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UNITED STATES PATENT OFFICE 
2,653,418 

APPARATUS FOR DRAWING WITREOUS 
TUBES AND RODS 

Bernard Shaw, Mayfield Heights, Ohio, assignor 
to General Electric Company, a corporation of 
New York 

Application October 13, 1949, serial No. 121,206 
8 Claims. (C. 49-17.1) 

My invention relates to apparatus for drawing 
tube or rod of a vitreous material, particularly 
quartz or a glass of high silica content. More 
particularly, my invention relates to the drawing 
of tube or rod from a slug of vitreous material 
characterized by the heating of a slug of said 
material and the drawing of said tube or rod 
therefrom. 
One object of my invention is to circumvent the 

many difficulties of drawing certain very high 
temperature-melting materials directly from a 
Inolten or semi-fluid state by drawing a tube or 
rod, as the case may be, from a slug and by effect 
ing the drawing of said tube or rod therefrom 
in a manner adapted to ready control, to high 
speed operation and maintained accuracy of 
operation. To this end, apparatus is provided for 
automatically introducing a very large quantity 
of heat uniformly into a definite restricted area 
of a slug, for drawing off in the form of tube or 
rod under controllable conditions the heated por 
tion of the slug and for continuously advancing 
additional portions of the slug to proper operat 
ing relation to the heating means under the par 
ticular conditions of operation. The satisfactory 
coordination of the heating, drawing and feeding 
Operations in a manner Suitable for low cost com 
Inercial production of quartz and related ma 
terials is afforded by ny invention. 
Another object of my invention is to provide an 

apparatus which permits high drawing speeds, 
extended drawing intervals and, convenient and 
quick Changes in size and the form of the tube 
(single or multiple bore for instance) or rod being 
drawn. Heretofore, the skill of the operator was 
in a very large measure responsible for most 
drawing conditions throughout the drawing in 
terval because of difficulty in heating the slug 
uniformly and of other variables created by re 
peated introduction of slugs and short drawing 
intervals. The present drawing apparatus pro 
vides a particularly controllable source of heat 
for melting the slug in a group of burners which 
are rotated about said slug and is particularly 
Suited to operate with relatively long slugs, eight 
feet in length, for instance. Such slugs can be 
made by Sealing Several shorter slugs together in 
end-to-end relation. The use of long slugs 
greatly reduces losses in that the pieces of un 
usable slug material remaining at the end of the 
draw are virtually eliminated and in that few 
pieces of slug are then too short to permit com 
pletion of a single Size draw and must be dis 
carded. 

. Another object of my invention is to provide 
apparatus for drawing tube or rod continuously 
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from a slug of vitreous material and for adding 
other slugs to the end of the first slug Without 
interruption of the drawing operation. The 
maximum flexibility, accuracy in control and 
economy of operation are realizable by the con 
tinuous manner of operation. A preferred ap 
paratus fulfilling the above objectS combines 
either the endless belt or wheel type drawing 
means, which are capable of continuous opera 
tion, with means adaptable to uninterrupted slug 
feeding and means for sealing an additional slug 
to the free end of the slug in the operative 
position. 

Still other objects and advantages of my inven 
tion will appear from the detailed description 
which follows and from the drawing. 
In the drawing, Fig. 1 is a side elevation of 

drawing apparatus of my invention which eleva 
tion is foreshortened by having various trans 
verse sections of uniform construction along its 
length broken therefrom; Fig. 2 is a sectional 
view taken from the vertical plane established by 
the dot-dash line 2-2 of Fig. 1 and showing in 
particular one of the slug-supporting chucks and 
the adjacent portion of the bed of the apparatus; 
Fig. 3 is a vertical section along the dot-dash line 
3-3 of Fig. 2 showing said chuck and bed por 
tion; Fig. 4 is a perspective view of a broken away 
portion of the chuck including the clutch for con 
trolling the automatic feed motion thereof; Figs. 
5 and 6 are end and sectional views of the burner 
assembly of the apparatus; Fig. 7 is a perspective 
view of the guiding and Supporting members of 
the apparatus engaging the drawn tube or rod; 
Fig. 8 is a vertical section through the slug-join 
ing burner along the drawing axis of the appara 
tus; and Fig. 9 is a perspective view of a modified 
burner assembly for use in the drawing appara 
tus of Fig. 1, the view being qualified by removal 
of an upper quarter section of said burner. 
The apparatus appearing in Fig. 1 effects the 

drawing of a small tube of quartz from the end 
of a relatively large tubular slug 2 and represents 
one form of the apparatus featured by a hori 
Zontal drawing axis which permits all phases of 
the drawing operation to be conveniently ob 
served and controlled by a single operator. The 
apparatus, as will be described further along in 
this disclosure, can also be arranged so as to have 
an oblique or Vertical drawing axis. Another 
principal feature of the apparatus appears in 
means permitting the drawing operation to be 
continued indefinitely by providing for the suc 
cessive addition of other slugs, such as that slug 
shown at 3. to the free end of the first slug 2 
opposite that from which the drawing is taking 
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place. The addition of slug. 3 is controlled by the 
operator and is used oth to supply additional 
slug and, if required, on occasion, to introduce 
differently-formed slugs into the apparatus. 
The main Slug 2 is usually about eight feet in 

length when the apparatus is initially Set up for 
operation and is fixed on the drawing axis by the 
Support and gripping functions of the chucks 4 
and 5 which engage spaced portions thereof. 
Automatically established movements in the 
chucks 4 and 5 advance the slug 2 along the 
drawing axis and into the cone of fame emit 
ted by the burner assembly 6 where the end 
thereof is heated to drawing temperature. The 
Smaller tube is drawn from the heated end of 
the slug 2 by pulling means of the usual design 
which is herein represented only by the portion 
of the endless belts i and 8 shown and passes to 
Said pulling means, which is Spaced Sonne distance 
from the burner assembly 6, over a path carrying : 
it between rollers 9 and and over the Support 
rollers and 2. The Size of the drawn tube 
is dependent upon automatic functions of the 
apparatus affecting both the slug 2 and the tube 
A, in particular, the rate of advance of the slug 
2, which is associated with the feeding of heated 
quartz, and the rate of movement of the pulling 
means, which draws off the finished tube . To 
this end, it is preferred that the pulling means 
herein represented by the endless belts 7 and 8 
be that apparatus disclosed in Danner Patent 
1,220,201, dated March 27, 1917, which is inde 
pendently driven and which is capable of operat 
ing at minutely different Speeds upon manual ad 
justment, or a wheel type apparatuS which is cor 
respondingly driven. Other features and ad 
vantages of my invention will appear in the de 
tailed description, which follows, of the appara 
tus disclosed in the drawing. 

In normal operation periods, the slug 2 is sup 
ported and gripped correspondingly by each of 
the chucks 4 and 5, which are Substantial dupli 
cates, and takes proper alignment with the draw 
ing axis because of the cooperative centering 
function of Supporting and gripping means as 
Sociated With each chuck 4 or 5. As shown in 
combination. With the chuck 5 disclosed in detail 
in FigS. 2 and 3, the Slug 2 is Supported between 
three equidistantly Spaced Support rollers 3 lo 
cated about a paSSage through the carriage 4 5 
forming the body of the chuck 5 and is also 
gripped between three equidistantly spaced jaws 
5 located intermediate said support rollers 3 

in radially extending slide WayS in Said carriage 
4. The Support rollers 3 have no other func- i 

tion than to center the Slug 2 within the chuck 5 
and are not capable of independent control as 
are the jaws 5 which can be released from their 
grip on the slug 2 to allow the chucks 4 and 5 to 
be repositioned along the length thereof. Each 
roller 3, as shown in the single combination ap 
pearing in Fig. 3, is mounted upon a lever 6 piv 
oted upon a pin it bridging a slot within an 
axially extending boSS f of the carriage 4 and 
is influenced by the pressure of engagement of 
the sleeve 9 with Said lever 6. The presence 
of the slug 2 between the rollers 3 further in 
creases the pressure of the engagement as the 
outward movement of ends of the leverS 6 forces 
the sleeve 9 back against the resistance of heli 
cal springs 23 located between said sleeve 9 and 
the collar 2 fastened to the end of the boSS 8. 
Inasmuch as all three rollers 3 are under equal 
influence by the sleeve 9, the preSSure of en 
gagement of the rollers 3 with slug 2 is always 

5 

40 

5 

60 

70 

4. 
equal and centers said slug 2 regardless of its 
Size. The jaWS 5 of the chuck 5, on the other 
hand, are under the control of the engagement of 
the teeth of a gear rack 22 along their extremi 
ties With teeth in the form of spiral-shaped 
ridges around the adjacent face of a rotatable 
ring 23 and are adjusted toward and away from 
the slug 2 by manually-produced rotative move 
ments of the ring 23 which advance radially-dis 
placed portions of Said teeth or ridges into en 
gagement With the jaWS 5. Handles project 
ing from the periphery of the ring 23 permit the 
ready manipulation thereof. No independent 
movement of the ring 23 can occur as the teeth 
or ridges therein have such a gradual spiral 
form about the center of chuck 5 as to cause said 
ring 23 to be immovable by pressure exerted by 
the jaws 5. 

In normal operative periods, the slug 2 is be 
ing advanced into flames emitted from the burner 
aSSembly 6 by movement of both chucks 4 and 5 
as both are adjusted So as to grip the slug 2 and 
as both are correspondingly influenced by feeding 
means. The chucks 4 and 5 are slidable upon 
the fixed rod 24 and bar 25 lying above the bed. 
26 of the apparatus and are moved by the rota 
tion of the feed Shaft or Screw 27 which lies be 
low and midway between said rod 24 and bar 25 
and which is mounted together thereWith on the 
CrOSS plates 28 and 29 on said bed 26. A clutch 
30 located upon the lower Surface of the carriage 
4 of each chuck 4 and 5 forms the means of en 
gaging the feed Screw 27 and provides (as shown 
in detail in connection with chuck 5) two pivoted 
arlins 3 and 32 closing against Said feed screw 
27 from Opposite Sides in the manner of a split 
nut. Complementary threads in the arms 3 and 
32 engage the threads along the feed screw 27 
and cause movement of Said arms 3 and 32 along 
the Screw 27 in accord with rotation thereof which 
motion is transferred to the carriage 4 in that 
Said arms 3 and 32 are located between fixed 
arms of a yoke 33 extending from the lower Sur 
face thereof. The arms 3 and 32 are pivoted 
upon a pin 34 carried by a bracket 35 on the bot 
tom Surface of carriage 4 and are constantly 
being pulled against the feed screw 27 at moments 
of engagement of the clutch 38 by a helical spring 
36 located within an opening in said arms 3 
and 32 and hooked onto pins straddling said 
Opening. It is preferred that the rotation of the 
feed Screw 2 be capable of very accurate con 
trol to enable the rate of feed of the slug 2 to be 
matched to the drawing requirements and to 
this end it is preferred that drive means (not 
shown) Separated from the other operative func 
tions of the apparatus be provided. The drive 
means rotates Said Screw 27 through the chain 
3. Which paSSes around the sprocket 38 at one 
end thereof. 
Gradual consumption of the slug 2 during the 

drawing Operation and the continued movement 
of the chucks 4 and 5 always toward the burner 
aSSembly 6 make the rearrangement of said 
chucks 4 and 5 along said slug 2 toward the op 
posite end of the apparatus necessary for con 
tinuous production. This rearrangement of the 
chucks 4 and 5 is performed manually by moving 
first one then the other of said chucks 4 and 5 
OutWard a Way from the burner assembly 6 so 
that both chucks 4 and 5 continue to support the 
Slug 2 While one chuck 5 or 4 continues to ad 
Vance the Slug 2. the rearrangement of each 
Chuck 4 or 5 is effected by first rotating the ring 
23 thereof to release the slug 2 from the grip 
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thereof, in then releasing the clutch 30 of said 
chuck to disconnect it from the feed screw 32 
and then in repositioning said chuck 4 or 5-along 
the Support rod 24 and bar 25 by rotation of the 
handwheel 40; The particular chuck. A or 5 be 
ing repositioned continues to hold the Stig. 2 in 
proper... alignment in the apparatus in that the 
support rollers 3 thereof continue to press 
against said slug. 2. The above order of manual 
operation is preferred since it releases the chuck 
4 or 5 from the slug 2 prior to disconnecting it 
from the feed Screw 2 thereby preventing any 
drag on the slug 2 by an idle chuck 4 or 5. Re 
lease of the clutch 30 is effected by manually 
swinging the control lever 4 thereof from left 
to-right So that the wider portion of the arcuate 
Wedge 42 (Figs. 2 and 4) on the inner end of said 
lever 4 is forced between the rollers 43 and 44 
on the ends of said arms 3 and 32 respectively 
and the said arms 3 f and 32 are spread outward 
and disengaged from the threads of the feed screw 
2. The control lever 4 is pivoted upon a pin 
45 extending from the carriage 4 and com 
pletes its movement thereabout when the rollers 
43 and 44 fall into corresponding notches 46 in 
the Wedge 42 Serving to hold said wedge 42 and 
the clutch 30 in the open position. Normally, 
the chuck 5 farthest from the burner assembly 
6 must be repositioned first to avoid interference 
between the chucks 4 and 5 and is moved in a 
direction away from the burner assembly 6 by ini 
tiating a clockwise rotation in the hand, wheel 
40 associated therewith. The hand wheel 40 is 
attached to one end of the shaft 47 in bearings 
within the carriage f4 and turns a spur gear 48 
meshing with a stationary rack 49 adjacent the 
Opposite end of said shaft 47 So that the car 
riage 4 is pulled along the support rod 24 and 
bar 25. The stationary rack 49 corresponds to 
the rod 24, bar 25 and feed screw 27 in that 
it is supported and held in position by the sup 
ports 28 and 29 at spaced points along the bed 26 
of the apparatus. Re-establishment of the chuck 
5 as a means of moving the slug 2 is effected by 
first re-engaging the clutch 30 thereof with the 
feed screw 27 through a manual adjustment of 
the control arm 4 and then, after a moment of 
time which permits the ful re-engagement of the 
clutch 30 and said chuck.5 to take up the feed 
ing motion, causing said chuck 5 to grip the slug 
2 by manually rotating the ring 23. At the fully 
engaged position of the clutch 30 the rollers 43 
and 44 thereof are spaced from the surface of 
the narrow end of the wedge 42 and usually butt 
against the right angle flange 50 on the control 
arm 4 which is limited in its movement there 
by. The position of chuck 4 can now be changed 
in the same manner without disturbing the draw 
ing operation which is then dependent upon the 
motion of chuck 5 for movement of the slug 
2. A water-cooled shield 5 is mounted upon 
the carriage 4 of the chuck 4 at the side there 
of adjacent the burner assembly 6 to prevent 
the intense heat radiations from the general area, 
thereof from excessively heating the manual con 
trols and other parts of said chuck 4. The side 
Ward and endward extending pipes 52 and 53 
which connect to flexible hose (not shown) pro 
vide for the circulation of cooling water through 
the hollow interior of the shield 5f. 
The slug 2 is retained upon an axis running 

through a relatively large center opening of the 
burner assembly 6 as indicated in Fig. 6 and in 
the course of its advance toward the burner as 
Sembly 6 is automatically introduced into a cone 
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6 
of burning mixed gases discharged from a mul 
tiplicity of orifices 53 in the internal ring 54 
thereof. The great volume of heat required to 
heat the quartz, slug 2 to a Semi-plastic OrdraWa 
able condition is generated by the burning of a 
suitably proportioned mixture of hydrogen and 
oxygen gases, a gas mixture which passes into 
the orifices 53 from a surrounding chamber 55 
formed by the ring 54, cover plate 56 and the 
burner body 5. Radially extending passages 58 
at spaced intervals around the burner body 57 
conduct the gases to chamber 55 from a circulat 
distribution manifold 59 in the outer portion of 
the burner body 57, which manifold 59, in turn, 
is fed by supply pipes 60 (only one being shown). 
connected by flexible hose to sources of supply. 
Although the cone of flame developed by the 
burner assembly 6 is very uniform throughout, 
means are provided in the assembly for effecting 
oscillation of burner body 57 and accordingly of 
the flame around the slug 2 so that any unbalance 
that may occur is neutralized. The burner body 
57, which is generally circular in shape, is 
mounted through hollow circular bosses on op 
posite faces resting upon seating rings 6-6 
provided by the support housing 62 and is cond 
nected by flexible hose (not shown) to the gas 
Sources so as to be capable of independent ro 
tation. The motion of burner body 51 occurs 
in all periods of operation of the apparatus and 
appears as oscillatory back and forth movements 
of approximately 40 degrees initiated by up and 
down movements of the connecting bar 63 which 
is attached to said burner body 57 by pin 64 and 
bracket 65. A crank 66 attached to a shaft 67 of 
a constantly rotated source, the drive shaft of an 
electric motor driven speed reducer for instance, provides the means of actuating the connecting 
bar 63 which is attached thereto by pivot bolt 68. 
The heat generated by the burning gas emitted 

by the burner assembly 6 is concentrated as much 
as possible within a very limited area of the 
quartz slug 2; however, considerable radiation 
of heat occurs therefrom and means are pro 
vided to forcibly cool the burner assembly 6 to 
keep it within a practical working temperature. 
Circular passages 69-69 around the bosses on 
opposite faces of the burner body 57 contain the 
cooling liquid, preferably water, which is introl 
duced into and drained from the burner body. 57 through the pipes 10 and 7 f respectively and 
connected flexible hose (not shown). Still fur 
ther cooling is effected by the circulation of the 
liquid through a plurality of connecting passages 
72 located around the burner body 57 between 
the circular passages 69-69 therein. 
The flames from the burner assembly 6 effect 

an almost perpendicular slope to the end sur 
faces of the slug 2 at the position where it draws 
down into the diameter of the tube and main 
tains this condition because of the constant ad 
vance of the slug 2 which arranges a further ex 
tent thereof at said position as rapidly as said 
slug is consumed. Normally the feeding and 
heating functions of the apparatus are continu 
ous and are synchronized with a steady drawing 
of tube from the slug. 2, 
The tube f drawn from the end of the slug 2 

is pulled along a drawing axis in alignment with 
said slug 2 and takes a uniform size because of 
the constant drawing speed which is set up to pull 
heated slug material from the flames of burner 
assembly 6 as rapidly as it becomes workable. 
the heating, feeding and drawing functions of 
the apparatus are all contributing factors in 
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the drawing of a specific sized tube and accord 
ingly are separately adjustable to permit the ap 
paratus to draw a particular sized tube . Nor 
mal operation procedure is to allow the heating 
and feeding to continue at matched rates and to 
control the drawing operation largely by vary 
ing the Speed of the draw so that the size of the 
tube pulled from the slug 2 takes the desired 
size. It is accordingly preferable although not 
positively required that some easily adjustable 
means such as that disclosed in Danner Patent 
1220,201 hereinbefore referred to and represented 
by the partial showing of the drawing chains 
and 8, be provided to pull the tube from the 
slug 2. The drawing means (chains i and 8) is 
located along the drawing axis Some distance 
from the burner 6, in order to engage a portion 
of the tube which has cooled Somewhat and 
which is therefore not readily deformable, and 
is associated with the supporting and guiding 
means (Figs. and 7) in the Self-centering roll 
ers 9 and 0 and the rollers and 2 located 
along the extent of the bed 26 of the apparatus 
therebetween. Because of the relatively close 
proximity of the rollers 9 and 0 to the burner 
assembly 6, they are preferably made of graphite 
So as not to Stick to the hot tube and be in 
jured by the heat thereof and are movably sup 
ported by means keeping them equal distance 
above and below the drawing axis of the tube 
so that said tube in turn is kept straight. The 
rollers 9 and turn freely about the right-angle 
end portions of the arms 5-5 respectively 
which are mounted upon integral bosses of the 
interneshing gears 76-77 respectively and are 
restricted to equal movements with relation to 
the drawing axis in that Said gears 6 and 
must turn correspondingly about the pivot pins 
78-78 extending from the support standard 79. 
Both rollers 9 and are constantly biased to 
ward each other with sufficient pressure to effect 
the guiding and supporting function by the gravi 
tational pull of the weight 80 on the arm 
8 extending from gear 77 but do not press 
against the tube With Sufficient pressure to 
cause said rollers 9 and 0 to deform it. The 
support rollers and f2 are flat and cone 
shaped graphite elements respectively located 
adjacent the drawing axis and are correspond 
ingly mounted upon a pin 82 extending across 
a vertically adjustable yoke 83 carried by a sup 
port standard 84. The thumb screws 85 in the 
support standards 84 permit the center leg of 
the yokes 83 to be clamped at a position. Within 
the support standards 84 which position the roll 
er or 2 at the proper position to hold the 
tube in alignment with the drawing axis. The 
pulling means, which is next in the order of en 
gagement with the tube f, effects this engage 
ment through pads 86 at intervals along the 
chains 7 and 8 which pads 86 are brought into 
engagement with opposite sides of the tube i by 
rotation of the SprocketS 7' and 8' carrying Said 
chains 7 and 8 into operative relation thereto. 
The heretofore described apparatus is an oper 

ative unit having particular advantage in that 
it is readily adjusted to draw different size tub 
ing or rod and can be adjusted Without inter 
ruption in the normal continuous cycle of Oper 
ation. The extent to which these advantages are 
recovered is dependent on the presentation of a 
continuous supply of slug to the dra Wing position 
Within the burner assembly 8 and in the present 
apparatus is cared for by means adding to the 
length of slug 2 by providing for the Sealing of 
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8 
a second slug 3 to the end of Said slug 2 without 
interrupting the drawing operation. Other slugs 
can be added to the particular slug in the draw 
ing position in a like manner So as to further 
perpetuate the drawing operation and extend 
the drawing operation in definitely and allow the 
fullest recovery of the above advantages to be 
received. The continuous cycle of operation 
avoids the loss of productive time, unusable short 
slugs and considerable off-size drawn materials 
during the various setup periods that are other 
wise required. This manner of operation is also 
adaptable to the introduction of differently 
formed slugs into the drawing apparatus inas 
much as a slug of different size or croSS Section 
can be added to slug 2 and advanced into the 
drawing position thereby if desired. 
As shown in the instance in the drawing, the 

slug 3 is added to the end of slug 2 through the 
sealing function of the flames from a burner 87 
(FigS. 1 and 8) while being held in butted relation 
and allingnment with said slug 2 by chuck 88 and 
support roller 89. The slug 2 continues to be ad 
vanced into the burner assembly 6 at such times 
and movements developed in the burner 87 and 
the chuck 88 are depended upon to maintain the 
sealing flames and slug 3 in proper arrangement 
thereto. 
The slug 3 is first introduced into the appara 

tus by resting it upon the roller 89, which is a du 
plication of roller f2 at the opposite end of the 
apparatus, and then moving it lengthwise to 
thread the forward end through the chuck 88 and 
bring said end to close proximity to the end of 
slug 2. The burner 87 and chuck 88 are both slid 
ably nounted on an extent of the rod 24 and bar 
25 in the manner of the previously described 
chucks and 5 and have previously been ar 
ranged therealong at positions causing the filames 
to Wipe the end Surface of slug 2, and the chuck 
88, with the assistance of roller 89, to properly 
Support the slug. 3. At the time of arrangement 
of the burner 87 and chuck 88, said burner 87 
and chuck 88 are also coupled to the feed screw 27 
by manual manipulation of the clutch control 
levers 4' So that the rotation of the Screw 27 
advances them at the same rate as the slug 2 
and maintains their relation thereto. The con 
trol levers 4' effect operation of clutches 30' in 
Combination. With the burner 8 and chuck 88 
Which are duplicates of the chuck 30 in combina 
tion. With chucks 4 and 5 previously described in 
detail and in their association with the hand 
Wheel 40' and other means, which are also du 
plicates of means in combination with chucks 4 
and 5, provide for movement of said burner 87 
and chuck 88 both mechanically and manually 
as required. 
The slug 3 is advanced manually through the 

chuck 88 until the end surface of said slug 3 is 
Wiped by the flames from the burner 87 where 
upon it is clamped in said chuck 88 so that the 
automatic advance thereof maintains its relative 
position. The clamping action of the chuck 88 
Which is a duplication of chucks 4 and 5 is ef 
fected through manual rotation of the ring 23' 
thereof. - 

At the present position of the slugs 2 and 3, an 
inWardly directed circle of flame developed by 
burning gases discharged through the slit be 
tween the rings 90, 9 (Fig. 8) of the burner 87 
paSSes into the Space between the ends of said 
Slugs 2 and 3 and over immediate end portions 
thereof. The flame is uniform throughout the 
full circle although the rings 90 and 91, which are 
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clamped tightly to the burner body 92 by the rer 
taining ring 93, are separated by narrow radial 
ridges 94 in the adjacent faces thereof. The come 
bustible gas enters the discharge slit of the burn 
er 87 from a circular distribution chamber 95 in 
the burner body 92 about the periphery of the 
ringS 90 and 9 and passes thereto through short 
Connecting passages 96 from a passage 97 within 
the retaining ring 93 which is fed by flexible pip 
ing (indicated at 98) leading from the source of 
Supply. The burner 87 is supported by the car 
riage 99 which is slidable upon the bed formed by 
rod 24 and bar 25 and restricts the flow of heat 
absorbed thereby to the other portions of the ap 
paratus by providing for the circulation of cool 
ing Water through the circular passage. OO in the 
burner body 92. Flexible pipe connections (not 
shown) made to pipe nipples foil and O2 provide 
for the feeding and draining of the cooling water 
from passage OO. - 
When the adjacent end portions of the slugs 2 

and 3 have been Subjected to the flames from 
burner 87 for a sufficiently long interval to per 
mit them to be sealable, the control arm 4 on 
the clutch 30' of the slug-supporting chuck 88 
is moved to the release position and Said chuck 88 
is manually advanced toward burner 87 by rota 
tion of the hand wheel 40' to force the slugs 2 
and 3 into engagement. Further working of the 
seal by effecting short back-and-forth move 
Inents of the chuck 88 and slug 3 is usually desir 
able to control the joined portions and assure 
thorough Sealing. The position of the burner 87 
Can also be moved at this time if desired; how 
ever, it must first be disconnected from the auto 
natic feed means by adjustment of the clutch 
control arm 4. The hand wheel 40 permits the 
burner 8 to be moved in the same manner as 
the chuck 88. The need for the flames from 
burner 8 is no longer present after the slugs 2 
and 3 are sealed together and the gas supplied 
thereto, is waived off to extinguish the flames. 

After the slugs 2 and 3 have been joined to 
gether, the slug 2 has usually been consumed 
Sufficiently to make it desirable to reposition the 
chuck 4 S0 as to prevent it from striking the 
burner assembly 6 and also to reposition ehuck 5 
SO as to redistribute the weight of the composite 
slug 2-3 between the chucks 4, 5, and 88. The 
rearrangement of chucks 4 and 5 is effected by 
the Operator first repositioning chuck 5 further 
away from the burner assembly 6 and then mov 
ing chuck 4 back correspondingly. The pres 
eace of chuck 88 as a Supporting element for the 
Slug 2-3 during the rearrangement of the chucks 
4 and 5 assists in maintaining the accurate-align 
nent thereof with the drawing axis. The burner 
87 and chuck 88 can similarly be moved outward 
from burner assembly 6 at any time during the 
operation of the apparatus without disturbing 
the operation thereof. 
The modified burner assembly appearing in 

Fig. 9 is an alternate form of heating means 
adaptable for use in the drawing apparatus here 
tofore described and provides a grouping of burn 
ers 05 adapted for continuous rotation around 
the slug 2. The modified burner assembly is par 
ticularly usable in the drawing of the larger-sizes 
of tubing or rod because the larger possible ca 
pacity of the burners fo5 and is also particularly 
uSable When Said apparatus is mounted vertically 
or inclined vertically, as is preferred when cer 
tain larger sizes of tubing or rod are being 
drawn and there is some possibility that the 
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center position in a burner assembly in horizon 
tally arranged apparatus. An off-center condi 
tion cannot be allowed to exist in the dra Wing ap 
paratus since the heated end of the slug 2 loses 
its circular form and the action of the fanneS 
from the burner produces a drawn product of 
out-of-round form and, in the case of tubing, 
produces a product of uneven Wall thickness. 
The burners 85, of which there are five equir 

distantly spaced about the flaired Clter end of 
the core S of the burner assembly, are ShoWn. 
in ful detail in United States Patent 1,729,677, 
dated. October 1, 1929, Miller and are main 
tained along the drawing axis of the apparatus 
through the attachment of the core 96 to the 
rotatable sleeve which is, in turn, mounted 
in the inner races of the ball bearings 8 and 
G3 retained by the support housing 9. Con 

tagt between the core 6 and the sleeve 0 is 
limited to a fange at One end of the core 

6 so as to restrict, the passage of heat there 
between, Further protection is afforded the 
sleeve 07 and associated means by the axially 
extending shield f2 which extends from the 
end of the core 6. The burners 5 are caused 
to heat the full periphery Of the Slug 2 unifornly 
under the influence of a rotative movement in 
troduced in the aSSembly by a chain. A 3 engaging 
a sprocket 4 attached to the sleeve 07, which 
movement is produced by a source (not shown) 
actuated throughout the operative period of the 
apparatus at a uniform rate. The combustible 
and combustion. Supporting gases are supplied 
to each burner 05 separately by means of the 
pipes 5 and 6 Which are similarly connected 
through openings in the Sprocket 4 to adjacent 
longitudinal paSSageways 7 and 8 in the 
sleeve A and have Sources common to each gas 
in the channels 9 and 2 completely around 
Seal rings 2 and 22 at the opposite end of the 
sleeve O. Several stationary sources of the 
gases corresponding to the pipe connection 23 
are provided in the glands 24 and 25 which 
bear against the outer Surface of the seal rings 
2 and 22 and which discharge into respective 
outer channels f 26 and 27 in said seal rings 
f2 and 22 and are the main stationary source 
of Supply. Of these gases. Communication be 
tWeen the outer channels 26 and 27 and the 
inner channels 9. and 2 in the seal rings 2. 
and 22 is given by a multiplicity of openings f28. 
The Seal rings 2 and 22, which are formed 
from non-porous type graphite, form a perma 
nerat Seal between the rotating and non-rotating 
parts of the burner assembly under the pres 
Sure of the glands 24 and 25 which are backed 
at intervals thereabout by helical springs like 
that shown at 29. A cover plate 30 and means 
including the retaining ring 3 and packing 32, 
Which form the grease sealing means of the 
burner assembly constitute the only other inte 
gral elements thereof. Under certain conditions 
of Operation more Satisfactory control of the 
temperature of the burner assembly can be main 
tained by artificially cooling that portion of the 
core 06 of said assembly. In the instance 
shown, such cooling is effected by jets of air di 
rected against the flared walls of said core O6 
from Openings in a ring-shaped manifold 33 
located adjacent the end of the housing ia and 
outside the rotative field of the burner parts. 
Although preferred embodiments of my in 

Vention have been disclosed, it will be under 
stood that the invention is not to be limited to 
the Specific construction and arrangement of 

heated end of the slug 2 will tend to sag to an off- 75 parts shown, but that they may be widely modi 
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fied within the spirit and scope of my invention 
as defined by the appended claims. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. Apparatus for drawing tube or rod from a 

vitreous slug comprising heating means, spaced 
chucks to one side of and in alignment with the 
heating means and movable toward and a Way 
therefrom having separate releasable means for 
gripping and means for aligning a slug there 
with, ineans for selectively moving both the 
chucks at corresponding speeds rectilinearly to 
ward the heating means to advance one end and 
succeeding portions of the slug in turn thereto, 
means on the opposite side of the heating means 
from the chucks for drawing tube or rod from 
the heated end of the slug, and means for Se 
lectively effecting the release of the gripping 
means of each of the chuckS. While maintaining 
the aligning means in engagement therewith to 
allow the successive rearrangement of the chuckS 
outward away from the heating means while 
the slug continues to be aligned by both Said 
chuckS. 

2. Apparatus for drawing tube Or rod from a 
vitreous siug comprising heating means, Spaced 
chucks to one side of the heating means and 
novable toward and away therefrom having 
gripping means comprised of jaWs located about 
a common axis and having aligning means con 
prising members located about and Inovable to 
Ward said axis and a Spring biased body effect 
ing equal movements of the Said members toward 
Said axis, means for noving the chucks at Cor 
responding speeds toward the heating means to 
advance One end and Succeeding portions of the 
slug in turn thereto, means on the opposite side 
of the heating lineans from the chucks for draw 
ing tube or rod from the heated end of the slug, 
and means for moving the jaws of the chicks 
away from the axis and the slug to release the 
gripping means thereof and allow the successive 
rearrangement of said chucks outward from the 
heating means while the Slug continues to be ad 
vanced by one or the other of said chucks and to 
be aligned by both said chucks. 

3. Apparatus for drawing tube or rod from a 
Vitreous Slug Comprising heating means, spaced 
chucks to one side of the heating means and 
movable toward and away therefrom having sep 
arate releasable means for gripping and means 
for aligning a siug thereWith, a rotatable shaft 
located along the course of movement of the 
chucks, means on each chuck for engaging the 
shaft to move Said chuckSat corresponding speeds 
toward the heating means to advance one end 
and succeeding portions of the slug in turn there 
to comprising a clutch, means on the opposite 
Side of the heating means from the chucks for 
drawing tube Or rod from the heated end of the 
slug, means for effecting the release of the grip 
ping means of the chucks and means for dis 
engaging the clutches of the chucks to allow the 
successive rearrangement thereof outward away 
from the heating means while the slug continues 
to be advanced by One or the other of Said 
chucks and to be aligned by both said chucks. 

4. Apparatus for drawing tube or rod from a 
vitreous Slug comprising heating means, spaced 
chucks to One side of the heating means and now 
able toward and away therefrom having separate 
releasable means for gripping and means for 
aligning a slug therewith, a rotating feed screw 
located along the course of movement of the 
chucks, clutch means on each chuck comprising 
a threaded member movable to and from engage 
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ment with the feed screw for causing movement 
in Said chucks toward the heating means in ac 
Cord. With the lead of the threads thereof to ad 
Vance one end and succeeding portions of the slug 
in turn to Said heating means, means on the op 
posite side of the heating means from the chucks 
for drawing tube or rod from the heated end of 
the slug, means for effecting the release of the 
gripping means of the chucks and means for dis 
engaging the threaded inenber of the clutches of 
the chucks from the feed Screw to allow the Suic 
Cessive rearrangement thereof outward away 
from the heating means while the slug continues 
to be advanced by One or the other of Said chucks 
and to be aligned by both said chucks. 

5. Apparatus for drawing tube or rod from a 
vitreous slug comprising heating means compris 
ing a hollow Core, burners mounted upon one end 
portion of the core directing flames inward to 
Ward an operative position along a drawing axis 
extending therethrough, a sleeve surrounding and 
attached to the opposite end portion of the core 
having longitudinal passages therein for conduct 
ing combustible gases, support means engaging 
the periphery of the sleeve and adapted to permit 
the rotation of Said sleeve and the burners about 
the drawing axis, means for conducting combusti 
ble gases between the adjacent ends of the pas 
Sages in the sleeve and the burners and fixed 
rineans engaging the end of the sleeve opposite the 
burners and providing circular channels along the 
course of movement of the ends of the passages 
in Said sleeve for supplying combustible gas to 
Said passages at all rotative positions of the 
sleeve, means located to one side of the heating 
means for advancing one end and successive por 
tions of a slug to the operative position to effect 
the heating thereof, means for rotating the core 
of the heating means to cause the flames from the 
burners to impinge uniformly on the full periph 
ery of the Slug and means on the opposite side of 
the heating means from the slug-supporting 
means for dra Wing tube or rod from the heated 
end of the slug. 

6. Apparatus for drawing tube or rod from a 
vitreous slug comprising heating means compris 
ing a hollow burner assembly directing flames in 
Ward toward an operative position along a draw 
ing axis extending therethrough and having an 
end Surface Substantially perpendicular to said 
axis with passages terminating therein for receiv 
ing the combustible gases, stationary means adja 
cent the aforementioned end Surface of the hollow 
burner assembly having supply passages for the 
combustible gas terminating therein and a graph 
ite Sealing ring engaging opposite faces of the end 
Surface of the burner assembly and the stationary 
means having a circular channel in one face 
thereof concentric with the drawing axis and 
having connecting passages between said chan 
nel and the opposite face for conducting the com 
bustible gas therebetween, means located to one 
Side of the heating means for advancing one end 
and Successive portions of a slug to the operative 
position to effect the heating thereof, means for 
rotating the core of the heating means to cause 
the flames from the burners to impinge uniformly 
On the full periphery of the slug and means on 
the Opposite Side of the heating means from the 
slug-Supporting means for drawing tube or rod 
from the heated end of the slug. 

7. Apparatus for drawing tube or rod from 
cylindrical quartz slugs comprising a rotatable 
burner having jet openings directed generally ra 
dially inward toward an axis, support means in 
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cluding means for gripping said slug about its 
periphery and holding it against rotation in said 
axis, means for moving said support means recti 
linearly toward said burner to feed the slug 
axially thereto, means for rotating said burner 
to uniformly heat a relatively narrow annular 
ZOne at the forward end of the slug, means for 
drawing tube or rod from the heated end of the 
slug, means for supporting and feeding an addi 
tional slug in alignment with the first-mentioned 
slug, and additional burner means for Sealing an 
end of said additional slug to the end of Said first 
Inentioned slug opposite its said heated end, and 
means for moving said additional burner means 
in synchronism with said Support means to main 
tain said additional burner means adjacent the 
Said ends of said first-mentioned and additional 
slugs to effect fusion thereof during their travel. 

8. Apparatus for drawing tube or rod from a 
vitreous slug comprising heating means compris 
ing a hollow core, a plurality of burners mounted 
upon one end portion of the core to direct flames 
inwardly toward an operative position along a 
drawing axis extending therethrough, a sleeve 
surrounding and attached to the opposite end 
portion of Said core and having therein pairs of 
longitudinal paSSages corresponding to the Sew 
eral burners, Support means engaging the pe 
riphery of Said sleeve and adapted to permit the 
rotation of said sleeve and the burners about the 
drawing axis, pairs of conduits connecting each 
Said pair of passages with one of said burners, 
fixed means engaging the end of said sleeve oppo 
site the burners and providing a pair of concern 
tric circular channels, said longitudinal channels 
being arranged to communicate with said circular 
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channels in all rotative positions of said sleeve 
With one channel of each said pair of longitudinal 
channels communicating With a different One of 
Said circular channels, and means to supply a 
combustible gas and a combustion-Supporting 
gas to respective ones of said circular channels for 
Separate transmission through said channels and 
conduits to Said burners, means located to One 
side of the heating means for advancing a slug 
rectilinearly to the said operative position to 
effect the heating of an end thereof, means for 
rotating the core of the said heating means to 
cause the flames from the burners to impinge uni 
formly on the full periphery of the slug, and 
means on the opposite side of the heating means 
from the Slug-Supporting means for drawing tube 
or rod from the heated end of the slug. 

BERNARD SHAW. 
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