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[57] ABSTRACT 

In an apparatus for reshaping or molding tubular en 
velopes of ?uorescent lamps or the like into.an annu 
lar form, an improvement in or relating to a pulley 
shaped mold assembly is disclosed which assembly 
comprises a pair of separable mold half sections 
which, when mated together, de?ne an annular groove 
around the periphery of the mold assembly around 
which is wrapped an envelope sufficiently heated to a 
workable or reshapable condition so as to be shaped 
into the annular form. The molding head of the appa 
ratus comprises two mold assemblies of the type de 
scribed so that two envelopes may be simultaneously 
shaped into an annular form. Each mold assembly is 
divided into a pair of half sections by a vertical plane 
at right angles to the axis thereof in such a way that 
one of the half sections located closer to the other 
mold assembly has a thickness shorter than that of the 
other half section so that the distance between the 
paired heads holding tubular envelopes may be short 
ened with the resultant reduction in overall dimen 
sions of the reshaping apparatus and annular ?uores 
cent lamp manufacturing machine. 

1 Claim, 5 Drawing Figures 
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FIG. 3 FIG. I 

FIG. 4 FIG. 2 
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APPARATUS FOR RESHAPIN‘G OR BENDING 
TUBULAR ENVELOPES OF FLUORESCENT LAMP 

ASSEMBLIES INTO ANNULAR FORM 

BACKGROUND OF THE PRESENT INVENTION 

The present invention relates generally to an appara 
tus for reshaping or molding rectilinear envelopes of 
?uorescent lamps or the like into an annular form, and 
more particularly a molding head thereof provided with 
a pair of pulley-shaped mold assemblies around which 
are wrapped tubular envelopes sufficiently heated to a 
workable or moldable condition so as to reshape 'or 
mold them into the annular form. 
According to the prior art methods and apparatus of 

the type described, a ?uorescent lamp assembly, con 
sisting of a substantially rectilinear tubular envelope 
with a ?uorescent coating on its inner wall and metal 
caps, or mounts fitted over the ends of the envelope, is 
heated, softened, and wrapped around the periphery of 
a pulley-shaped mold assembly, so as to be reshaped or 
molded into an annular form. In general, the pulley 
shaped mold assembly comprises a pair of separable" 
mold half sections, or halves, which, when mated, de 
fine an annular groove substantially semi-circular in 
cross sectional configuration around the periphery of 
the mold assembly, the radius of the annular groove 
being equal to that of the envelope to be‘reshaped. The 
mold assembly is divided into a pair of halves by a verti 
cal parting plane at right angles to the axis thereof and 
through the midpoint of the axial length thereof. There-, 
fore, the pair of halves have the same axial thickness. In 
other’words, the halves are symmetrical about their 
parting plane or line. After the envelope wrapped 
around the mold assembly is cooled and hardened to, 
some extent, the halves are separated from each other 
to permit the removal of the reshaped annular envelope 
from the mold assembly. ' _ 

In the prior art apparatus of the type used for bending 
and‘ exhausting tubular lamps, only one head which 
rholdsan envelope is moved or transferred from one 
work station'to the next. In other words, one head takes 
one station. Therefore, there has been no problem even 
when the mold assembly of the type described has been 
used. However, in order to increase the productivity in 
the manufacture of ?uorescent lamps or the like, it has, 
been proposed to attach two coaxial mold assemblies 
on each reshaping apparatus so that two envelopes may 
be simultaneously reshaped into an annular form at a 
reshaping station.‘ It is preferable that the distance be 
tween the two envelopes being reshaped by the mold 
assemblies be made as small as practically possible in 
order to make the annular ?uorescent lamp manufac 
turing apparatus compact in size, and to increase the 
production ef?ciency, especially when successive oper 
ations such as heating, reshaping, exhausting, filling 
inert gas into envelopes and so on are carried out at 
various stations located around the circular traveling 
path of-a plurality of heads which are moved or trans 
ferred from one station to the next by a turret or the 

like. That is, in a conventional rotary type apparatus for 
bending and exhausting tubular lamps, a plurality of 
heads adapted to hold tubular lamps are generally radi 
ally and equiangularly attached to a driving shaft, and 
are intermittently moved from one station to the next, 
so that the above described successive operations may 
be effected at successive stations. ‘ i ' 

2 
When the lamp manufacturing apparatus of the type 

described is so improved that two heads may he simul 
taneously moved from one station to the next station, 
whereby two envelopes held by the two heads, respec 
tively, may undergo the same operation simulta— 
ncously, the apparatus may be made compact in size 
and the productivity may be considerably improved. 
However, when the distance between the axes of the 

0 two lamps held by the heads is long. the radius of the 
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manufacturing apparatus also becomes long so that the 
space for installation of the apparatus must he in 
creased. Furthermore the apparatus itself becomes 
heavy so that the indexing of the heads becomes very 
difficult. Therefore, it is very important that the dis 
tance between the axes of the envelopes or tubular 
lamps held by the heads must be reduced as much as 
possible so that a manufacturing apparatus both com 
pact in size and light in weight may be provided. 

SUMMARY OF THE INVENTION 

One of the objects of the present invention is to pro 
vide a ?uorescent lamp manufacturing machine or ap 
paratus with an improved apparatus for reshaping tubu 
lar envelopes of ?uorescent lamps into a annular form. 
Another object of the present invention is to provide 

the reshaping apparatus of the type described provided 
‘with two pulley-shaped mold assemblies around which 
is wrapped envelopes heated to a workable or moldable 
temperature so as to be reshaped or molded into annu 
lar form, the two mold assemblies being so coaxially ar 
rangedas to reduce the distance therebetween as much 
as possible, each mold assembly comprising a pair of 
mold half sections separable from each other at a part 
ing plane at right angles to the axis of the mold assem 

, bly. 

A further object of the present invention is to provide 
the apparatus of the type described, in which each I 
mold assembly is divided into a pair of half sections by 
the vertical parting plane at right angles to the axis 
thereof and spaced apart by a predetermined distance 
from the conventional parting plane through the mid 
point of the axial length of the mold assembly so that 
the distance between the axes of the tubular envelopes 
wrapped into the grooves defined by the half section 
may be minimized as much as possible. ' 

According to the present invention, therefore, the 
distance between the axes of two tubular envelopes ' 

being reshaped may be minimized so that the ?uores 
cent lamp manufacturing machine or apparatus may be 
made compact in size and light in weight, the installa 
tion space may be reduced, and the power consump 
tion for rotating the machine may be minimized with 
the resultant reduction in operation cost. 
The above and other objects and features of the pres 

ent invention will become more apparent from the fol 
lowing description of one preferred embodiment 
thereof taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a diagrammatic top view of an annular ?uo 
rescent lamp manufacturing machine or apparatus in 
corporating therein a tubular lamp reshaping apparatus 
in accordance with the present invention; 
FIG. 2 is a fragmentary side view of a head for hold 

ing a tubular envelope; 
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FIG. 3 is a schematic side view of one preferred em 
bodiment of a tubular envelope reshaping apparatus in 
accordance with the present invention; 
FIG. 4 is a sectional view taken along the line A—A 

of FIG. 3; and 
FIG. 5 is a top view of a mold head thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An apparatus for manufacture of annular ?uorescent 
lamps incorporates an apparatus 12 in accordance with 
the present invention for reshaping rectilinear tubular 
lamp envelopes into annular form is shown diagram 
matically in FIG. 1, and comprises a base 1, a turret 3 
which is rotated by a drive shaft 2 vertically extending 
coaxially of the base 1, a plurality of paired heads 4 and 
4' carried by the turret 3 in equiangularly spaced apart 
relation, and adapted to be intermittently transferred 
from one working station to the next as the turret 3 is 
indexed, and various devices and apparatus disposed at 
working stations (not shown except the reshaping ap 
paratus 12) for effecting heating, exhausting or evacua 
tion of, ?lling gases into lamp envelopes, reshaping en 
velopes and so onv 

According to the present invention, the two heads 4 
and 4' are paired so that two lamp envelopes held by 
them may be simultaneously processed at each working 
station. 
Each head comprises, as shown in FIG. 2, a holder 7 

adapted to grip and support one end of the envelope 6 
ofa fluorescent lamp 5, and an exhaust head 9 to which 
is coupled an exhaust tube 8 extending from the enve 
lope 6 so as to exhaust or evacuate it. The holder 7 is 

adapted to grip an upper reduced-diameter end portion 
10 or a metal cap fitted on of the lamp 5 so as to sup 
port it as it undergoes various operations. The exhaust 
head 9 is located radially inwardly of the axis of the en 
velope 6, and the exhaust tube 8 is so bent as to be cou 
pled to the exhaust head 9. The head 4 of the type 
above is described in detail in, for instance, US. Pat. 
No. 2,494,923, entitled “Method and Apparatus for 
Bending and Exhausting Tubular Lamps," granted to 
Joe Yoder et al., Jan. 17, I950. 
The ?uorescent lamp 5, which has a rectilinear enve 

lope 6 and metal caps fitted over the upper end and the 
lower reduced-diameter end portions thereof, as 
gripped and supported by the holders 7 of the heads 4 
and 4’ at one of the working stations, and are intermit 
tently transferred from one working station to the next 
as the turret 3 is rotated and indexed in the counter 
clockwise direction. In the successive working stations, 
the envelopes 6 are exhausted, filled with nitrogen gas, 
heated in ovens at more than two stations, reshaped 
into the annular form by the reshaping apparatus 12 in 
accordance with the present invention when they are 
heated sufficiently to a workable or reshapable temper 
ature, thereafter heated and exhausted again, ?lled 
with mercury and argon gases, and finally released 
from the holders 7 after the exhaust tubes 8 are cut off. 
Thus the bending and exhaust or evacuation of the en 
velopes 6 are accomplished. 
The reshaping apparatus 12 of the present invention 

is located at the inoperative position which in turn is 
located radially outwardly of the path 13 of the heads 4 
and 4' as shown in FIG. 1 when the heads 4 and 4’ are 
transferred from one working station to the next, but 
the reshaping apparatus 12 is advanced into the opera 
tive position radially inwardly as will be described in 
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4 
detail hereinafter so as to bend the envelopes 6 into the‘ 
annular form. 
Next referring to FIGS. 3, 4 and 5 the reshaping ap 

paratus 12 of the present invention will be described in 
detail hereinafter, The apparatus 12 generally com 
prises, as shown in FIGS. 3 and 4, a base 14, a top plate 
17 supported by four upright columns l5, l5’, l6 and 
16' extending from the base 14, and a mold head 18 
slidably ?tted over the front upright columns 15 and 
15’. That is, the front upright columns 15 and 15’ are 
slidably ?tted into through bores 19 and 19', respec 
tively, of the mold head 18. The mold assembly or head 
18 is coupled to a counter balance or weight (not 
shown) slidably ?tted over the rear upright columns 16 
and 16’ with a chain (not shown) whose both ends are 
firmly fastened to the tops of the mold head 18 and the 
counter balance or weight, respectively, and which are 
wrapped partly around sprockets (not shown) attached 
to the top plate 17. Therefore the upward and down— 
ward movements of the mold head 18 may be balanced 
by the downward and upward movements of the 
counter balance or weight, respectively. One end of an 
other chain 20 is firmly fastened to the top of the mold 
head 18 while the other end thereof is fastened to the 
bottom or undersurface of the mold head 18. The chain 
20 is wrapped around driven sprockets 21 and 22 at 
tached to the top plate 17, a driving sprocket 23 and a 
driven sprocket 24 rotatably journaled to bearings or 
journals (not shown) which in turn are attached to the 
base 14. The driving sprocket 23 rotates in synchro 
nism with the transfer and dwelling of the heads 4 and 
4’, thereby causing the upward or downward move 
ment of the mold head 18 as will be described in more 
detail hereinafter. The reshaping apparatus 12 is 
mounted upon a carriage (not shown) so as to be 
moved radially inwardly or outwardly from the inoper~ 
ative position to the operative position or vice versa in 
synchronism with the indexing rotation of the turret 3. 
Next referring to FIG. 5, the mold head 18 will be de 

scribed in detail hereinafter. Two pulley-shaped mold 
assemblies 28 and 29 whose construction will be de 
scribed in more detail hereinafter are rotatably and co 
axially carried by shafts 37 and 37’ and 38 and 38’, re 
spectively, which in turn are journalled to journals or 
bearings 25, 26 and 27 attached to the front surface of 
the mold head 18. The shafts 37’ and 38 of the mold as 
semblies 28 and 29 are supported by the common jour 
nal 26. The mold assemblies 28 and 29 have annular 
grooves 30 and 31 semi-circular in cross sectonal con 
figuration formed around the peripheries thereof, and 
are comprised of a pair of half sections 35 and 35' and 
a pair of half sections 36 and 36', respectively. The op 
posing or mating surfaces, of the half sections 35 and 
35’ to or 36 and 36’ to mate or are brought into inti~ 
mate contact with each other over the vertical parting 
plane 33 or 34 spaced apart toward the adjacent mold 
assembly 29 or 28 by a distance 6 from the vertical 
plane 55 or 56 through the midpoint of the mold assem 
bly 28 or 29 and through the axis of the envelope 6 
wrapped around the mold assembly 28 or 29 in its 
groove 30 or 31. These half sections 35, 35', 36 and 36’ 
are carried, in a cantilever-like manner, by the shafts 
37, 37', 38 and 38', respectively, whose ends remote 
from their journaled end portions are coplanar with the 
mating surfaces of the half sections 35, 35’, 36 and 36', 
respectively. The shaft 37' carrying the half section 35' I 
is internally splined while the shaft 38 carrying the half 
section 36 is splined outwards so that they rotate in uni 
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A A small-di-ameter‘pullcy. 39 and a gear 41, ‘which are 
made integral with each other, are also carried by the 
shaft 37 coaxially and outwardly of the half section 35 
while, in like manner, a small pulley 39’-_and._a gear 41' 
are carried bythe shaft_37’, coaxially and inwardly of 
the half section 35,’. In like manner, a. small pulley 40’ 
and a gear 42 are carried by theshaft 3,8.’ coaxially and 
outwardlyofthe half section 36’iwhile only a‘srnall pul 
ley‘ 40 is carried by the shaft 38 coaxially and inwardly 
'of the half section 36. The reason why no gear is car 
ried by the shaft 38 is :thatthe, latter may be splined to 
the shaft 37’ for rotation in unison therewith when the 
gear 41' cat'ried by the shaft 38’ is driven. The shafts 
37, 37", 38 and 38’_ are slightly movable in the direction 
of their common axis 32 so that the half sections 35 and 
35' and 36 and 36’ may be mated together tov form the 
annular grooves 30 and 31 along with the tubular en 
velopes 6 are reshaped into the annular form and so 
that the half sections 35 and 35' and 36 and 36' may be 
separated from each other so as to permit the removal 
of the reshaped annular envelopes 6 from the mold as 
semblies 28 and 29. ' 

The driven gears 41, 41' and 42 are in mesh with 
driving pinions 43, 44 and 45, respectively, attached on 
the front surface of the mold head 18 in such a manner 
that their engagements may be maintained even when 
the shafts 37, 37’ and 38' and hence the gears 41, 41’ 
and 42 are axially moved. These pinions 43, 44 and 45 
are drivingly coupled to a drive mechanism (not 
shown) so that they may be driven in synchronism with 
the upward movement of the mold head 18. Conse 
quently the mold assemblies 28 and 29 are rotated so 
that the envelopes 6 are wrapped around them in their 
grooves 30 and 31. 
Two linkages 46 and 47, which are substantially simi 

lar in arrangement, are provided for the mold assem 
blies 28 and 29, respectively, and it will suffice to de 
scribe the arrangement and mode of operation of only 
the left linkage 46 for the mold assembly 28. The link 
age 46 comprises a pair of long link-bars or levers 48 
and 48’ pivoted on the mold head 18 at 50 and 50', re 
spectively, and a pair of short link-bars or levers 49 and 
49’ whose outer ends are pivoted to one of the lower 
ends of the long levers 48 and 48' at 52 and 52', respec 
tively, and whose inner ends are pivoted on one end of 

6 
terclockwise direction thus causing the downward 
movement of the common pivot point 53 of the short 
levers 49 and 49'. Consequently the pivots‘52 and 52' 
are moved away from each other so thatthe ?rst long 
lever 48'swings about its pivot 50in the clockwise di 
rection while the second long lever‘ 48’ swings in the 
counterclockwise direction about its pivot 50'. Asa re 
sult, the pins 51 and 51’ of the long levers 48 and 48’ V 
aremoved toward each other so as to cause'the sepa 
rated half sections 35 and 35’ ‘of the mold assembly 28 

‘ .to mate together to define the annular molding groove 

20 

30. In this case,‘the lower end of the rectilinear enve 
lope 6 suspended from the holder 7 of 'the head 4 is 
brought into ‘contact with the annular groove 30 of the 
mold assembly 28, and then clamping means (not 
shown) disposed within the groove 30 of the mold as 
sembly 28, clamps and holds the reduced-diameter end 
portion 10' (see FIG. 2). Immediately thereafter, the 
driving sprocket 23 (see FIG. 3) is driven so that the 
upward movement of the mold head 18 is initiated 

_ while the pinions 43, 44 and 45 (see FIG. 5) are also 
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an actuating lever 54 with a common pivot pin 53. Pins ' 
51 and 51’ extended form the other or upper ends of 
the long levers 48 and 48’ are fitted into the grooves of 
the small-diameter pullies 39 and 39', respectively. It 
should be noted that the distance between the pin 51 
and the pivot point 50 of a ?rst of the long levers 48 is 
longer than that between the pin 51’ and the pivot 
point 50’ of a second of the other long levers 48’ so that 
it is apparent that the pin 51 of the upper and of the 
first long lever 48 is caused to be displaced over a 
longer distance than the pin 51’ of the upper and of the 
second long lever 48’ when the actuating lever 54 
swings about its pivot point. 
Next the mode of operation will be described in de 

tail hereinafter. Referring back to FIG. 1, when the 
heads 4 and 4' which hold sufficiently softened envel 
opes 6 are transferred to the station 11, the reshaping 
apparatus 12 of the present invention is caused to move 
from its inoperative position to the operative position 
in the manner described hereinbefore. As soon as the 
apparatus 12 takes its operative position, the actuating 
lever 54 (see FIG. 5) swings about its pivot in the coun 
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driven to drive the gears 41, 41' and 42. Consequently, 
the mold assembly 28 is rotated so that the envelope 6 
is wrapped therearound in its groove 30. When the en 
velope 6 is completely wrapped around the mold as 
sembly 28, the upward movement of the mold head 18 
is stopped. After a short time required to permit the re 
shaped envelope 6 to be cooled and hardened again, 
the actuating lever 54 swings in the clockwise direction 
about its pivot point so that the pins 51 and 51' at the 
upper ends of the long levers 48 and 48' are caused to 
move away from each other. As a result, the half sec 
tions 35 and 35' of the mold assembly 28 are separated 
from each other in the axial direction. Then the appara 
tus 12 is retracted to its inoperative position so that the 

I reshaped annular envelope held by the head 4 may be 
transferred from the reshaping station to the next sta 
tion. As soon as the apparatus 12 takes the inoperative 
position, the driving sprocket 23 is driven in the re 
versed direction to cause the downward movement of 
the mold head 18 to its initial position. 

In the conventional reshaping apparatus, each mold 
assembly comprises a pair of half sections equal in 
thickness which are cuased to move away from each 
other in the axial direction over a distance equal to one 
half of the envelope 6. However, according to the pres 
ent invention, the half sections 35 and 35' of the mold 
assembly 28 are different in thickness. That is, the half 
section 35' on the side of the adjacent mold assembly 
29 has a thickness smaller by 6 than the half section 35 
as described hereinbefore. This means that the axial 
displacement of the half section 35' away from the half 
section 35 is shorter by e than that of the corresponding 
half section of the prior art mold assembly. Therefore 
the distance between the axes of the envelopes 6 held 
by the paired heads 4 and 4' may be shorter by 26 than 
the corresponding distance in the prior art apparatus. 
However, the outer half sections 35 and 35' must be 
displaced over a distance longer by e than the corre 
sponding distance in the prior art apparatus, but it is 
readily understood that the increase in displacement or 
stroke of the outer half sections will by no means ad 
versely affect the arrangement, construction and oper 
ation of the reshaping apparatus of the present inven 
tion. 
According to the present invention, as described 

hereinbefore, the distance between the adjacent envel 
opes of the ?uorescent lamps held by the paired heads 
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may be shortened by 2e over the corresponding dis 
tance in the prior art apparatus. Therefore, in case of 
the apparatus having, for instance, 30 heads, the travel 
ing path of the heads may be shortened by 606. In other 
words, the diameter of the circular traveling path may 
be shorted by 60 6/11’. 
What is claimed is: 
1. In an apparatus for reshaping two rectilinear envel 

opes'of ?uorescent lamp assemblies into an annular 
form, the apparatus having two pulley-shaped mold as 
semblies having annular grooves around the peripher 
ies thereof for wrapping rectilinear envelopes of ?uo 
rescent lamp assemblies, each of said mold assemblies 
comprising a pair of half sections divided by vertical 
parting planes at right angles to the axes of said mold 
assemblies, said mold assemblies being mounted in a 
retaining structure in a position wherein one half of 
each mold assembly faces a corresponding half of the 
other mold assembly and is adjacent thereto, 

the improvement wherein 
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8 
said vertical parting planes asymmetrically divide the: 
mold assembly, whereby one of said half sections of 
each mold assembly is thinner in the axial direction 
than the other half section, 

wherein the thinner half sections of each mold assem 
bly are those corresponding halves of each mold 
assembly that are mounted adjacent each other in 
the retaining structure, and wherein the distance 
between said corresponding thinner half sections of 
said mold assemblies is sufficient only to permit 
opening of said mold assemblies and removal of 
said ?uorescent lamp assemblies, 

whereby the axial displacement of said thinner half 
sections for removal of said ?uorescent lamp as 
semblies is shortened by a distance equal to one 
half of the difference in thickness between each of 
said pairs of half sections as compared with the cor 
responding distance when said half sections are 
symmetrically divided. 

* * * * >l< 
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