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DEVELOPMENT OF AN IMPROVED JAN 6299

FINAL REPORT

1 May 1961 through 30 June 196L

GBJECTIVE: (1) To obtain better performance and greater
reliability from the JAN 6299 by evaluating
anZ adapting the latest tube technological
advancements.

(2) To build 1000 tubes capable of pagsing
Signal Corps Technical Requirements
SCS-90 dated 1 July 1960.

CONTRACT NO. DA-36-039-SC-85953

SIGNAL CORPS TECHNICAL REQUIREMENTS
SCS-90, 1 July 1960

report Prepared By:

D. L. Cook
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ABSTRACT

The period covered by this report is from 1 May 1961 through 30 June
196L. No work was performed from 30 April 1962 to 17 September 1962 when
marmufacturing facilities were being transferred from Scranton, Pennsylvania
to Owensboro, Kentucky.

The pilot run has been completed; test data is shown in Project VIII.

Results from improved alignment and concentricity, optimization of
cathode coating and improved exhaust fixturing are now being applied to
regular production tubes.

Best results during humidity test have been obtained by improving
plating teehnigues and controls to minimize metal shell cerrosion,

The improved tubes have given supsrior life test results with the
anode seal temperature at 225° C.

The inverted cathode support ring results in cathode subassemblies
with better unif'ormity and increased ruggedness,

The temperature controller has been shown to decrease operator skill
necessary to perform uniform exhaust cycles.

The extended life %est has completed 1795 hours. The complete data

and failure aralysis will be presented in an addendum to the Final Report.
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PURPOSE

The purpose of this contract is to evaluate certain areas of advanced
tube manufacturing techniques and apply them where feasible to JAN 6299
to result in a more reliable ard better performing tube. The objective
requirements for the improved tube are Signal Corps Technical Requirement
SCS-9C (Improved JAN £299) and operation at a tube temperature rating of

225° C. The areas investigated were:

1, Improved alignment, concentricity and ceramic strength.
2. Improved anode to ceramic seal.

3. Temperature control at exhaust.

L. Improved application of cathode coating.

5. Improved cathode mounting.

6, Improved processing for higher temperature operation.
7. Improvement in humidity testing.

8. Impreoved exhaust fixturing.

9. Extended life test and tube failure analysis.




NARRATIVE

Project I IMPROVED ALIG'VENT, CONCENTRITITY, AND CERAMIC STRENGTH

A1l eccentricity dimensions presentiy listed for JAN 6299 are
measured with respect to the centerline of the tube using a go, no-go
type of gange as outlined in the existing MIL-E-1/L8BLB specification.
Since actual sccentricity measurements would be required for a proper
evaluation of improved tube alignment as a result of using tighter
dimensioned parts, it was decided to build a gauge capable of providing
this type of information., For reasons of simplicity in gauge con-
struction, the grid terminal of the tube was used as a reference and
the eccentricity of the anode, cathode, getter, and heater pin ter-
minals were measured from this point. An illustration is shown in
Figure 1.

In an effort to improve the alignment and concentricity of the
tube, the ceramics and metal parts have been made to tighter tolerences.
The ceramic compesition has been changed from forsterite to 96% alumina
in the heater, getter, and anode ceramics for greater strength, The
cathode ceramic, when changed to 96% alumina, produced a median Cgk
of 4.8l pf. This is an increase of 31.8% over the bogy value of 3.65 pf.
Redesign of the cathode ceramic to compensate for a change of this mag-
nitude, it is felt wowid be a major design change.

The improvements made in this project enable improved exhaust
fixturing (Project IX) to further improve alignment and concentricity

of the tube.
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Project II IMPROVED ANODE SEAL

The general configeration of the present design and the hard solder
designs is shown in Figure 2.

The getter ceramic was redesigned to provide a better sealing sur-
face for the hard solder seals. The material was changed from forsterite
to 96% alumina for improved strength, The two metal shells were changed
from copper clad steel to #1L2 nickel-iron alloy to obtain a closer ex-
pansion match. A new getter assembly was obtained to fit the new con-
figeration. The butt seals were obtained utilizing silver-copper eutectic.

The anode seal is a butt seal using silver-copper eutectic. Care
must be taken when metalizing this seal to prevent grid-plate capacitance
from being too high.

It was found during the course of the contract that the metalizing
was not giving consistently strong seals. A much better seal was ob-
tained by using a metalizing mix of finer particle size to give better

adhesion to the ceramic at the butt seals.




1

Hard Solder B Present

Design Design
#142 Nickel Iron l Copper Clad Steel
96% Alumina Forsterite
#1L2 Nickel Iron Copper Clad Steel

CATHODE & GETTFP SHELL ASSEMBLY

Hard Solder Present
Design Design
96% Alumina \\\\\ N\ Forsterite
Copper Copper
I
%
ANODE ASSEMBLY
CONFIGURATION OF PRESEAL AND ANODE SEALS Figure 2




Project 111 TEMPERATURE CONTROL AT EXHAUST

One of the major factors contributing to the variation experienced
in tubes is the lack of temperature control at exhaust. A molybdenum
oven encloses the tubes in a fixture and RF energy is used to heat the
oven, outgassing and sealing the tubes,

The terperature controller shown in Figure 3 was used to regulate
the R* energy input during exhaust processing. Several trial neating
schedules were -xamined, with tne best results obtained using a schedule
approximating the schedile teing used n production,

The temperature controller was used to control processing on two
exhaust sets during the day shif't and the method of observation of Isobutyl
Methacrylate and titanium hydride pressure breakdowns was used to indi-
cate the manual settings on the night shift as in the last quarter.

An evaluation was undertaken of the difference in exhaust losses by
the two methods. There were 2320 tube mounts exhausted Ly the manual
method and 1580 tube mounts exnausted in conjuncticn with the temperature
controller. The temperzture controller metncd had 2.3% less exhaust
shrinkage than the manual method, This would indicale the temperature
controller gives more ccnsistent pro-~essing at exhaust resulting in
better uniformityv of =eals,

Test data was tabulated for 1293 of the tubes processed at exhaust
by the temperature contrcller and 1~00 tubes whicn were processed at
exhaust by the manual contrecl nmethod. The tubes with exhaust processing
regulated by the temperature controller had 2 5.69 improvement in yield.
This also indicates improved processing which is resuiting in more con-

sistent tube guality.




The temperature ccntroller does decrease the operator skill required
to perform a uniform exhaust cycle and therby insures a more consistently

uniform product.
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Project IV OPTIMIZE CATHODE CCATING

In order to reduce variations in cathode coating density, an
evaluation of cathode spray guns, spray fixtures and cathode dengity
was undertaken. A Paasche A - Automatic spray gun was composed with
the DeVilbiss spray gun in use and found to give more uniform results.

An improvement was made in fixturing used to hold the cathode during
the spraying operation to prevent over spray. Production controls
were established to maintain the proper spray density.

The Paasche A - Automatic spray gun along with the improved spray
fixtures continue to give uniform results in production. An illustration
of the spray booth is shown in Figurel;, The life rack used for eval-
uation of this project is shown in Figure 5, The spray density life
tests indicated for favorable life test results, the density should be
greater than 1.0 mg/mm3. Cathode spray density has been adjusted from
0.9 - 1.05 mg/mm3 to 1,25 - 1,35 mg/mm3 on production tubes. The 1.25 -
1,35 mg/mm3 density gave good life test results and is easier to activate
than the higher density groups. The spraying of the higher cathcde den-
sities are also more difficult to control in production with the present
cathode spray equipment. In view of data derived in this test, coupled
with manufacturing experience, it is felt that the 1.25 - 1.35 mg/mm’

density group wili greatly improve the quality of the tube.

~10-
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Project V IMPROVED CATHODE MCQUNTING

Two methods of improving cathode mounting were investigated, a
brazed cathode support ring assembly and a welded cathode support ring
assembly. These two constructions were built with variousg cathode foil
thicknesses and cathode temperature was measured for each construction.
These were then compared with the present construction 6299. The most
promising -~onstruction of each type was then sealed into tubes. The
construction where the cathode is welded to the cathode support ring
could not be made with satisfactory yields although cathode temperature
appeared to be correct. The cathode assembly with the cathode support
ring brazed to the cathode gave satisfactery results. This construction
utilized .000LS" cathode foil material. A more rugged assembly with
better contact tc the cathode shell is realized by use of tnis method.
The variations due to tilting and canting of the individual clips of

the o0ld method of assembly are eliminated.




Project VI HIGH TEMPERATURE OPERATION

An evaluation was performed on tubes to obtain satisfactory operation
with the anode seal at 225° C. A major problem encountered was deterioration
of the plating. luring high temperature life, the copper plating diffuses
through the gold plating of the JAN 6299, This causes a very poor contact
surface which results in degradation in high frequency performance. The
solution to the diffusion of plating was to plate nickel over the copper,
then gold over the nickel, This nickel barrier prevents the deterioration
of the plating and good high frequency results are obtained.

Most failures due to air leakers of the regular construction 6299
during the evaluation were found to be at the anode seal. To eliminate
this weakness; the hard soclder seals at the anrode and preseals were utilized.
This increases reliability of the tube under high temperature life conditions.

A, C, aging will be used to process tubes for high temperature life.
Results have been good using this type aging. The cathode structure is
rather cool for this tube to operate adequately as an i..F. oscillator from
field results where it was used in this application. R.F., aging is more
expensive initially and r~airtenznce is of a higher cost.

Life test results have shown the construction with three of the seals
of hard solder construction is superior to the regular construction on
life when the anode seal is run at 225° C,

An illustration of the high temperature life rack is shown in Figure 6.
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Project VII HUMIDITY TESTING

It has been demonstrated by gas cooling curves and mass spectrometric
gas content analysis that tie fai’ure mechanism ¢f the JAN €299 when sub-
jected to a temperature of 100° centigrade and 100% humidity is due to a
build up of hydrogen gas pressure in the tube., The increased mobility of
the hydrogen gas az compared to air causes a marked increase in heater
current over that found in a tube whiczh is an air leakesr.

The conclusion reached at'ter work on this problem is the failure
mecharism is due to hydrogen permeation of the JAN 6299's metal shell,
The snell material is .010" thick 10-80-10 copper clad AISI 1010 steel
alloy. After processing of the tube is complete, a cupper-gold electro-
plating is perfcrmed. If there is the slightest pinhole in the protective
coating, the base metal of the metal shell will corrode when subjected
to the conditions of the humidity test chamber., The hydrogen generated
by the corrosion reaction diffuses through the steel wali and recombines
&8 H2 inside the tube il no barrier exists. Tubes that show obvious
corrosion but no indication of hydregen, probably have long diffusion
paths as a result of the loration of the coirosion and/or the presence
of a contimuous copoer layer on the inside surfaces which acts as a
fairly effective barrier at the temperature in question.

The hydrogen must be formed at the base metal in order to permeate
inio the tube., Examination of lead-metal and lead-ceram:c boundaries of
tubes before and after humidity test have not shown any change in con-

ditioen, Since isad's susceptibleness to hydrigen permeation is very slight
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or nil at these temperatures, it is felt that seal corrosion does not con-
tribute to hydrogen nerrmeation. Also tesis in which the seal areas were
covered with a protectant, shcowed no significan® imgrovement over other
tests. In fact, several groups where there is doubt of the curing of a
siliccne which was use~, an apparent severe attack upon the plating over
the tube in general was observed (confinement of the silicone to the seal
area only being difficult - a considerable amount came in contact with the
metal shell). Failure rates were very high. 1In general, when lower cor-
rosion rates were observed on the metal shell there were lower failure
rates due to hydrogen permeation.

Several lots of tubes which showed good results on humidity test had
different processing dates up to the plating operation. With a coumon
plating operation, good results were obtained.

A noted improvement was obtained in humidity test results when the
gold plating bath was corrected to give a better plating. The gold con-
tent had been allowed to drop to a low level by an inaccurate method of
measuring gold content. When this was corrected, corrosion of tube sub-
jected to humidity test was reduced.

Durirg the rla*ing opera*tion, hydrogen also permeates into a rercentage
of tubes. The hvarogen forms at the base metal due to the plating reaction
a.d if a suitable diffusion path exists, the tube will become filled with

hydrogen.

-17-




In order to reduce this plating hydrogen permeation and aiso to give
more copper barrier for the resistance of hydrogen penetration during the
humidity test conditions an improved method ¢f remcving excess Lead fronm
the metal parts has been develzped, The sxistiag method was to chuck the
tubs to a metor and while rctating at a high speed, remove the lead with
a file. This was highly dependent on operator technigue and in most cases
much of the outer copper clading was removed, allowing the base metal to
becoms exposed., The improved method utiiizes a rotating wire brush. Tha
leacd is removezd by this brush and very little copper clading is removed.

Showr. in Figure 7 are some illustraticns of corrosion and possibile
flaws in the platings and copper clading. The grid flange shown where
virtually all clading has been remcved was cleaned by the old method of
using a file on the tube.

In summary, the failure of the 6299 during humiiity test has bzen
found te be due to hydrogen permeation of the base metal of the tube's
ghell, Best minimization of this problem has been obtained by improved
cleaning methods and improved plating technigques which give protection

t¢ the base metal of the tubels shell,

~1 R
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Project VIII ENGINEXRING SAMPLES ANI FPILOT RUN

Engineering samples were submitted in April, 1962. After transfer
of facilities from Scranton to Owensboro, another group of engineering
samples were submitted in February, 1963 showing work done to that point.

Prezproduction samples were constructed incorporating the improvements
made under the various projects.

Alumina heater, getter, and anode ceramics were used with hard solder
seal construction being utilized for the preseal assembly and anode seals.
Parts were used with the tightened tolerances. The improved cathode con-
struction was used and the cathode spray techniques developed were used
in coating ths cathode. The tubes were exhausted in the improved exhaust
fixturing in cenjunction with the temperature controller, The wire brush
method of cleaning was used to remove excess lead after exhaust. The tubes
were d-c and a-c aged and copper-nickel-~ gold plated.

A mutualiy acceptable working specification was established for pre-
production and pilot run testing. This specificaticn is shown in the appendix.
Tne preproduction run conformed to the test specification,

The pilot run was started on 2L January and was terminated on 1t February
due to poor yields. The tubes had very poor emission and this was caused
by the cathode temperature being approximately 50% C. tco cool, This
problem was caused by increased copper flow while brazing the cathode
assembly., Tiie length of the legs of ithe cathode su port ring was shortened
and cathode temperature has been adjusted to the proper value. Considerable
delay and excessive subassembly and tube losses were experienced due to
inconsistent metalizing of the high alumina ceramics used in tne hard solder
seals., Stronger and much more consistent hard sclder seals have heer obtained

by using finer particle size in the ~etalizing aix,

23




The 2000 tubes produced in the pilot run were scrapped as well
as in-process cathode, ancde and nreseal subassemblies,

A new pilot run was begun with the cathode temperature ccrrected
to the normal value and with the three hard sclder seals utilizing the

finer particle size mstalizing mix.
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Table 1

ELECTRICAL CHARACTERISTICS
6299 PEM Pilot, Ran

Tune Gain NF Gain NF

No, If -Eg Sm Mu T 1200 Mc 3000 Me cin Cgp Cout hgk Hgp hkvib Ik
ma Vde  umhos Vde dt db db db Pf Pf Pf Megohm Ep mA

1 30k 50 15,6 125 136 16.0 7.2 11.8 13.1 3,70 1.66 L0165 5+ 50+ 3 6.2
? 308 T 15,0 136 150 18.0 7.8 10.L4 13.L4 3.35  1.70 L12 G+ 50+ lu 7.6
3 308 60 1h.h 106 136 17.0 7.8 1L 13,2 3.28  1.8L LOl6 5+ 50+ 3 Sl
; 304 .50 13.6 118 138 17.6 1.6 11,5 12.8 3.50  1.70 Ol 5+ 50+ 2 5.6
g 300 Lo 17.L 118 160 17.6 8.0 11,0 13.3 3.05 1.74 W13 5+ 50+ 3 5.6
‘ 300 I 12.% 118 170 18.L 7.5 11.8 12.8 3,30 1.74 Ol 5+ 11 3 5.4
; 230 Lo 13.8 12k 150 17.6 7.7 11.8 1z.8 3.28 1.06 013 5+ 50+ U 6.2
r 304 e 13.8 122 150 17.2 7.5 11,0 13.0 3.30 1,95 013 5+ 50+ 3 5.0
0 INY IS 15,2 128 140 16.0 7.3 104 12.6 3.05 1.80 LOLE 5+ 50+ 2 8.0
10 310 50 12,k 110 150 17.2 8.0 11.0 13.3 3.28 1.80 Ll 5+ 50+ 2 6.8
Ll 300 JH0 ik 11k 140 18.4 7.6 1.4 13.3 3.50  1.66 015 5+« 650+ 2 6.0
10 300 Js 12.8 110 15¢ 17.2 7.7 11.2 13.0 3.30  1.76 DL S+ 50+ 2 5.6
13 I LS 13.2 106 159 17.6 7.5 12,0 12.8 3,0 1.80 015 S5+ 50+ 2 5.2
iy 33 .50 14.0 11l 160 18,0 7.8 11.6 12.8 3.50 1.76 Ol 5+ 5o+ 2 7.6
1¢ 30l Lo 14,0 128 150 18,0 7.8 11.Lh 13.1 3.20 1.66 012 5+ 50+ 3 7.6

-25..




Table II
HUMIDITY TEST DATA

€252 PEM Pilot Run

Days 0 g 6 9 10
Tube NOQ

1 305 305 308 310 310
2 309 310 310 310 308
3 308 305 308 305 305
N 310 318 315 310 310
5 307 310 308 308 305
5 309 310 309 307 308
7 304 365 305 310 308
8 319 320 312 312 312
9 31 320 315 313 313
10 318 318 313 312 313
11 319 322 320 320 318
12 310 310 310 310 310
13 309 316 30& 307 308
1k 300 300 302 302 303
15 311 310 310 310 311
16 301 300 300 Loo 720
17 31 310 310 310 310
18 306 300 305 303 305
19 310 305 306 308 308
20 307 305 312 310 310

% Rejects (10 Days) = 1/20 = 5%

=26




Table III
HIGH TEMPERATURE LIFE TEST D/TA

6299 PEM Pilot Run
ELECTRONIC TUBE LIFE TEST DATA

Eb-200 VDC Ambient Temp.=75° C,
Life Test Conditions: Ef=6,3V RK/Ib=10Ma

Accum, Hrs., O 500

Test Characteristic/Tube No, 1

If 307 307
RGK G+ 5+
RGP 50+ 50+
Eg obG +30
Gm lh‘9 1307
M 129 131
Tk 73 6.2
Eb 19 157
N 7.5 7.6
G 18.8 17.2
Cin 3.k 3.5C
Cap 1.68  1.69

Test Characteristic/Tube No, 2

ou——

£ 303 366
RGK S+ o+
RGP E0+ S0+
Eg 959 -65
Gm 1&«3 1302
Mu 1ic 115
Ik L1 b.b
Eb 124 121
N 7.9 8.6
G 17.1 17.0
Cin 3093 3.82
Cep 2.00 2.13




HIGH TEMPERATURE LIFE TEST DATA

6299 PEM Pilot Run
ELECTRONIC TUBE LIFE TEST DATA

Eb-200 VDC Ambient Temp.=75° C
Life Test Conditions: Ef=6.3V RK/Tb=1CMa

Accum, Hrs, 0O 500

Test Characteristic/Tube Mo, 3

If 301 303
RGK S+ S+
RGP 50+ S0+
Eg obs 39
Gm 1L.9 12,8
Ma 118 118
Tk Ll 3.3
Et 1idy 150
N 8.4 8.3
¢ 17.6 17.6
Cin 3.3 3.20
Cep 1.7 1.72

‘est Characteristic/Tube No, L

If 31k 307
RGX 5+ 5+
RGP S0+ 56+
Eg .26 070
Gm 1309 1509
Mu 126 124
Ik 5.5 7.2
Eb Lidy 111
N T 7.5
G 18.1 18,0
Cin 3.2 2.33
Cep 1.68 1.68

«28-




Table IV
629% PEM Filot Run
1000 Heour Life Test Data

b 200 VDC
Life Test Conditions: Ef = 6.3 V Rk/Ib = 10 Ma

Wt

Accum, Hrs.0 140 558 1009

Test Characteristic/Tube No, 1

ar—

Ir 307 311
RGK 5+ S+ S+ S+
RGP SO+ 53+ 50+ S0+
Eg .50 .30 A7
Gm 16,2 15.9 15,5 14.3
Mu 120 123
Ik 8.6 6.0
Eb 133 159
Noise 7.6 Tl £.C 7.6
Gain 9.1 18,0
Cin 3.5k 3.4h
Cep 1.75 1,78

Test Craracteristic/Tube No, 2

If 309 311
RGK 5+ S+ T+ S+

RGP 50+ 50~ S0+ 50+
Eg -IJS 035 0210'
Cm 15,9 16,0 15.9 15.5
Mu 127 127
Ik 5.5 1.6
Eb 143 150

Noise 7.3 33 7.6 7.4
Gain 19,4 18,8
Cin 3.56 3.51
Cep 1.58 1.58




6299 PEM Pilot Run
1000 Hour Life Test Data

Eb - 200 VDC
Life Test Conditions: Ef = 6.3 V RK/Ib = 10 Ma

Accum, Hrs.0 1o 558 1009

Test Characteristic/Tube No. 3

It 306 310
RGK 5+ o+ S+ S+
RGP 50+ 50+ 50+ 50+
Eg OL'»S 039 126
Gm 13.7 13.6 13.3 12,k
Mu 112 112
Ik £.5 5.0
Eb 14L3 150
Noige 7.9 7.6 7.5 7.6
Gain I7.7 i7.8
Cin 3.1 3.0
Cep 1,69 1.69




Project IX IMPROVED EXHAUST FIXTURING

The purpcse cf this project is to further improve alignment and
concentricity of the tube beyond that attained in Project I. Im-
provements made in Project I were attained by reductions in tolerences
of tube parts. The basic limitation in making this improvement is “he
fixvures used te heid the tube's parts during the exhaust and seaiing
cycle. Materiais and design of fixtures were such that warping of the
fixture took place during exhsust.

The improved exhaust fixture shown in Iigure § was selected {rom
six designs as giving best results. The center shaft immediatzly below
the fixture top was turned down to allow increased pressure on the tubes
during the exnaust cycle.

Cathode, getter, and heater pin eccentricity data were taken on 102
rzguiar production tubes s~lected at random. After a familierization
and delugging run, 110 tubes were exhausted in the improved exhaust
fixtures and eccentricity data was taxen, Eccentricity data was taken
with the eccentricity gauge (P69087-239C591 Rev 0) as presented in the
Second Quarterly Repocrt. Probability plots of that datz are shown in
Figures ¢, 10, and 11.

The data shows the greatest improvement in heater pin eccentricity.
This is the area where the most deterioration was caused by the old
exnhaust fixtures, The getter eccentricity appears to have improved
by having less tubes with very large eccentricities. A4node eccentricity

should not be effected by the improved exhaust fixturing.

~31i-




There appears to be little difference in cathode eccentricities.
A successful reduction of cathode eccentricity should also further

improve getter and heater pin eccentricity.
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Project X EXTENDED LIFE TESTING

This contract and the present MIL specification on the JAN 6299
specifly 1000 hour life test. It is well recognized that much longer
life than 1000 hours of operation 1s desired in many Signal Corps
equipments. The purpose of this project is to determine the life results
of the improved tube to 5000 hours and to determine the nature of any
resulting failures so that information can be made available for possible
tube or manufacturing improvements.

Control tubes were constructed for extended life testing. These
tubes are standard JAN 6299's; however, they do include some of the
benefits of the improved cathode spray project. Cathodes were sprayed
with the Paasche A-automatic spray gun and the improved masking fixtures
were used. The cathodes were sprayed to the density being used prior
to optimization of cathode spray.

Tubes were ccnstructed utilizing the improvements developed during
the contract. These tubes and the control tubes were placed on ilife test.

Life test has now completed 1795 hours. Tube No. 8 of the test group
failed as an air leaker at 556 hours. These tubes were constructed before
the improvements in metalizing techiniques were achieved. The hard sclder
seals are now sironger as a resuit of the change to finer particle size
of the metalizing mix,

A1! remaining tubes still meet the 1000 hour life test end point,

The improved tubes show 7% less median transconductance degradation than
the control tubes. The grid voltage degradation is about 20% more in

the improved tube. HNoise figure, capacitances, and ampiification factor
are generally stable for both groups of tubes. Lifz test data is shown

in Table V.
-7




The complete 5000 hour life test data and the analysis of mode of

failure will be presented in an addendum to the Final Report.

-38-




Table V
EXTENDED LIFE TEST
5299 Control Tubes

b = 200 VIC

Life Test Conditions: Ef = 6,3 V RK/Tb = 10 Ma

Accum, Hrs,O

108 2i5 406

Test Characteristic/Tube No. 1

Ir
Eg
Mu
Sm

Tk
Eb
Qain
Noise
Cin
Cep
Cpk

306
.75
110
16,1
7.0
115
18.L
7.4
3.83
1,72
016

.65 80 .59
107 108 110

6.0 i5.9 15.8

7.6 7.6 7.8

3.69 3.91 3.91
1.72 1.72 .71
.016 016 018

Test Characteristic/Tube No. 2

If
Eg
Mu
Sm
Ik
Eb
Gain
Noise
Cin
Cegp
Cpk

305
39
108
12,5
6.8
152
17.6
8.0
3.61
1.79
.012

39 .39 .38
108 108 109
12.6 12,L 12.h
8.3 7.8 8.3
3.61 3.61 3.61
1.79 1.78 1.78
.003 012 .01

-39~

566

U5
15.k

7.6

3.92
1.73
«C17

.30
1c9
12.0

8.1

3.62
1.79
013




EXTENDED LIFE TEST
6299 Control Tubes

Eb = 200 VDC
Life Test Conditions: Ef = 6,3 V RK/Ib = 10 Ma

Aceum, Hrs,726 866 1004 1286 1490 1795

Test Characteristic/Tube No. 1

Ir 306

Eg 659 050 059 059 038 036
Mu 112 113 115 11 115 113
Em 150)-3 1503 1506 lbo? lhtb 13 0
Tk 7.9

Eb 128

Cein 18.3

Voise 7.8 7.6 1.5 7.7 7.3 7.2
Cin 3.92 3.91 3. 3.87 3.86 3.87
Cgp 1.73 1.72 1.72 1.72 1.72 1.72
Cpk 016 016 016 017 016 015

Test Characteristic/Tube No. 2

If 300

Cg .39 .39 30 .39 30 J1
Mu 109 110 110 111 111 109
Sm 11,8 11,8 11.6 1.k 11,0 10.0
Ik 7.0

Eb 15.3

Gain 17.h

Noise 8.2 8.0 8.0 8.3 7.7 7.9
Cin 3.61 3.61 3.60 3.60 3.59 3.59
Cep 1,79 1.79 1.79 1.78 1.78 1.78
Cpk 012 01k 011 13 011 01l




EXTENDED LIFE TEST
6299 Control Tubes

Eb = 200 VIDC
Life Test Conditions: Ef = 6.3 V RK/Ib = 10 Ma

Accum, Hrs.O 108 2L5 106

Test Characteristic/Tube No. 3

ir 305

Eg .70 55 .65 .65

Mu 106 105 106 107

Sm 15.9 16,3 15.8 15.6
Ix 7.5

Eb 121

Gain 18,8

Noise 6.8 6.5 £.8 7.3

Cin 3.9 3.89 3.89 3.87
Cep 1.77 1.77 1.78 1.77
“pk .016 .016 .016 .01¢
Test Characteristic/Tube No, L

If 308

Eg A5 «39 .30 .20

Mu 119 119 118 120

Sm 14.5 1h.L 13.5 1L.0
Tk 4.0

Eb. 142

Gain 18,2

Noise 7.5 7.3 73 7.5

Cin 3.88 3.87 3.56 3.87
Cep 1,71 1.70 1.70 1.70
Cpk J01L 01 01k O1h




ZXTERDED LIFE TEST
6295 Control Tubes

Eb = 200 VDC
Life Test Conditions: Ef = 6.3 V RK/Ib = 10 Ma

Accum, Hrs.726 866 1704 1286 1490 1795

Test Characteristic/Tube No. 3

If 301

Eg .65 .59 .65 .60 .59 .52
Mu 107 106 106 108 107 105
Sm 15.7 15.L 15,2 15.0 14.5 1h,2
Ik 7.2

Eb 12h

Gain 18.6

Noise 7.0 7.0 7.0 7.1 7.0 6.9
Cin 3.50 3.90 3.90 3.89 3.88 3.88
Cep 1.79 1.78 1.78 1.78 1.78 1.78
Cpk 016 .017 016 016 015 016

Test Characteristic/Tube No. 4

It 303

fig .30 .30 .39 .39 .25 .26
Mu 120 120 120 126 121 119
Sm 13.8 1hL.0 14.0 13.9 13.4 13.8
Ik L.7

£b sk

Gain 18.4

Noise 7.5 7.l 7.2 7.k 7.1 7.3
Cin 3.86 3.86 3.85 3.8L 3.8k 3.84
Cgp 1.71 1.71 1.7 1.71 1.71 1.71
Cpk .015 .010 016 .015 .015 .015




Life Test Conditions:

Accum, Hrs.O

EXTENDED LIFE TEST

6299 Control Tubss

Eb
Ef

108

[

200 VDC
6.3 V RK/Tb = 10 Ma

2L5

Test Characteristic/Tube No. S

If
Eg
Mu
Sm
Ik
Eb
Gain
Noise
Cin
Cep
Cpk

308
A5
127
1L.0
5.7
149
18,2
7.6
3.60
1.70
012

39
125
13.%

7.3

3 061
1.71
013

039
12l

3.9

7
3.
1

SHAE®

-
~
o

Test Characteristic/Tube No. 6

Ir
Eg
Mu
Sn
Ik
Eb
Gain
Noise
Cin
°gp
Tk

309
.39
114
13.3
7.6
16
18.0
7.6
3.53
1.7
012

39
11k
13.0

30
110
12.8

-L3-

L06

.28
127
13.8

7.5

3060
1.70
012

13.1
115
13.1

W g
* *

= - U\ o

NN

A¥ 2N
&

.30
125

13.5

= -y

L) *
O~
N

11k
10.8

Te9
3.5
1.76
012
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EXTENDED LIFE TEST
6299 Control Tubes

Eb = 200 9DC
Life Test Conditions: Ef = 5.3 7 RK/Ib = 10 Ma

Accum, Hrs.726 866 100k 1286 1490 1795

Test Characteristic/Tube No. 5

if 301

Eg .19 .25 .25 .30 .25 .10
Mu 127 127 127 128 128 125
Sm 13.3 13.1 13,0 13.0 12.4 12,0
Ik 6.6

Eb 163

Gain 17.5

Noise 7.5 7.6 7.5 7.8 743 7.8
Cin 3.59 3.59 3.58 3.58 3.56 3.56
Cep 1.72 1.7 1.71 1.1 1.72 1.71
Cpk ,012 .013 012 01k 013 .013

Test Characteristic/Tube No, 6

It 307

Eg .30 .20 .30 .30 .19 .13

Mu 115 116 115 116 115 111

Sm 12.6 2.k 12.1 12.1 10.9 11.6
Ik 7.6

Eb 162

Gain 17.2

Noise 7.9 7.7 8.1 8.1 7.5 7.6

Cep 1.76 1.75 1.75 1.75 1.76 1.75
Cpk .013 .008 012 0Lk 010 012




EXTENDED LIFE TrST
6299 Control Tubes

Eb
Life Test Conditions: Ef

200 VDC
6.3V RK/T™ =10 .a

won

Accum. Hrs.0 108 215 106

Test Characteristic/Tuve No. 7

If 304

Eg .55 .65 .59 55
L 113 111 109 113
Sm 16,2 16.7 16.3 16,5
Tk 7.5

Eb 128

Gain 18.8

Noise 6.8 7.2 7.0 7.1
Cin 3.8k 3.86 3.86 3.87
Cep 1.72 1.72 1.72 1.72
ok .015 015 .15 01l
Test Characteristic/Tube No, 8

if 313

g .99 A0 .90 .9C
Mu 87.0 88.9 86.4 S3T.C
Sm 1L.0 16.3 13.2 13.7
Ik 70 2

Eb 106

Gain 18,2

Noise Te3 7.3 7.2 7.7
Cin 3.6k 3.66 3.65 3.65
Cep 1.68 1.8% 1.6% 1.88
“pk .18 .018 018 018

566

Te0

3.89
1.73
W15

.19
68,7

12.5




EXTENDED LIFE TEST
€299 Controi Tubes

Eb = 200 VIC
Life Test Conditions: Ef = 6.3 V RK/Ib-= 10 Ma

Accum, Hrs,726 . 866 100k 1286 1Lks0 1795

Test Characteristic/Tube Ho. 7

It 300 .

Eg -50 -50 059 ) a59 050 ')J-O

Mo 1L nh 113 1k 114 113

Sm 15.9 15,3 15.% 15.8 15.3 15.2
Tk 8.5

fxe 132

Gain 17,9

Noise 7.1 7.0 7.0 7.3 7.0 7.0

Cin 3,59 3.389 3,88 3.88 3.86 3.8
Cgp 1.73 1.72 1.72 1.72 1.72 1.72
Cpk .01l2 015 .01h 016 .015 015
Test Characteristic/Tube No. 8

It 309 @

Eg .35 085 085 089 080 o?l

Mu &7.8 98,0 86 88.5 89.0 88.0
Sm 123.0 13.0 12.7 i2.7 12.2 12,0
Ik ' 6.3

Eb 114

Gain 16.4

NOise 7.7 7.2 703 7»7 7.2 ?05

Cin 3.64 3.63 3.61 3.60 3.58 3.58
Cgp 1.% 1090 1090 1090 1090 1090
Cpk 018 .018 017 012 019 018




EXTENDED LIFE TEST
6299 Control Tubes

Eb = 200 VDC
Life Test Conditions; Ef = 6,3 V RK/Ib = 10 Ma

Accum, Hrs,O 108 2LS L0o6

Test Characteristic/Tube No. 9

I 305

Eg .65 .70 .65 .65

Mu 98.3 97.2 97.9 98.2
Sm 13.6 L1 13.9 14.0
Ik €.C

Eb 127

Gain 18.1

NQise 792 7-3 70)-1 7014‘

Cin 3.69 3.69 3.69 3.69
Cpk 016 016 016 .015
Tes{ Characteristic/Tube No. 10

If 309

Eg 039 059 .SO th
Mua 118 116 11 116

Sma 12.7 13.9 13,2 13.8
Ik 5.3

Eb 10

Gain 17.8

Noise 7.8 8.4 £.2 7.9

Cin 3.86 3.80 3.80 3.80
Cgp 1.74 1.75 1.75 1.75
Cpk Re R L1l 01k .013

»

_L7-




EXTENDED LIFE TEST

6299 Control Tubes

Eb = 200 VDC
Life Test Conditionr: Ef = 6,3 V RK/Tb = 10 Ma
Accum, Hrs.726 866 1004 1286 1490 1795

Test Characteristic/Tube No, 9

If 301

Eg 065 059 '59 060 0}45 037
Mu 100 99,k 100 100 100 100
Sm l} 03 1209 1207 1205 llqh 1_105
Ik é.h

Eb 131

Gain 18.3

Noise 703 7.3 8.1 703 7.3 7.6
Cin 3.70 3.69 3.69 3.68 3.A7 287
Cpk ,016 ,017 .016 .016 .016 .016
Test Characteristic/Tube No. 10

It 305

Eg '30 .115 -)-39 .’JS 0)45 031
Mu 116 16 116 116 115 115
Sm 13.0 13.7 13.8 13.5 12,9 12.6
Tk 8.0

Eb i

Gain 18.6

Noise Te7 7.7 7.5 T.7 Te3 7.6
Cin 3.80 3.77 3.79 3.78 3.76 3.76
Cep 1.76 1.75 1.75 1.75 1.75 1.75
Cpk 015 18 01L 013 .010 .01L

18-




EXTENDED LIF?I TEST

6299 Control Tubes

Eb = 200 VDC
Life Test Conditions: Ef = 4.3 V RK/Ib = 10 Ma
Accum. Hrs.0 108 2L5 L06 564
Test Characteristic/Tube No, 11
It 310
Eg OSO 050 055 OLLB -)-LS
Mu 129 127 124 127 125
Sm 16,5 16.8 17.0 16,6 16,5
Ik 6.1
Eb 125
Gain 18.4
Nolse Te3 7.3 7.4 7.5 7.
Cin 3‘92 3&93 3093 3-95 3096
Cgp 1.72 1.72 1.72 1.72 1.73
Cpk 013 .01k 013 013 o1l
Test Characteristic/Tube No, 12
If 309
Eg ‘)JS 0?9 039 039 019
Mu 112 112 112 113 113
Sm 13.2 13.1 13.0 13,0 1,92
Ik 6.8
Eb 149
Gain 17.7
Noise Tl 7.4 7.7 7.8 7.6
Cin 3.65 3.64 3.63 3.4k 3.6L
Cgp 1.71 1.71 1.71 1.70 1.71
Cpk .01l .01l NOR 01L 21k




@

EXTENDED LIFE TEST
6299 Control Tubes

Eb = 200 VDC
Life Test Corditions: Ef = 6.3 V RK/It = 10 Ma

Accum, Hrs.726 866 100k 1286 1490 1795
Test Characteristic/Tube No, 11
2ooe No, 11

Ir 288

Eg .50 050 059 050 .)-15 032

Mu 125 125 12l 127 126 12l

Sm 16.6 1602 16.7 16.0 1509 15-5
Ik 745

Eb 179

Gain 1906

Noise 7.3 7.3 7.3 7.6 7.1 7.3

Cin 3095 3096 3095 3-95 3095 309)-1
Cgp 1.73 1.73 1.72 1,72 1.73 1.72
Cpk .01l .013 J012 0Ll .01) .01l

Test Characteristiz/Tube No, 12

If 303

Eg .25 .30 .25 .30 .19 1L

Mu 11} 113 11 115 115 112

Sm 1.9 12,6 12,1 12.0 10.9 11.0
Tk 6.1

Eb 166

Gain 18.2

NOise 7.6 7.5 703 707 703 7.1

Cin 3.65 3.62 3.62 3.62 3.61 3.61
Cgp L1 lm Lm L a1
Cpk .01l .010 013 .01l .011 .01l

-50-
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EXTENDED LIFE TEST
6299 Con%rol Tubes

200 VDC
6.3 V BK/Ib = 10 Ma

Eb
Life Test Conditions: Ef

nou

Accum, Hrs.0 108 245 Loé 566

Test Characteristic/Tube No. 13

It 309

Eg 065 060 .bO 059 ‘50

Mu 1ok 104 102 105 103

Tk 5.8

Eb 125

Gain 18.1

Noise 7.5 7.7 7.6 7.7 7.6

Cin 3.90 3.89 3.89 3.89 3.91
Czp 1.76 1.76 1.76 1.76 1,78
Cpk 015 015 015 .015 016
Test Characteristic/Tube No, 1k

Ir 309

Eg .50 .50 A5 .39 .35

Mu 117 16 11 118 117

Sn 14.8 14.8 1.7 1L.6 1L.?
Tk 6.6

Eb 135

Gain - 18,1

NOise 7.3 ?ol 6.9 7011 703

Cin 3-1‘6 30215 30’45 30115 301-16
Cpk O1h JO1L Ollk RO 015

-51-




EXTENDED LIFE TEST
6299 Control Tubes

Eb = 200 vDC
Life Test Conditions: Ef = 6.3V RK/Ib = 10 Ma

Accum. Hrs.726 866 1004 1286 14%0 1795
Test Characteristic/Tube No, 13

ir 306

Eg o59 059 050 060 obs oho
Mu 106 105 10, 104 105 105
Sm 13,7 13.6 13.L 13,5 13,1 13.0
Ik 6.9

Eb 157

Gain 17.5

Ncise 7-L 705 7.2 17 705 ?-3
Cin 3.90 3.89 3.68 3.88 3.88 3.88
Cgp 1,77 1.73 1.77 1.78 1.77 1.78
Cpx 015 015 016 LO1h .015 01l
Test Characteristic/Tube No. 1k

If 309

Eg 39 «39 15 I «25 21
Mu 118 118 118 119 119 113
Sm 13.5 13,6 13.9 13.8 12.6 12.8
I 5.9

Eb 1Ls

Gain 18.3

Noise 7.7 7.1 7.1 7.1 7.0 6.9
Cin 3.Lh 3.44 3.13 3.lk 3.43 3.42
Cgp 1.76 1.74 1.74 1.7 1.7 1.7k
Cpk 01k 015 .015 .01k .015 01k

52




Life Test Conditions:

Accum, Hrs,O

Test Characteristic/Tube No, 15

I
Eg
Mu
Sm
Ik
(e}
Gain
Noise
Cin
Cgp
Cpk

308
.50

- 111

13.2
701
137
17.5
7.5
3.57
1.76
01l

EXTENDED LIFE TEST

6299 Control Tubes

Eb
Ef

108

.50
110
13.2

7.6

3.57
1.76
014

0o

200 VDC

6.3 V RK/Ib = 10 Ma

2U5

o
22

L5
109
13.2

Te1

3.59
1,76
01l

-53-

ho6

39
110
12.9

7.8

3.58
1.76
013

566

.29
110
12,1

7.6

3.62
1,78
013




®

EXTENCED LIFE TEST
6299 Control Tubes

Eb = 200 VDC
Life Test Conditions: Ef = 6.3 V RK/Ib = 10 Ma

Accum, Hrs,726 866 100l 1286 1490 1795

Test Characteristic/Tube No. 15

If 301

Eg .35 .30 .30 .39 19 .15
Mu ni 111 112 112 113 109
Sm 12.5 12.0 1.7 11.8 10.3 .10.8
Tk Tali

Eb 160

Gain 18.6

Roise T.7 T.7 Te7 708 7.6 7.9
Cin 3.59 3.60 3.59 3.58 3.57 3.57
Cap L8 1.6 1.7 L1 L1 177
Cpk o)) 013 Ko 013 Q1L O1L

— P




Table V
EXTENDED LIFE TEST

Improved 6299

Eb = 200 VDC
Life Test Conditions: Ef = 6,3 V RK/Ib = 10 Ma

Accum, Hrs.0 108 2L5 Loé 566
Test Characteristics/Tube No, 1

If 301 -

Eg .50 .55 15 .15 .30

Mu 108 109 108 110 110

Sm 14.0 14,2 13.C 13.6 12.9
Ik 5.9

Eb 136

Gain 18,2

Noise 7.3 7.3 7.6 T.h 7.4

Cin 3.50 3.U5 3.47 3.6 3.L8
Cep 1.80 1.80 1.78 1.78 1.81
Cpk 015 015 015 015 016
Test Characteristiczs/Tube No, 2

If 303

Eg 30 .19 .25 .20 .19

Mu 12l 124 122 125 124

Sm 13,2 13.h 13,1 13.7 13.3
Ik k.2

Eb 163

Gain 17.6

NOiSB 707 702 70)-1 706 707

Cin 3.42 3.kl 3.1 3.1 3.13
Cgp 1.70 1.69 1.69 1.69 1,70
Cpk .01lL .013 .013 o1l L0158




EXTENDED LIFE TEST
Improved 6299 Li

Eb = 200 VDC Ac
Life Test Conditions: Ef = 6,3 V RK/Ib = 10 Ma

Accum, Hrs.726 866 1004 1286 1490 1795

if
Test Characteristics/Tube No, 1 ;Eni
It 301 Sm
Eg 019 039 obs oh8 030 030 Tk
Mu 110 110 110 110 110 108 Eb
Sm 10.9 12,8 13.3 13.L 12.6 12.9 Ga:
Ix 3.8 No:
Eb - 147 Ci
Gain 18,2 Cei
Noise 7.3 743 7.0 7.9 7.6 743 Cpt
Cim 3.47 3.8 3.h6 3.6 3.L6 3.6
Cgp 1.61 1.8 1.81 1.81 1.81 1.81 Tes
Cpk 015 016 016 .016 016 016 "
Test Characteristics/Tube Yo, 2 gs
if 301 Sm
Eg 17 .20 .25 .25 .19 .09 Tk
Mu 125 12l 125 125 125 12l Eb
Sm 13.0 13.0 13.2 13.3 13.0 13.0 Gai
Tk 3.4 Noi
Eb 16 Cin
Gain 17.7 Cep
Noise 7.8 7.8 7.5 7.8 7.7 7.8 Cpk
Cin 3.43 3.k2 3.13 3.13 3.h2 3.1
Cgp 1.70 = 1.69 1.69 1.69 1.70
Cpk 015 .015 01k .01h 015 015




EXTENDED LIFE TEST
Improved 6299

Eb
Life Test Conditione: Ef

200 Ve
6.3V RK/Tb = 10 Ma

#on

Accum, Hrs.0 106 2l5 Loé 566

Test Characteristics/Tube No, 3

Iif 302

Eg o5 «29 o5 «20 .15

Mua 127 127 125 129 129

Sm 15,5 15.6 15.0 15,2 14,2
Tk 8.5

Eb 139

Gain 17,6

Noise 7.8 7.9 8.3 7.9 78

Cep 1,71 1.71 1.7 1.7 1.72
Cpk 013 012 013 012 .01l

Test Characteristics/Tube No. 4

If 303

Eg 359 U5 A5 .39 30
Mu 108 105 105 106 106
Sn 13,0 13.2 13.3 13,0 12,6
Ik 6.8

Eb 135

Gain 17.4

Noise 7.6 7.8 8.1 7.8 7.8
Cin 3.31 3.30 3.32 3.30 3.32
Cep 1.82 1.82 1.82 1.82 1.83
Cpk Ok 01l 01k 01l .015

-57.




EXTENDZED LIFE TEST

Improved 6299

Eb = 200 VDC

Life Test Conditions: Ef = 6,3 V RK/Ib = 10 Ma Life
Accum, Hrs.726 866 100k 1286 1490 1795 Accv
Test Characteristics/Tubs No. 3 Test
It 289 I
o .19 .25 .25 .25 .19 .05 Eg
Mu 128 128 129 129 129 127 o
Sm 1h.3 1h.3 L.k ik,2 13.3 13,2 }ﬁ
Ik 8!1 Eb
Eb 180 e
Gsin 17.h Na?“
Noise 8.1 8.0 7.8 7.9 7.9 7.9 C‘?ls
Cin 3.37 3.37 1.36 3.36 3.35 3.33 o
Cgp 1.73 1.72 1.72 1.72 1.72 1.72 CEP
Cpk .01k .013 01k .01k .015 013 Px
Test Characteristics/Tube No. 4 Test
¢ 301 It
Eg .38 .39 .39 ) .25 .19 Eg
Mu 196 106 106 106 107 105 Mu
Sm 12.3 12.3 12.2 12.1 11k 11.5 Sm
Ik 6.4 Ik
Eb 153 Eb
Gain 17.0 Gai“
Noise 7.7 7.7 749 8,1 7.7 7.7 gg s
Cin 3.32 3.33 3.32 3.32 3.31 3.31 o n
Cep 1.8k 1.83 1.83 1.84 1.8k 1.85 gi
Cpk .015 .015 .01} .01 .015 .01}, Cp

58




EXTENDED LIFE TEST

Improved 6299

Eb = 20D VDC
Life Test Conditions: Ef = 6,3 V RK/Ib = 10 Ma

Accum. Hrs,O 108 25 106 566

Test Characteristics/Tube No, 5

If 302

Eg 055 .)-15 oho ow 033

Mu 113 113 13 11L 11k
Sm 1600 1508 1508 1509 1503
Ik 6.7

Eb 132

Gain 18.2

Noise 763 8.2 7.9 8.1 8.2

Cin 30,43 30,46 30&5 30)414 30'45
Cep 1.69 1.69 i.70 1.68 1.70
Cpk ,015 .015 W15 .015 .015
Test Characteristics/Tube No, §

If 308

Eg 059 050 o59 050 -)JS

Mu 113 111 110 112 112

Sm 16,5 16.L 16.1 16.3 16,2
Tk 5.6

Eb 123

Gain 18.5

Noise 702 705 706 707 7‘3

Cin 3056 3055 3057 3055 3056
Cep 1.73 1.73 1.76 1.73 1.75
Cpk .017 .016 .016 .016 017




- ]

EXTENDED LIFE TEST

Improved 6299

Eb = 200 vDC
Life Test Conditiong: Ef = 6.3V RK/Db = 10 Ma
Accum, Hrs,726 866 1004 1286 1490 1795
Test Charactoristics(Tube No, 5
Iz 300
Eg 03? 039 ohs 02-15 039 020
Mu 11 1L 115 11k 115 115
Sm 15.3 15.0 15,2 15.1 U6 1k.5
Ik 5.9
Eb 148
Gain 17,8
NOisﬁ 7.6 7.7 706 706 7014'» 7014
Cin 3.45 3.45 3.43 3.4 3.4k 3.13
Cep 1.70 1.70 1.7C 1.70 1.70 1,70
Cpk .016 ,016 .016 016 016 .015

Test Characteristics,?ube No. 6

If 305

Eg .50 .50 49 .59 10 Al
Mu 113 113 11 112 11 111
Sm 15.6 15,8 15.3 15.3 1L,9 1L.8
D{ 502

Eb 136

Gain 19,0

Noise 7.4 7.6 7.4 Tols 7.1 Te3
Cin 3.56 3.59 3.56 3.5k 3.53 3.54
Cgp 1076 lcYS 1075 1.75 1075 lc?é
Cpk 016 2017 016 017 015 018




EXTENDED LIFE TEST

Eb = 200 VDC

Improved 6299

Life Test Conditions: Ef = 6.3V RE/Ib = 10 Ma

Accum. Hrs.0

108

2l5

Test Characteristics/Tube No. 7

I
Eg
Mu
Sm
Ik
Eb
Gain
Noise
Cin
Cep
Cpk

Test Characteristics/Tube No. 8

Ir
Eg
Mu,
Sm

Gain

309
A9
114
13.9
5.8
139
17.6
7.2
3.27
1,72
01k

305
.50
113
13.2
L.6
16
17.9
7.5
3.25
1,68
O1lh

o9
11l
13,9

7.1

3.26
1.72
.01k

L9
113
13.k

030
11k
13.2

7.6

3.27
1.73
01l

.25
112
12.8

8.1

3.2
1.68
01k

L05

30
15
13.9

7.7

3.27
1,72
LO1llL

1l
13.9

7.6

3.27
1.68
014

566

3.26
1.69
.015




EXTENDED LTFE TEST

Improved 6299

Eb = 200 vDC
Life Test Conditiong: Ef = 6.3V RK/Ib = 10 Ma

Accum, Hrs,726 866 100k 1286 1450 1795
Test Characteristics/Tube No, 7

T 307

Eg 025 030 030 -59 030 019

Mu 115 15 116 113 115 11k

Sm 13.h 13.2 13.4 11,5 13.4 13,0
Tk b6

Eb 158

Noise 705 703 703 7. 7 7a3 703

Cin 3.27 3.29 3.27 3.26 3.27 3.27
Cep 1.7 1.7) 1.7 1.73 1.73 1.7
Cpk .015 015 .01k .015 015 015

Test Characteristics/Tube No. 8

it
Eg

M

Sm

Ik

Eb SLOW AIR LEAKER
Gain

Noise

Cin

Cgp

Cpk

62~




EXTENDED LIFE TEST

Improved 6299

Eb = 200 VDC
Life Test Conditions: Ef = 6,3 V RK/Ib = 10 Ma

Accum Hrs.0 108 245 Lo6 566

Test Characteristics/Tube No, 9

If 305

Eg .85 .75 .70 .65
Mu 100 100 100 100
Sm 15.1 15,1 14,5 15.0
Ix 3 09

Eb 110

Gain 18.3

Noise 7.4 7.2 7.9 7.2
Cin 3.93 3.90 3.90 3.90
Cep 1.70 1.7 1.7 1.72
Cpk ,020 .020 .020 .021
Test Characteristics/Tube No. 10

If 303

Eg A0 L5 39 <39
¥u 11 11k 113 115
Sm 14,2 13.9 13,9 14.0
Ik 6 L] 7

Eb 148

Gain 18.1

NOise 7.6 70L' 707 706
Cin 3.09 3.06 3.06 3.06
Cep 1.69 1.69 1.70 1.70
Cpk O01L .21k Olh .01k

£3-




EXTENDED LIFE TEST
Improved 6299

Eb = 200 vpC
Life Test Conditions: Ef = 6.3 V RK/Ib = 10 Ma

Accum. Hrs.726 866 1004 1286 1490 175
Test Characteristics/Tube No. 9

if 303

Eg a?O 0?0 -?O 070 059 056
Mu 100 100 100 100 100 100
Sm 4.7 1h,7 1.7 14,5 1kL.6 14,5
Tk 3.8

Eb 121

Gain 18,2

Noise 7.6 7.2 7.0 7.l 7.0 6.9
Cin 3.91 3.90 3.88 3.68 3.88 2.87
Cap 1.73 1.72 1.71 2,78 1.72 1.72
Cpk 021 021 .2 021 .021 021

Ir 299

Eg <39 .19 038 .30 39 02)-1
Mu 115 120 15 115 g 11
Sm 13,6 11,5 13.0 12,9 13,1 13.0
Ik 6.7

Eb 171

Gain 17.6

Noise 7.4 742 743 7.6 7.6 7.8
Cin 3.08 3,08 3.05 3.05 3.04 3.02
Cep .72 1.7 1.70 1.7 1,70 1.70
Cpk 01l 01 01k .01k 010 .01l

bl




EXTENDED LIFE TEST
Improved 6299

Eb = 200 vVDC
Life Test Conditions: Ef = 6.3 V RK/Tb = 10 Ma

Accum, Hrs.0 108 25 1,06 566

Test Characteristics/Tube No, 11

I 309

Eg .39 .20 .30 .39 .25
Mu 119 119 118 120 120
Sm 15.0 15.1 14,2 15,0 143
Ik 3.8

Eb 148

Gain 18.9

Noise 7.6 7.1 7.7 73 7.2
Cin 3.51 3.51 3.56 3.L9 3.51
Cep 1.62 1.61 1.62 1.61 1.62
Cpk .015 .015 .015 017 016

Test Characteristics/Tube No. 12

If 305

Eg 50 .50 I 10 U5
Ma’ 105 105 104 105 105
Sm 1h.2 1L,2 1.1 1h.0 14.0
Ik 5.4

Eb 139

Gain 18,0

Noise 8.L Tl 8.1 7.8 7.6
Cin 3.50 3.50 3.50 3.0 3.50
Cep 1.72 1.73 1.73 1.72 1.7h
Cpk 017 017 .016 .018 017

£5-




EXTENDED LIFE TEST

Improved 6299

Eb = 200 VDC
Life Test Conditicns: Ef = 6.3 V RK/Tv = 10 Ma

Accum. Hrs.726 866 1004 1286 1490 1795

Test Characteristics/Tube No, 11

7 307

Eg .30 39 39 .39 «30 .2k

Mu 120 120 120 120 120 119

Sm lhoh lSol 1&05 lh.é lho2 121.2
Tk 4.0

Eb 15

Gain 18.3

Noise 701 701 7.1 7.1 703 609

Cin 3.53 3.53 3.52 3.51 3.52 3.51
Cgp 1.63 1.62 1.62 1,62 1,62 1.62
Cpk 017 .015 .016 017 017 016
Test Characteristics/Tube No, 12

Ir 303

Eg ohs ohg o)-ls QL‘S -1-‘0 03}4

Mu 05 105 105 105 10¢ 105

Sm 13.9 13.5 13.9 13.L 13.3 13.2
Ik 5.5

Eb 1L

Gain 17.7

Noise 7.7 7.3 7023 707 703 705

Cin 3.49 3.L9 3.50 3.49 3.0 3.50
Cpk 017 017 01l 016 -018 018




EXTENDED LIFE TEST
Improved 6299

Eb = 200 VIC
Life Test Conditions: Ef = 6,3 V RX/IB = 10 Ma

Accum, Hrs.O 108 2Ls L6 566

Test Characteristics/Tuve No, 13

If 308

Eg .39 .25 .20 19 .19
Mu 119 118 117 120 119
Sm 12,5 12.5 12,0 12,6 11.3
D( 506

Eb 152

Gain 1700

Noise 8.l 8.1 8.1 8.2 8.2
Cin 3.1k 3.1k 3.15 3.15 3.15
.Cgp 1.7k 1.75 1.76 1.7k 1.76
Crk 012 ,012 012 .00L 013

Test Characteristics,/Tube No. 1k

If 301

Eg 0,45 -hs 030 039 029

} 123 122 121 123 122
Sm 1L.7 15.3 15.0 15.2 1L4.6
Eb 1h2

Gain 18.4

Noise 7-3 702 707 703 703
Cin 3.17 3.20 3.19 3.18 3.20
Cgp 1.73 1.73 1.73 1.73 1.75
Cpk RO 013 O1lh 015 015




EXTENDED LIFE TEST
Improved 6299

Eb = 200 VDC
Life Test Conditions: Ef = 6,3 v RK/Ib = 10 Ma

Accum, Hrs,726 866 1004 1286 1490 1795

Test Charncteristics/Tube No. 13

If 310

Eg W19 19 .15 19 .19 06
Mu 119 119 119 110 119 119
Sm 12,0 1.7 11,2 11,1 11.8 11,6
Ik 55

re) - 178

Gain 17.3

Noise 8.0 7.8 7.7 8.1 7.7 7.8
Cin 3.19 3.19 3.17 3.15 3.15 3.1
Cep 1.76 1.76 1.70 1.75 1.75 1.76
Cpk .012 .013 .013 .01l .01l .01

Test Characteristics/Tube No, 1l

Ir 300

Eg «39 .19 39 0)-15 «39 29
Mu 122 123 12} 123 12L 123
Sm 15.1 11.0 1k, 14,7 1L.6 14,7
Ik 6.6

Eb 148

Gein 18.4

Noise 762 7.2 73 7.3 7¢1 742
Cin 3,20 3.20 3.18 3.19 3.19 3.20
Cgp 1.76 1.75 1.75 1.75 1,76 1,76
Cpk 012 01l 015 OLlL 01k 014
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EXTENDED LIFE TEST
Improved 6299

Eb
Life Test Conditions: Ef

200 VDC
6.3 V RK/Ib = 10 Ma

it u

Accum, Hrs, O 108 2Ls Loé 566

Test Characteristics/Tube No, 15

If 300

Eg ohs obg 039 039 -30

Mu 110 109 103 110 109

Sm 1kl 15.1 14.0 15.0 1L4.9

Ik 8.1

Eb 151

Gain 17.6

NOise 7.5 7.5 8.2 708 705

Cin 3-)-111 30)4}4 30)-13 30b3 3:115

Cgn 1.88 1.90 1.91 1.92 1.95

Cpk 015 .015 015 .015 .015
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EXTENDED LIFE TEST
Improved 6299

Eb = 200 vne
Life Test Conditiong: Ef = 6.3 V RK/Tb = 10 Ma
Accum, Hrs.726 866 1004 1286

Test, Characteristics/Tube No, 15

Ir 305

Eg 39 19 39 obs
Mu 110 112 110 110
Ik 8.3

Eb 150

Gain 17.1

Noise 7.8 705 705 707
Cin 30h3 BOhh 3.2 3.2
Cgp 1.95 1.95 1.95 1.9
Cpk 015 016 016 .016

1ks0

1795

.30
108
13.7

\w o>
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CONCLUSIONS

The temperature controller does decrease the cperator skill required
to perform an uniform exhaust cycle and thereby insures a more uniform
product.

The inverted cathode support ring with .000LS" cathode foil will
give proper cathode temperature and result in better uniformity, in-
creased ruggedness and a better cathoce-io-cathode shell connections.

Tubes with three seals of the hard solder construction with copper-
nickel-gold plating and a-c aging have shown good results or life test
with the anode seal at 225° C. Tubes of this comstruction are superior
to the regular 6299 on high temperature operation.

Failure of the 6299 during humidity testing has been found to be
due to hydrogen penetration of the base metal of the tube's shell. The
best results in minimizing hydrogen penetration has been obtained by a
good plating of the tube.

Results from improved alignment and concentricity, optimization of
cathode coating, and improved exhaust fixturing are now being applied to
regular production tubes., Improved ~leaning and plating resulting from
humidity testing is also now standard practice.

Increased strength and uniformity in hard solder seals has been
obtained by using a finer particle size in the metalizing mix used to

coat the high alumina ceramics.

The pilot run has been completed and conforms to the test specification.
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The extended life test has completed 1795 hours. The complete
5000 hour life test data and the analysis of mode of failure will be

presented in an addendum to the Final Report.
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PUBLICATIONS, LECTURES

REPORTS AND CONFERENCES

PUBLICATIONS - None
LECTURES - None

REPORTS - Monthly Narrative Reports Nos., 1 - 8
Development Of An Impreved JAN 6299
by F. A. Marra for the period from
1 May 1961 through 31 December 1961.

Monthly Narrative Reports Nos. 9 - 12
Development Of An Improved JAN 6299

by ¥. S. Sawicki for the period Irom
1 January 1962 through 30 April 1962.

Monthly Narrative Reports Nos. 13 - 3L
Development Of An Improved JAN 6299

by D. L. Cook for the period from

15 September 1962 through 30 June 196L.

Quarterly Progress Reports Nos, 1 - 3
Development Of An Improved JAN 6299
by ¥. A, Marra for the period from
1 May 1961 through 31 January 1962.

Quarterly Progress Report Ne. "
Development Of An Improved JAN 6299
by F. S. Sawicki for the reriod lrom
1 February 1962 through 30 April 1962

Quarterly Progress Reports Nos. 5 - 10
Development Of An Improved JAN 6299

by D. L. Cook for the period from

17 September 1962 through 31 March 1964

CONFERENCES -~ 1. Organization and personnel present:

USASSA
H. P, Blodgett

General Electric Company
A. T. Tomko, J. D. Secord, F. A, Marra
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CONFERENCES ~ 1. Place and date:

General Electric Company
Receiving Tube Department
Scranton, Pennsylvania

September 11, 1961
Subject:
Review status of the contract.
2. Crganization and personnel present:

USASSA
L., Coblentz

General Electric Company
J. E. Campbell, J. T. Duncan, F, S. Sawicki
J. J. Secord, H. L. Thorson, A. T. Tomko

Place and date:
General Electric Company
Receiving Tube Department
Scranton, Pennsylvania
February 15, 1962

Subject:
Discuss what effect the transfer of Production
Engineering measures Contract No., DA-36-039-5C-85953
(Type 629$) to Owensboro, Kentucky, would have on
performance.

3. urganization and personnel present:

USASSA
¢, Vitali, L. Coblentz

General Electric Company
D. L. Cook, L. K. Lalme, F. S. Sawicki,
J. D, Secord, A. T. Tomko
Place and date:
General Electric Company
Receiving Tube Department
Scranton, Pennsylvania

April 10, 1962
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CUNFERENCES -~ 3.  Subject:
2v1°t status of ecentract ant  1scuss wnat effect
v Lransfer f [roduction kngineering measures

contract No. DA-36-039-SC-85953 (Type 6299) to
Owensboro, Kentucky will have on performance.

P Jrganization and personnel present:

USASSA
L “oblentz

General Electric Company

~. Tecok, L. .. lavis, ¢. 7. Duncan, A. T. Tomxo
Place and date:

General Electric Zompany

Receiving Tubz Tepartment

Owensboro, Xeniucky

September 12, 1342

eview status of the contract and discuss the effects
of the transfer of Production Engincering measures
Contract No. DA-36-039-5C-85953 (Type 5299) to
Owensboro, Kemtucky.

5. Organization and perscnnel present:

USASSA
L. Coblentz

General Electric Corpany
~o L. Cock, E. L. lavis, J. 4. ¥cClanahan, A. T. Tomko

“lace and date:
seneral Rlectric Company
316 East Hinth Street
Cwensboro, Keniucky
January 15, 1963
Subjent:

Feview ~tatus of the rontract.




FONFERENCES - &, Organization and personnel present:

USASSA
Leonard Coblentz

General Electric Company
D, L, Cook, E. L. Davir, A, T. Tomko

Place and date:
General Electric Company
Receiving Tube Department
Cwensboro, Kentucky
April 2k, 1963

Subject:
Review status of the contract

7. Organization and personnel present:

USAERDL
Helmuth Kaunzinger

General Electric Company
D. L. Cook, E. L, Davis, A. T. Tomkc

Place and date:
General Electric Compalny
Receiving Tube Pepartment
Owensboro, Kentucky
June 26, 1963

Subject:

Review status of the contract

]
.

Organization and personnel present

USASSA
Leonard Coblentz

General Electric Company
Do I.lo COOk, E- Lo DaViS, Dt L- Dyke’ Ao T. Tomko




CONFERENCES - &, Place and date:
General Electric Company
Tube Department
Cwensboro, Kentucky
October 16, 1963
Swb ject:
Review status of the contract

G. Organization and personnel present

USAEMSA
Simon Zucker

General Electric Company
D. L. Cook, k. L. Davis, A. T. Tomko

Place and date:
General Electric Company
Tube Department
Owensboro, Kentucky
November 1k, 1963

Sub ject:

Discuss specification for testing of preproduction
samples.

10. Organization and personnel present

USAS<A
Stan Sockalov

General Electric Company
L. L. Cook, ¥. L. avis, !I. R. Speray, A. T. Tomko

*lace and date:
Jeneral klectric Tompany
Tuve _eparvment
Cwensboro, Kentucky

Jaruary 2L, 1964

Subject:
Review status of the contract and view pilot run facilities.
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IDENTIFICATION OF TECHNICIANS
in 1
A. MAN POWER EFFCRT
time
TECHNICAL
Barrass, Martha 17
Childs, C. G. 19 rare
Cook, D. L. 1637
Crawford, S. C. 23
Dyke, D. L. 62 £
Grady, B. I. 28 of ti
Haberkern, R. J. L5 -
Jeffery, L. F. 2 comp:
Kirby, P, 19
Ladue, L. K. 250
Marra, F, A. 7Lk
McClanahan, J. ¥. 127 LaDue
McDowell, J. K. 8
Yoore, 3. E, 10
Horedock, D, 2
Morris, ¥, E, e from
Owsley, 7. F, 364 .
Ringland, =z. S, 16 Elect
Sawicki, *, S, 320
Speray, M. R, 18 the m
Stephens, P. 1¢&
Tomko, A. T. Iyal
Winkler, R. . 20 Corps
1§
Depart
Depart
year a
he was
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BIOGRAPHICAL INFORMATION - TECHNICAL

Cookz D. L.

A native of Potosi, Missouri, Mr. Cook received a Bachelor's Degree
in Electrical Engineering from Missouri School of Mines and Metallurgy
in 1960.

He has been associated with the General Electric Company since that
time starting as an Engineering and Science Program trainee,

Since 1961, he has worked in Planar tube manufacturing except for a
three month assignment in Planar Product Design Engineering.

Mr, Cook had responsibility for technical cognizance and guidance
of the contract for the period from 15 September 1962 through the

completion of the contract.

LaDue, L. ¥.

Mr. LaDue is a native of New York State where he graduated in 1955
from St. Lawrence University. He joined the General FElectric Company,
Electronic Division Physics Training Program oriefly prior to entering
the military service.

From 1956 through 1960 he served as a lieutenant in the U. 5. Army
Corps of Zngineers.

Upon leaving the service in early 1951 he joined the Receiving Tube
Department's Planar Design Section, He was with the Feceiving Tube
Department's Scranton planar production fac®lity for approximately one
year assigned to small ceramic lighthouse transmitting tubes. In 1962

he was transferred %o the Owensboro location as Planar Design Engineer.
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. v s Morri
-'—fd’ e R

A native of Jessup, Pennsylvania, Mr. Marra earned his Bachelor's

as a '
Degree in Electrical Engineering from the Pennsylvania State University
!
in 1956.
a B.S.
He has been associated with the General Electric Company since that
time starting as a Manufacturing Training Program trainee. Ousley
From 1957 to 1961, his assignments have been that of a Factery ¥
Engineer responsible for the manufacture of Thyratrons and Ceramic tube m
Lighthouse tu.bes. Planar
Mr. Marra had responsibility for technical cognizance and guidance He
of the contract for the period from 1 May 1961 through 31 December 1961. chemic:
in 193:
McClanahan, J. N.
process
Mr. McClanahan, a native of Kansas, received his Bachelor's Degree
engines
in Electrical Engineering from the University of Kansas in June, 1962,
in 193¢
Upon graduation, he joined the Planar and Thyratron Section as a
Be
Process Control Engineer, working primarily on the Miniature Ceramic
setting
Lighthouse tubes for one year.
the sal
Morris, M.k. de
Mr, Morris is a native of Lancaster, Kentucky. He served as an chemist
Airborne Radio and Radar Repairman in the U.S5.4.F. from 195k to 1958. His ass
He spent two and one half years at Valparaiso Technical Institute prepara:
where he received an associate degree in Electronic Engineering. product:
Upon leaving school in June, 1960, he joined the General Electric plating

Company in Owensbuio, Kentucky, serving as an engineering aide in the

Miniature Ceramic Section.




Morris, M. E. (Cont'd)

In December 1963, he joined the Ceramic Lighthouse Section, serving
as a Tube Engineering Technician,
During his tenure at General Electric, he has continued work toward

a B.S. by way of night school.

Owsley, v, F.

Mr. Owsley has over 25 years experience as a chemist in electron

tube manufacturing oneraticn~. "¢ is nresently chemist for General Electric

- Planar-Thyratron manufacturing operations, located at Owensboro, Kentucky.

He was employed bv the Engineering section -~ chemical laboratory and
chemical preparations Ken-Rad Tube and Lamp Corporation, Owensboro, Kentucky,
in 1933, His agsignments were: analytical chemist, chemical preparations,
process development and control.* In 1936 he was transferred to factory
engineering as Process Control Engineer. He left the Ken-Rad organization
in 1938.

Between 193f and L°L2 he was erployed in crude cil production, initially

setting up and operating a field laboratory for checking and controlling

the salt content of crude oil purchased for shipment to refineries.

He returned to the Ken-Rad organization, February, 1942, as chief
chemist for Ken-Rad Transmitting Tube Corporation of Owensboro, Kentucky.
1is assignments were to set up and supervise the operation of a chemical
reparations secticn, to develop and control processes related to the
iroduction of transmitting and cathode-ray tubes, included were electro-

vYating operations.
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Owsley, W. F. (Cont'd)

Mr. Owsley became associated with the General Electric Company
through its purchase of the Ken-Rad installations in 1945, He con-
tinued with General Electric as a chemist supervising the operation
of the chemical laboratory and chemical preparation section serving
all of the Owensboro manufacturing operations. He was assigned special
projects related to process development and control and in new materials
evaluation in the production of metal and glass receiving tubes,

In mid 1951 he was transferred to the General Electric Anniston
Tube Plant organization as chief chemist, later becoming Supervisor
of process control. The balance of 1951, he spent in the planning
and procurement of laboratory and chemical preparation facilities for
establishment in the new plant. He transferred to the Anniston, Alabama
iocation March 31, 1952,

¥r, Cwsley was transferred to the Owensbore Planar-Thyratron (Uperaticn
February 1963. His present position title: Engineer, Chemical Process
Control,

# As related to the manufacturing of metal and glass receiving tubes.

Sawicki, F. S.

A native of Scranton, Pennsylvania, Mr. Sawicki attended the
University of Scranton, where he received his bachelor's degree in
Electronics in 1958.

He has been associated with General Electric Company since 195kL.

From 1959 through 1962 as Factory Engineer, he was responsible for

the manufacturing of Magnetrons and Ceramic Lighthouse tubes, This interval
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Sawicki, F. S, (Cont'd)

included a six months period as Process Control Engineer assigned to
Ceramic Lighthouse tubes.

During 1957 through 1959 his assignments included engincering
- Assistant assigned to Magnetrons and Gap tubes.

From 1953 through 1956 Mr. Sawicki served as Electronic Technician
for a two and one half year period.

Mr, Sawicki had the responsibil:ty for technical cognizance and
guidance of the contract from the period from 1 January 1962 through

30 April 1962,

Tomko, A. T.

Mr. Tomko attended Villancva University and received his Bachelor's
Degree in Electrical Engineering in 1950,

Following graduation he was recalled to active duty with the Air
Force assigned to the Armed Forces Special Weapons Project at Sandia
Base, New Mexico and the Los Alamos Scientific Laboratories at Los
Alamos, New Mexico,

Upon completion of his tour of active duty he joined the Power
Tube Department in 1952 as Line Engineer on Hydrogen Thyratrons. During
the next three years this responsibility was extended to include the
oroduction engineering of Inert Gas and Mercury Industrial Control
Thyratrons. 1In 1955 he was appointed Engineer-General Foreman of the
Jeramic Lighthouse Manufacturing.

In 1957 he was appointed Manager, Mamufacturing of the Ceramic
.ighthouse Sub-section. From January 1961 through May 196L he was

t1ssigned as Manager, Manufacturing Engineering, Planar-Thyratron Operation.
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Pronoaed hy
General Eloctric Company

Owensboro Kentucky
2 Docornber 1661

Mii.-F- 17

MILI" ARY S®ECIFICAT!ON SHEET

ELECTRON TURE, UHT PLANAR TRIODE

6299

Thia specifization sheet forma 5 part of the

latost {wauce of .‘-1:111.\r2' .LL)(‘( aacetion MIL-E-1t,

DESCRIPTION:

iow Nolse class A amplilier

Fl = 3, 000 megacyclos

ABSOLUTE-MAXIMUM RATINGS

Parameter: El Eb

Unit: v Vde

Maxitnum- 6.6 200

Minimum: 6.0 ——-
(soe note 1)

TEST CONDITIONS: 6.3 175

PAR. HO. TEST
General
3.1 Qualification
3.6 Perfcrmance
4.9 Holding period
4.9.2 Dimensions
Qualification inspeciion
{sc2 note 8)
4.9.20.% Shock tast
A-cnptance inspection
per* 1 'production)
4.8 Insulation of ecectrodes
4.10.1.1 Emission
4.10.5.3 Plete voliage

{see note 2)

(EL)

Ec Ib Pp tk Cooling T {seal)
Vdc mAdc w Sec .- 'C

0 12 20 .- Conduction 225
S10 --- —-- .- - .-

Ad,ust 10 - 180

(seo :ote 6)

Conduction -

AQL SYM-

CONDITIONS ‘PERCENT INSPECTION BOL

DEFECTIVE) LEVEL
Reg-ired for JAN - .- .-
marking
{(See note 7) ce- cee .
t = 7 days min .- .- -
(Sce f1g 1) e~ .. e
Vo voitages, hammeor .-- .- -
angle = 20°{sece note 9)
Ebb = -500 Vvdc, Rgk
7hk = +45 Vuc, Rgp
grid grounded
{see rote 11)
Eb=0 Ef=55YV Is
{max). eb= 390 v
peak-to-peak
60 cycles, Ec = (Soe (See
-18.0 Vdc. ege 46 v note 10} note 10}
pcak-to-poak
60 cycioe, Rg =
470 ohm, Rk = 10
chms (seo nots |2)
Eb/lu= 10 mA, Eb
Ec=0

(sco note i3)

Alt
ft
Unlimited

-

(See notes ) and 4)(See note 4){See notes I an 5)

LIMITS UNIT

Min. Max.

0. 25 - Meg
5.0 -e- Mog
35 ce- mAdc

75 175 Vdce




’
.

O

3

4.10.8

4.10.9

4.6,

4.10.11.}

4.10.14¢

4.1) and
4.11.3. 4

4.1} and
4.11.3.%

4.1 4

4.9.18

TEST

Accep(.\nce Mn!vctﬁon
part | (production)

- (Contd)
Heater current
Transconductance

Power gain (1)

Nolse figure (1)

Acceptance inepection

part 2 (de sign)

Low-frequency
vibration

Amplification factor

Dirsct interelectrode
capacitance

Power gain (2)

Noise figure (2)

Acceptance inspection

part 3 (life)

Humidity Teat

Life test (1)

Life-text{l) end points

Life teat {2)

Life test(2) en¢ points

Container drop

Preparatton {or
dolivory

nQL
(DTRCENT
Dar PO ty

CONDITIONS

Eb/Ibs« (3 o mAdc,
Ec = 0,

€
F s 1,20045 Mc, ("“o
bandwidth » 10 Mc¢ nots 10}
Mun (see notes 3
and 14)
Eb/1b = 10 mA,
Ec. 0
F - 1,200:05 Mce
{(~ee¢ notes 13 and 14)
Eb/lb = 0 0 mAde, 6.8
Ec= 0 Rp=: 10, COO
ohms (sec note }3)
5.8
No voltages 6.5
(sco note 16) 6.5
6.8
Power gu.n (1}, 6.5
F =3, 00 25 Mc
(see notes 13 and 17)
Noise figure (1), 6.8
F = 3, 000+5 Mc
{see notes }3 and 17)
{See note 20) 10.0
Eb: 200 Vdc, .
Rk/Ib = 10 mA,
group &

Trarsd 'nductance ara

Noise tigure (1) .-

Eb - 200 Vdc.
Rks/1b = 10 mA,
Croup C, TE = 225°C{min)

Transconductance

Noiso figure (1)

Required

{Sco not> 18)

| S PR (Y

INSO™CTION BOL

[ B AE VI )
ke VL

(Sew

nate 10}

L6

Lé

Leé
L6
L6

SYM.
LIMITS
Min Max

17 280 320
Sm 11, 500 —--
gain 13,0 “ea
NF e 85
Ep »ew 100
Mu 850 140
Cgk 3.0 .0
Cgp .S 2.0
Cpk  -<. 0,025
Cata lo.¢C .e-
NF cee 13.8
alf ..o 19
t 1000 .-
&S ... 25 0
aNF ... 1 v
t 500 .-
asSm ... 25.0
ANF ... 3.0

UNIT

mA
wmhos

-1

4b

mV

wpf
wal

wpd

dab

“de -

s rease

db -

\ress

hr

% de-
Crease

db in-
Crease

NOTLE

10.

bl

iz,

13.

14,

15.

16.

17.

8.

19.

20,




NOTLS:

10.

11,

12,

13,

14.

15.

16,

17.

18.

20,

Heater mav be orerated wt s 3 vaten <38 —mreeit Ta' » ife and nojae fimure may be affected by

this wider varmation  The tabe 4c « vt vated {or sriger Meater ririns onaratson.

Grid shail not draw current. Dxoe <0 pnd-cathnde v a0 e aany cause damagfe due to extremely
small spacing.

a. Tube carnot be cocled by free radiation ind convectinn, meane for conducting 2nd dissifating
heat must be provided in order to prevent excesmive real temperatures,

b. Applications at high sriitudes ~hill be exvnan~d carcilily to assure that sufficicnt provision
for dise:pation ¢ heit has Leen noacie

Suffictent condustion or convecty o ehing . e by n, must be provided {or heater, cathode, grld,
and ancde seals .o hinu tne maxaime s svelops tempera uies to the specified maxirmum of 225°C
under all operating co- ity s Yhnero ciaphisis 1s picsed on long anc reable life, iower tube
envelope temperatures + v | L~ used

Altitude 12 urlimited as the marimam rating of 200 velts 18 incufficient to caute vaitags breandown
at any altitude ’

The heater preheating may be 6 6 volts muxirmmum, unless othe.wise specified.

1.y the following tes' and requirements histed in

In addition to the paragraphs speaifiecd hereon,
306, 4.4, 4.3, 4.4, 4.5, 4.8, 4.9.1, 4.9.21.

3.6 shall apply 3.3, 3.3 1, 3.7, 3.7.7,

All tests listed hereon <hall be performed curing qualification, however, this shock test is normally
performed during quauification inspection only.

Apply the force perpeadicular to the planc o. the gnid from the cathode cnd. Use fixture as shown
on Drawing 274-JAN, or equivalent. Electrical tests after shock ¢hall include transconductance
and electrode 1nsuiation.

The AQL of the combined defect:ves for atiributes in acceptance .n-pection, part 1 (production),
excluding inoperatives and mechanical, shali be | percent. A :. raving one or more defects
shall be counted as one defective Standara MIL-STD-105, inspection level I, shall agpiy.

Anode and cathode voltages shall not be appired simultancously. Allowable circwut resistance is
1, 000 ohms per volt of supply voltage.

Precheat 1 minute mimimum at £1= 5 5V Voits,es ¢b and eg must be 1n phase. Road average
cathode current. If the current exceeds the minimum himit and 1s wacrecasing, the tube 15 a

If the current exceeds the mimimum Limit and 18 decreasing, the reading shall be allowec 1o - se,
and the tube is acceptable 1f the stable reading exceeds the mimamurn limit. Prowvision must b made
in the test equipmen’ so that switchung transients of plate voltage apply no inore voltage than the
amount specified.

Preheat | minute minimum at 6. 3 volits,

Test in cavity as shown on Drawing 271-JAN. or cquivalent. An approved noise source, or cquivalent,
shall be used for noise figure measurements  Power input level shall be about -75 dbm

Test in fixture as shown ... Drawing 273-JAN, or equvalent, Vibrate in plane perpendicuiar to the
plane of the gnid.

Test in fixture as shown on Drawaing 270-.  +, or cquivalint

Test 1n cavity as shown on Drawin, 27¢-JAN, or egarva. nt An approved noisc sourcoe or equivalent
shall be uscd for noise figure meanurements  Fowurangit cevel shall be absut =75 dbm

Tubes shall be prepared fur Gomeatis Or e Cas * oent as epcafiedan the contract or order,

in accordance w.th Specafication Mi-1.-7° 1k ang {cont wner ¢rop) test () Wrd container
M -
s1ze D shail apply

Refercenced docurments shodl Lo of tne v L0 L o tica on the Lo wlansatalion dor

Test tubes fITst pros ol o Cach o .- ooy vty s en . Lo
fOt' this test may be €l tric sl 00 oo o [ LA S AP TR ST S SN . R PR
for this test atanl Lo O s letrer b Nt e i dmie 02, S, SoThagiaaty, To~t i o, v Cays at 95°

1007 humid.ly ana %5 - 100 C

[ B & B J




~~ANODE TERMINAL
(SEE NOTE &)

< GRID TERMINAL
(SEE NOTE o

EFENERCE PUANT

~CATHODE AND HEATER

e - I YCRminAL (SCE NOTE ¢)
{ H

- GLITER TERMINAL (DO
NOT USE FOR ANY DC
Ot RF CONNECTION)
(SEE KNOTE g}

- == HEATLR TERMINAL
(SEE NOTE ¢j

Noten:

& Al dimensions
o Preship test
Test those dimonsions on 10 tuboa

par month when In continuoun productieon,
Failure of more th

L N

- —;ﬂi

el od
-o——@—c-q
..._.__®__.,.;l
oy AQL - Lrry
© DIM (PERCENT ""f_:.‘;,i{‘o"
- @ DEFECTIVE; Min [ M
ACCEPTANCF INSPLCTION, PART " 2 ADESIGHY
—— 1.8 '8 tug 1, 010
e A4 ) [
in inches, —_— T ¥ 0410 (Y
211 tubos for TIR ) ; 2 eee 0,17
: I 5. Uil 0 efi,
4 ) 1 18 [ 0 103

ACCEPTANCE INSPLCTION
an ons tubo to oot - . : :

« PART 3 0LINODICY 5k V' 1 E h} [

Figurs 1. OQutjine drawjng.

Pagu 4 of ¢

the tolorance for my of thoso dirensions ] = — -t !
shall cmize that dincnsion to bocons a o T T RO
6.5 IQL, L6 Design Test for a1 lots in — — 0\:" -1
Tocess, ) e s U (40 1_1.'_(;7?(3
contricity of contact surfaces chall be i O ubd e T 0 it dim
Esged from center line of reforence, and L—%——-——-—*—— — T 81,:*.'.'"
shall be as follows, Note b shal) apply, — = ey T
. . oo cen O. 441 g1y O _&ul gty
fontsct Surfaca  TIR.muxdirum  Reforenco [ O 455 yia | 0 d4y.te ]
e A v 03t} ip
4Anode 0,015 Grid W s es 0.0y [ 6 Da4 tin ]
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APPENDTIX B

Limited Production Equipment




LIMITED PRODUCTION EQUIPMENT

The foliowing is a description of the limited production equipme .t
listed under Sub-Item 1-2 of the ~ontract. wher

1. A-C aging rack 2}

"imensions:
33" wide
76" high
24" deep

Approximate weight: 325 pounds

Voltage input: 15V A-C

Purpose: Specialized equipment for a-c aging of electron
tube type 6299.

Prints: 13700K T6-27-L1 (L sheets)

2. High temperature life rack with recorder (1)

Dimensions:
33" wide
76" high
24" deep

Approximate weight: 350 pounds

Voltagze input: 115V A-C

Purpose: Specialized equipment for the life testing at
225 C. anode seal temperature of electron tube
type 6299.

Prints: 13700K T5-23-L1

3. 50 position life rack (1)

Dimensions:
33" wide
76" high
24" deep

Approximate weight: 310 pounds

Voltage input: 115V A-C

Purpose: Specialized equipment to perform d-c life
testing of electron tube type 6299.

Prints: 13700K T5-23-42




Note 1:
when in use,

Note 2:

LI“ITED PROLUCTICN EQUIPMENT (CONT'L)

Equipment shculd be calibrated every three (3) months

Faulty positions should be reported for maintenance.
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Processing Specification




PROCESSING SPECIFICATION

The processes developed or proven for use on the 6299 in the performance
of this contract are as follows:

I, Hard Solder Arode Seal Assembly

A, Component Part Processes
1. S-K-X586 Pt, 1 Solder Washer Cl-1B, <6-3C
2. KR3703 Anode Ceramic Cl-3E, F3-1P,

J1-1a, F2-UG

1330C. U5 min.
R1E/SCR-1, 20 amp.
30 min. F2-1
950C 15 min.

3. Kr60102 Anode Normal processing

B.1l. Anode ceramic is placed in brazing fixture. Solder washer is
placed on anode ceramic, Anode is inserted in anode ceramic and
brazing weight is placed on anode. Fixtures are tak~n to furnace
area.

2. Anode assemblies are brazed F2-1 in a belt furnace with a belt
speed of 0.L feet per mimute at 850C.

3. Anode assemblies are removed from brazing fixtures.

L. Anode assemblies are inspected 100% on helium leak detector to
check quality of hard solder seals.




N
' ITI. Hard Solder Preseal

A, Component Part Processes
1. SK-K-586 Pt. 2 Brazing Washer C1-1B, C6-3C
2. SK-K-586 Pt. 3 Brazing Washer €1-1B, C6-3C
3., SK-<-58L Cetter Shell Cl-1B, Ch-1A

C1-2L, F2-Ls

1000C 39 min
Ch-14, CS-1A/SCR1
R1E/SCR1l, 25 =amp
6J min., (1200 parts
with metal pins)
F2-1 850C 30 min.

L, ¥R7038L Cathode Shell Cl-18, ChL-1:
€1-2L, F2-LA
1000C 30 min.
CL-1A, C5-1A/3CR1
RIE/SCR1 25amp
60 min. (800 parts
with 3mm plastic
balls) F2-1
850C 30 min

5. K-582 Getter Insulator C1-2E, F3-1P
J11A, F2-1G
1330C RIE/SCR1
20amp. 10 min.
F2-1 B850C 15 min.

B. 1. rathcde shell is placed on brazing fixture followed by #3
brazing washer, getter ceramic, %2 brazing washer, and getter
shell, Brazing weight is placed on stock taking care to keep
alignment. Fixture is taken to furnace area.

2. Preseal assemblies are brazed F2-1 in belt furnace at £50C
with a belt speed of J.L feet per minute.

3. Preseal assemblies are removed from brazing fixture.

L. Preseal assemblies are inspected 100¢ on helium leak detector
to check quality of hard solder seals.

2.

=




III.

Iv.

Improved Cathode And Insulator Assemblies

A. Component Part Processes
1. KR3735 Cathode Ceramic Cl-3E, F3-1P
Dip Coat moly
manganese F2-2D/S1
2. KRMUT3 Cathode Support Ring Cl-1B, CL-1A
C5-2E/:CH1, C6-3D
R1A/S”R3
3, N11A06DA "~athode Assembly Normal Processing
3, 1. Cathode ceramic is placed on brazing fixture. Cathode assembly
is inserted in cathode ceramic., Cathode support ring is inserted
with legs between cathode assembly and cathode ceramic. Brazing
fixture is placed in the cathode boat. When boat is loaded, the
boat is transferred to the furnace area.
2. Cathode and insulator assemblies are brazed F2-1 1110C four
minutes in box furnace.
3. Cathode and insulator assemblies are removed from brazing
fixture and examined under a 10x microscope for brazing quality.
b, Clean C1-2C
S. Spray J1-1P
Heater Ceramic Cl-3E, F3-1P

Coat with
titanium hydride




v, Final Assembly MN11606'*
Plating Processing
* />0l (with metal pins - L x 3. nin,

AP 30 min.)  6-3D RI¥/3 ‘metal pins

2790 tub»s L, amp. A man.  RLM/S1

{metal pins 2)0 tubes 10 amp. 120 min.)

C6-30 1 min., rP/l metal pins 100 tubes
20 amp 1 min
10 amp 10 min

R1P metal pins 100 tubes

6 amp 20 sec.

L amp 1 min.
2 amp 18 m:n.

Barrel Burnish (metal pins % AP2X

VI. A-C Aging Schedule (62%9)
EQUIPMENT
100 position a-c aging rack

1. Place tubes in fixtures. Make certain a positive connection
is made on all elements,

2. Turn on low pressure air for moderate cooling.

3. Adjust filament voltage to 7.C volts a-c. Allow one minute warm-
up time.

. Press plate voltage start button and adjust to 310 a-c.
5. Adjust grid current to 8 ma and plate current to 10 ma on e2ach tube.
6. If a tube fails to draw current, check its position in the fixture
and/or check its characteristics in the static test set. Reject those
tubes which are inoperative,

7. Repeat Step 5 at 1 hour and 6 hours.

8., After 2k hours adjust filament voltage to 6.3 volts a-c,




9. Adjust grid curr:nt to 6,0 ma and maintain plate current at
10 ma on each tube.

10. Tubes are to be removed after 2L hours.

11. Report faulty rositions so they may be repaired.

Aging Conditions

Step 1
Er 7.0 vac i~ = 8.0 na/tube
Epp = 310 vac Ir = 10.0 ma/tube
Time = 2L hours

Step 2
Ep = 6.3 vac Ig = 5.0 ma/tube
Fph = 312 vac Iy, = 10.0 ma/tube

Time = 2L hours

)
N
[
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C1-1B

DEGREASING WITH CHLORINATED HYDROCARBON SOLVENTS

Vapor Degreasing (cool soclvent immersion

PURPOSE
This method is used to remove non-oxidized oils, greases, fats and

such lubricants as are used during forming or other manufacturing

operations, or are placed on the work to protect it from corrosion
during storage.

MATERIALS
Acetone

EQUIPMENT

=

1, Two Dip Immersion Degreaser

2. Baskets

PROCEDURE
1, Give the parts a cursery examination for paints or tapes used for
color coding., If these materials are present, remove them by washing
in acetone before proceeding.
2. Parts are thoroughly dried.
3. Parts are placed in the basket so they drain easily and liquid
solvent is not irapped in the parts.
L. Basket of parts is placed in the vapor chamber until the vapor
no longer condenses to a ligquid on the parts.
5. Parts are slowly transferred to the rinse chamber and immersed
for at least 30 seconds.
6. Parts are again placed in the vapor chamber until the vapor no
longer condenses to a liquid on the parts.
7. If necessary parts are tilted or retated while still in the vapor
chamber to encourage solvent drainage.
8. Parts are removed from the degreaser.

PRCCE

N N




C1-2C/SCRL

CLEANING WITH WATER, ACETONE AND/OR ALCOHOL

PURPOSE
This method is used to remove dust and particles.

MATERIALS
Denatured ethyl alcohol
Dry Acetone

EQUIPMENT
1. Ultra-Sonic cleaning unit
2. Suitable holder

3. Container for solvent

L, Culture dish

5. Tweezers

PRCCEDURE

1., Alcohol or Acetone is poured into container to a height of 2%.

2. Parts are assembled onto the holder, so that the opsn end of
the eyelet is pointing towards the center.

3. Holder is placed into the contairer with the denatured

ethyl alcohol so that the parts are just under the surface

of the liquid.

L., The generator is allowed to operate for three minutes.

. The holder is removed and parts are removed with tweezers.

. Parts are blown dry with low pressure filtered air.

. Parts are stored in a covered culture dish.

=) O\




C1-2L

CLEANING WITH WATER, ACETONE AND/OR ALCOHOL

Ultra-Sonic Cleaning With Acetone

MATERIALS
Acetone

EQUIPMENT
1, Suitable holder or container
2. Ultra-sonic generator (GE Cat. #8665966 G-3)
3. Container for solvent
L. Watch glass cover for holder

PROCEDURE

1. Acetone is poured into container to a height of 2",

2. Parts are assembled onto the holder or container.

3. Holder is placed into the container with the acetone so that
the parts are just below the surface of the liquid. A watch glass
cover is used to keep cleaning solvent from evaporating,

Lb. The generator is operated at 150 ma. for 3 minutes.

5. Holder is removed and parts are spread on lini-free paper

to dry.

PRECAUTIONS
1. Cleaner should be kept covered when not in use.

2. Use fresh cleaning apent for each cleaning.
3. Use only clean containers for cleaning agent.

PURPOS.
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Cl-3E

CLEANING WITH WATER, ACETONE OR ALCOHOL

(Ultrasonic-Acetone, Deionized Water-Nitric Acid - Ceramics)

- PURPOSE

| The purpose of this process is to clean dense ceramic insulators in
such a manner that all conceivable contaminants are anticipated to
be present on the parts before cleaning and are effectively removed,
and that the resulting ceramic parts are clean to the degree required
for use in the making of high quality, reliable electronic tubes.
This process uses ultrasonic cleaning of dense ceramic insulators
with acetone and deionized water coupied with acid cleaning in HNOq,

VATERIALS
NOTE: Deionized Water Used Throughout
0. Baths
ith "emnosition Composition atio Them’cal irade -€quirea
U
&, ..cetone Acetone alone, rm. temp. (2 Ultrascnic
B, Deionized Hp0 “Jater alone, rm., temp. 1,000,000 ohm min. L
(1 Ultrasonic;
C. Igepal (850) Added to first deionized Andora Chemicals 5-10 cc/gal.
: detergent or water bath General Analine %
equivalent Film Company

135 Hudson Street
New York 14, N.Y.

D. Nitric Acid 30% HNCO3 - rm. temp.

SQUIPMENT
A. Suitable tanks, beakers or other comtainers for the required baths.
B. CSuitable basket or other perforated container for holding parts.
Sfhould be preferably non-metallic, such as nylon, diallyl phthalate
or polyvinyl chloride, or a metallic basket lined with clean ceramic
chips sc that ceramic parts do not contact the metal.
. Ultrasonic generater; transducer, either built into tank or suitable
for immersion intc tath. Capacity - 50 watt/pal. liquid, minimum.
D. Nitric acid resistant perforated basket lined with clean ceramic
chips, if metallic.




BASIC PROCESS
Because at the present state of the art it is not possible to
accurately and exactly specify and measure the desired end result
of this process, it is necessary to specify the process itself in
detail. The described process iz a compilaticn of the best thinking
of those dealing with the cleaning of ceramic insulateors within
the department and is supported by actual and successful application
of the process, in detail, within the department. In order to
guarantee the attainment of success theretofore obtained with the
precess, it is necessary that 1t be carried out as specified and
departures from the prccess not be made without being sure of
the necessity for any modifications,

PROCEDURE

T " Note: Cerardic parts shovld never be handled with bare hands, with
woven gloves, with paper over fingers cor with metallic tools., It
is important to us~ handling tools or equipment provided with approved
non-metalliic contac. surfaces,

A, Thoroughly rinse in acetone. Ultrasonorate in acetone. Remove
parts from bath ~#ith ultrasonic power oi.

B. Ultrasonorate in delonized water to which a quantity of Igepal
85C detergent, or equivalent, abouvt 5-10 cc/gal. has been added.
Remove parts from bath with ultrasonic power on,

. Rinse in threce-step deionized water bath for at least 15 seconds
in each step.

D. Transfer parts to nitric anid resistant perforated basket, if
not already so contained, lined with clean ceramic chips if metallic,
and scak in 30% nitric acid for 5 minutes.

®. Thoroughly rinse parts in the three step deionized water bath
for at least 15 seconds in each step.

F. Ultrasonic clean in deionized water for 5 minutes.

G. Parts are rinsed in two separate acetcie baths for at least five
seconds in each bath.

H. Infra-red dry.

PRECAUTIONS AND CONTROLS

A. Successful processing of parts according to this instruction

will deperd in large measure upon proper control of the solvents,
solutions and equipments called for. Necessary control procedures
should be incorporated in correspending specific standing instructions.
B. 1In eorder to make the cleaning actinn most effective in the ultra-
sonic baths, the ultrasonic generator should be adjusted for each

case and each batch of parts to prcduce optimum cavitation within

the bath.

~10-




PRECAUTIunS AND CONTROLS (CONT'.)
D. In order to preserve the processed parits in their cleaned con-
dition, it is advisable that they be placed in clean, covered

containers after this processing and be go stored or transported
to the next operation,

MEASURABILITY OF END RESULT
Parts which have been properly cleaned per this basic process will

look thoroughly clean to the naked eye and under a magnifying lens,
with no evidence of any stain, soil or "water marks".

-11-




Ch-1a

AULKALINE CLEANING

Clepo #61

PURPOSE
This method is used to remove heavy metal soaps as well as coxidized
organic compounds which are not removed by vapor degreasing.

MATERIALS
Control Composition Eagineering Data
Bath Compogition Limits Ratio Chemical Grade Conc. in Container
Solution #1
Clepo #64 5-10 o0z./gal 8 oz. Gum Chemical Co, 100% powdér
Deionized water 1 gal. 500,000 ohms
or greater

Solution is used at bciling temperature.

Solution #2 .
Hydrechloric acid 1 part 37% HCl
Deionized water 3 parts 500,000 ohms '
or greater
Solution is used at room temperature.

Solution #3
Ammonium hydroxide 1 part 265 NH3
Deionized water 3 parts 500,000 ohms
or greater
Selution is used at room temperature.

Solution -
Hydrochloric acid acid only 37% HC1

EQUIPMENT
1. Tanks - Sclution #1 should be used in stainless stesl tanks,
solution #2 in Pla-Tank plastic crocks or earthenware crecks and
solution #3 in earthemware crocks.
2. Baskets - Stainless steel baskets should be used.

PROCEDURS

T 1. A bagsket large enough te zllow free movement of parts for thorough
agitation is selected. A much greater level of agitation is provided
if the work is completely withdrawn from the cleaning and rinsing baths
and then i1eimmersed rather than by merely swishing the worik about,
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PROCEDURE (CONT'D)

2. Parts are immersed in solution #1 for a minimum of 10 minutes.
Clepo solution must be 90-100C in order to clean parts thoroughly.
3., Parts are agitated in hot water for at least 15 secconds with inlet
faucet wide open, Hot rinse water must be 0-100C to dissolve all
of the lepo solution.
u. Parts are agitated in cold water for at least 15 seconds with inlet
faucet wide open.
S. Parts to receive further agueons cleaning, omit Steps 5 to 1l.
6. Parts with visible heavy rust are soaked in Solution #L until
clean., Other parts are agitated in Solution #2 until clean,
7. Parts are agitated in cold water for at least 15 seconds with
inlet faucet wide open.
8., Parts are agitated in Solution #3 for at least 15 seconds.
9. Parts are agitated in cold water for at least 15 seconds with
inlet fau¢ *t wide open.

10, Parts are agitated in hot water for at least 15 seconds with
inlet faucet wicde open., Parts are shaken to remove exce3s water.

11, Parts are rinsed in acetone for at least 15 seconds,

12. Parts are dried with compressed air.

TROUBLE SHCOOTING

Dirty parts - parts remaining dirty during the process cculd be caused by:

1. Operating temperature of solution #1 is not at temw, era.. re ~=pecified,
2. Hct water rinse is not hot encugh.

3. Solutions #1, #2, or #3 are contaminated.

L. Degreasing prior to caustic cleaning often sets up the drawing
compound mgking it difficult to remove.

€. CTaustic cleaning will not remove a carbon smut.

-13-
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C5/1A/8CR1 oRe

CLEANING WITH ACID COMBINATIONS

Nitric, Sulfuric (Bright Dip)

PURPOSE
This method is used to remove stains from molybdenum, copper, nickel
or monel, Parts should be bright when cleaned by this method. Fernico
or iron are not left bright, Oxides are not removed by this process,
or they are removed so slowly that pitting results.

MATERIALS
Note: Deionized water used throughout
Engineering Data

Conc. In
Bath Composition Composition Ratio Chemical Grade Container
Solution #1
Nitric Acid 1 Part 70% HNO3
Sulfuric Acid 1 Part 98% H250),
Deionized Water 1 Part 1, 000,000 ohms or
greater
Solution is used at room temperature.
Suitable containers for deionized water,
EQUIPMENT
1. Tanks - Pla-Tank plastic crocks or earthenware crocks can be used
for tanks.

2. Baskets - Stainless steel basket should be used.

PROCEDURE
1 A basket large enough to allow free movement of parts for thorough
agitation is selected. Cylinders may be handled with a hooked rod or
strung on 2 wire to prevent contact betweesn them.
2. Basket of parts is agitated in solution #1 for 2-5 seconds.
3., Parts are agitated in cold deionized water for at least 15 seconds.
. Parts are agitated in hot deionized water for al least 15 seconds.
. Parts are agitated in cold deionized water for at least 15 seconds.
. Parts are rinsed in a 3 step deionized water bath for at least
15 seconds in each step.

L
5
6

Note; If next step in processing is plating then omit operations
7 and & and go directly to plating bath,

7. Parts are agitated in 2 separated acetone rinses for at least S
seconds in each rinse.
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PROCEDURE (CUNT'Z)
. Parts are infra-red dried.

Parts should not be redipped if metal thickness is held to a close

tolerance, since continual dipping reduces the thickness. Not more
than 24 hours shall elapse between cleaning and assembly of parts.
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5.2 / el

CLEANING WITH HYDRCCHLORIC ACID

(Immediately Before Plating)

PURPOSE
Femoval of oxide films and tarnish films - This instruction describes
a preferred method for removing oxides and films from steel and fernico
parts.
Appearance of part after cleaning - After cleaning the part with hydro-
chloric acid, the part should have a clean surface free from oil or
discoloring stain. The clean metal may be etched or shiny.

MATERIALS
Engineering Data
Compusiticn Conc, in
Bath Composition ratio Chemicel Graae Container
Solution #1
Acetone
Hydrochloric acid 1 Part 37% HCL
Igepal 630 1 cc/l Jeneral Aniline & Film
Deionized water 1 part 500,000 ohms

Solution is used at room temperature.

Sclution “2
Sodium Cyanide 60 g/1 90% DuPont Special Quality
Igepal 630 1 cc/1 General Aniline % Film
Deionized  ster 500,000 ohms

Solution is used at room temperature.

Solution #3
Armoniwys hydroxide 1 part 30% NH»
Deivnized water 3 parts 500,000 ohms

Solution is used at room temperature.

EQUIPMENT
. Tanks - Pls-Tank plastic crocke and earthenware crocks can be
used for hydrochloric acid, sodium cyanide and ammonium hydroxide
solutions.
2. Baskets - Baskets are stainless steel, nickel, monel, or polyvinyl
chloride coated mesh baskets.
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PROCEDURE
1. A basket large enough to allow free movsmznt of parts for thorough
agitation is selected,
2. Parts are cleaned in Solution #1 according to the instruction number
on the process cards which describes the operation following cleaning.

Steps
Operation Following Immersion Agitation Following
Cleaning Time Time Step (2)

R1J 10-30 min. 2 min 3 (7

R1E 10-30 min. 2 min (3) (L)(6)(7)

RIM 10-30 min. 2 min (3}(L)(5)

R1F 2-10 min. 2 min (3)(L)(5)
.14,13,R1L 2-10 min. 2 min (3)(L)(6))
All other parts 10-30 min, 1030 sec (3)Y(L)

(Assembly parts) (34)(LA) (58)(E4)

Parts which are to be plated:

3. Parts are rinsed in cold water for at least one minute. Parts must
be kept in motion during rinsing, Inlet faucet must be wide open.
4. Parts are rinsed in hot water for one minute with the inlet faucet
wide open.
5. Parts to receive nickel plating operation can now be placed in the
plating tank.
%#. Parts to receive copper, silver or cadmium plating operation are
placed in Solution #2 for one to ten minutes. Crocks used for sodium
cyanide [Solution #2) will be labeled:

"Solution #2, C5-2E for R1J only"

and

"Solution #2, CS5-2E"
Parts which do not receive operation R1J should not be placed in the
:rocks designated "For RlJ only".
7. Part. to receive coprer, silver or cadmium plating operations are
placed in their respective plating tanks.,

A1l other parts:

3A. Parts designated as "-il other parts" (assembly parts in the table)

are rinsed in Selution “3 for 15 seconds.

LA. Parts are rinsed in cold water for 15 seconds with inlet faucet wide
open. Parts are shaken to remcve excess water.

5A. Parts are rinsed twice in acetone. Discard ihe acetone when the specific
gravity increases to 0.52., Specifice gravity should be measured with a lab
hydrcmeter in the range desired.

6A. Parts are dried wi-n compressed air.
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06-3C

CLEANING wITH SALTS

(Sodium Cyanide)

PURPOSE PURPC
This method is used for remoting sulfides from silver and silver solder. —_—

SAFETY SAFRT
1. It is important that containers of cyanide are not located near any -
acid, If acids come in contact with cyanide, a deadly g .s, hydrccyanic
acid, is formed.

2. Do not discard cyanide dowr the drain, pour into the steel barrel
marked for that purpose which will be sent to the Erie Plant for disposition,

MATERIALS MATER
Bath Composition Composition Ratio Chemical Gradse 1
Solution #1 So
Sodium cyanide 1 part 96% DuPont Co. ‘
Deionized water 16 parts 500,000 ohms or greater I

Solution is used at room temperature

Solutien #2
Acetic acid, glacial

Q9,5% 1 part Reagent Grade

Deionized water 19 parts 500,000 ohms or better EQUIPH

1

Deionized water 500,000 ohms or better c
Acstone

PROCEL

EQUIPMENT il

1. Tanks - Pla-Tank plastic crocks or earthenware crocks can be used. a

PYC lined steel tanks. 2

2. Baskets - Stainless steel, mone!l or nichrome baskets can be used. 3

i

PROCEDURE s

1. A basket large enough to allow free movement of parts for thorough L

agitation i3 gelscted. t

2. Parts are agitated in Soluticn #1 for at least 30 seconds. o

3. Parts are sgitated in ccid water for at least 15 seconds with inlet
faucet wide open.
i, Parts are sgitated in sclutien #¢ for 15 saconds.

S. Parts are rinsed in cold water for 15 seconds, with inlet faucet cpen,
A, Parts are rinsed with agitation in hot deionized water for 15 seconds
with inlet faucst spen.

7. Parte are rinsed in acetone Sor 15 seconds.
£f. Parts are dried with comprsssed air.




C6-3D

CLEANING WITH SALTS

Sodium Cyanide

PURPOSE
This method is used to neutralize parts prior to plating.

SAFETY

T 71, It is important that containers of cyanide are not located near any
acid. If acids come in contact with cyanide, a deadly gas, hydrocyanic
acid is formed.
2, Do not discard cyanide down the drain, Pour into steel barrel marked
for that purpose.

MATERIALS
| Bath Composition Composivion Ratio Chemical Grade
| Solution #1
Sodium cyanide 1 part 967 aFont Co.
Deionized water 16 parts 500,000 ohms or
greater
Igepol 630 1/1000 part General Aniline
and Film
Solution is used at room temperature
EQUIPMENT

. Tanks - Pla-Tank plastic crocks or earthemware crocks can be used.
2. Baskets - Stainless steel, monel or nichrome basxets can be used.

PROCEDURE
1. A basket large enough to allow free mcvement of parts for thorough
agitation iz selected,
2. Parts are iumersed in Sclution #1 for 1-l0 minutes.
3. The parts can be transferred directly to a cyanide plate solution
if there is no possibility of dripring onto the floor or initc other
solution. Otherwise, the parts musti be rinsed in cold tap water.
L. When this operatior 1s followed by a plating operation, parts are
transported in a container of Solution #1 and nust be allowed %o dry
or partiaily dry befere being placed in the plating sclution,
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F2-1

DRY HYDRCGEN FIRING

EQUIPMENT
1. Suitable hydrogen furnace
2. Thermocouple and meter
3. Optical pyrometer or equivalent
L. Sutiable firing boats
5. Rod to push boats through furnace and hooked rod to remove boats
from cooler,
&. Clean white gloves to wear when handling fired parts.
7. Source of dry hydregen ~ Dew Point - 60F to - 90F. Line hydrogen
may be purified and dried by running it through a copper chip furnace
{maintained at 650C) and an alumins dryer (maintained at 35F) or
Catalytic Oxidizer, "Deoxo" purchasable from Baker Chsmical Co.,
Philipsburg, New Jersey, or eguivalent.

PROCEDURE
Parts are loaded in the firing boates then pushed into the hot zome
where they are fired at the specified temparalure for tne specified
time.

LIMITATION
The specified times and temperatures appear on the apprcpriate
Standardizing Notice and in all cases indicate the period cf time
for which the parts are to be held in the heat zone, When cem-
perature only is specified parts are to be brought up te that
temperature then pushed into the cooling section. A toleraace
of ¢+ 25C ig allowed on all specified temperatures. All stated
times are in minutes unless othsrwise specified,

Parts are pushed into the cooler and then removed when cooled.
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F2-2D/S1

SPECIAL HYDROGEN FIRING

(Coated Ceramic Cylincers)

PURPOSE
To issue instructions for firing coated ceramic cylinders used in
metal-ceramic seals.

ZQUIPMENT
Hydrogen furnace, opering 6" high x 8" wide with dry hydrogen cooling
chamber,
Source ci’ wet hydrogen
Source of dry hydrogen with dew point of -6C to -$OF.
Molybderum firing boats with covers 12" x €" x 5 1/2% high
Holybdenum spacer sheete 11 1/2" x § 1/2% x ,02C" - ,030" thick
Fire brick, Babcock & Wilson #28

Note: Alundum chips (All) may be used in the bottom of the firing
hoat in place of the fire brick.

PROCEDURE
3, Bottom of boat is lined with 3/4* laver of fire brick and covered
with a specer cheet., Cyiinders are placed on sheet with the axis
vertical, isoiated from each other and from side of boat. (More layers
may be built with spacer sheete between if cylinder lengths permit.)
1he boat is covered,
Note: For ceramic ¢ylinders having wall thickness greater than
1/8" or for ceramics having large mass, all sides of boats
should bs lagged.
2. The filled boat is preheated for 15 minutes on the fore-hearth just
inside the furnace door.
3. The boat ic then heated for 45 mimtes at 1300C in the hot zone.
k. The boat is pushed into the cooler and left to cocl for 30 minutes.
(Ho0 temperature 120F.)
5. Cooling chamber door (between firing zone and cocling chamber)should
be ciosed when firing or cooling because wet hydrogen is run in the box
portion of the furnace while dry hydrogen is run into the cooling chamber,

-~ 21—
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F2-lA
FIRING IN WET HYDROGEW

EQUIFPMENT
1. Suitable furnace.
2. Wet hydrogen supply, having a dew point of £80 to A95F.

Wet hydrogen may be obtained by bubbling hydrogen through
water just before it enters the furnace.

PRQCEDURE
. Parts are fired in wet hydrogen for specified time at specified
temperature.

2. Parts are pushed intc cooling chamber to cool to approximately 80C.
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F2-4G

HYDRCGEN SIRING (EBTALIZED CrRAMACS

PURPCSE
Hydrogen firing metalized ceramics serves siX purposes:

Creates positive bond between metalizing and ceramic

Sinters metalizing to permit strong leak-tight seals.

Removes metalizing binder by converting it to gaseous products.
Causes oxidation in metalizing to insure maxirmum bond

Pegasses both ceramic and metalizing.

Cleans up minor contaminaticn on both ceramic and metalizing.

-

O RO Ret il Wil

- -

MATERIALS
Ceramic insulators as specified on the drawing.

EQUIPMENT
A. Hydrogen furnace 6" x £" wide opening, hydrogen atmosphere cocling
chamber, or retort type furnace for larger pieces or high production runs.
B. Source of wet nydrogen (preferably from passing dry line hydrogen
through water bubbler).
C. City gas pilot line for pilot flame and flame curtains (hydrogen
dew point -60 to -90F.).
D. Thermocouple and controller-recorder.
E. Seals Flo-Scope gauges for measuring hydrogen entering muffle
and and cooler end of furnace.
F. Molybdenum firing boats, 12" x 6" x 5 1/2" high
G. Alundum chips, minus 20 mesh, Norton Co,
H. Timer, electric or windup.
I. Rod to push beoats through furnace with brackets to store rod in
and keep it off the floor.
J. Astestos gloves.
K. Hooked hol ow rod connected nitrogen line for flusning boats before
bringing through flame cirtain.,

PROCEDURE
Cantion: At no time are ceramic parts to be handled or exposed to
the building atmosphere., The audit check during metalizing, proper
location of parts in boat after metalizing, caref'l transport of
boat to and from furnace area, and the inspection which follows will
result in entirely satisfactory audit of metalizing and firing.

A, All toats will be loaded and unloaded in the metalizing area by
metalizing personnel. These boats will be of molybdenum with the
bottoms lired with at least 1/2 inch of alundum chips. Each layer

of parts to be fired will be supported above the previous layer with
spacers. “hen the boat is properly loaded, the correct processing card
should be added to it and then it should be hand carried to the furnace
area for firing.
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. PROCEDURE ( CONT'D)

Note: Extreme care should be exercised in handling loaded boats
since the metalized insulators tend to slide rather easiiy. This
will cause stickirg and subsequent rejection of parts.

B. Check that the furnace is at temperature as called for on the
processing card.

C. See that the water level is to red line as marked on bubbler,

and H2 is bubbling through it. If below line, add water. If above
line, call foreman,

D. Preheat boat on fore-hearth just inside furnmace door for time

as specified on precess card,

E. Move boat to hot zone of furnace for time specified on planning
and processing ticket counting from time boat is first pushed into
the hot zone,

F. Push boat into cooling chamber and leave there for time as specified.
G. Purge hydrogen from boat with nitrogen and then pull boat through
flame curtain.

H. Check off operation completed and initial process card.

BISPOSITION
After firing operation is completed, boats will be picked up by
Metalizing personnel, carried to metellizing area, unloaded and
reloaded with more parts,

INSPECTICN
Metalized ceramic parts are sorted as called for in Standing Instruction N3-23.

PROCESS CONTROL
A. See that all ' ydrcgen entering hot zone is passed through bubbler
and furnace flushed 20 min. with wet H2 before each firing shift begins.
B. Hydrogen flow according to Selas Floscopes should be 75 cubic feet
per hour to the hot zone and 50 cubic feet per hour to the cooler when-
ever parts are being fired, Lower flow rates will not maintain sufficient
atmospheric control in furnace.
C. Use furnace, firing boats, and spacer plates for firing metalizea
ceramics exclusively, If used for other purposes, do not use them
for firng ceramics again. This furnace must be free rrom iron and
other metal contaminants before it will give good ceramic parts.

Boats are provided to be used exclusively for firing metalized ceramic
insulators, These boats should not be used to sinter the copper or
nickel plated insulators as boat contamination may result.

D. ¥%hen new boats or spacer plates are to be put into use for firing
ceramics, fire them at the regular ceramic firing cycle before using
them with ceramic parts.
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PROCESS CONTROL (CONT'L)

E. Mark the position of the rod used for pushing btcat into hot zone
and come to this position each time a boat is moved to the hot zone.
This will increase firing reproducibility.

F, Uhen converting from line hydrogen (-60 to-AF dew point) to wet
hydrogen {+through water bubltler) or vice versa, be sure furnace is
purged for 20 minutes with 75 cubic feet per hour going to the hot
zone and 50 cubic feet per hour going to the cooler.

TROUBLE SHCQTING

L, Air mayr enter the furnace in the focllowing ways:

1. While a boat is being removed from the cooler K Flame
curtain at end of tube tends to minimize this.
2. A lezk in the furmace.
3. Insufficient flushing cr preheating of closed or covered
boats.

B. This air may make parts unusable as follows:

1. Free oxygen will cause scale on metal parts or kands.
2, Air from a leak or admittance through cooling chamber
vill cause a spectrum color on fired parts.
3. Internal explosion and part distortion or rupture if
diffusion is restricted too much,
C. Remove covered boats from the cooling chamber with care as a
combustibal mixture of hydrogen and air may form inside. This will
be minimal if the boat is properly flusked with nitrogen.
D, Dust on boats fixtures cr parts usually means sluff accumilations
on the hearth, Cool furnace and clean hearth.
E. All parts must be covered with molybdenum trays. City gas used
in the flame curtains has a tendency to leave soot and, or sulpher
deposits. If parts are contaminated, it may be necessary to substitute
nydrogen for city gas in the pilot flame lines.
F, Cooling chamber temperatures are important. Xeep it high encugh
to avoid condensate accumulation along the floor of the cooler, Under

a hot boat this condensate converts to steam which oxidizes work being

cooled., Avoid this condition at all times.
G, If lac¥ of reproducibility in seal strength is a problem, it may

be the result of not using wet Liydrogen for this firing or not purging

enough before firing shift is started,.

MAINTENANCE
A, Cleaning - During normal operation, furnaces are buund to get
crudded up one way or another. Scot and sulpher deposits will build
up at both ends of the furnace due to the constant burning of city

gas. Rust accumulates in the cooler sections t:cause of the unavovidable

sweating problem which crops up every once in a while, Boat lagging
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MAINTENANCE

A. Cleaning (Contid)

material covers the bottom of the furnace because boats have gaps

or holes in them, If the furnaces are not cleaned on a periodic
basig a serious degradation in parts' quality will result. Furnaces
should be cleaned at least twice a year. The following procedure

is recommended:

1. Shut furnace down as outlined in procedure under "starting
and stopping".

2. Wire brush entire cooling chamber to remove all rust, scale,
ang dust.

3. Check all furnszce doors for cracks and/or missing pieces.
febuild or replace if necessary.

i, Check cooling chamber for water leaks. Patch and/or replace
if necessary,

5. Check elements and all brick work. If brick work is badly
cracked, and has the “ready to cave in" look, a major rebricking
job is suggested,

6, Vacuum clean the entire interior of the furnace.

B. Calibrating - Furnace controls must be calibrated pericdically
to insure the validity of their readings. All work of this type must
be handled by the electrical ssrvice group. An accurate millivolt
source is hooked to the input terminals of the recorder and a set
procedure is followed to insure reproducibility of results. There

is no need to check thermocouples or thermcpiles since they are
accurate until they short out. At that time, the indicator will
ciimb past the limit point and the furnace will be shut off auto-
matically, The recorders will be calibrated every second menth

with the calibrated millivelt source. The person doing this will
then label the furnace with date calibration was completed and his
initials. Also, every sixth month a traveling thermoccuple will be
run through the furnace with resuliing readings being checked against
the furnace controls. This should be done after shut down periods
and before parts are started through the furnace again.

Note: The electrical service group is responsible for the accuracy
of the furnaces. It is important that they be notified whenever a
furnace controller seems to be acting up. No controls should te
tampered with by anyone except people from this electrical service

group.,
C. Starting and stopping

1, Ignition cof eight inch hydrogen box furnaces.




C. Starting and stopning (Cont'd)

a. Cleose end doors of furnace and openn cooler door.,

. Purge furnace for two hcurs with nitrogen., Use a flow

of 100 cfh. on each hydrogen flow scope.

c. Turn power switch from off tc instrument,

d. After two hours of nitrogen purging, light pilot lights.
Check flame curitains. Open water valve to ccoler and close
off the water bypass.

e, Increase nitrogen flow ror five minutes to a reading of
200 c¢fh. on each hydrozen flow scope.

f. Simultaneousliy, introduce hydrogen and shut off nitrogen
to the furnace. Regulate to 75 cfh. of hydrogen in the hot
box and to 50 cfh, of hydrogen in the cooler.

g. Purge with hydrogen {for one hour.

h. After one hour close the cooler door.

i, Turn power switch from instrument to heat. Reactrcl unit
should be reading approximately 80.

J. Bring furnace to desired temperature in intermediate stieps.
That is, hold heat constant at various stages to allow brick-
work to rsach thermal equilibrium.

2. Idling of eight inch hydrogen box furnaces.

a. Open cooler door.

b. Decrease flow of hydrogen to 35 cfh, in the cocler section.
c. Turn off all hydrogen leading into the hot box. Maintain
35 cfh. in cooler section.

d. Bring temperature down to 900C or 1000C.

3. To prepars for operation

a. Increase flow of hydrosen to 50 cfh. in the cooler.
b. Flow 75 cfh. of hydrogen in the hot box.

c, Close the cocler door.

d. Adjust to desired temperature.

L, Shutting cown of eight inch hydrogen box furnaces.

a, Turn power switch from heat to instrument.

b. Open cooler water bypass. Regulate water flow until it

is coming out warm. *

c. Cpen cooler decor,

d. Allow temperature to drop below LOOC.

e. Simultaneously, open up nitrogen and turn off ihe hydrcgen.
Regulate nitrogen flow to 200 cfh. or each hydrogen flowscope.

f. Vhen hydrogen is no longer burning off at either end of

the furnace, shut off nitrogen and allow the furnace to go to air.
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Shutting dowvm of eight inch hydrogen box furnaces {Cont'd)

Turn off pilot lights.
Open both end doors.

- 28 -
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F3-1P

\IR FIRING CERAMICS

PURPOSE
The purpose of air firing ceramics is threefold:

A, To oxidize all organic and carbonaceous materials and
convert them to gaseous products which go off into the furnace
atmosphere.

B. To drive undesirable volatiles out of the bedy of the
ceramic and replace them with air gases which can be removed
relatively easily at exhaust without zltering crystal phases.
C. To oxidize any iron deposits and show them zg stains or
color variations in the piece.

This instruction, therefore, is written to provide 2 means of
accomplishing these purposes on ceramic materials.

MATERIALS
Ceramic parts as specified on the drawing.

EQUIPMENT
Suitable svmmel kil capable of reaching 1100C
Silicon carbide saggers
Portable indicator with thermocouple leads.

PROCEDURE
A, Parts come to furnace loaded in carbide saggers covered with
mudlite lids.
B. Parts are fired in a tunnel kil with air forced through furnace
against the movement of the ceramics. The parts are 7 hours up
to maximum temperature and 7 hours of coecling down from maximum
temperature., Maximum temperature is 1100C,

DISPOSITION

Send boats to next station on processing ticket, still covered
(usually inspection).

INSPECTION
After the boat has cooled to room temperatu.e, lift the cover
vertically without tilting or moving it away from covering area
over the parts. Give the parts a cursory visual examination for
obvious spots, cracks, chips, areas of discoloration or contamination
without touching or removing the fired parts. If no defects are
observed, replace the cover and send the boat to the next planned
station. If defects are noted, call foreman.
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PROCESS CONTROL
A, The furiace used for firing ceramics shall not be used for
firing any other materials at any time.
B. Use boats for firing ceramics only. Firing other parts in
them only leads to contamination of several batches of ceramics.

TROUBLE SHOOTING
&, If parts show spots, it “‘ndicates:

1. The boats are contaminated with something that is being
transferred to the parts during firing.

2, Parts were not clean when placed in boats after acetone
wash.

3. The cven is contaminated with something which is dropping
or being splashed on parts during firing.

4, Something near the surface of the ceramic body is being
converted to a colored product by air firing (such as iron
deposits from the die used in making the part).

B. Larger discolorations on the parts indicates:

. Contaminated furnacs.

. Contaminated parts.

Non-uniform milling lot at vendors plant.

. Diffused iron depceits eft on paris by vendor's processing.

oW no -
*

C., Parts ccoming from the furnace cracked, chioped or broken show:

1, Incipient cracks in the part as received from the vendor.
bl

2. Incipient cracxs from rough handling in our plant.

3. Thermal shock - oven temperature too high when parts placed
in oven or removed from oven.

D. 4ir firing was first started to oxidize the iron lefi by vender

and show it up as digcocleration areas in the part. Since the prchlem
has bsen largely corrsctad, the firing has bees continued to insure
against failing intc the same froutle 3gain‘ Jccasionaily one or
tuwo are found in a ot of 100 or more pieces,
¥, Conical recrystallization is a condition which vendors have mot
yet found meaps of controlling., It is; however, strictly iheir problem.
MAINTENANCE
kK. Check the furnace iempevaiure at the bsgimning ¢f each shifi as the
first job is run in the furnace.

Frocedure
I, Sef Turnace at 10Q0C {corrected to latest controller calibratica
fastor’ «nd record seiting in log book,
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MAINTENANCE (CONT'D)

Procedure

2. VWhen the furnace has reached equilibriun temperature, insert
the thermocouple leads from a portable indicator.

3. %“hen this has reached equilibrium, record in a log book the
extremes of the temperature cycle against the furnace number,
setting and the date.

L, If extreme readings are between 985C and 1015C contimue
firing.

5. If extreme readings are not within 985C to 1015C, stop
firing and notify fcreman.

B, Calibrate both portable indicator and controller-indicators
according to the controllsr-indicator calibration schedule and
tabulate the calibration corrsction factory anddets of calibration
on a tag attached to the instrument and in a bock kept in the
furnace ares.

C. Whenever a firing of some lot of ceramics in these furnaces
causes large volumes of volatilss ts pour out of the oven (high
boiling solvent, body contamirants, etc.)} remove it from service
until the furnsce can be thoroughly cleaned by firing empty
furnace at 1100C for 1/2 hr. befere it is used again at 1000C
for ceramics. Do this once in 3 months as regular practice to
insure no buildup of contamination,
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SILK SCREEN COATING _
{8ilk Screen HMetalizing Machine)

PURPOSE
To butt or end coat ceramic insulators with a uniform, smooth,
controllable layer of metalizing mix,

MATERIALS AND EQUIPMENT

L

Jig or fixture to hold insulators stationary at some fixed height.
Jig or fixiure to hold screen taunt and in a fixed position.
Stainless steel mesh screen of proper mesh size and wire diameter.
Teflcn tipped squeegee to spread paint evendy on the screen and
also to force the paint through the screen and to the insulators,

5. Properly adjusted moly-manganese mix.

6. Small oven to dry coating after being applied to the insulator.

7. Holybdenum trays to load paris on for drying and firing.

8, Two 100 ml beakers, one for the mix and the other for acetone

or cther cleaning sgolvent.

9. Cotion swabs for touch up cieaning cn ceramic insuiators.
10. Pliers for setting the moly trays into the drying oven and aiso
for pulling them out.
11. Two sided tape for hclding insulators down and in 2 fixed position.

*

e\ 0 b

*

PROCEDURE -~ SETUP
1. DPlace a clean piece of two sided tape down on the parts holding
fixture.
2. Lay five {5) parts to be coated on the tape in the fcilowing
pattern. = °

3. Lay the ,0l{" shim stock across three of the iasulators.

L. Lay & flat surfaced object on the shim stock and across iwe of

the micro-adjusiment nutis,

5. Adjust sach mut until it just bdarely touches the flat surface.

6. Lay the flat surfzced object across the other two adjustment nuts
ard cn the shim stock.

7. Repeat Step 5.

&. Set the stainiess steel screan supported by the screen fixture
into proper positien. The itwo pins in the parts fixture should come
throagh the screen fixture and the bottom of the screen fixture should

rest on top of all four micro~-adjustmesnt nuts.

9, Check the screen fixture for wobble and make recessary adjustments,

10. PFlace proper number of ceramic insulators to be coated on the
sticky tapa. The only criteria for loading is that no part should
touch any other part.




PROTDURE - SETUP CONT'C
11, Pour ernugh mix on the screen to allow coverage of the entire
area.
12, ¥ith the teflon tipped squeegee wipe the paint into the screen
using firm but not hard pressure. Continually turn the screen over
so that all the screen holes are filled with mix. The last wipe
should be made on the bottom side of the screen.
13, Place the screen fixture on the parts jig and make one pass
with the squeegee.
14. Henove screen, exam:ne parts; and made adjustments where necessary.

PROCEDURE - FPRODUCTIO!
1, Flace proper number of ceramic insulators on the parts fixture.
2. ™at the screen fixture in place and draw ihe squeegee across the
screen.
3, Herove the screen fixture, add paint to the screen if necessary,
and werk the pa.nt into the screen until all meshes are filled with
mix,
L. Take the coatec¢ insulators from the fixture witn tweezers and
load them on the molybdenum trays.
S. Place loeded tray in the drying oven for approximately 15 minutes.

1, 1iUse nothing but properly adjusted screen mix.

2. Do not place excess coating on the screen. It will tend %o run
ot the fixture and evenitually on the operator and the insulators.
Do not leave the mix lying on: ihe screen for ieng periods of

. The vehirles an? binders will separate from the metallic
narticles and an inhomegenecus mix will resuli. The screen should

be clean of 31} mix at lunch trezk and again at the end of a shift.
J. The teflen on the end of the squeeree will “end to wear over a
period cf time. ‘Ten the insulators on the outermost rows are noi
ceating the *teflon shculd be scuared off.

DEASIIRT :Q'ﬁf\g”?“f‘
z FRiZN },u_ 1 FIRG

1. ¥ix not adhering ito the ceramic insulator
2, *incer has not been added to the mix.
t ™e oven is too hct and the t.onder is co.nes

.
¢1iing time i Lot suTlicient to *ta e all
e % inzc sLliticn.
. e .z2ll alli. er.le as not correct .zari.cles
cf ~etal have not teen reuuced in size,
3. Mix is not wor«ing croperly into tine screen.
a. The nix is toc thick. Thecx viscosity and add
Zutvl Zarbitcl Lcetzze if necessary.,




L

TROURLESHOOTING TCONT'D

L.

Mix running on the sides of the parts.

a. Temperature of the room is too high.

b, Viscosity of the mix is too low. Discard
and start using from a new bottle.
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SPRAYING CATHODES
(Emission Coating)

PURPOSE

To provide instructions for applying a uniform coating to the entire
cathode surface of cathode and insulator assemblies.

MATERIALS
1, <Zathode assemblies per dras’ng list.
2. Triple carbonate suspens.on specified on drawing list.
3. Acetone

EQUIPMENT
1., Vented spray booth with spraying disc, motor and other fixtures
mounted.
2, Paasche spray gun.
3. Binocular microscope with light.
i, Spraving fixtures.
S. Post grinder with carboloy cutter,
6. Dial gauge.
7. Tweezers
8. Cathode dwmies
9. Precison scales

PROCEDURE
1. The assemblies are ready for use as received from the previcus
wltrasonic cleaning operation.
2. The assemblies are placed In the spraying fixtures face down
and carefully centered sc the cathode is in the hole in the face
of the fixture, The back is then screwed on.
3. The magnetic fixtures are arranged around the circumference
of the spraying disc. Two cathode dummies are included with each
load to check spray density.
4. Cathecdes are sprayed until ,0025" to ,0035" of cozting has been
ceposited. If uncertain of spray gun setting, a run containing only
dummies should be performed and coating density and reight checked.
5. Catrode dummies are removed and checked for spray coating thickness.
These must be within specified Zimits.
6. Cathode assemblies are removed frcm spraying fixtures and placed
in trays.
7. “athode assembly is rrasped by back of ceramic with tweezers and
run through track of post grinder, apclying light pressure asgainst
‘he cutter. The coating thickness is gauged. If within the drawing
tolerance the part is placed in a truy, ceating side up for future
inspection. If coating is too thick, the part is run through the
cutter and regauged, if toc thin either the cutter is not properly
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PROCEDURE (CCNT!D)

adjusted or one of the braze joints on the cathode assembly has come
loose, Each assembly must be gauged.

Z. The cathode asserbly is inspected under microscope for proper
coverage of coating, chipped edges, gauges, tilts, etec.

9. After spraying is completed, the jar of coating is reroved and
a beaker is filled with acetone and the gun is thoroughly flushed
out,
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COPPER STILL PLATING

(Rasket)
PGP R

To provide an adhergit copper flash on small nicxel tubing and wire
leads {less than 1/16" diameter x 1" leng) for brazing purposes.

MATERIALS
Material New Bath Content Control Limits
Ccpper Cyanide N2 oz 5-6 oz/gal
Sodium cyanide 132G oz 1.5-2.0 oz/gal (Free)
Sodium carbonate 328 oz 2.u-610 oz/gal
Sodium hydroxide 2L oz pH 12-13
"Rocneltex™ £210% (volume)

Delonized water to make up to 164 gallons 500,000 ohms
or greater

Operatin temperature 1L0-160 F

Lnoce to cathode area = 1:1
tdjust as required to maintain copper cyauide content)

Current density - See Plating Process Cards

EQUIPMENT
1., PFliating Tank - Plastisol or Xoroseal lined steel 2u" x 24" x 720
working volume 16L rallons equipved with steam heatins coil and
indicating automatic te~perature control,

2. —-ectifiers - separzte unit for each of four positions 50 amp. 10 v.

Stainless steel anodes - size and number ar required.

)

i, “inse Tanks - stainles= steel

I e

5. Raskeis - s+ainless, approximately x {7 dia.
£. Filter - immersicn type with imreller pumg.

7. Tavor xnaust Venting System,
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MAINTENANCE

1. Maintain solution at working volume - at determined point
approximately 3 1/2 inches below top of tank by addition of
deionized water as required.

2, Anode Maintenance - Proper copper ion content of plating bath

will be maintained by use of one copper anode and two stainless anodes
on each of two anode bars. Adjustment in anodes will be reguired

as copper anodes errode and are reduced in area. Adjust to maintain

approximately the initial balance between area of copper and stainless
anodes.

3. Anode Area - Maintain L on each of 2 bars. Copper 1" x L" x 15".
PROCEDURE

1. Parts are placed in nickel mesh basket.
2. Parts are cleaned thoroughly before plating.
3. Parts are copper flashed at about 3v for 2 to 3 minutes with

agitation of parts to prevent sticking together. (Negative Ba

contact is made directly to the basket by means of a wire-clip -

combination.) ;_

k. Parts are rinsed thoroughly in cold running water, 10 sec. i

5. Parts are rinsed in hot running water, 10 sec. ‘

6. Parts are rinsed in acetone for 10 sec., and drained. ‘

7. Parts are blown dry with carefully directed compressed air,

INSPECTION

A1l parts should be covered with copper plating.
Batt
Nic}
Ammc
Bori
Deic

me

pH
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NICKEL FLATING

(Barrel)
PURPOSE

1. To provide an adherent nickel plate to tube parts, Stainless
steel, tungsten and molybdenum is struck with nickel from nickel
strike, bath to provide a surface for further plating because other
plates do not adhere to these metals.

2. Plating is to be uniform, unstained, unblistered and of the
specified thickness.

MATERIALS

1. Strike Bath

Bath Compositiocn

Nlew Bath Content

Nickel Chloride

Hydrochloric Acid
Deionized Water to

make up volume

“’ith Solution ievel Control
Chemical Grade 3" Below Top Of Tank Limits
Udylite Corp. 26,100 ¢ 220-260 g/1
13,750 cc 100-153 cc/l

506,00C ohnms
or greater

Temperature - Room

2, Plate Bath

Bath Composition

New Bath Content

Nickel Sulfate (22.1% i) Udylite Cerp 1

Ammonium Chloride
Boric Acid
Deionized “ater to

make up voiume
pH

“/ith Sclution Level Control
Chemical Grade 3" Below Top Uf Tank Limits
3,200 g 135-155 g/1
2,800 g 20-30 g/1
3,300 g 25-35 g/l
500,000 ohms
or greater
5.4-6.0

Temperature - Hoom




-’

EQUIPMENT
B Tank
Overall
Construction Capacity At Solution Dimension
Material Level 3" Below Top Of Tank _{inches)
Koroseal Lined Steel 110 liter 22 x 24 x 1€ deep
Xoroseal Lined Steel 110 liter 22 x 24 x 16 deep

2. Barrels

Belke-Perto Plater with 3/L inch diameter slug contact for
nickel plating = ¥ quarts.

MAINTENANCE

1. Sclution Level - Maintain level at z 1/2 inches below the top

of the tank. A marker is located on each tank to indicate the

3 inch level.

2. Filtering Plating Solution - To determine the cleanliness of

a solution, £ill a bottle with the solution and observe the solution
bv holding it up to the light.

3. Anode Area ~ Haintain anode areas as follows:

Type Of Size Of Anode Chemical No, Of
Plate tnode (inches) Metal Crade Anodes
Nickel Strike 1/L x5 x 8 Nickel 95+% Li on each

Chemical Co. of 2 bars
Nickel Strike o5 x 8B Nickel Folled i on each

Depclarized of 2 bars

or cast in

carbon

4. PRarrel Maintenance -

a, Deplate cathode chain contacts used in tne Zelke-Yorte
Platers once a2 day. :
b. Use Belke-Porto Platers for all nickel deplating. 3

PROCECURE

1. The number of parts to be plated in barrel are weighed out.

2. Parts are cleaned thoroughly before plating. Cnly paris which

are unirormly clean looking should be plated. Send back any paris
Lo

having dirt stains or nomuniform appearance because dirty parts are
1ikely to blister when neated later,
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PROCEDURE (CONT'D)}

3. Parts are poured gently from cleaning basket to the barrel.

1. Parts to be struck as specified in striking table, are immersed
in barrel in striking tank. For 21l the other parts, omit Steps L, 5, and 6.
5. Strike parts according to time and current specified in table.
Yake sure the barrel is rotating and the filter pump is8 operating
during striking.

6. Barrel is lifted out of strike solution while still rotating and
allowed to rotate with one end resting on the drain board for four
revolutions to drain strike solu>ion out of the parts,

7. Barrel is transferred to pla*ing tank.

8. Plate according to the number of parts per barrel, current and
time specified in the table. Make sure the barrel is rotating and
the filter is operating during plating.

9. 3Barrel is lifted out of plating sclution while stiil rotating
and allowed to rotate with one end resting on drain board for four
revolutions Lo drain plating solution out of parts.

10. Barrel with parts still rotating, is placed into cold water rinse
and barrel is allowed to rotate for one minute. Barrel is lLifted out
of cold water rinse while still rotating and allowed to rotate with
one end resting on drain board for four revolutions to drain cold
water out of parts. (See note.;

il. Barrel, with parts gtill rotating is placed into hot water rinse
and barrel is allowed to rotate for cne minute. Barrel is lifted out
of hot water rinse while rotating and allowed to rotate with one end
resting on drain board for four revelutions to drain hot water out of
parts, Electric plug is pulled out to stop barrel rotating.

12. Barrel is carried to hot wa*er rinse next to Xreider dryer. Barrel
of parts is dumped through furnel cover into drying basket submerged
in running hot water.

13, Drying basket, with parts is 1ifted ocut of hct water and into
Kreider spin dryer. Parts are spun until 4ry which usually takes about
two minutes with steam heated hot air.

Rinsing and drying must be done carefully and equipment kept in top
conditicn or stains will appear on plated parts causing rejection
of tubes composed of stained parts.

lnte: © subsequent operation is #(06-3D, it must start immediately after

this rinse. Parts must not be permitied to dry cor partially dry between
trese operations.
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COPPER BARREL PLATING

PURPOSE

-

1. To provide sn adherent copper plating to assemblies gnd tvie
parts.

2. Plate is to be uniferm unstained, unblistered, and of specified
thickness,

SAFETY

Plating Bath - observe safe handling procedures reguired in working
with hot strongly alkaline cyanide solutions. D¢ not mix with acid
or expose to acid fumes,

Venting - Vent bath vapors into vapor exhaust system.

Acetone - Observe safe handling procediure required for volatile and
flammable solvent.,

EQUIPMENT

PR

1. Plating Tanx - Plastiscl or Xcrosszal lined stesel 24" x 2Lt

woriing volume 164 gallons equipped with steam heating coil and
indicating automatic temperature control.

2. Plating Barrels - Danielg’ B8H Plastic.

3, Barrel Rotatirg Drive - Mutor/reduction gear driving common chait
roviding rotating drive for four barrel positions.

x ""2!!

L. Rectfiers - separate univ for each of four positions 5C amp., 10V.
%. Stainless steel anodes - size and number as reguired.

5. Contact medinm - metal pins or copper-clad plastic bails.
7. Rinse Tanks -~ stainless steel

5, Baskets - stainless, approximstely 8" x B dis.

¢. Filter - immersion type with impeller pump.
1G, Vapor Zxhausi VYenting Svsten.

HATERTALS

Copper cyanide, 70 - 71% copver ¥R02075
Sedium cyanide, 96§ ¥ro1o7
Sedium  carbonate K:0142%
Sodium hydroxide ¥RO1L3Z
"Rocheltex" {brightiener) XRO1L1Y
Coprer ancdes, CFHC Ki03372
Acetone ¥R4368

- 42 -




BATH CCrPUSITION

4aterial “ew Bain Content. Contrel Limits

Copper cyanide 202 oz. 3~f oz/gal

Sodiwr cyanide 1320 cz. 1.5-2..  oz/gal (Free)
Sodium c2rbonate 323 oz, 2.0-6.0 oz/gal
Sodiwm nydrox.de 2L% oz, pd 12-12

#Rocheltex” 6-10% {volume)
Teionized water to make up to 16k gallons 560,000 ohms

or greater
Operating temperature 140-160 F.

Arode tn cathode arez = 1:1
{acjust =2z required %o maintain copper cyanide content)

Current density - see Plating Process Cards

HMATNTFMNANCE

3. S<iution level -~ maintein level 2 - 2 1/2 inches below top of
plating tank by audition of deicnized water as required.

2. 3Bath composition centrol - The maintenance of proper balance
between arez c¢f copper and stainless anodes will assist in holding
copper cyarnide bath content within limits,

PROCEDUHE

1, The specified number of precleaned parts are placed into the
plating barrel, containing the specified type and guanity of contact
medivn,

2. The loaded plating barrel is anserted into one of the four plating
positions provided at the plating tank - insert with barrel rotating
drive running.

-~

3. Immediately turn switch of rectifier serving the position teing
loaded tc ".N". [djust rectifier control to specified plating current.
4. Plate as specified -~ time and current.

. Turn rectifier switch to "CFF",

Jd

°

Immediately raise piating barrel to position above solution level.
Drain excess sclution from parts.

". Transfer lcaded barrel to cold running r.nse water tank. Immerse
varrel until water covers plated parts. Tumble rinse by rotating barrel

1C¢ - 15 seconds.

€. Train to remove excess rinse water. Transfer plated parts to stainless
steel basket, Rinse in cold running water with agitation 10 - 15 seconds.




PROCEDGRE (CONT!D)

9. Rinse in cold flowing deionized water 10 - 15 seconds.

10. Rinse in hot flowing deionized water 10 - 15 seconds.

11, Rinse in hot flowing deionized water 12 - 15 seconds. (Repeat
Step 10 but in second tank or tank section).

12. Rinse in cold flowing deionized water 10 - 15 seconds.

13. Parts that are to receive further plating application are carried
into the next plating procedure or pretreatment without drying.

1L. Parts not to be immediately transferred to another plating
operation are rinsed in acetone 10 - 15 seconds, dried, and placed
in storage or transport containers, omitting cold deionized rinse

PROCESS SCHEDULES AND INSTRUCTIONS

1, See Parts Process Cards for specified precleaning and preprocessing
schedule,

2. See Plating Process Cards for specified nmumber of parts per barrel
load, type and quantity of plating contact medium, plating current,
plating time, and plating thickness.

3. See Tumbling Process Card for specified tumbling procedure where
tumbling is called for by Parts Process Card.
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COPPER, BARREL PLATING

PURPOSE

1, To provide an adherent copper plating to tube assemblies,
2. Plating is to be semibright, unstained, free of blisters and
of specified thickness,

SAFETY

Flating Bath - T“bserve safe handling procedures required in working
with het strongly alkaline cyanide sclutions. Do not mix with acid
or expose to acid rumes,

Venting - Vent bath wapors into Vapor Exhaust System

EQUIPMENT

1. Plating Tank -~ Plastisol or Xoroseal lined steel, 24" x 24" x 14",
working volume 36 gallons, squipped with steam herting coil and
automatic temperature control,

2. Plating Barrel -~ Daniels &4 Plastic

3. Rectifier - 50 amp. 12v
i, Baskets - stainless, aprroximately 8Y x 8" dia.
5. Tinse Tanks ~ stainless
6, Filtar - immersion type with impeller pump.
7. Ccntact Medium - metal pins.
8. Stainless steel Anodes - 1/8" x 2" x 11 1/2
9. Vapor Exhaust Venting System

MATERIALS
Copper Cyanida, 70 - 71% copper KRO2075
Potassium cyanide, 98% KROLTY
Potassium carbonate, Reagent, Anhydrous KROL78
Potasgium hydroxide, Reagent KROLSO
"Rocheltex" (brightener) KROLIAL
Copper Ancdes, OFHC, 1 1/2" x 5" x 9 Kr03372
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BATH COMPOSITION

Material New Bath Content
Copper cyanide 286 oz.
“otassium cyanide LAl oz,
“otassium carbonate 72 oz.
Potassium hvdroxide 200 oz.
"Hocasltex"

Deionized water to make up to 3L gal.
Operating Temperature 150-170 F.

Anode to cathode area = 2:1

Current density - See Plating Process Card

MAINTENANCE

Contrecl Limits

7.2-8.8 oz/gal
0,8-1.2 oz/gal (Free)
6 oz/gal max.

Ph 13 or greater
8-10% (vclume)
500,000 ohms

or greater

1. Maintain solution at working volume - at determined point approximately
2 - 2 1/2" inches below top of tank by addition of deionized water as

required,

2., Anode Maintenance - proper copper ion content of plating bath will
be maintained by use of one copper anode and two stainless anodes on
each of two anode bars, Adjustment in anodes will be required as
copper anodes errode and are reduced in area. Adjust to maintain
approximately the initial balance between area of copper and stainless

anodes,

PROCEDUHE

1, The specified number of precleaned tube assemblies oy parts are

transferred into the plating barrel.

2. Plating barrel is inserted into plating tank with barrel rotating
drive on and the batii at operating temperature,

3. Rectifier is immediately turned on and set to specified plating
current., After initial adjustment duplicate varrel loads may be
inserted with the current on followed by slight current adjustment

as required. Hold immersion time with current off to a minimum.

4. Flate as specified - current and time.

S. Raise plating barrel to position above solution level. Drain

excess solution from parts.

6. Transfer barrel to cold running water rinse tank, Immerse barrel

until rinse water covers plated parts.

10 - 15 sec,

Tumble rinse by rotating barrel

7. Drain to remove excess rinse water., Transfer parts to stainless
basket, Rinse in cold running water with agitation.
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PROCEDURE ~ { CONT'D"

8. Rinse parts in cold flowing deionized water 10-15 sec. with agitation.
9. Rinse in hot flowing deionized water 10 sec,

10. Repeat Step 9 in a second hot rinse tank section.

11. Rinse in cold flowing deionized water 10 sec.

12. Tubes to be nickel plated are transferred to that operation without
drying.

13, Parts not to be immediately transferred to another plating cperation
are dried and placed in storage or transport containers, omitting the
cold deionized rinse of Step #11,

PROCESS SCHEDULES AND INSTRUCTIONS

1. See Parts Process Cards for specified precleaning and preprocessing
schedule,

2. See Plating Process Cards for specified number of parts per barrel
load, plating current, plating time and plating thickness.

3. See Tumbling Process Cards for specified tumbling procedure where
tumbling is called for by Parts Processing Card.

LIMITATION
The time of rinsing in hot water in Steps 9 and 10 is reduced to

10 seconds to vrevent oxidization of copper plating prior to nickel
plating.

- 47 -




o

P

GOLD, BARREL PLATING

PURPOSE
1, To provide an adherent gold plate to tube assemblies and parts.
2. Plating is to be yellow in color, unblistered and of specified
thickness.

SAFETY

Plating Bath - Observe safe handling procedure required in working
with hot alkaline cyanide sclutions. Do not mix with acid or expose
to acid fumes. Xeep ammonium hydroxide and ammonium salts away from
gold drag-out rinses, gold plating and deplating solutions to insure
against the formation of EXPLOSIVE gold fulminate,

Acetone ~ Observe safe handling procedurz required for volatile ~nd
flammable solvent.

Venting - vent bath vapor into Vapor kxhaust System.

EQUIPMENT

1. Plating Tank, stainless steel - type 0L, L0 gallen capacity,
2" x 18" x 24" deep set in water bath tank 31" x 2L" x 30" equipped
with an 8 pass 3/L" steam coil - bottom mounted, automatic indicating
thermostatic temperature control.

2. Power Supply: Rectifier - stepless voltage control, 50 arm. 9V.
capacity, equipped with an amperehour meter of 100 amp. capacit:-
1/l scale with totalizing dial.

3. Plating Barrel - Daniels' B8H Plastic - entire bottom fitted with
2 nickel plate as cathoede.

L. Drag-out Tank ~ Plastisol or Koroseal lined steel.

. Rinse tanks - stainless steel

. Rinse baskets - stainless steel

. Anodes - stainless, 18 - 8 grade.

. Filter - immersion type with impeller pump.

. Warm Air Drying Unit - Upen rectangular tank, approximately

2" x L8" x 2L" deep, air input into end supplied with steam heat
coil, air filter and fan for clean flowing warm air drying.

- O\

O

MATERIALS
Gold Potassium Cyanide Sclution
Technic Trushade, 2k kt. (50ml = 1 dwt) KrROL20
Potassium Cyanide, 98% KROL79
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MATERIALS (CONT'D)

Potassium phosphate, dibasic, Reagent

(Dipotassium phosphate) KRO1181
Potassium carbonate, Reagent KROLTE
Acetore KROL358

BATH COMPOSITION

Material New Bath Content Control Limits
Gold cyanide solution 17,70" 2 t-y dwt/ra)
Potassium cyanide 150 . - 3- or/.aL -ree;
Potassium paosphate
(Dibasic) 1580 oz 2o, oL oal

Potassium carbonate 15 oz L-15 oz/gal
Deionized water to make up to L0 gallons 500,000 ohms

or greater

Operating temperature 1L5- 155 F,
Anode to cathode area = 1l:1
MAINTENANCE

1. Solution level - maintain working of the plating bath 3 1/2 inches
below top of plating tank by transferring solution from the drag-out
rinse tank as required. Use deionized water for make up of drag-out
rinse volume., Maintain fluid level in water bath plating tank jacket
as required.

2., “aintain plating bath gold content by additions of Trushade gold
concentrate solution based on ampere hours indicated on meter, con-
firming gold content by gravimetric analysis performed at intervals
of one week. At the lower current densities with cathode efficiency
at 7%, the replenishment would be 17 dwt, (850 ml Trushade gold
concentrate solution) for each 5 ampere hours (20 meter untis; of
plating. Five ampere hours of lating will reduce the gcld content
of a IO pallon bath from .5 dwt/gal. ‘nidpoint of operating range)
to 6.07 dwt/gal.

PROCEZUPE

1. Place specified number of precieaned parts into plating barrel -
barrel will have been preloaded where gold strixe procedure SI 13700 R1P/1
ig specified to pra:cede this plating operation.

2. Turn rectifier switch to "on" position and set voltage control

to approximate first step position. Turn barrel rotating drive on.

3. Insert loaded plating barrel into pirating tank, contacting (with
current on) the cathode contact in a minimum time.
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PROCEDURE (CONT'L)

L. Immediately adjust voltage control for specified plating current.
S. Plate as specified - time and current schedule.

6. Turn rectifier switch to "off" position.

7. Raise plating barrel to drain position and drain of excess solution.
8, Transfer loaded plating barrel to drag-out rinse tank and tumble
ringe for 10 - 15 sec, Drain excess solution into drag-out rinse
tank.

9. Transfer parts to stainless steel basiet.
10. Rinse in cold deionized water for 15 - 30 sec.

11. Rinse in hot deionized water for 15 - 30 sec.
12. Rinse in hot deionized water for 15 - 30 sec,

13, Rinse in acetone for 10 - 15 sec.
14. Drain thoroughly and dry in warm air.
15, Remecve from basket to storage and transport containers or to next
process,

PROCESS SCHEDULES AND INSTRUCTIONS

See Parts Process Cards for precleaning and preprocessing schedules
for additional processing.

See Plating Process Cards for specified number of parts per barrel
load, plating current, plating time, and plating thickness,

See Tumbling Process Cards where tumbling procedures are called for
in Parts Processing Cards.

LIMITATIONS
This gecld plat:ng bath is not designed to produce a bright plate
deposit. Burnishing may follow plating where a bright finish is
required as an external final finish on completed tube assemblies.

A1) rinsing is in flowing deionized water with agitation, except
for drag-out and final acetone rinse.
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GOLD STRIKE BAKREL PIATING

PUHPCSE
To provide an adherent gold strike plate on a nickel plated substrate
upon which a heavier deposit of gold may be plated in a convential
gold plating bath,

SAFETY

Plating Bath - observe safe handling procedures required in working
with hot strungly alkaljne cyanide solutions. Do not mix with acid
or expose to acid fumes.

Vent vapors into vapor exhaust system. Large volumes of hydrogen
are liberated at the cathode during plating with this bath; therefore,
the vapor and spray produced must be vented into an exhaust system.

EQUIPMENT

1. Plating tank - Plastisol or LKoroseal lined steel 24" x 24" x 16"
having a working volume of 36 gallens, equipped with a stainless steel
heating coil and automatic temperature control.

2. Plating barrel - Daniels' 8H Plastic equipped with a solid nickel
plate covering entire bottom as cathode.

3. Anodes - stainless steel, size and number as required to provide
an anode equal to the cathode area. Egual znode scea provided for
each of 2 anode bars,

L, Rinse tanks - stainless steel

5. Rectifier - 50 amp., 12v

6. Filter - immersion type with impeller pump.

7. Vapor Exhaust Venting System.

MATERIALS
1. Gold concentrate solution, technic
2L xt. industrial (20 ml = 1 dwt) KRO1177
2. Potassium cyanide, 98% rROLT9
3. Potassium phosphate ditasic, leagent
(Dipotassium phosphate- KR01161
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BATH COMPOSITION

Material New Bath Content Control Lirits
Gold Concentrate Solution 720 ml - .B5-1.15 dwt/zal.
Potassium cyanide 23h cz. £.,3-5.5 ozfgal. {Free)
Potessium Phosphate

(Dibasic} 112 oz. 2.1-3.1 oz/gal
Potassium Carbonate None 150z/gal. max.
Deionized water to make up to 36 gal. 500,0.0 onms registance

or greater

Operating Temperature 112-118 F,
Anode to Cathode area = 1l:1

Current density - See Plating Process Card

MAINTENANCE

1. Maintain solution a2t working vclume - at determinsd point approximately
2-2 1/2" below top cf tank by addition of deionized water as required.

PROCEDURE

1., The specified number of parts to be plated are placed into the
plastic plating barrel, Parts shall have been orotrested to insure
that they are ~lean and free of any acid residues.

2. The loaded plating barrel is inserted into the piating tank with
the barrel rotating drive running and the bath at operating temperature.
3. The rectifier is immediately turned con and set uo the specified
plating current.

L, Plate as specified - current and time.

5. At the end of the plating cycle 1lift the plating barrel te the
drain position and drain excess solution from parts.

6, Immediately transfsr loaded plating barrel to cyanide gold plating
bath (R1P) without intermediate rinse.

PROCESS SCHEDULES AND INSTRUCTICKS

1. See Parts Process Cdrd for specified precleaning, plating and
ringing schedules,

2. See Plating Process Card for specified number of parts per barral
load, current density and time schedule,
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pctassium 'erbo 558 a stimacal walue, The actual concentration
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BARREL FINISHING

PURPOSE

This method 1s usea for deourring, cleaning, .iesca.ing and Ifor surface
refinement of most metals.

EQUIPMENT

Closed polygonal (vertical) barrels lined with neoprene, or its eguivalent
Bins for storing tumbling media.

Stainless steel graducted scoop (i cup).

Glass bottle, graduated in ounces (L oz.)

Suitabtle loading and unleading eguipment.

Stainless steel mesh screens and vibrating equipment.

MATERIALS

AMumina chips, {Lord Chemical Company), sizes #1, 3, L, 8, 12 and
special eizes. {#1 is the largest)

Cutting Life Of

Compound Use Compeound (Hrs.)
LX Fine abrasive for light burrs and low
micro-inch finishing 2-k
3A Fast cutting during life, then a gradual
breakdown to polishing action. 3-6
6A Same as 3A, but a coarser abrasive 3-6
H5-9 Same coarceness as 6A but used especially
for hard metals. Will breakdown to fine
polishing action in 20-24 hours. 6-10
2h-18 Alumina - used for cleaning ceramics

(Norton Company)

Cleaning compounas (Lord Chemcial Company).
a. GW (neutral)
b. MC-3 (alkaline)
Finishing and burnishing compound (Lord Chemical Compary)
a, Cap (for copper and lead)
b. Hi-Brite {other metals - except nickel)
c. DL (for nickel)
d. AP2X (Copper and lead)
Descaling compound (Lord Chemical Company)
DL {for oxide removal)
Steel burnishing pins ‘Hartford Steel Ball Company)
1/i6" diameter x 1/L" long tapered on ends.
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MATERIALS (TN

Steel burnishing cones

Bt B

o

(Hartford Steel Rall Company)

1/E" double cones

tust rreventatives
a, Mireral oil (isso-Fractol 4)
t. Watershed (Heat>ath Corporation)
ace Acetone
PROCEDURE
; 1. Alumina chip-media are washed by tumbling with ho* water and 1
Lvalent. to L oz, 3% for 5 minutes, (if necessary,;
2. Media is rinsed well with warm water.
3. Parts to be tumbled are added so that the total locad c¢f parts
and media will settle to 50-60% of the barrel volume during tumbling.
Note: a. Fragile parts must be handled with care to prevent
distortion during loading and unloading - may
require alternate loading of parts and chips
in layers.
b, Geometry of the parts will determine the initial
height of load.
2 c. To prevent damage to heavy parts during tumbling,

L.

select or add a larger size of chips.

The amount and type cf abrasive compound to be used is added

based on experience.

5. Tap water is added to desired level - usually 1 to 6 inches below
load level. Abrasive action increases as waier dacreases.

€. Barrel is closed and rotated at desired rpm. Decrease the speed
of rotation as mass and/or fragility of individual parts increases.
Time and rpm. must be based on experience - normally 8-25 rpm. for

: cu. ft. barrel and 20-60 rpm. for 1 cu. {'t. barrel.

7.
R, For

a.
b.
CI

Barrel contents are rinsed well with water.

copper and lead: CAP is added for cleaning and Zinishing.
Tap water is added Lo load level,

Bar:el is closed and rotated at desired rpm. for 1 hour.
Barrel contents 2re rinsed well with water, the load is

dumped with care, anc parts spearated {rom chips by screening
or vibrating ecguipment,

d.
Fer
a.

b.
C.

rarts are rinsed in acetone and blown dry.
all other metals: Add MC-3 for cleaning.
Hot tap water is added to load level.

Zarrel is cl.sed and rotated at desired rpm., for 10-30 min.
Barrel contents are rinsed well wiih water.
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PROCEDURE (CCNT!'D)

10. Operation 5 is followed with a brightening c¢r burnishing process:
Add Hi-Brite ccmpound.

a, Tap wa‘*er is added to cc<ver Jhe load w.th 1 Lo 2% of water.

b, Barrel is c¢losed and rotated at cesired rpm. for about 1
hour.

¢. Barrel ccaterts are rinsea well vith water, the lrad is dumped
with care and parts separated from chips by screening or
vibrating equipment (except steel and nickel),

d. Parts are dried in Kreider Dryer.

11. For steep parts:

a, Operations 10, 10a, 10b are performed.

b. Barrel ccntents are rinsed well with water.

c. Water is added to load level.

d., Watershed is added,

2, Barrel is closed and rotated at desired rpm. for 10 min,

f. Weater is drained from barrel.

g. The load is dumped with care and parts separazted from
chips by screening or vibrating equipment.

h. Parts are dried thoroughly in Kreider Dryer.

i, Parts are dipped with agitation, in rust preventing mineral
0il and drained,

12, For nickel parts:

a. Operations 10, 10a, 10b are performed.

b. Barrel contents are rinsed well witl. water.

c. water is added to cover load.

d. DL is add.

e. Barrel is closed and rotated at desired rpm. for 1/2 to 2 hours.

f. Barrel contents are rinsed well with water,

g. The load is covered with clean water, the barrel is closed and
tumble rinsed for 5 minutes.

h. Step 12f is repeated, then load is dumped with care and parts
separated from chips by screening or vibrating equipment.

i. Parts are rinsed well with clean acetone and blown dry.
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"ord  hem, 1. 41 3/ ££.3 0 i 55 1/2 ££.3 sbiL 3 7 1/2 £t.3
"¢ pound fmount - ~ups Amount -{ cups’ imount -« caps)
a¥ L 15 1
34 1 0 1/2 5
6A 1 l; 5
H7.9 i 5 ’
3 A 112 N
Hi-gdrite 1/2 3177 .
CAr 1/2 1 1/2 2
APZX 3 oz 22 oz 3. ¢z
57 (1lig.) 1l oz L oz 6 oz
J {1iq.) g oz 2L oz 32 ¢z
Watershed ‘lic 11/2 of P oz RS
Heatbath “crp.
PHOCESS OCHTROL
Barrels and chip-media shculd te kept ciean and snar: - .eric ac . ..

runs with hot water and 3., Intervals will vary with the applicat.cn.
Chips shoculd te screened tc insure proper size, especialiy if wedres of
chips are lixely to occur,

Mixing of compounds in a water slurry may be necessary witn tubirg c¢r
shells up to 3/8" inside diameter, to prevent packinc of compound in the
inside diarmeters.

Use hot warer with C-3 arn?d 3.

-0 nct use 3+ as a final rinse on steels, since it is a wettin- argent
Never leave a DL charge in the barrel when the barrel and , arts ore
stopped; it may spot soft steels when not in motion.

SAFETY

_ocsen “door clamps siowly with care to "bleced" pressure which nas
built ur during tunmbling.

-L solution is phosphoric acid, essentially; handle with care and
avoid contact between .t and cyanide,
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1 - INTRODUCTION I-1

INTRODUCTION

The electron tube type 6299 is a high-1nmu metal and ceramic triode
intended for operation as a grounded-grid clasg A radio-frequency amplifier
at frequencies as high as 3,000 megacycles. Features of the tube include
small size, planar electrode construction with close spacing, inherent rigidity,

and an envelope structure convenient for coaxial circuit applications.

The purpose of the contract was to evaluate certain areas of advanced
tube manufacturing techniques and to apply them where feasible to JAN 6299,
resulting in a more reliable and better performing tube. The objective re-
quirements for the improved tube are Signal Corps Technical Requirement
SCS-90 {Improves JAN 6299) and operation at a tube temperature rating of
225°C. The areas investigated were:

1. Improved alignment, concentricity and ceramic strength.
Improved anode to ceramic seal.
Temperature control at exhaust.
Improved application of cathode coating.
Improved cathode mounting.
Improved processing for higher temperature operation.
Improvement in humidity testing.

Improved exhaust fixturing.

O 0~ N s Wy

Extended life test and tube failure analysis.
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GENERAL NOTES

QUALITY CONTROL DATA FEEDBACK AND ANALYSIS
A. Test records from the Engineering Test Laboratory and Test and
Quality Control are fed back to process engineering and manage-

ment for product control.

TEST EQUIPMENT
A. Each section is responsible for the maintenance and calibration

of its test equipment.

TOOILS AND GAGES
A. Each section is responsible for the maintenance and calibration

of the tools and gages used within the section.

ENGINEERING CONSTRUCTION AND TEST SPECIFICATION CHANGES

A. Alteration Notices {AN's) and Tempcrary Alteration Notices (T AN's)
on construction and test specifications are issued, and controlled by
a positive integrated system as covered in Department Instruction

#7.1-8 {Classification Engineering).

TUBES REQUIRING MILITARY QUALIFICATION INSPECTION
A. When it is necessary to have samples available for "In-plant"
qualification testing the Engineering Administration Section is
responsible for:
1. Securing the necessary data;
2. Testing tubes in the Engineering Test Laboratory and Finished
Product Quality Control;

3. Writing design - and - construction information;
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4. Obtaining construction photographs;

5. Informing the Quality Assurance Representative in Charge
w~nen 'in-plant qualification testing is requested;

6. Making arrangements with the Quality Assurance Representative
in Charge to witness ''In-plant' tests when such tests have been
authorized by proper authurity;

7. Preparing the qualification test report.

The Project Engineer is responsible for supplying Engineering
Administration with photographic samples and up to date construc-

tion details.

INDUSTRIAIL: SECURITY

A.

The plant Security Officer is rz2sponsible for maintenance of

industrial security and, where required, military security.

MILITARY COGNIZANCE

A.

Quality assurance cognizance: (U.S. Army), Cincinnati Procure-
ment District, U.S. Army, 550 Main Sireet, Federal Office

Building, Cincinnati 2, Ohio.

Security cognizance: (U.S. Navy), Inspector of Naval Materizal,

4300 Goodfellow Blvd., Building 101, St. Louis 20, Missouri.

Cuntract auditing cognizance: (U.S. Air Force), Cincinnati Air
Procurement District, 3rd Floor, Swift Building, 9th and

Sycamore Streets, Cincinnati 2, Ohio.

RESPONSIBILITIES OF ENGINEER - PROCESS CONTROL

1.

Analy:re shrinkage, cost and quality infermation and determine
objectives which are consistent with the broad function of supplying

engineering direction.
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10.

11.

12.

Naw I- GENERAL ] 1.8

Formulate short and long range plans for improvements i1n pro-
duct performance andé quality and manufacturing processes.

Revise plans and goals in a timely fashion as inaicated by changes
in engineering requiremsnts so as to meet objectives.

Organize own work and time in the most efficient and effective
manner.

Organize the available resources of equipment, personnel, and
other factors at his disposal to efficiently obtain his objectives.
Direct efforts toward the manufacture of products .nat meet
enineering specifications and which are compeztit.ve in guality

and costs.

Provide manufactaring with timely, accurate wrd effective instruc-
tions for reducing costs and improving product quality.

Pursue a program of self-development and contribute to the
technical education of others within the department.

Provide engineering leadership within the plant by contributing

new and/or original ideas for solving problems associated with
manufacturing.

Implement plans for and continuously maintain an aggressive
shrinkage and over-all manufacturiny loss reduction program and
institute corrective measures as deemed necessary.

Responsible for working with Design Engineering regarding process,
specificaticn and production preblems. Recommend manufacturing
processes and contribute whenever possible tc the design of new
tubes.

Set up techniques for following product quality and initiate corrective

measures as deemed necessary.
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13. Initiate inxpectivn standards for incoming parts and in-process |
production and evaluate sample paris from vendors; and is responsible
for determining the necessity for and the extent of process controls
and inspections.
14. Analyze, appraise and interpret the measured resuits of work done
g and make known and readjust work of measuring as neceszary. .
A 15. Maintain records and reports to indicate the effectiveness of his
I; work.
T 16. Consult the Supervisor - Manufacturing Engineering regarding
Y

matters of impcrtance in his area of responsibility or of any matter

that affects the relationships with others.
C
o 17. Confer with other Engineers, and Specialists in his subsection
N regarding related problems.
T
R 18. Consult with other subsection personnel as required to fulfill his
C duties and responsibilities.
L
19. Consult with other engineering and manufacturing components as
needed regarding prcblems in his area.
M
A
N IX. IDENTIFICATION OF REJECTED MATERIAL
u
A A. Rejected material, in Shop Operations, Ceramic Tubes, is tagged,
L

analyzed and scrapped.

STANDARDS CALIBRATION PROCEDURE AND SCHEDULE
A. Primary standards are in general checked once a year ty a

laboratory tracezble to the Bureau of Standsxds.

B. The primary standard for rneasguring voltages and currents is a

standard cell and is calibrated as per A" above.

A4 NSRS
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C. The secondary standards are meters calibrated by using the

standard cell. This is done approximately every 3 months.

D. Meters are calibrated periodically against the secondary standards.
Meters are tagged with their date of calibration. All removable
mete & zre calibrated monthly. The permanently located meters
are calibrated every 90 days with an additional calibration at
seasonal changes, such as summer to winter, and in the event of

any question on results.

INSPECTION NOTES

The first phase of this contract specifies a production rate of 1000
tubes per month. In-process inspection is accomplished by trained
operators in a bench inspection set-up under the Foreman-Glass Light-
house & Miniature Assembly and Exhaust, under the surveillance of the

process cngineer.

The following additional information is presented:
I.  Reference Documents are:
A. Standardized construction drawings for type 6299.

B. Standardized process specifications for type 6299.

II.  Changes in parts, tolerances, limits, processing instructions,
and inspecticn procedures are authorized by Engineering TAN's

or AN's.
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INSPECTION STATIONS

1. RECEIVING MATERIALS INSPECTION

A.

Frocess: Collect, inspect, and distribute incoming parts and raw

materials.

(1)

(2}
(3}
(4

{5)
(6)

Inspection Procedure: Incoming stock is identified according to
purchase order or contract. Materizl is sampled in accordance
with internal inspection specification, {see index). Visual and
mechanical inspection is performed in accordance with this
specification. Material is either accepted to stock or returned
tc supplier.

AQL's and sample sizes: Inspection specification, (see index).
Clas.ification of defects: Inspection specification, (see index).
Calibration of test equipment Calibration is conducted in

accordance with TM.100.

Reference document: Inspection specification index, and TM-100.

Changes in parts, tolerances, lirmits, etc., are authorized by:
Alteration Notices or Temporary Alteration Notices originated
by the Process Control Engineer.

Changes in inspection procedures are authorized by: Process

Control Engineer.

Exhibits: Section III, exhibits 1 through 9 .
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2. CATHODE ASSEMBLY
A. Cathode Assembly Process

inspection Procedure

(1) After cathode assembly, cathodes are inspected under a 10X
microscope.

(2) AQL's and sample sizes: 100% inspection.

(3} Classification of defects: Burrs, torn, malformed foil.

(4) Inspection instruments: 10X microscope.

< > QD S
o

(5) Forms used: Miniature Ceramic Shrinkage Report, Exhibit #10;
Route Process card, Exhibit #11 is a sample of
this type of card.

o200
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3. COATED CATHODE AND INSULATOR ASSEMBLY

A. Cathode Spray Process

B. Inspection Procedure
(1) a. Cathode density is checkeu each run;
b. Cathode height is checked after milling cathode:
c. Each cathode is inspected under a microscope for visual
defects.

(2) AQL's and samplz sizes:

<> QD SRR

a. Two control cathodes are checked for density;
b. 100% inspection;
c. 100% inspection.
(3) Classification of defects:
a. Density, high or low,

b. Cathode height, high or low;

o3 ZOO0O

c. Tilted cathode; chipped or insufficient coating.

(4) Inspection instruments: 10X microscope, dia! gauge, balance
scales, cathode dummies {centrel cathodes).

(5} Forms used: Exhibit #10; Exhibit #11; Cathode Assembhly
Shrinkage Report, Exhibit #12.
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HEATER AND CATHODE ASSEMBLY

A. Assembly Process

B. Inspection Procedure

(1)

(2)

(3)

(4)
(5)

After heater is welded into coated cathode and insulator
assembly, a 10X microscope is used to inspect heater coating,
weld and cathode face.

AQL s and sample sizes: 100% inspection.

Classification of defects: Cpen or weak welds, chipped heater
coating, cathode coating chipped or dirty.

Inspection instruments: 10X microscupe.

Forms used: Exhibits #10 and #11.
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GRID MAKING

A.

Grid Manufacturing Process

inspection Procedure

(1)

(2)
(3)

(4)
(5)

After winding, grids are placed under a 10X microscope,
ingpected and trimmed.

AQL's and sample sizes: 100% inspection.

Classification of defects: Windcws, copper balls, poor spacing,
overlapped wires.

Inspectivi: instruments: 10X Binocular microscope.

Forme used: Exhibits #10 and #11.

>
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GRID ASSEMBLY

AO

B.

Assembly Process

Inspection Procedure

{1)

(2)

(3)

All grids are inspected with a 10X microscope for visual defects.
Grids are then checked for vibration.

AQL's and sample size: Visual inspection - 100% inspection.
For vibration, lots sizes to 300 are sampled using MIL-STD-105,
Level 1T, 2.5% AQL; for lot sizes over 300, 1.0% AQL.
Classification of defects: Windiws, copper balls, poor brazing,
poor spacing, overlapped wires, lint and dirt, poor tension on
wires.

Inspection instruments: 10X microscope, vibration equipment.

Forms used: Exhibits #10 and #11.
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7. PRESEAL ASSEMBLY
A. Preseal Assembly Procedure

Inspection Procedure
(1) a. Assemblies are inspected under a 10X microscope.
b. After preseal assembly and braze, assemblies are
tested for leakers with helivm leak detector.

(2) AQL's and sample gizes:

R R —

a. 100% inspection.

SR D R S N
&
£
L
'.J
t

b. 100% inspection.
{(3) Classification of Defects
a. Improper assembly, poor solder flow.
b. Leakers.
(4) Inspection instruments: Helium leak detector, 10X microscope.

(5) Forms used: Exhibits #10 and #11.

roxm3ZOo0
FowIZO0O

C. Getter welding process

D. After the getter has been welded, the operator makes a check for

proper weld.

R > 2> )
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ANODE ASSEMBLY

A. Anode Assembly Process

BO

Inaspection Procedure

(1) a. After anode assembly and braze, assemblies are tested for

(2)

(3)

(4)
(5)

leakers with helium leak detector.

b. Assemblies are inspected ‘nder a 10X microscope for visual
defects.

AQL's and sample sizez:

a. 100% inspection.

b. 100% inspection.

Classification of defects:

a. Leakers.

b, Anode not seated; burred,; defaced anode.

Inspection instruments: Helium leak detector, 10X microscope.

Forms used: Exhibits #10 and #11.
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EXHAUST AND SEALING

A. Exhaust and Sealing Process

B. Inspection Procedure

(1)
(2)
(3)

(4)
(5)

After exhaust and sealing, the tubes are checked for inoperatives.
AQL's and sample sizes: 100% inspection.

Classification of defects: Open and shorted heaters, air-leakers,
grid-anode shorts.

Inspection instruments: Heater voltage power supply.

Forms used: Exhibit #10; Manufacturing Record, Exhibit #13.
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10. AGING
A. Aging Process

B. Daily Quality Control Check
(1} After exhaust, sealing and aging, tubes are tested as apecified

by Process Engineering.

- e

(2) AQL's and sample sizes: 100% inspection or 56 tubes per day.
(3) Classificatinn of defects: As specified by Process Engineering.
' (4) Inspection instruments: Various electrical test sets.

(5) Forms used: Daily Quality Control Check, Exhibit #14.

Initial Test

O

(1) a. All tubes are tested for inoperative defects after aging.
b. All tubes are tested for characteristics assigned by the
Process Engineer after aging.
(2) AQL's and sample sizes:
a. 100% inspection.
b. 100% inspection.
(3) Classification of defects:
a. Shorts, opens, leakers.
b. Specified electrical characteristics.
(4) Inspection instruments:
a. Inoperatives test set.
b. Applicable electirical test sets for specified characteristics.

(5) Forms used: Exhibits #10 and #13.
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PLATING

A. Plating Proccss

B.

Final Test and Inspection

(1)

(2)

(4)

(5)

Inspection Procedure
a. All tubes are testeid for inoparativee.
b. All tubes are testel for characteristics assigned by the

Process Engineer.

c. All tmbes are inspected for visual defects and for concentricity.

AQL's and sample sizes:

a. 100% inspection.

b. 100% inspection.

c. 100% inspection.

Classification of defects:

2. Shorts, opens, leaxers.

b. Specified electrical characteristics.
c¢. Mechanical defects and concentricity,
Inspection instruments:

a. Inoperatives test set.

b. Appiicable electrical test sets for specified characteristics.
c. Concentricity gauge.

Forms used: Exhibit #10.
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12. ACCEPTANCE TESTS

A. Process: Finished Tube Acc2riauie Test

(1)

(2)

(3)

(4)

(5)

Inspection procedure:

a. After factory iests, tubes shall be submitted to Test and
Quality Control for complete electrical and mechanical
tests in accordance with the applicable MIL-E-1 test
specification, MIL-STI-105, and other referenced docu-
ments.

AQL's and sample sizes: AQL's and sample sizes shall be in

accordance with the applicable test specification.

Classification of defects: Defects are defined by limits on the

applicable test specification sheet.

Inspection equipment used: The conventional equipment used

for testing tube type 6299 has received approval and is listed

in the List of Miniature Ceramic List of Production Test

Facilities dated 18 June 1962. The equipment used for the

improved version of the 6299 has received approval and is

listed in the Improved Miniature Ceramic List of Test Facilities

dated 15 October 1963.
Forms used:

Product Acceptance Sampling Record, Exhibit #15.

a.
b. Median Control Data, Exhibit #16.

c. Life Test Tube Location Card, Exhibit #17.
d. Life Test Data, Exhibit #18.

e. Life Test Status Report, Exhibit #19.
Master Shrinkage Symbol List, Exhibit #20.

LY
.

»
14
§

e > QD AN SN

ol ZO0O

T > 2> X




B Anougt 7, 1964 New i1 - QUALITY CCNTROLS 1T - 14 ‘
| M-nﬂm*——m T ,...........——-—Lm

FOoOMHZOO

H>aZ> K

ol RoRol JeoNoRE o

EEKﬂAL@ ELECTRIC

Supercedes Section Page

COMMERCIAL SERVICE AND WAREHOUSE
A, Commercial Service

(1) Order Service: Orders requiring government inspection are
received from customers or via other sales offices and edited
by Commercial Service Clerks.

(2) Order Service clerks release material for inspection and ship-
ment as required by purchase orders. Copies of this release
authorize inspection of material, as indicated, and packaging/
packing and shipment of material.

a. Instructions for tube branding are furnished the Branding
Department and Warehouse by Commercial Service.

b. Instructions for packaging and unit packaging marking,
when required, are furnished the Packaging Department
and Wa~rehouse by Commercial Service.

c. Container marking labels are prepared by Commercial
Service and furnished to the Shipping Department.

d. Packing lists, invoices, shipping documents, etc., are
prepared for each shipment by cornmercial Service.

(3} Reference documents. Commercial Service and Warehouse

Procedures 2.7, 2.12-1, 2.15, 2.15-1, 2.13-1, 3.1-1, SI 13700K.

B. Warehouse

(1) Tubes that require completion of life test prior to shipment,
are transferred to Warehouse after all other tests have been
completed. These lots are placed in "life-held' status until
a notice of satisfactory completion of life test is received,

(2) Prior to branding, tubes are inspected 100% by branding
operator fo: type, Each set-up is checked for accuracy and
legibility by the set-up operator. After branding, spct checks

are made for proper brand. Marking permanency tests are

'
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made on tubes branded for government use, in accordance with

method 1105, MIL-E-1.

(3) Tubes are either bulk packaged or unit packaged as required by
purchase order.

(4) Shipping Department places iabels on shipping containers, places
invoices, packing lists, etc., inside the containers, seals con-
tainers and releases material to carriers for shipment,

(5) Reference documents: Commercial Service and Warehouse

Procedures (see paragraph 12. A, 3),

C. Exhibits: Section III, Exhibits 21 through 23 .
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{il - REFERENCE DOCUMENT

Reference Documents not attached:
Drawing List N-11406, drawings og type 6299.
Acceptance Specifications for type.;/6299.
Military Specifications: '

Basic Section, MIL-E-1;
MIL-E-1/48413;

SCL 7001,/91; '
MIL.-STD-105; '
MIL-E-75,

’
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Commercial Service & Warehouse Procedures.
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