tanks as indicated in Figures 1 and 

The remaining ends 27 of these coils, that 
is, the centrally located ends of the coils of the 
first and Second, and the third and fourth pairs, 
are connected by tubes 222, see Figures 1 and 32, 
so that water entering the water supply pipe 88 
may pass through the pipe or conduit .29 and 
flexible tubes 218 to the center of the innermost 
coils 205 of the first, third and fifth pairs of 
coils and Will then circulate through Said Coils, 
and in the case of the first and third pairs, Will 
paSS to the Outer positioned coils of Said pairs 
and thence through the tubing 222 to the second 
and fourth pairs of coils respectively and thence 
out through the outlet tubing 229 and conduit 
22 to the cooling tank, and the water entering 
the fifth pair of coils will pass through Said coils 
and be returned by the respective tubing 220 and 
conduit 22 to Said cooling tank for maintaining 
Said coils in a relatively cool degree of tempera 
ture during the bombardment operation. 

Each of these pairs of coils 285 is maintained 
in uniform Spaced relation on the carriage by a 
pair of Split brackets 224 which are composed of 
insulating material and are arranged one at either 
side of the respective union 26 and are bolted 
or otherwise Secured to the upper face of the coil 
Supporting plate 22, as illustrated in Figures 28, 
30 and 31. 
The pairs of coils 25' are spaced apart, in this 

instance, a distance equal to the circumferential 
Spacing of the tube Sockets fiG so that as the 
tubes are being moved forwardly from the oven 
22, each pair of coils will be brought into oper 
ative alignment with a respective tube whereby 
the metallic elements of the tube Will be heated 
by a powerful high frequency current induced 
by said coils, and for this purpose, the coils may 
be connected in any Well-known manner to a 
suitable source of potential not shown. 
The coils 255 of each pair are spaced apart, 

See Figures 30 and 31, a distance which will per 
mit the free novement of the tubes therebetween 
and at the same time, produce the maximum 
degree of efficiency; that is, each pair of coils 
205 is arranged at a given relation to the tubes 
for effecting the maximum degree of treatment 
of a specific element in the tube and for this 
purpose, the coils are arranged in three groupS. 
The first group comprises the first pair of tubes 
205'; the Second group consists of the second and 
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third pair of coils and the third group is com 
posed of the fourth and fifth pairs of coils. 
The first group of coils is arranged to bring 

the center of the coils 205 and, therefore, the 
center of the flux in the plane of the cup of 
the vacuum tube to de-gas said Cup by heating 
the same. The second group of coils is some 
what elevated above the first group to bring the 
center of fiux in the plane of the plates of the 
tubes to heat and de-gas said plates and the 
third group of coils is arranged at the same level 
as the first group for the purpose of again heat 
ing the cups of the tubes to such a degree as to 
cause the flashing of the contents thereof. 
In order that the value of the current Supplied 

to each group of coils may be altered or con 
trolled independently of the other groups of coils 
for obtaining the desired degree of temperature 
of the tube elements effected thereby the coil 
groups may be connected in circuit with an ad 
justable bombarder of any Well-known nake not 
herein necessary to illustrate. As an example, 
the current Supplied to the first group of coils 
may have a value of 150 amperes which will heat 
the cup sufficiently to drive out the occluded gases 
but not to such a high degree of temperature as 
to flash the Cup. 
The Second group of coils may be subjected to 

a current of 100 amperes which will produce a 
heat by induction Sufficient to de-gas the plates, 
While, the current supplied to the third group of 
coils will flash the cup at 125 amperes. 

lin Order that the Cups may remain in opera 
tive relation with each group of coils, a sufficient 
length of time to obtain the desired result, each 
pair of coils is caused to travel a certain distance 
With the tubes, in this instance, Substantially 
equal to the distance between two tube sockets 
fi and then move rearwardly to the direction 
of rotation of the tubes into operative relation 
With the next and Succeeding tube, and for this 
purpose, there is secured to the upper surface 
of the tube-Supporting manifold 43 substantially 
'midway between the adjacent tube sockets 40, 
a drive bar 226 which has one end thereof 226 
up-turned to engage a detent 227 pivotally con 
nected at 228 to a supporting bracket 229 secured 
by screws 23 to the Outer side rail 206 of the 
carriage 294 intermediate the ends thereof. 
The detent 22 extends forwardly from the 

pivot 228 and is yieldingly maintained in the 
normal down position against a limiting stop or 
pin. 229 by a Spring member 230 which is secured 
at one end to an offset portion of the bracket 
229, as illustrated Imore clearly in Figure 34. 
The forward end 227 of the detent 22 is 

tapered downwardly and rearwardly for the pur 
pose of engaging a trip bar 23 secured to the 
top of the stationary table 2 ahead of the detent 
Supporting bracket 229 and having the inner end 
thereof in a plane above the drive bar 226. So as 
to permit the free passage of Said drive bar be 
neath the trip bar. The rear vertical edge as 
23 f' of the inner end of the trip bar 23 is bev 
eled, as indicated in Figure 35, and positioned in 
the path of movement of the beveled edge 227' 
of the detent 227 so that as the carriage 204 is 
being moved forwardly by the engagement of one 
of the drive bars 226 and detent 227, the detent 
will be disengaged from the respective drive bar 
as the can portion 22' thereof rides upon the 
beveled portion 23 of the trip bar 23 which 
Will permit the carriage 204 to be returned to 
the starting position by any suitable means as, 
for instance, a weight 232 slidably mounted in 
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a guide tube 233 which may be secured in any 
suitable manner to the floor or support for the 
apparatus and which is connected by a flexible 
cable 234, link 235 and bracket 236 to the car 
riage 204. 
The bracket 236 is shown, in this instance, as 

peing connected to the outer side rail 206 of the 
carriage near the rear end thereof, and the flex 
ible cable 234 is shown as passing over a suitable 
guide pulley 237 which is rotatably mounted in a 
supporting bracket 238 secured to the stationary 
table 2, said cable passing downwardly through 
a suitable aperture 240 provided in the adjacent 
portion of the stationary table 2. 
The carriage 204 is normally maintained in the 

rear-most position against the action of the 
weight 232 by means of a limiting stop 24 secured 
to each track rail 20 near the rear ends thereof 
and which is adapted to be engaged by the re 
spective lugs of the rear end cross bar 20, as 
illustrated in Figure 32....In Order to Cushion the 
rearward movement of the carriage 204 when com 
ing in contact with the stop 24, a suitable flex 
ible buffer member 242 composed of yielding na 
terial such as rubber, may be positioned in the 
weight guide tube 233 at the bottom thereof in 
the path of movement of the weight 232 as it 
approaches its lowermost position. 
The relation of the carriage stop 24, detent 

22, drive bars 226 and the trip bar 23 are such 
that when a tube emerging from the oven 22 comes 
into operative alignment with the first pair of 
coils 205 positioned at the rear of the carriage 
204, the carriage 204 will be moved forwardly by 
the engagement of the detent 22 and one of the 
drive bars 226 maintaining the coils and tube in 
operative relation until the carriage and coils have 
been moved forwardly substantially the distance 
between two tubes, whereupon the detent 227 will 
be engaged by the trip bar 23f which will release 
the carriage 204, and permit it to be returned to 
the starting position by the action of the weight 
232 and as the drive bars 226 are provided one 
for each tube, this movement of the carriage and 
coils will be repeated for each tube emerging from 
the oven. 22. 

Seal-off mechanism 

As each tube passes from the bombardment 
zone, it is next operated upon by the seal-off torch 
which automatically seals the tube and discon 
nects it from the evacuating pump. The seal-off 
torch, in this instance as illustrated in Figures 
36 to 42 inclusive, consists of a pair of gas jets or 
burners 245 mounted in opposed relation at the 
forward end of a U-shaped supporting frame 246. 
This frame consists of a pair of burner-support 
ing blocks 247 secured to the forward ends re 
spectively of a pair of horizontally disposed rock 
arms 248 pivotally mounted intermediate their 
ends upon a shouldered screw 249 secured to the 
forward ends of the carriage side bars 206 which 
are extended for Wardly beyond the forward end 
cross bar 20 for this purpose. 
The rear ends of the rock arms 248 are pro 

vided with weights 250 for counterbalancing the 
forward end of the torch frame to permit the 
ready pivoting movement of the frame about the 
pivots 249 for a purpose presently described. 
-The burner-supporting blocks 247, in this in 

stance, are each provided with a bore 25 in com 
munication with the respective burner. 245. These 
bores 25 are also connected with each other by 
means of an inverted U-shaped tubular yoke 252 
which has its ends secured in respective blocks 

2,006,771 
2.47 and which is of sufficient height and width 
to permit the free passage therethrough of any 
vacuum tube for which the machine is designed. 
The fuel, as a mixture of gas and air, may be 

supplied to the burners 245 in any suitable man 
ner as by a flexible conduit 253 which has one 
end thereof connected to a corrugated hose con 
nection 254 which, in turn, is connected with One 
of the blocks 247 in communication with the re 
spective bore 25. The other end of the conduit 
253 may be connected, as shown more particular 
ly in Figure 1, with a pipe or conduit 255 which 
is connected with the air inlet pipe 39 and also 
through the medium of a second conduit 256 and 
pipe 35 with the gas supply conduit 36. 

It is now evident that the mixture of gas and 
air entering through the conduit 253 into the bore 
25 
through the respective burner 245 connected with 
said bore and also be conducted by the yoke 252 
to the other burner 245, and in order that the 
supply of fuel may be uiniform to each of the 
burners, the bore to which the supply conduit 
253 is connected, may be provided with a valve 
for controlling the supply of fuel to the burner 
connected therewith which, in this instance, con 
sists of the screw 25 screw-threaded in said bore 
So as to be brought into more or less closing re 
lation with the port as 258 leading from the bore 
to said burner as shown more particularly in 
Figure 37. 
Any suitable means may be employed for ignit 

ing the gas escaping from the burners 245 and 
which, in this instance, consists of an electrode 
259 connected at one end by a screw 260 in insul 
lated relation with the frame 246 and which has 
the other end thereof positioned in slightly spaced 
relation with the outlet end of one of the burners 
245 which constitutes the other electrode and 
which may be electrically connected together 
with the electrode 259 with an induction coil as 
264, Figures 1 and 36, which may as shown, be 
provided with a suitable switch 262 which when 
moved to close... the circuit, will cause current 
to pass through the electrode 259 and jump across 
the spark gap between said electrode and the ad 
jacent portion of the burner 245 constituting the 
other electrode thereby igniting the gas escaping 
from said burner. In order that the flame pro 
duced at the burners 285 may not injure the vac 
uum tube during the seal-off operation, there is 
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provided a pair of shield plates 264 which are 
arranged in a horizontal plane transversely of 
the frame 246 over, the burners 245 with their 
Outer ends secured to the respective burner sup 
porting blocks 247, and their inner ends terminat 
ing in spaced relation substantially midway be 
tween said blocks, the inner ends of these plates 
264 being spaced apart a distance slightly greater 
than the diameter of the Seal-off tube as X of the 
vacuum tubes Y being evacuated. The rear edge 
of the inner ends of each shield plate 265 is ex 
tended rearwardly and downwardly to form re 
spective guides 264 for engaging the lead-in 
wires of the tubes and lifting them out of the re 
Spective mercury cups and Onto the shield plates 
prior to the Sealing off of the tube X. 
The shield plates 264 are also utilized to posi 

tion the vacuum tube at a predetermined position 
relative to the burners 245 during the seal-off op 
eration so that the seal-off tube X will be severed 
in close proximity with the bottom portion of the 
tube Y. In order to accomplish this result, the 
frame 246 is rocked about the pivots 249 to bring 
the shield plates 246 below the base of the tube as 
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said plates engage the tube at the rearmost posi 
tion of the frame 246 and, therefore, a corre 
Sponding position of the bombardment carriage 
204 with which said frame is connected. 
In order to automatically accomplish this re 

Sult, there has been provided a guide block 265 
Which is Secured to the upper surface of the sta 
tionary table 2 at the inner side of the carriage 
204 near the forward end thereof, as shown more 
particularly in Figures 36, 38 and 39 and in op 
erative relation with a guide pin 266 secured to 
the rear end of an extension lever 267 which has 
the forward end thereof pivotally mounted on 
the adjacent stud 249 for the seal-off frame 246, 
the extension lever 267 being maintained in the 
plane of the adjacent rock arm 248 of the frame 
246 and against upward movement by a limiting 
pin 268 which is secured to said extension lever 
intermediate the ends thereof and adapted to 
travel in a slot 269 provided in the lower edge of 
the rear end of the adjacent rock arm 248. 
The rear end of the seal-off frame 246 is nor 

mally maintained in the uppermost position 
When the carriage 204 is in its normal rearmost 
position by the guide pin 266 resting upon the 
upper Surface of a Vertical extension 265' formed 
at the rear end of the guide block 265. As the 
carriage 204 and the frame 246 are moved for 
wardiy by the action of one of the drive bars 226 
upon the detent 227 in a manner hereinbefore 
described, the guide pin 266 will ride downwardly 
over a beveled cam face 270 formed at the for 
ward vertical edge of the extension 285 and 
thence along a flat surface 2 over the top of 
the major portion of the guide block 265, as illus 
trated more clearly in Figures 38 and 39, thereby 
permitting the forward end of the seal-off frame 
246 to be yieldingly moved by the weights 250 
from the lowermost position to the uppermost 
position, as indicated by full lines and dotted 
lines respectively in Figure 38, as the carriage 294 
approaches its extreme forward position. This 
upward movement of the forward end of the 
frame 246 will bring the shield plates 264 in con 
tact with the bottom portion of the vacuum tube 
Y which will cause the seal-off tube X to be 
severed adjacent the underface of said shield 
plates and in close proximity to the bottom of 
the tube. 
As the carriage is being returned to its original 

rearmost position by the action of the Weight 232 
in a manner previously described, the forward 
end of the frame 246 will again be brought into 
its lowermost position by the guide pin 266 trav 
eling upwardly over a campawl 273 which has 
one end thereof normally resting on the surface 
27 of the guide block 265 and the other or rear 
Wardly positioned end pivotally mounted in an 
elevated plane upon a screw or pin 24 Secured 
to a bracket 275 connected with Or made integral 
with the guide block 265, as shown in Figures 39 
and 41. 
The upper surface of the rear end of the cam 

pawl 273 is, as shown, in the plane of a guide 
plate 276 formed integral with the bracket 275 
and which, in turn, is in the plane of the upper 
surface of the extension 265” of the block 265. 
A rock arm as 27 is Secured at One end to a 

shaft 278 which is pivotally mounted in the 
bracket 275 at the rear of the guide plate 276. 
The rock arm 277 extends rearwardly from the 
pivot 278 with the rear end thereof adapted to 
engage the upper portion of the cam surface 270 
and is normally maintained in Spaced relation 
thereto for permitting the passage of the guide 
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pin. 266 along said cam surface. 270 during the 
for Ward movement of the carriage 204 by means 
of a weight 279 which is secured to the opposite 
end of the pin 278 as shown more clearly in Fig 
lures 40 and 41, the upward movement of the 
rock arm 277 being limited by the engagement 
thereof with the rear edge of the guide plate 276, 
as shown in Figure 39. 

It will now be clearly understood that during 
the rearward movement of the carriage 204, that 
the guide pin 266 in traveling over the campawl 
23 and guide plate 276 will raise the rear end of 
the frame 276 and be guided across the cam face 
270 to the upper surface of the extension 265' by 
the rock arm 2 which will be moved to the 
lowermost position in engagement with the cam 
face 270 against the action of the weight 278 by 
the guide pin 266, and as soon as the guide pin 
266 has passed beyond the rock arm 277 and 
onto the upper surface of the extension 265, that 
the rock arm 277 will again be returned to its 
uppermost position by the action of the weight 
278 thereby permitting the free passage of the 
pin. 266 along the cam surface 270 of the guide 
block 265 when the carriage 204 is again being 
noved in the for Ward direction. - 

Operation 
Considering now, that the apparatus is in 

Operation, that is, that the oven 22 is being 
maintained at the desired degree of temperature 
by the flames issuing from the burners 32, elec 
tric current at the proper voltage and amperage 
is being supplied to the pick-up tracks f8 and 9 
and to the bombardment coils 205 and that the 
electric current is being Supplied to the bus-bars 
85 for Supplying current to the pump motors 64 
and that the rotary table and the pump units 
and tube exhaust portS connected therewith are 
being rotated by the action of the motor 59 and 
also that a cooling fluid as Water is being Sup 
plied through the inlet pipe 88 to the water 
manifold 43 and, therefore, to the tube exhaust 
ports 40 for maintaining the mercury cups at a 
normally low degree of temperature and that 
Water is being Supplied to the bombardment coils 
205. Vacuum tubes as Y Which have previously 
been assembled and in condition for evacuation, 
are then mounted in each of the tube exhaust 
ports 40 by inserting the seal-off tube as X in 
the respective inner passage 55 of the exhaust 
port tube 52 as the tube exhaust ports are mov 
ing between the bombardment carriage 204 and 
the inlet end of the furnace 22. 
Each of the vacuum pumps 65 connected with 

the tube exhaust ports which are located at the 
loading station between the bombardment car 
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riage .204 and inlet end of the furnace 22 will 
be in an inoperative condition due to the open 
ing of the circuit supplying the motors for said 
pumps by the operation of the throw-out trip 
member 26, and as soon as the exhaust ports 
have been loaded and the contactor 95 for con 
trolling the circuit to the respective motors has 
been closed by the action of the automatic 
starting switch 08, the pumps 65 actuated by 
these motors Will be Set into Operation and there 
by begin the drawing of the air from the tubes 
just previous to the tubes entering the furnace 22. 
As soon as the tubes enter the furnace 22, 

the glass portion thereof will be Subjected to the 
heat in the furnace which Will begin the freeing 
of the glass of the Occluded gases contained 
therein. Shortly after the tubes have entered the 
furnace, the filaments therein will be heated by 
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the pick-up brushes 76 connected with each 
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tube exhaust port coming in contact with the 
pick-up track 18 and 9 respectively which will 
free the coating of the filament of the gases 
contained therein which will then be drawn from 
the vacuum tube as rapidly as they are discharged 
by the action of the vacuum pumps. This free 
ing the glass of the tube and the filament of the 
occluded gases will continue during the passing 
of the tubes through the oven 22. 
As the tubes pass from the exit end of the 

furnace 22, the heating of the glass portion will, 
of course, be discontinued while the heating of 
the flament will continue until after the end 
of the bombardment zone. The tubes leaving the 
furnace 22 will then be brought into operative 
alignment with the first group of coils consist 
ing of the first pair 205" of coils connected with 

20 
the carriage 204, and as the tube and carriage 
204 are moved forwardly in unison, the cup of 
the tube will be heated by induced currents set 
up by these coils which will free the occluded 
gases contained therein. . . 
As the first tube and carriage reach the end 

of movement of said carriage, the carriage will 

35 

be automatically released from the respective 
drive bar 226 by the engagement of the detent 
227 with the trip bar. 23 and be returned to 
its normal rear position by the action of the 
weight 232 in the manner hereinbefore described, 
whereupon the first tube will then be in opera 
tive alignment with the second pair of coils 
connected with the carriage. 204, and the second 
tube coming from the furnace. 22 will be in op 
erative alignment with the first pair of coils 
205'. The second pair of coils 205 being posi 
tioned in the plane of the plate of the tube, 
said plate will be heated by induced currents set 
up by the second pair of coils, and the gases 
discharged therefrom will be immediately with 
drawn from the vacuum tube by the respective 

45 
the rearward position with the first and Second 

so 

65 
- cup of the tube. After the carriage has again 
reached the limit of its forward movement and 

to 

- 41 

pump. . . . . . . . . . . . . . . . . . . 
As the coils and tubes again approach the limit 

of the forward movement of the carriage 204, the 
carriage will then be released and returned to 
coils in engagement with the second and third 
tubes coming from the furnace 22, while the 
third pair of coils 205 will be in operative align 
ment with the first tube coming from the fur 
nace. As the third pair of coils 205 are in the 
same plane as the second pair of coils, the plate 
of the tube will remain subjected to the high 
frequency flux for the purpose of continuing the 
heating and driving out of the gases previously 
absorbed thereby. 
As the coils and tubes again approach the 

limit of the forward movement, the carriage 204 
will be released and each of the tubes will again 
be brought into operative relation with each Suc 
ceeding pair of coils 205" which will bring the 
first tube coming from the furnace into operative 
relation with the fourth pair of coils which, in 
this instance, are positioned in the plane of the 
first pair of coils; that is, that of the getter 

then returned to the rearward position, the first 
tube will then be subjected to the last or fifth 
pair of coils which being in the plane of the 
fourth pair of coils will continue the bombard 
ment and heating by induction of the getter cup 
to such an extent as to cause the flashing of 
the contents thereof. 75. It is thus seen that the tubes, as they pass 

from the furnace 22, are each successively 
brought into operative engagement with each 
pair of bombardment coils 205 and the metallic 
parts thereof are subjected to high frequency 
currents induced by the coils 205 which heats 
said - metallic parts and frees them of the oc 
cluded gases which are immediately evacuated 
from the tube, and as the tubes are successively 
brought into operative relation with the third 
and fourth pairs of coils, the contents of the 
getter cup such as magnesium or, as prefer 
ably used in this instance, barium, is flashed for 
the well-known purpose of absorbing any gases 
remaining in the vacuum tube. 
Each of the tubes leaving the bombardment 

zone will then be successively engaged by the 
seal-off mechanism as the carriage 204 assumes 
the extreme rearward position; that is, as the 
carriage approaches the rearmost position, the 
guide members 264' will pass between the lead-in 
wires of the respective tube Y as the shield plates 
264 are being brought beneath the tube and the 
burners 245 will be brought into operative rela 
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tion with seal-off tube X. As the carriage and 
tube travel in unison towards the extreme for 
ward position of the carriage, the forward end 
of the seal-off frame 246 will be lifted by the ac 
tion of the weights 250 as said frame is freed by 
the guide pin 266 passing from the extension 265 
of the guide block 265 to the lower surface 27 
thereof. This upward movement of the forward 
end of the seal-off frame 246 will cause the lead 
in wires for the tube to be lifted by the shield 
plates 264 from the respective mercury cups out 
of the path of the flame emitted by the burners 
245, and at the same time, bring the shield plates 
into contact with the bottom of the tube. Y which, 
in turn, will subject the seal-off tube X to the 
flame and sever it adjacent the bottom end of the 
tube. - 

Just after the severing of the seal-off tubes, the 
operation of the respective pumps will be discon 
tinued due to the opening of the circuit for the 
motors operating said pumps by the respective 
cut-out switches 06 coming into operative en 
gagement with the automatic throw-out trip 
member 26. - 
As the tube Y is released by the severing of the 

seal-off tube X, the tube may then be removed 
from the machine after which the portion of the 
seal-off tube X remaining in the exhaust port 
may be removed from said exhaust port and the 
exhaust port be again re-loaded with a fresh 
tube. . 

It is now evident that the tubes may be con 
tinuously and successively moved from the load 
ing position to the seal-off position, which elimi 
nates the time otherwise consumed in intermit 
tently moved evacuated mechanism in the start 
ing and stopping thereof during the vertical 
movements of the bombardment coils; that the 
mechanism thereof is comparatively simple in 
that no Geneva movements or other mechanism 
for producing intermittent movements is em 
ployed, and although there has been shown and 
described the preferred embodiment of this in 
vention, it is not wished to be limited to the exact 
construction shown, as various changes in the 
construction both in the form and relation of the 
parts thereof may readily be made without de 
parting from the spirit of this invention as set 
forth in the appended claims. 
We claim: - - 

1. In a machine for evacuating radio tubes, 
heating means for the elements of the tubes con 
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sisting of groups of high frequency coils ar 
ranged with the coils of each group at opposite 
sides of the path of movement of the vacuum 
tubes and with the coils of each group positioned 
so that a respective element of the tube will pass 
through the center of flux of said coils, means 
for continuously moving the tubes through said 
groups of coils, and means for intermittently 
moving the coils in unison With said tubes. 

2. A machine for evacuating radio tubes.com 
prising a fixed table having an oven, high fre 
quency coils and a seal-off mechanism connected 
therewith in circumferential spaced relation, a 
carrier comprising tube-receiving exhaust ports, 
said exhaust ports having mercury cups for re 
ceiving the lead wires for the tube electrodes, 
means for Supplying an electric current to Said 
mercury CupS, means. for continuously rotating 
the carrier to bring the tubes connected with 
said exhaust ports into successive operative re 
lation with said oven, coils and seal-off mecha 
nism, and means for maintaining Said mercury 
cups at a relatively cool degree of temperature. 

3. A machine for evacuating radio tubes con 
prising a fixed table having an oven, high fre 
quency coils and Seal-off mechanism mounted 
thereon in circumferential sequential relation, 
said seal-off mechanism and oven being main 
tained in spaced relation to provide a tube load 
ing station, a carrier comprising tube-receiving 
exhaust ports, means for continuously rotating 
the carrier to bring the tubes connected With 
Said exhaust ports into Successive Operative re 
lation with said oven, coils and Seal-off mecha 
nism, pump units for evacuating gas or air from 
the tubes comprising a vacuum pump connected 
With a tube exhaust port and a motor for Oper 
ating said pump, means removably securing each 
unit to the carrier to rotate therewith, and 
means for automatically controlling the Opera 
tion of the pumps at the loading station. 

4. In a machine for evacuating radio tubes, a 
plurality of tube exhaust ports, high frequency 
coils arranged in planes at opposite Sides of Said 
exhaust ports, means for causing relative move 
ment of the coils and exhaust portS, Separate 
means for intermittently moving the coils and 
exhaust ports in unison whereby the tubes in 
said exhaust ports will be Successively heated by 
Current induced by Said coils. 

5. In a machine for evacuating radio tubes, a 
continuously movable carrier having a plurality 
of tube exhaust ports, a fixed table, high fre 
quency coils arranged in spaced relation and 
movably mounted on Said table in planes at Op 
posite Sides of Said exhaust portS, means for in 
termittently moving said coils in unison. With Said 
carrier for Successively Subjecting the tubes 
maintained in said exhaust ports to a constant 
degree of inductive heating from said coils over 
a predetermined time interval. 

6. In a machine for evacuating radio tubes, a 
carrier having a plurality of tube exhaust ports, 
a fixed table, a carriage mounted for movement 
on said table, high frequency coils arranged in 
spaced relation on said carriage in planes at op 
posite sides of said exhaust ports, means for 
continuously moving said carrier to bring the 
tubes maintained in Said exhaust ports in suc 
cessive operative relation with said coils, and 
means associated with the carrier for intermit 
tently moving the carriage in unison therewith 
when said coils and tubes are in operative rela 
tion. 

7. In a machine for evacuating radio tubes, a 
carrier having a plurality of tube exhaust ports, 
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a fixed table, a carriage mounted for movement 
on said table, high frequency coils arranged in 
Spaced relation. On Said carriage in planes at 
opposite Sides of Said exhaust ports, means for 
continuously moving. Said carrier to bring the 
tubes maintained in said exhaust ports in suc 
CeSSive Operative relation with said coils, means 
associated with the carrier for intermittently 
moving the carriage in unison therewith when 
Said coils and tubes are in operative relation, and 
means for returning the carriage to an initiaI 
position at the end of each intermittent move 
ment. . . " 

8. In a machine for evacuating radio tubes, a 
carrier having a plurality of uniformly spaced 
exhaust ports, each exhaust port being adapted 
to receive therein the seal-off tube of the vacu 
um tube and having terminals connected with 
the lead-in wires of said vacuum tube, means 
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for severing the seal-off tubes comprising a burn- 20 
er, means for Contint2O isly moving Said carrier 
to bring the tubes into Successive operative re 
lation with said burner, means for automatically 
bringing the builiner adjacent the bottorn of the 
vacuum tube when said burner and seal-off tubes 25 
are in operative relation, and neans for dis 
connecting the lead-in. Wii'eS for the terminals 
: dnaintaining said Wires out of contact with 
the flame from Said burner. 

9. In a machine for evacuating radio tubes, 30 
a carrier having a plurality of uniformly Spaced 
exhaust ports, each exhaust port adapted to re 
ceive therein the seal-off tube of a vacuum tube, 
means for severing said seal-off tube comprising 
a burner, means for continuously moving Said 35 
carrier to bring the tubes into successive opera 
tive relation with said burner, and means for 
intermittently moving the burner in unison. With 
said tubes. 

10. In a machine for evacuating radio tubes, 40 
a carrier having a plurality of uniformly Spaced. 
exhaust ports, each exhaust port adapted to re 
ceive therein the seal-off tube of a vacuum tube, 
means for severing said Seal-off tube comprising 
a burner, means for continuously moving said 45 
carrier to bring the tubes into SucceSSive Opera 
tive relation with said burner, means for inter 
mittently moving the burner in unison. With Said 
tubes, and separate means for returning the 
burner to the initial position at the end of each 50 
intermittent movement. 

11. In a machine for evacuating radio tubes, 
a carrier having a plurality of uniformly spaced 
exhaust ports, each exhaust port adapted to re 
ceive therein the seal-off tube of a vacuum tube, 
means for severing said Seal-off tube comprising 
a burner, means for continuously moving Said 
carrier to bring the tubes into Successive Opera 
tive relation with said burner, and means for 
automatically bringing the burner adjacent the 
bottom of the vacuum tube when said burner 
and seal-off tubes are in operative relation. 

12. A machine for evacuating radio tubes in 
cluding a tube-loading station, a carrier Con 
prising tube receiving exhaust ports, means for 
continuously moving said carrier to bring the 
exhaust ports into and out of registration with 
said station, vacuum pumps mounted on the 
carrier to move therewith and connected with 
exhaust ports, means for Operating Said pumps, 
and means for automatically controlling the op 
eration of the pumps at the loading Station. 

13. A machine for evacuating radio tubes com 
prising a carrier having tube receiving exhaust 
ports, mercury cups associated with the exhaust 
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rier, means for supplying an electric current to 
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prising a continuously moving carrier adapted to 
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ports adapted to receive the lead wires from the 
tube electrodes, means for moving said carrier, 
and means for supplying an electric current to 
said mercury cups during the movement of the 
carrier. 

14. A machine for evacuating radio tubes con 
prising a carrier having tube receiving exhaust 
ports, mercury cups associated with the exhaust 
ports adapted to receive the lead wires from 
the tube electrodes, means for moving said car 
said mercury cups during the movement of the 
carrier, and means for maintaining said mercury 
cups at a relatively cool degree of temperature. 

15. A machine for evacuating radio tubes Con 
prising a tube seal-off mechanism, a carrier hav 
ing tube-receiving exhaust ports, means for mov 
ing said carrier to bring the tubes into successive 
engagement with the seal-off mechanism, means 
for supplying electric current to the electrodes 
of the tubes including contact members releasa 
bly engaging lead-in wires of the tube electrodes, 
and means for disconnecting said lead-in wires 
from the terminals and maintaining said wires 
out of contact with the flame from the seal-off 

16. A machine for evacuating radio tubes con 
prising a continuously rotating tube carrier hav 
ing tube elements mounted thereon, means for 
heating the tube, and means for intermittently 
rotating the heating means. 

17. A machine for evacuating radio tubes com 
prising a continuously rotating tube carrier hav 
ing tube elements mounted thereon, means for 
heating the tube, means for intermittently ro 
tating the heating means a predetermined dis 
tance in unison with the carrier, and means for 
returning the heating means to the initial po 
sition. - 

18. A machine for evacuating radio tubes com 
prising a continuously moving carrier adapted to 
have tubes mounted thereon, high frequency 
means for heating the elements of said tubes in 
cluding a plurality of coils on opposite sides of 
the path of movement of said tubes and arranged 
in pairs so that the center of flux of said pairs 
of coils will be directed on different parts of the 
tube elements, and means for intermittently 
moving all coils in unison with said carrier. 

19. A machine for evacuating radio tubes com 
prising a continuously moving carrier adapted to 
have tubes mounted thereon, a normally station 
ary means for heating the tubes, and means for 
intermittently moving the heating means in uni 
son with the carrier. 

20. A machine for evacuating radio tubes com 

have tubes mounted thereon, a normally station 
ary high frequency induction means for heating 
the tube elements, and means for intermittently 
moving the heating means in unison with the 
carrier. 

21. A machine for evacuating radio tubes com 
prising a continuously moving carrier adapted to 
have tubes mounted thereon, a normally station 
ary means for heating the tubes, means for inter 
mittently moving the heating means in unison 
with the carrier, and means for continuously 
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evacuating said tubes while under the influence 
of said heating means. 

22. A machine for evacuating radio tubes con 
prising a continuously moving carrier adapted to 
have tubes mounted thereon, a normally station 
ary means for heating the tubes, means for inter 
mittently moving the heating means in unison 
with the carrier, means for continuously evacuat 
ing said tubes while under the influence of said 
heating means, and means for sealing of Said 
tubes from the atmosphere when evacuated. 

23. A machine for evacuating radio tubes coa 
prising a continuously moving carrier adapted to 
have tubes mounted thereon, an oven surrounding 
in part the path of movement of said tubes, in 
ductive means for heating the elements of said 
tubes apart from said oven, and means for apply 
ing variable heating current to the flaments of 
said tubes while under the influence of said heat 
ing means. 24. A machine for evacuating radio tubes com 
prising a continuously moving carrier adapted to 
have tubes mounted thereon, an oven surrounding 
in part the path of movement of said tubes, in 
ductive means for heating the elements of said 
tubes apart from said oven, means for applying 
variable heating current to the filaments of said 
tubes while under the influence of said heating 
means, means for evacuating said tubes while 
under the influence of said heating means, and 
means for seating off said tubes from the atmos 
phere when evacuated. 

25. A machine for evacuating radio tubes in 
cluding a tube-loading station, a carrier compris 
ing tube receiving exhaust ports, means for con 
tinuously moving said carrier to bring the ex 
haust ports into and out of registration with said 
station, vacuum pumps mounted on the carrier 
to move therewith and connected with said ex 
haust ports, electric motors for operating said 
pumps, and means for automatically controlling 
the operation of said motors at the loading sta 
tion. 26. A machine for evacuating radio tubes com 
prising carrier means adapted to have tubes 
mounted thereon, heating means for said tubes, 
operating mechanism for continuously moving 
one of said means, and means for intermittently 
moving both of said means in unison. 

27. A machine for evacuating radio tubes com 
prising carrier means adapted to have tubes 
mounted thereon, heating means for said tubes, 
operating mechanism for continuously moving 
one of said means, means for intermittently mov 
ing both of said means in unison, and means for 
evacuating said tubes while under the influence 
of Said heating means. 

28. A machine for evacuating radio tubes con 
prising carrier means adapted to have tubes 
mounted thereon, heating means for said tubes, 
operating mechanism for continuously moving 
one of said means, means for intermittently mov 
ing both of said means in unison, Eneans for 
evacuating said tubes while under the influence 
of said heating means, and means for sealing off 
said tubes from the atmosphere when evacuated. 

CHARLES J. KAYKO, 
C. GAYLORD HALL. 
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