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INTRODUCTION

There has been considerable interest in low heater power
cathodes in the past few years. Quarter-watt cathodes have
frequently been mentioned.

The heat balance of a 50 mil diameter, 22 mil thick oxide
coated cathode operating at 8250C, with reasonable structural
support and with quite favorable heater lead losses, indicates
a power requirement of .173 watts,

The heat balance obtained from curves 1 to 5 are as
followss

l. Conduction loss by 3 mil tripod legs 32 milliwatts
2, Conduction loss by .8 mil heater leads 9
3. &a. Radiation loss by cathode surface (E=.3) 31

b. Radiation loss by back surface 31
o Radiation loss by side wall (E=.3) 50
Total 153

5. Heat generation loss by leads =~ 13% of
total. (Coil length/lead length=10) 20
Total heat loss from heater«=cathode 173

In the actual devices tested, at least 230 milliwatts is
required to obtain 8250C cathode temperature. The discrepancies
between theoretical and actual values are probably due to errors
in the values used for emissivities, and errors in cathode tem-
perature measurements. However, stable cathode operation has
been obtained at 125 milliwatts of heater power.

It will be exceedingly difficult to reduce the power
requirement further if the present cathode area is maintained.
The construction of the device is shown on Figure 1.

CATHODE SUPPORT

The cathode is supported by a tripod at approximately isos-
celes tetrahedral angles. The legs are made of 3 mil nilvar
wires. This support structure gives nearly optimum rigidity in
all directions, consistent with minimum heat=loss by the support,
(Graph 1).
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RADIATION LOSS FROM CATHODE

The cathode diameter is 50 mils in this design. The
front surface is covered completely with cathode mix. The
back surface is partially covered by a nickel tab which acts
as a heat shield. The heat loss from these surfaces is given
on Graph .

RADIATION LOSS FROM SIDE WALL

The side wall of the cathode is covered with cathode mix.
It was found that heat losses are reduced when the side wall
is covered with "fluffy® cathode mix. The adherence of the
coating to the ¢ap is also advanced by this method. The height
of the side wall is determined by the thickness of the heater.
The heat loss from the side wall is given on Graph L.

HEATER
The important considerations in heater design ares

l. The heat loss due to heat generation and conduction
in the heater leads,

2. The operating temperature of the coil,
3. The surge current in the heater.

All of these consideratiocns are enhanced by a long heater.
The heat conduction loss by the heater leads is given on
Graph 2. A mid-span temperature of 600°C is assumed.

The heat generation loss can be expressed simply in terms
of heater coil length to lead length ratio. The relationship
1s given on Graph 5. A midspan temperature of 6000C, and a
coll temperature of 1200°C is assumed. Radiation losses from
the leads are neglected. In heaters concerned within this
report, the radiation losses from the heater leads are less
than .1% of the total heat loss.

Conduction and heat generation in the heater leads are
independent phenomena provided that the thermal conductivity
k and electrical resistivity p are not a function of temper-
ature, and radiation losses are neglected. This becomes a
fairly good approximation in this heater if the conductivity
k and resistivity o are used consistently with the midspan
temperature., If the phenomena can be superimposed, it is seen
that one half of the heat generated in the leads will be lost



A
(s =
—“ | .‘:“ M_ —
1
] s 5 AN )
11 1
: ey _
T H By ——
4 1 11 yd 7
e y a
T : y 4
I
(T = a
[} | BN 2
4 1
i1
ﬂ : + S T
l 1T 117 “ P
- W
m o iR - 1-“. = ﬁ
ik = = af
z T Chia T S5 Ry Z
2 e - ot 4 s
- s BT -
I =5 5o 71 fens :
00 ; ! =
A : e : i
» JEEEE T i 7 : 2
M i —— o ; 5 =
R e = 5 =5 : i = =252 =
b ] et i i L S=ESSS z e EEE SERSSSSTaES oS = ===
] il =+ 7 frm HH =
Q 8 : v 1 =
T /
€
- i :
T i &
N o0l 42 = = s
L] 1l p 5 aittin
a i 4 y. i
w ‘ x \\ _t i ih
I 1
N ] £ _h_ , w:
o ¥ e —ﬁ
7 1]
m i i
il H
| ! ﬁ B
u M J. ﬂ -
o .__. T =
O I :
i B snded u
i T ﬁ.
1 n
it p S
O¢] Ay - - 2
A =
s
i
= e =
H 538
1.1 =5 “Hlﬂ =
=22 == : ¢ : .'ml ASE=S
e EEte ey - R R R ST "
3 3 4 " ¥ . - - -
¥ 5 =
R 1 SSpicfasste ! ! e caﬁ I&(Num v
: HEEEE 3 e = 3 B ; : 1 J
000} 06 08 0L 09 oy 3 ] 00} 0§ a o) o3 ' « 3 [

cgjlomifivy - 5507 Lva
Jomipy 1EV2H  aqoHLvy vamoy mm.im: moy’

*3QIS GNVYH-L237] 38 18NKW SIHL (ATTYDLLHIEA) AVAM ¥3HLO ul\ “V3y §1 L3THS A1

*dOL 38 1SNW SIHL (ATTVINOZIHOH) AYM Slh. _v3Y S| LAIHS | UZ_QZ_m HOd A3AYASaY Z-OE(E SIk p



Do =~ AWM3W A IYnAVVAdWI_|

T
1 HHH v
] T -
i il
mﬁ.x i 1 11} 2
i §
E 1]
11 a
i}
I3
11
11
i
F4
I i &
4
v
i
L
€
H
:
r
5
e
o0S =
= :
3 B = = = <
= > S = = S
A e - ; & it o e -~ nmm e = =
. T
068 iz
i esen:
oot = +
L \.A K
A 1]
»
P il
b . T
i Hi AV,
v < M
H
!
o000’z bt
I AH A . i f
o V]
o P ? g
o4 0
i
g ; 2
i TG
)
»
. B
it = =
¥
o0's  Heits boai B HH :
o £ & fif
n £ 3, LE St — - - ==
: e e e
36 . =g =i
z £E £ ieadii e = 5o 35
3 = (= 1 ) HE = it I T T y..m«n pepamis 1 ’
. D ok ad di8s Bamns byt ot ] FH 8a5ast =
e Ex eyl e
y i PR PR &7 i oh : @ HdVdg
t i g I :
¢ i g : =2 5 === HE : : . = =% i
- o "4 .
._ 8 ¢ $ Os 4 g o2 (-] Q8 6 @ 9 1 4 € 2 1

X
|

maoz._k.u damoj yaLyapy mo
€ £ . R L v e

n.ws\s.u-“rs > Ss o.,.,.— Avay :



Do = IUNLVHIALWS | IAOHLY ")

f i
1
it}
i
T
T
T
2 i
[}
= ]
H ! >
3L
s i : :
008
=SssSss
9 = - = = £ HEE =
£ = = ¥ e Soss =
S ) i L
T } I
¢ TR
e . s
o000t | : R it
Hi T i sy
1 ! i ol mm
-
L ®
‘. 4 -
144!
1 er.
H
0003 ﬁ
I
r ] | d 1 {3 T
1T - 1
e H K3 T
» 1" “ m
i
: H
] Gt
4 % = 5
: e
: B R i =
8 ; LI 58§ e = 222 === =
i —_— ~ = sEEa== . a v
Fa iisaticaet e s saatn = - - m
of £l i
Hi 1T
1!
& t
@ - = . :
6 8 £ 9 00f 1 4 € ool ¢ 8 ¢ 9 of 1 4

acol

sfomipw - gson) ..r(mI”

\\l,,

3 oz — o

‘3qOHLYH ¥ aMoy ¥ my—\km_._* \SOI—

o
ra X 7

T

L%
L
S

~



Do = BAALVUIAWA | IV

Qoi

I
i 1
{
z
i
n T
i
¥
ocag -
3! = gasse
e ESSSSSsssiiit =
3 s = = 22e8
8”@ s=s S = :
it 1 t T
1 1 T § = = =
8 i Al : ; ! t =
00T - L
& a
[ ]
Q001 _«m
_,._x H
L i
{1 §re H i -t L4
I T
>
N ™
- 2 <
- ] o
4 i Fo ,
HEH ] I i1
n .Y AL
1 i
1 EL
3]
| j2N)
L 3
G002} it i
-
1l
i SE8
5
- 1] . =
i
o i 28 3
I 1N |
h BN
=
T
v H
i
“ f 43 Seas, 4
B 25! -+
7 s &
o fjie i 85 ==
-~ sest £ =
e s
) g i
1 4 b | panss BEE 0 3 s A _nWJ- g
4 ) § - i g
e B el 1 isan! 2 o o - B H HIT Tt
o AT S AR - _ i st =SS=SS ! GO I
5 | : - B T » o s T
ba § i s
= S S Yy H
H i = =" . ﬁm( N—
: H = 1 ; :
'

6 8 L 9 00 ¥ : 222! I
. z 16 8 £ 9 o8 ¥ o 0% =

....ési__-_&.iﬂ omo..- ,....(MI_,
V" 7 i &

~ AA0HLYY) Yamg a1y ay MO

2,
¥



HL9NaY avaq SHioNa"] 10y

ot

]

- 0T

i
i

<t

oo

[

ey

Y £

Y% < — 9507 Llvay¥

; wmnoz._.c.w mmkom..mmkfnz_ mo~

D Uil !
Ul
|
1
in
1
T 1
i
= s = —— =
; f
: ;
+ t
! i
i i
3 i
i HHHHHT
HART
Tt
ke
i |
1 A
i N
| 1] C
1
i) N 5
1
Ll 1
it
+ 1
¥
i PN
T TN
[ L]
d —
i
i SREREIN i
b §] ‘et
) i N I
1 1
T
}
T
ansssus
T
it i
3] f I Sth N BT
T ....wmm. H = T = - o o= =
= =+ === 5 =
i £ = : =
foan . HHti i 1 | H T 1 H i N
H jaa! i+ H P Hi it Hi H
15! T canesouns i
T - IJ. =i PRt
Ht wm.mﬂ 7 Y :
Ras=s:
i heass, : |
3 i
6 8 L 9 Q@3 ¥ € H Ol 6 8 £ 9 g

¢ Havas

.




se° -

2°

MU LJIHQZMA

java—

9

o . £L0° L $o0° 520° o
bt | V| T P |
4
0
= 3
=
//....
L L T T T T gy
h Zz
— g — 23
- N w //1 m
5 : AN =il R
] = P = . M—N
§ \
= =z \ 2
Y ©
Lo o - o
= 1 lz Z
- 1}
0 &
i
-H ©
e N
S 46T
e §
o \
5 et @
. - » Y M| 1
L.r : g Y pa ;M
= T
ke N U= iGN . IR AT F O H= w
DN HA LTS THNOT A > N Nah\igk _ ONNFEFEH -
<6 L8 . 8L %0§ & % S1 5507 NOuvuaNRD
8 o = o s2 %0¢ £F' 9% S8 %07 Noriananos
3 § O Znn ¥



oo

——

Jo — JFU0lvazdws| - 5%
009t oos't ooy} oog'l oot'l ool't 000"l 06 - cog o0L
= 4
e yor|
B b
il 1 [I=NEKINRE ~ (WYihm] A =
1 P 4 .7 4 { -
ot
4 ] LA
3 el Ll N 5
- A MY Al > = »w
= 7 {
=Rt x
Lot = >
- ¥ C ,
L \\ W
\\ _
m u> o1
. m _
g |
Par »
£y .l&
EPLK: >
< Z
» ZAN
i m
—
sl
‘.\ “ v
» aL
e ‘0
-
- “ }
“ M
X Nuvd
A
\\\ C 3
»
. SIEM EMARA YoMl "
¥ \ L2
IV NI SNz e s
=Ds| T AN e ¥ g
L a SION H )
N e




and one half will be transferred to the coil. It can be
seen further that if the coil temperature is held constant
and the total cathode heat loss 1s constant, the minimum
heat loss by the lead occurs when the conduction and gener-
ation losses are equal., See Graph 6.

Filament Temperature & Initial Surge Current

The heat transfer from the filament to the cathode is a
function of the filament surface area and the mode of heat
transfer to the cathode., By using long filaments, the wire
temperatures can be reduced for the same wire size. Moreover,
if the heater is bonded to the cathode cap by a thin layer of
alumina slurry, the heat transfer is essentially by conduction.

In the existing heater - cathode configuration, the fila-
ment temperature is several hundred degrees lower when the
h?at transfer is by conduction rather than radiation (see Table
1l).

It is advantageous from reliability and efficiency stand=-
points to operate the filament at a temperature approaching
that of the cathode.

The initial surge current is a function of filament oper-
ating temperature., When the filament is cold, its resistance
is lower by the factors indicated on Graph 7, compared to oper=-
ating temperatures., The initial surge current can, hence, be
read from this graph directly for a given coil operating tem-
perature.

The initial surge current is also a function of the steady
state current. As the filament length is increased, the steady
state current requirement for the filament is decreased for the
same total heat generation and wire diameter§ hence, the surge
current is also decreased,

Graph 7 also indicates the reduction that can be obtained
in the surge current by the use of Rhenium-Tungsten wire.

Typical operating temperatures for various wire diameters
and filament lengths for the quarter-watt cathode are given on
Table 1.

Hot Spots

It is not possible at this state of the art to build
heater filaments which are absolutely uniform, such that at



an overload failure the complete filament would melt from one
end to the other. Invariably in actual heater filaments, the
failures occur at localized regions (hot spots).

Maximum temperatures occur at these "hot spots” when
operating voltage is suddenly applied to the cold filament.
A large percentage of the operating voltage is across these
high resistance spots, which increases the temperature and,
hence, increases the resistance even further, The damage po-
tential due to these hot spots is determined by:

1. Electrical resistance gradient of the wire along
' wire axis,

2. Thermal conduction gradient to the insulation along
wire axis,

3. Applied volbtage and source impedances,

L. Ratio of the time constant of the hot spot to time
constant of the total filament.

The above parameters determine the maximum temperature
and the duration of excessive temperatures. Chemical reaction
and evaporation at these hot spots increase the resistance
gradient which aggravates the condition ewven further,

When temperatures reach the melting temperature of the
alumina, a void appears around the wire. Failure occurs when
the filament temperature reaches the melting temperature of
the tungsten, usually at a cold start.

Recrystallization of Tungsten Filaments

Recrystallization is associated with enbrittlement of
the tungsten. Practically all of the failures in the present
design are due to the recrystallization and then an applica-
tion of excessive stresses on the filament., This will result
in brittle fracture of the filament,

The wire is received in soft annealed condition with a
Vickers hardness of about 400 Kg/MZ., (See Graph 9) The wire
is wound at about 10,000 psi tensile stress (about 1 gm force
on .5 mil wire). The smallest bend in the coil has a radius
of curvature of 7% milsg the bending stresses associated with
this are much less than that due teo the winding tension.

The lead wires get additional "handling stresses™ which is not
practical to evaluate. The heater assembly is hydrogen fired
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Temperature

Recrystallization
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at 1,350°C. The recrystallization temperatures vs. Vickers
hardness is given on Graph 10. If the hardness was not in-
creased over about Vickers 480 due to cold working, the tungs=
ten will not be recrystallized.

According to G, E. Report 59-LMC-132 by U. E. Wolff, the
temperature range between start to complete recrystallization
is approximately 200°C. It is noted that when wet hydrogen is
used in the furnace, the brittleness curve is shifted up by
several hundred degrees centigrade.

In the present design, recrystallization occurs in the
heater leads at lower temperatures than in the coil. Recry=-
stallization temperature is also a function of the wire size,
as indicated on Graph 1ll.

A number of properties, including recrystallization
temperatures are improved by the use of Rhenium-Tungsten wire.
There 1is only very limited data avallable on this alloys an
elongation curve is given on Graph 12. Experience with this
heater indicates that Rhenium-Tungsten wire remains soft
under conditions where 218 tungsten is fully recrystallized,

Thermal Efficiency

If one bases the thermal efficiency of the cathode on
the heat loss by radiation from the useful cathode area at
operating temperature, the efficiency of the standard 3.8
watt cathode is .84%, This is based on a useful area of 50
mil diameter, at 825°C with E=.3 (see Graph 3). The effi=-
ciency of the  watt cathode is 13%, while at 50% thermal
efficiency the power requirement is 6l milliwatts.

Thermal Expansion Within the Heater

The thermal expansion of tungsten is L0 x 10=7/0C at
room temperature6 while the thermal expansion of alumina is
about 90 x 10-7/%¢, resulting in considerable expansion mise
match. During the heating cycle, the tungsten expands first,
then the ceramic comes up to temperature gradually and ex-
pands more than the tungsten. There is usually no danger of
fracturing the tungsten in the heating cycle, since it is hot
and consequently ductile.

During the cooling cycle however, due to the heat trans-
fer parameters the tungsten cools first, while the core ceramic
is still in expanded condition. Since the tungsten is cold and
more brittle than when it is hot, fracture of the tungsten tends



to occur exclusively during the cooling cycle. Experiments
with heaters substantiate this conclusion. The tungsten
may take a large number of cycles before complete fracture
occurs,

There are three parameters that are adjusted to control
the thermal-fatigue problem in this designs

l. Undercoating - The maximum thermal expansion differe
ence between e tungsten coil and alumina ceramic is 1.5 x
104 inches. A layer of nitro-cellulose of about 2 x 10-
inches is placed on the core ceramic before winding. During
hydrogen firing the nitro=cellulose layer disappears, and a
gap 1s produced to take up the expansion of the core ceramic.

2. Winding Tension = If the coil winding stress is re=-
duced, the aEsoEuEe stress during the cooling cycle is also
reduced. In this design, the winding stress is reduced %o
the bare minimum, which is about 10,000 psi.

3. "Soft"™ Alumina Coating - The coating ceramic is fired

00C, which leaves It relatively soft. The ability
to use soft ceramic is made possible by the integral potting
of the heater into the cathode cap, The coating has a much
lower strength than the tungsten; hence, it tends to crumble
locally rather than fracture the tungsten filament.

Life tests indicate that the heater can only take several
hundred "on-off" cycles when it is wound at 100,000 psi winding
stress. At 10,000 psi winding stress, the life is extended to
120,000 to 130,000 cycles. All heaters (4) with undercoating
and reduced winding tension are still operating after 135,000
cycles. '

The use of Rhenium-Tungsten wire should increase the fatigue
life of the heater, since it is more ductile than pure tungsten.
There is no life data on this alloy wire heater at this time.

Flashing of the Heater Leads

If the heater lead is much longer than the specified
value (75 mils for .4 mil wire and 20 turn coil), the lead
will glow bright when voltage is applied. The glow will dim-
inish when the heater comes up to temperature. Flashing of
the lead can occur also when the coating is cracked near the
first coils. If flashing condition occurs, the heater should
be {ejected, since it will last no more than a few hundred
cycles.,



Steady State Heater Life

There are three phenomena that are considered here in
regards to heater life.

l. Burn Out Voltage = When heater voltage is increased,
at a relatively siow ra%ep at some voltage the heater will
burn out. The ratio of the Operating Voltage to Burn Out Volt-
age (g&) is dependent on the tungsten temperature; hence, the

o
thermal impedance between the heater and its heat sink.

It is noted that when the heater is not potted into the
cap, the voltage ratio VR/1l.5. When the heater is potted into

the cathode cap, the ratgo vﬁ The failure in the potted

heaters occur after the top of the cathode cap has been melted,
and the heat tranasfer "circuit™ is thus altered. It is expected
that if a higher melting cap were to be used, the true ratio
33 would be found considerably higher than 3.

o

2. Decreasing Heater Resistance During Life - When this
Phenomenon occurs, t . .1l lncrease its power consump-
tion and temperature at constant applied voltage. This will
tend to accelerate the process until failure due to an open
heater will ococur.

This type of failure was found to be caused by the shorting
out of adjacent heater coils., The groblem was eliminated by
increasing the drying time of the heater spray slurry and by
spacing the coils no claser than one wire diameter.

Two heaters were operated at LO% over voltage, or about
100% power overload for 5 weeks continuously. No change in
heater resistance was observed.

3. In@reaaianHeater Resiatan@e,nurin;_Lifa = This type
of failure been mentioned 1n literature, It is sus=
pected that the ultimate failure of the heater at steady state
operation would be due to this cause. This phenomenon, however,
gﬁs not observed in this heater under the applied test condi-

ons,

Piring of the Alumina

A relatively pure grade of alumina (Nortons 38=900) is
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used in order to eliminate long-=term chemical reaction pro-=
blems. The fusing temperature of this grade of alumina is
relatively high. It is advantageous to use "soft"® fired
alumina since it will crumble locally rather than fracture
the heater filament. This is especially important at the
region where the heater lead enters the ceramic,

On the other hand, if the ceramic is exposed to handling,
it must have sufficient strength to be able to take the
handling. In this design the ceramic is potted into position,
and the heater leads are connected before firing. The ceramic
receives no handling whatever after firing.

100 Milliwatt Cathodes

Experiments and analysis indicate that radiation shielding
within the cathode structure can result in cathodes with power
requirements of about 100 milliwatts,

The diagram of such a cathode is given on Figures 2 and 3.

A desirable feature of this type of cathode is its in-
sensitivity to applied voltage wvariations. This results from
the heat transfer characteristics of the system. When rela-
tively low power is applied, only the cathode surface directly
above the heater will "glow” and the major portion of the
heat loss is by radiation from this surface. As more heat is
applied, the side wall will also become red and the major por-
tion of the heat loss is by radiation from a much larger area
than the cathode surface alone. This effect tends to keep
the cathode surface cool when over voltage is applied. One
mast keep in mind that in this structure, radiation heat loss
becomes important only above 500-600°C, (see Graphs 1=5).

A cathode, which was only a partially modified % watt
type, (Graph 13) showed a cathode emission of 900 microamps
at 1.5 volt heater voltage and 1,400 microamps at 3.5 heater
voltage.
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Comparison with Other Low Power Cathodes

Sylvania and Philco are both active in this field. The
diameters of all cathodes are 50 mils, including ours. :

Table 2 compares the significant parameters of the three
various designs.

All of the competitor's heaters are made of lamp filament
coils. In order to maintain the coll, these heaters must be
fired and fabricated in brittle condition. Yield and relia-
bility are hence impaired. The Philco heater has the (moly=-
bdenum or tungsten) core wire left in the coil at the legs.
The leads are used for support of the cathode. This adds come
Plexity to the manufacturing, increases the heat loss over
nilvar legs, and results in brittle, fracture-prone support
legs.

The Sylvania heater requires a high pressure moulding
operation on the fired heater coilj this probably results in
partial fracturing of the wire., The Sylvania heater appears
to be suspended on 1.1 mil tungsten wires and a foil tab in
one plane only. It is prone to filament lead failure due to
mechanical shock,

It is estimated that about 35% of the heat input to the
iylgania heater is lost by heat generation in the heater
eads.,
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MANUFACTURING

HEATER

Core Ceramic = The heater wire is wound on a core ceramic.
The core ceramic is an extruded A-12 alumina, supplied at 6=inch
long stalks. It is 15 mils thick and has a full 7% mil radius
of curvature on the two sides in order to reduce stresses in
the wire wound on it, also to obtain more uniform coil pitch.

The extruded ceramic stalk is coated with a layer of
nitro-cellulose. This is done in order to minimize thermal
stresses in the wire, as described previously., The coating
also improves the chucking operation of the ceramic into the
winding mandrel. Moreover, a more uniform coil is obtained
when the core i1s coated, since the wire sinks into the coating
to some extent and does not roll over as it is being laid
down. The cross section of the fractional mil size wire 1is
far from being circularg hence, in certain orientation it
tends to roll when it is laid down on a hard uncoated core
ceramic. The coating solution consists ofs

2 gm. of Nitro-Cellulose (RS=600) made by
Hercules Powder Company
3 gm., Butyl Acetate

The ceramic stalk is dipped into this solution and soaked
for 10 minutes., It is then pulled out of the solution with
the stalk oriented vertically, at a rate of about 6 inches/
minute. When the first coating dries, the ceramic is immersed
again and pulled out immediately at the same rate. The coating
dries sufficiently in 10 minutes, A well adherent and mirrore
like layer of about .05 to .1 mils thickness is obtained. A
new batch of ceramic should be coated each week, This maine
tains proper "working" softness and adherence of the coating,

The ceramic stalk is then inserted into an indexing fix-
ture and scribed with a diamond needle at 30 mil intervals,
and then broken off at the scribe marks.,

Coil Winding

A coil winding lathe was built for the specific purposes
of thils particular heater. A photograph o§ the lathe and
winding mandrel is shown on photographs No's 1 and 2., The
core ceramic is inserted into the mandrel with forceps, under
30X magnification. The wire is led from the reel through the
stationary and rotating guide posts, and then secured to the
tie clamp.

Wire Tension

A torque is obtained on the supply reel by a chord and

« 10



Low Heater Power Cathode: Churck and Heater.

Low Heater Power Cathode: 30 Turn Coil on 1961 Penny.



Low Heater Power Cathode: Cathode and Tripod Support.

Low Heater Power Cathode: Assembly Fixture for Tripod Support.



Low Heater Power Cathode: Heater Winding Lathe.

Low Heater Power Cathode: Chuck and Wire Guide Posts.



weight arrangement. The wire tension used is 2 grams for .8
mil wire and % gram for .4 mil wire. Winding tension is quite
critical since this determines the final enbrittlement of the
coil (1 tension is approximately 10,000 psi stress in .5
mil wire%?

Coil Spacing

The lathe carriage has lead screw feed of 720 turns/inch.
A finer coil is produced by using an additional manual adjusting
screw., 1t is planned to inecrease the lead screw feed rate to
about 1,500 turns/inch.

The required number of turns are wound by monitoring a
counter on the lathe, ~

Porming the Coil Leads

After the last coil has been wound, a guide post is exten-
ded from the mandrel. The wire is wound on this post by turn-
ing the spindle backward several turns. This arrangement
results in a lead orientation perpendicular to the plane of
the core ceramic, and extending from diagonally opposite cor-
ners.

Coil Spray

This is one of the most critical operations in the whole
process. When the spraying is done properly, a homogenous,
strong and smooth coating is obtained. The important consid-
erations in the heater spraying process are: '

l. The coating has to flow freely in between the heater
colls,

2. The coating has to be relatively dense.

3., The strength of the unfired coating has te be such
that the coil is held in place and is protected from
external handling.

i, The coating should dry rapidly.

5. The spray should not clog up the spray gun.

These conditions are met by the following mixture in con-
junction with forced hot air dryings



13 cc Butyl Acetate

4 gm Nitro Cellulose
T cc<'

3 gm Butyl Acetate

20 gm Nortons Alumina #38-900
5 ecc acetone 1
3.5 cc Butyl Carbitol™ (B.P, 230°C)

The ratio of Butyl Carbitol? to Butyl Acetate determines
the flowing and drying characteristics of the coating. The
coating should take at least 30 seconds to dry in air to insure
proper flow. It should dry sufficiently in 15 seconds to hold
the coil after forced air at about 100°C is applied.,

The mix tends to settle and coagulate, so it should be
stored on an agitating device,

A PASCHE Fine air brush, with a % ounce cup, is used
for spraying at 25 psi line pressure., The spray nozzle should
be adjusted to just above minimum spray.

Lead Cleaning & Forming

After the coat dries, the leads are cut with small surgie-
cal scissors to about 50 mils length. Care must be taken in
this operation not to pull or deform the leads. The spray is
pulled off the leads by small forceps. The leads are then
curled diagonally outward by special forming forceps. The
heater is removed from the chuck; then, it is ready for inser-
tion into the cathode cap.

Tripod Supgprt

The cathode cap and the support ring are clamped into
the fixture; the tripod legs are placed into the locating
grooves and welded in poaition.

Using a 15 mil diameter wire loop of 3 mil diameter wire,
& drop of modified spray mixture is inserted into the bottom
of the cap. The alumina content in the spray mixture is

l. Diethilene Glycol Meonobutyl Ether.

2. The use of Butyl Carbitcl was suggested by A, Kling of the
Research Laboratory, Schenectady.



increased by 50% in order to increase the viscosity of the mix
and obtain a relatively uniform coating. The coating 1s dried
by a jet of hot air., An additional drop of spray mixture is
placed into the bottom of the cup with a 10 mil diameter wire
loop. The heater is inserted in the proper orientation, and
bonded to the bottom of the cap. The back shield is then folded
into positions about 10 mils away from the heater.

Heater Connection

The support ring is mounted on the "Heater Ceramic™ in

the proper orientation and is secured by folding the 3 extrud-
ing posts., The ends of the heater leads should now be within
1/32 inch of the ends of the hester posts. A small rectangu-
lar nickel foil is pinched at the tip of a fine forceps welder
and tack welded to one tip., The foll is then placed over the
intersection of the heater post and heater lead, and is welded.
Low heat must be used in order not to oxidize or re-crystallize
the tungsten near the weld.,

Firing

The completed assemblies are placed in a firing boat and
inserted into a hydrogen furnace, The following firing sch-
dule is useds

10 min., Ho Purging
30 min. 1@000

30 min., 250°C

10 min. 1,350°C

10 min. Cooling with Hp ON

The lag characteristics of the system are such that the tem-
peratures are obtained about 3 minutes after the heater setting.
The hydrogen i® bubbled through a jar of water in order to
introduce oxygen.

Cathode Spray

The fired assemblies are placed in a spraying fixture
with 80 mil aperture, and the cathode is oxide coated.

Continuity Check

Before the cathodes are inserted into the tube, the
heater continuity is checked. gyg@gwppgylg_pp_gggg_opmﬁgg

lowest (R x 1) scale on the ohm-meter, and confact
made only for a fraction of a second. therwise, th
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may be partially oxidigzed. The low scale must be used to check
continuity on the finished tube al180.

Heater cathode ¢ cld resistance should be over 2 mega=ohms,
and will run as high as 20 mega-ohms.,

- 1 -
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