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~ quality iz maintained,

Many wsers al
wirelpss vilves,
whether for domes-
tic or scientific pur-
poscs,  ¢an bawve
little ar no concep-
tign  of Lthe many
tuterestineg.:. manu-
jacturing  problems
which have con-
fronted the tech-
nical and produe.
lion engingers of the lodustry in pro-
during 1the modern valve.

In contrast (o the peneral run of
precizion  engineering, which  deals
with solid pieces of neetal which cap
be readily machined and finished to
fine limiits of accuracy, the valve
engineer has to produce and assemble
4 wide variety nf thin sheet metal and
Wil COTpDnents rmany of which are
ratremely  fragile and reguire ve
careful handling to avoid distoeticn,
The wireless valve 15 oo electrical de.
vire whick depends on extremely ac-
curakc spacing of the various atec-
trodes, and it will wot be difficrlt o
ipprecizte that any mechaoical dis-
rortion will roaterially increase the
cffect of the =mall manufacturing
tolerances allowed and largely control
the unifirmity of the finished product,

The special eclectrode materials ig
Keneral use are tmungsten, molyh-
denum, pure nickel, various wlloys of
nickel with manganess, alpminivm or
magnesium - ete,,  and  have heen
chosen, not on account of their casy
working propertiez, but for their abil-
ity to withstand bigh temperatures and
their general freedom from impari-
ties. A high standard of inspection,
both dimenzional and analyticai, has
been set by valve manufacturers on
all the variows raw materials em-
ployed to emsure that the neccssary
Uniformity of
raw materials is eszential for  the
smasth running of intricate tnachin-
eTy, and to permit strict adherencs to
Approved manufacturing processes.

Another interesting peint is  that
many of the processes are peculiar to
the industry and require special plant
which, in the majority of eases, iz de.
sigm:--:i and constructed by the many-
Facturers themselves,

Component Manufacture

In spite of its small size a wircless
valve can have as many as thirty or
furty separate paris depending on the
purpeze 1t has to [ulAl. Theze parts
are generally produced by each valve

*Tho M. €1, Yalve Ca Lid,
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Some Aspects of Radio Valve
Manufacture

By T. F. B. HALL and A, H. HOWE*

i ifactarer to hiz pwn design and
tn arder to exercise the necessary de-
giee of control.

The nlasz bulls ure produced un
automatic machines where the guan
Lities ore sufficiently Inrge Lo justify o
large honrly production. A vacuum
operated device 15 provided ga thess
machines to collect from a tank of
mnlten giuss the correct amount for
tach bulb, which is then blown by
compesied air to the required shape
i split moolds, The bulbs are then
ejected frem the moulds and passed
through an annealinyg furnace to re-
move mternal  strains, The hourty
tate of production is about 3,coo to
(e bulbs per hour, depending on the
tvpe of pachine.  Where the quanti-
ties are amall it i3 meore convenient ty
have the bylbs produced by plass
Mlowers, but of conrse, it iz not pas-
sille o maintsin the same degree of
ubiflurmity by thiz method,

Lixcept in the case of moetal valves
glass rubing is wsed for the electrode
nesemthly foundativn and alse for the
exhuust tube, This walning iz produced
wil 3 machine in which a stream of
molten glass is allowed to fall oo to a
sloping cylindrical mandrel.  As the
rmandrel shiwly rotates the glass be
cumcs depnsited as a thick iilm, which
slides Jown che nose from which it
prazses On by a s€11es of roflers mounted
on the Aooy of 4 long shed, A jet of
alr, emerging from the nose of the
mandrel, prevents the tube from epl-
lapsing until it has cooled sufficiently
to retain its cirenlar cross section. At
the end, of the rollers is & mechanizm
for pulling the tubing alony at a
steady rate, varying from zoo to 3eo ft.
or more per minmue depending on the
size ol the tubing, The diameter and
wall thickness of the tube are adjusted
by varving the rate of Bow from the

— JE—_—

September, |

turnace, the diameter of the mandg
and Lhe speed at which the tube leg
the mandrel. Combined with the g v
ing tnechanis is @ cutting device, i
separating 1he tubing into loongths
approximately | f1., which is8 2 oo
venient size for handling i subed
guent pperatinns,  The cutting is ¢af
ried out by a chisel edged carbored
dury block mounted on a belt havyi
he same lengyth as that of the g
slicks, and which travels at the s
rale and in the seme direction as g
tube.  The belt is set at a slight angy
lo the glazs tube so 1hat a cross rofd
bing action takes place between i
cutier and the tube whilst the twg g
in cuntact, '

The glass tubing produced by
method which has just been describe
ii uied in the making of the valve fg
ar pinch {Fig. 1}, The lengths of tolg
ing are inserted vertically into 3 fang
ing maghing, fitted with a oumber 4
revolving chucks mounted on a smal
cireular table, whick is indexed at of
ralar intervals of time. At the fixi
two ur three stationary positions of
table, the bottom end of earh tube
heated by gas burners until it becomg
plastic, Whilst in this conditior '
spinnity tool is krought into contm
with the tubes, which are flanged
wards (Fig. 1f6), In the next two p )
tions the flanged tube is cut to lengl
by heating 2t the reguired distag
abave the flange and parted off by twy
rotating bevelled circular knives, of
on the inside and the other on the g
side. (Jn the last positine the chud
are opened, allowing the length -
tube ta fall oo to 2 [enpth setting p
ready for the cyele of aperations to)
repeated,

The flanged tubes are oow
terred via a sloping chute to 2 be
zontal cirewlar sioteed table, and

E
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Fig. |. The glasy * pinch*’ of the valve znd its coOmnponeEnt parts,
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-‘:. rig. 5. Close-up of the grid winding machine showing grid wound in a continuous length.

‘order that they can be supported by
. the flange, are inverted during theur
¢ passage down the chute. The table 1s
# indexed so that each slot receives a
flanged tube, which is heated at the
¢ bottom end until it becomes plastic. At
¢ a suitable posijion a pair of blades,
b-similar to a glove stretcher, are in-
_serted and the tube stretched to the
Ehapl:: shown in Fig. 1f5. This opera-
l tion is necessary in those cases where
the two outer electrode lead wires are
' spaced at a greater distance than the
internal diameter of the tube.
The lead wires, which not only sup-
port the various electrodes, but pro
E vide electrical connexion to them, are
-in most cases composite in nature. In
' Fig. 1/10 is shown a three-piece lead
. comprising (2) an electrode support,
usually nickel, (b) a short length of
alloy wire which is fused into the tube
to form a vacuum tight joint, and (c)
an external copper connector. When
t. 2 very wide spacing is required be-
.tween the outer supports, the nickel
component is pre-formed as in Fig.
b 1/9. In those cases where an electrode
¢ is supported by two wires, one of them
df:-ts not have an external COpper con-
- nexion and is made with either a short

length of alloy wire (Fig. 1/8), or with
a nick (Fig. 1/7), to hold it securely
in the glass,

The foot or pinch is made by insert-
ing the lead wires, nickel downwards,
into holes drilled in a heat resisting
die block. The glass flange and ex
haust tube (Fig, 1/4) are supported 1n
Fig. 1f3, f.e., with the welded joints
of each of the lead wires lving within
the flattened zone of Fig. 1/5. Whilst
thus aligned the die block and jaws
are indexed through a number of
graduated fires to reduce the thermal
shock to the glass, which gradually
becomes plastic and flows around the
lead wires. At this stage a pair of
jaws compress the glass firmly around
ine wires and complete the seal. The
inner end of the exhaust tube is now
embedded in the pressed portion of the
flange tube, and, in order to provide a
free passage for exhausting the valve,
a jet of air is directed into the outer
end, whilst at the samc time simall gas
burners keep the upper surface oi the
pressed portion in a plastic state. The
air pressure in the exhaust tube forces
a passage through the wall as shown
in Fig. 1/2, which is a view t:ken at
right angles to Fig. 1/3. The final

pinch is then thoroughly annealed to
prevent glass cracks. The conven-
tional type of pinch-making machine
may have from twelve to twenty-four
heads, and production varies from 200
to 4oo pinches per hour according to
tvpe. As a final operation, and de-
pending on the layout of the various
clectrodes, the lead wires are trimmed
and bent to the required shape as for
cxample in Fig. 8.

The metal components can be divi.
ded roughly into two groups, t.e.,
shert metal pressings, and those made
from wire or strip.

Those falling into the first group
cons’'st of anodes, beam plates, shields,
comtact caps cic. ;

Anodes are generally two-piece
pressings, or single piece as in Fig. 2.

Shields and other pressings 1n
general use are too diverse to describe
in detail, but represent general press
work technique, except that the thin
material used and the accuracy re-
quired calls for the highest skill 1in
tool making. It will no doubt have
been noticed that some of these are
made in bricht metal ond others in
black. Black or carbonised material
permits the use of smaller components
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Fig. 2. Various ons-piece snd twe-plece
ancde preysings.

for & piven wattage dizmipation on ac-
count of its improved hezt radiating
properties, a very useful factor in view
uf the moderp tendency towards & re.
duction in the overall size of valves.
A large variety of formed wire and
strip companents are trequired for
clamping, supporting and connecting
purposes. These are prodoced on aute-
matic machines wherc the quantities
required are large, otherwise it is more
econemical to construct simple hamld
operated jigs, which do not require
careful sethiag up.

Trepending oo the fuoction which it
has to fulfil, a valve, unless it is a
diade, may have from one to six
separate grids, The grids are wsually
the maost eritical component parts of a
valve and it is proposed to deal with
their manufacture in some detall,

A grid normally comeists of 5 helix
of fine wire attached to one ar more
longitudinal suppori rods and may, ge-
cording to requirements, have one of
the warivus cross sections shown in
Fig. 3. The helix pitch in the
majority ¢f cases is constapt and
can wvary from & turns per inch
to nearly zeo turns per ioch. Io
cases of high frequency
valves uzed in manual or automatic
volume cpntrol circuits, the pitch is
iacreased in the centre portion as
shown in Fig. 4 (night).

The twe methods of atlachiog the
grid wires to the supporis in gencral
use are by resistance welding or by a
mechanical process of notching and
swaging, the latter being in effect a
caulking process. In certain older
types of transmitting valves the zup-

ﬁ]ﬂ grid turns hy
means of a fine binding wire, mainly
because the art of welding together
two molybdendm wires ‘had oot been
developed when these types were in-
troduced. Welding by high  speed
machines is really only practicable
wire

has a higher melting point than that of

Clecemnic Engincenng

the supporting wires, =0 that with the
increasing use of materials such as
nichrome, manganese nickel, ete.,
which are considerably cheaper than
molybdenwm, the use of thia process
has diminished in recent years. Toc
notching and swaging process pro-
vides unlimited scope in the choice nf
materinls ; & considerable boon to the
valve designer,

 #
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&

Flg. 3. CTrogs sectlons of various types
af grid.

Iirespective of 1he process em-
ployed, the basic principle of the
winding machire, one type of which
s shown in Fig. 3, is that of a serew-
cutting fathe, A short mandrel {A} of
the required cross section, with longi-
tudinal grooves to accommodate the
suppart wires, 1z mounted in 2 non-
ratating holder inszide the hollow main
spindle through which pass the sup-
port wireg, fed from spools carried
in an external cradle. The sopport
wires are adjusted in the mmtial set up
ta projecl beyond the noze of the man-
drel and are grpped by a =zuitable
clamp mounted on the slide rest,
which iy traversed by a lead screw [H}
driven by i train of gears to give the
required pitch, A face plate (D)
mounted on the spindle carries both a
spool of winding wire (B} and a gpring
lnaded welding rolier (E}, which 1
connected by brushes (G contacting
ap insulated ring {F) oo the face plate,
to the low voltage secondary winding
of a single phase transformer. As the
f:ce plate revolves around the station.
ary muabdrel, the wire is drawn off the
:jpml pwer fuides (7] and welded to
the grid support wires, The mackinc
is now stopped when the slide reaches
the end of the machine bed and the
length af wound grid severed close to
the mandrel, the shde traversed back
te the stareing point and the clamp re-
connected to the suppert wires.

In the notching and swaging pro-
cesg, shown diagrammatically in Fig.
& stages A, B znd T, the cyele of
operations is very similar, except that
a rigidly supported sharp-edged circa-
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Fig. . Gridy wound with constanc
and variable phtch.

lar cutter, which is free to revolve, iz
substituted for the welding rcoller.
This cutter makes a succession of
notches in each of the support wires
us they are drawn across the mandeel,
and into these the winding wire is laid.

5
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A sguare-adged spring-loaded roller -

hammers or caulks the material of the
support wire ground the winding wire,
and gecures it firmly in position.
The projecting ends of the grid sup-
port wires which are required far loca-
tiom and c¢onpexion, are obtained

either by switching off the welding -

current or hy lifting the swapmg
rcller, depending on the process em-

ployed, the lpose turns being removed -

m & subsequent operation.

The fhnishing merm:esses commence
with the length of wound grids as re-

moved from the machine and are vepr -
important in wniew of the necuracy re- -

guired. In the case of notched prids,
the lengths are first stretched lowgi-
tudinally to remove 2 slight distortion

imparted by the swaging process. The

grids are separated in a cutting-toal
and then normalised in a high tem-
perature bydrogen furnace. This t-ear-
ment also releazes some of the surface
gas, which would be harmiul to the
vacuum in the finished valve. The

grids are then, if the ¢ross s=cton pev- -

mits, internally stretched in order to ;

gize them to the correct dimensions.

.
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Fig. 6. Stages In the manufacture of
noxched
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- All grids have to be gauged across
the minor axis in “ Go " and ** Not
Go " gauges, The normal limits im-
_ d for the most critical grids are
of the order of £o.3 mm. {*.0012in.)
L and in certain cases the limits may be
‘even smaller. As previously pointed
“out these limits are large in compari-

son with accepted standards of pre
cision engineering, but it is necessary
to bear in mind the fact that, in the
known art of wire drawing, variations
* in the temper of various successive
§ batches exist, and these affect grid
' making considerably. When one con-
siders that grids may be made in
batches of say 10,000, and that any-
- thing up to 15 or 2o spools of wire may
he required for this quantity, the pos-
* sibility of variation i1s very apparent

=
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5
and frequent adjustments are necessary |4
to maintain uniformity in the product, +

- Cathpdes and Heaters §
The cathode, of which there are two 1

k- distinct types, namely, directly and

. indirectly heated, is coated with elec-
tron emitting chemicals which only be-
come active when raised to a tempera-
ture of the order of 700/800% C.

The first consists of a length of
wire or strip usually formed inte one
or more “‘vees'’ (See Fig. 7/1 and 7/3),
the ends of which are clamped o
welded to two lead wires in the pinch,
the bottoms of the intermediate loops,
if any, are secured to dummy lead
wires while the tops are supported by
helical or cantilever springs to
hold the svstem taut and to com-

o Pt o D iy
= g il i b il | il e "R

.+ m

I SR - S——e————e——y 1 SRR R PR L
[ S —

1
pensate for expansion and contrac- 4
tion. The emissive coating 15 ap- by
plied to the wire or strip by passing it 1§
at a steady rate through a series of 15
baths with intermediate drying ovens; Fig. 8. Photograph of a barrel jig used in electrode assembly b3l
the coating thickness, which is : (i
critical, being maintained by careful spray directed on to a row of cathodes Thﬂh H;U"tlﬂl of the Electrode on to | i;”
: . r b Ak " the Stem ;
mounted in a jig, speciallv designed i B
F— — : om- ¢,
- 1 to control the length of the coated por- T"f'“ _3553“1131};] of the ‘L-'Iarmuis c 1r {4
tion. ‘The thickness is controlled by ponents on to the supporting stem Q 318
2 ; 3 © pinch 15 an operation calling for ex- 17

Fig. 7. Types of filaments and heaters.

control of the viscosity of the chemical
suspensions in the baths,

In the indirectly heated type the
cathode consists of a thin wall seam-
less or lock-seam folded cylindrical or
elliptical nickel tube, whilst rectangu-
lar cathodes are usually formed up
from thin strips of metal, The emissive
coating is applied in the form of a fine

weighing samples in the coated and
uncoated state, In order to activate
the cathode coating, an insulated
heater of tungsten or molybdenum-
tungsten alloy wire is inserted into the
interior, The transfer of heat is rela.
tively slow, hence the time lag which
is encountered in starting up with
valves of this type. The insulating
medium in this case is pure alumina,
which is likewise applied by a spray
gun to batches of heaters mounted in
special jigs.

The coated heaters, which may as-

sume any of the shapes shown in Fig.

T are inserted into small bhore alumin:
tubes and sintered at a high tempera-
ture (1,450-1,750% C.) in an atmosphere
of hydrogen to remove impurities and
to consolidate or sinter the coating.

treme care in order to ensure that the
relative clearances between the vari-
ous clectrodes are maintained within
the desired limits set to ensure that the
required electrical characteristics of
the finished valve are obtainmed. On
this account it is usual to anchor the
various grids, anodes and cathode
systems 1n accurately pierced mica
spicers before completing the opera-
tion of welding the electrode supports
to the respective lead wires on the
pinch,

In the more complicated types of
valves the use of assembly aids or jigs
is often resorted to. As previously
mentioned, in the more complicated
types assembly jips are used and the

bareel g shown in Fig, 8 is
probably the best example of this
tvpe. The warious electrodes are




