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Military Reliability of 

Study of over 150,000 electron tubes used in military equipment reveals types most 

likely to fail and discusses common kinds of failure. Tells what equipment designers 

and tube manufacturers can do to increase electron-tube reliability 

s, E. R. JERYIS and J. SWAUGER 

S
EVERAL long-term programs 

have been launched by the 
armed services with a view to im
proving the reliability of more than 
30 tube types. These types will be 
usable in more than i of all sockets 
in present-day military equipment. 
The improved types are being de
veloped to reach a goal of 95-percent 
survival in 1,000 hours operation in 
contrast with SO-percent in 500 
hours for presently available tubes. 

A large-scale surveillance project 
is under way to determine the 
status of military electron tube 
reliability before and after use of 
improved tube types, to discover 
causes ut unsatisfactory p..,rform
ance and to suggest measures for 
improving reliability. Field stations 
at eight military bases collect re-
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jected tubes from military equip
ment. The tubes, with available 
failure data, are forwarded to 
Washington and subjected to both 
engineering and statistical analyses. 

In two years, 88,500 tubes re
moved as defective by military 
technicians have been collected. 
Over 62,000 tubes have bep.n in
stalled in controlled tests. Tubes 
under test include over 14,000 of 
the 22 improved tube types as well 
as many thousands of their J AN 
prototypes. 

Most of the information to be 
discussed concerns performance of 
JAN tube types since the improved 
versions have been used only in 
limited numbers during the last 
two year.s. This article covers from 
Sept. 1951 through March 1953 and 

includes data from over 44,000 
tubes .;ollected from 44 general 
equipment types. 

Types of Defects 
Tube returns have been classified 

in fnur general defect categories. 
Electrical defects include tubes re
jected because of deterioration of 
performance caused by faulty pro

cessing during tube manufacture, 
end of normal tube life and environ
mental or operating conditions. 
Mechanical defects are physical de
fects in the structure caused by 
environmental conditions or weak
nesses of tube construction. Miscel
laneous defects include broken glass, 
noise, microphonism and defects 
caused by unusual environmental 
conditions or mishandling by main-
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�'OOr---------------------------------�-----' 12SK7, 6AQ5, 6AU6 and 2C51. 

With the �xception of the 12SK7 
these types are of relatively recent 
design and critical application. � 

51.1 

� 
! O�����.w������----����������� 
z 1951 195Z 

Tubes in the third category

types 6AK5, 6J6, 12AT7, 6AS7 and 
12AU7-show large retU )"Jl 'l  due 

both to large socket populatiolls and 
to abnormal removal from some of 
the sockets in use. The mil itary 

services have already beguB im

provement projects on 17 of ti,e 

20 types listed in Fig. 2. 

TIME IN 4-WEEK INTERv;\LS 
(A) 

1050 

� 
93.0 -t 

_�I..:_- --+�� ._---------
- -.--=.:: - -::.:: . . . _- Type 6AK5 

I I I 
1952 1953 
TIMF IN 4-WEEK INTERVALS 

(8) 

The only outstanding weakness 
revealed in the 6AK5 is th� heniel'. 
Table I gives a quan�itative com
parison of the reliability of the 
6AK5 and its improved versions, 
types 5654 and 6096. Comparison 
is made of mean removals from 
100 sockets during 100 hours of 

operation when the tubes are re
placed with new ones upon failure. 
The fourth column gives number 
of failures if all no-defect removals 
are eliminated; in column five, 
eliminating both no-defect and elec
trical-defect removals indicates un
predictable failures causing equip
ment malfunction. 

FIG. 3-Retuma of 6AR6'a from power supply of radar bomblnc.r ay.tem (A) and 
from complete aystem [B). Reduced failures are due to hetter 't'entilation 

Electron 

tenance personnel. The no-defect 
category includes tubes removed by 
maintenance personnel yet found 
upon laboratory examination to con
tain no mechanical or electrical de
fects. 

As shown in Fig. I, one third of 
all the t'Jbes rejected from military 

equipment are not defective at all. 
An additional one sixth of the tubes 
were probably damaged during 

installation or maintenance. The 
remaining 50 percent are truly de
fective. However, i of these failed 

only after progressive deteriora
tion; they could have been located 

and removed before causing trouble. 
Therefore, only one out of every six 

tubes represents a failure such as 
would cause unpredictable equip
ment malfunction. 

The equipment types installed at 
the different bases are similar. 
However, each base has a charac
teristic defect dh;tribution pattern . 
These patterns reflect local operat
ing procedure and maintenance 
practices. 

Figure 2 is a ranking of the 20 
tUbe types contributing the highest 
number of returns during the first 
qUarter of 1953. While these tube 
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Tubes 

types constitute only about 10 per
cent of the types collected, they 
represent nearly half the total re
turns. Type SAK5 alone contributed 

almost 10 percent. 

Some tube types are numerous 
among those returned due to the 
large number in u�e. This group 
consists of old tYPf:S such as the 

6SN7, 6AC7, SV6 and 6AG7 used in 

well-established equipment or newer 
tube types having wide application 
such as the 6AL5, 5R4GY and 6C4. 

A second category includes tubes 
whose large return is due mainly to 
abnormal removals from some or 
all of the sockets in use. These in
clude types 6AR6, SAT6, 6J 4, 

Information was also obtained 
from commercial airlines on a num

ber of 5654's made by different 
manufacturers. 

Type 6J6 

Tube t�-pe 6J6 is even more 

widely used than 6AK5 although 

the num3er of sockets under 

present surveillance is slightly less. 
Table II shows the defect distribu
tion of all returns of this type and 
its improved versions during the 
first quarter of 1953. The no-defect 
category is larger for this type than 
for the overall average of all 
tuLes from all bases. In returns of 
the improved t�1>e, electrical defects 

SIX WAYS TO INCREASE ELECTRON-TUBE RELIABILITY 

• Limit power dissipation in soft-glass tubes to keep bulb temperature below 200 C. 
• limit cathode temperature to values minimizing interface formation and sublimation 

of nickel material. 
• Limit heater temperature to 1,400 K to prevent heater-cathode trouble and heater 

burnout during cycling surges. 
• Control metallic deposits on insulating surfaces by proper design of parts and 

insulators and proper shielding and coating of insulating parts. 
• Control dimensions to obtain proper fit of ports and reduce vibration. 
• Conti-ol fabricatian and assembly to reduce operational failures due to fau lty work

manship 
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lead mechanical by two to one. A 
breakdown of the electrical defects 
is also given. 

A common electrical defect is 

heater-to-cathode ll!akage, probably 
due to the unusual physical layout 
of the tube. A large amount of 
power-as much as eight watts
is dissipated between the cathode 
and plates, and the grids have a 
tendency to expand, usually toward 
the cathode. 

A comparison of results obtained 
in some controlled tests is given in 
Table Ill. The figures are of the 
same order of magnitude as those 
for type 6AKS and the improvement 
of the premium versions over the 
prototype is also similar. However, 
the 6J6 appears to be overrated. 
To improve its reliability, it may 
be necessary either to decrease its 
maximum rating or to redesign 
radically its mechanical structure. 

A double triode such as the 6J6 
has almost twice as many chauces 
of failure as a single tube but the 
returns do not show double the 
number of failures. This indicate8 
that double triodes, performing the 
function of two tubes, have higher 
reliability than two sinjZ"le tubes. 

Double Triodes 
Other double triodes , such as the 

6SN7, 12AU7, 12AT7, 2C51 and 
their improved counterparts. also 
show higher reliability than com
parable single tubes. 

The 12AU7 compares favor
ably with the 6SN7 if the most 
recent design of the 12AU7 
is considered, Type 12AT7. on 
the other hand, shows high-tem-

perature operation in its heat�r 
and cathode. This is ind icated 
by the large percentage of re

'turns for heater-cathode leakage 
and insulation failures. The 12AT7 
has had wide acceptance among 
circuit designers because of its high 
transconductance and low heater 
requirements in spite of the ex
treme de.;;ign features used to ob
tain such characteristics. These de
sign features are responsible for 
the defects mentioned and should 
outweigh the performance charac
teristics if reliability is considered. 

The 2C51 is similar to the 12AT7, 
but except for some insulation fail
ures does not show the same weak
nesses to as great an extent. The 
2C51 has an improved version in 
the type S670. 

Types 6V6 and 6AQ5 
Tube type 6AQ5 has been 

studied in comparison with type 
6V6 of which it is the miniature 
counterpart. Table IV represents 
the defect distribution for these 
two types and their reliable counter
parts. 

The 6V6 exhibits a larger per
centage of electrical defects than of 
other defects and is much higher 
in this category than the 6AQ5. 
The 6V6 shows a larger proportion 
of returns with interface resistance 
while the 6AQ5 evidences a greater 
tendency to fail because of emission 
degradation. 

The temperature of the 6AQ5 has 
been estimated to be 100 C above 
that of the 6V6 at maximum rating. 
The higher operating temperature 
may explain the faster emission 

deterioration of this· type, result
ing from evolution of gas and 
poisoning of the emitting sU'face 
by ion bombardment. 

Failure.;; may occur either due to 

loss of emission properties of the 
cathode, interface formation, evap
oration of materials, vibration or a 

combination of any ·of these, and 
by catastrophic changes such as 
gas discharge within the bulb, glass 

strains, and shorts and opens. 

Deterioration Failures 

The rate of d�cay of cathode 
emission is related to the residual 
gas in the envelope at the beginning 
of tube life. As time passes, the 
cathode absorbs some of this gas 

and is gradually poisoned. This 
process may be accelerated if addi
tional gas is developed as a result 
of electrical overloading or high 
ambient temperature. 

Formation of interface resistal:ce 
ocCurs most frequently in tubes that 
operate for long periods of time 

in circuits requiring low current 
densities. Composition of the nickt:l 
sleeve affects the speed of interfar.e 
formation but exhaust schedules 
and operating temperatures are also 
important. 

The evaporation of metal from 
hot elements in tubes produces 
gradual deterioration in the in
sulating properties of the tube 

structure and low-resistanl!e pat!>g 
between electrodes resulting in 
noise or irregular op�ration. Meth
ods for minimizing thil! effect are 
coating smo('th surfaces with 
rough insulating matf'rial to in
crease the len

'
gth of the leakage 

Table I-Removals of Tube Type SAK5 and Im
pro'!ed Versions from 100 Sockets Durinq 100 Hours 

Table Il-Defect Distribution for Tube Type 6J6 and 
Improved Versions 

95.percent 6J6 hJI>W.60')h hlOI 
Tnbe MeaD confidence AIl Catas- Defect numller percent Ullmtll't Iwn-Pllt 

Mechnnical. .... 107 20 :!o I� Source type removals intP.rval railures trophic 
failures 

Electrical ..... 86 16 11 :\� 
No derect ... �11 10 :,:; n r.ntswpll ,\ FB 6,\K!; 3.36 2.06-5.00 1.7 0.90 

6096 1. 73 0.89-2.84 0 . 67 0.40 

Mi"c;'!laneon, . 110 �I !:.! " 
Total. ...... :;36 ItlO !:,!" Ino :,;nB :,\orf"lk (air) (,,\K;, ·1.87 :\.2·1--5..15 3.08 2.05 

5,,51 1.90 1.69-3. H 0.71 017 
liAK:;W 1.83 1.36-2.38 0.99 0.6'; 

r..ofllfll,'rcial airli nes 
[If'!;radation .. 1:\:; " 

T"h,' mrgr " .  li"" t: ,65' 0.21 0.07-0.\3 

Tulw IIIrf.(r;\, Jiu� n 5h5& 0.:\3 0.12-0.60 
(·I�h.,lanr.t� .. :17 I � 

Tuh" mrgr 1l.line E 565� 0.11 0.05-0.38 Ikal r-("llhod,' h·akag(·. 70 :111 
T"I)(' mrgr B.line 0 5651 0.29 0.10-0.60 Total . .  218 11111 
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path. proper shielding of electrodes, 

elimination of getter material, use 
of nonevaporating getters and in
active alloys and limitation to 
minimum operating temperatures 

in all elements. 
If tubes are operating under con

ditions of constant vibration and 

frequent shocks, gradual deteriora

tion can occur as a result of the 

enlargement of the supporting holes 
in the mica spacers. Eventually the 

electrical output produced by 
mechanical movement of the parts 
will overcome the useful output of 

the tube. Corrective measures in
clude anchori ng aH elements firmly. 
using close tolerances on the mica 
�pacers, processing the tubes at 
low temperature to prevpnt extreme 
expansion, using synthetic mica, 
Terratex or ceramics for spacers 
end redeshming the structure to 

obtain shorter eleC'trodes and higher 
resonant frequencies for the ele
ments. 

Some causes of destructive gas 

discharge pressures are over beat

ing of R11 electrode until it re
leases sufficient gas to reach arc 
discharge pressures, hftavy heater
cathode leakalles and slow air leaks . 

If the glass envelope is not an
nealed properly or is subjected to 
unusual mechanical or thermal 
stresses it may crack However, 
glass defects are infrequent where 
tubes are carefully handled. 

The electrode most subject to 

shorts and opens is the heater. The 
operating .temperature is one of 
the major reasons for failure. Low 

operating temperature for the 
heater is important to avoid burn
out and to reduce heater-cathode 
leakage. 

Only about 12 percent of all tubes 
colIect.ed had definitely identifiable 
mechanical defects. Of these, more 

than half were attributable to the 
heater or heater-cathode circuit. 

Eny;ronmental Effects 

High ambient temperatures, Yi
bration and shock and abnormal 
supply voltage co�tribute to un� 
reliability .. Returns of tube type 
6AS7G. and its reliable version, the 
6080, from a voltage regulator used 
in a van-mounted th e control 
s�'stem illustrate this. 

Operation in hot climates with 
the cabi net closed resulted in poor 
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Table UI-Removals of Tube Type 616 and Improved Versions from 
100 Sockets During 100 Hours Opelation 

Cataa-
Tube Mean 

95-percent 
confidence All trophic 

type removals interval failures railures 
Carswell AFB . . . . . . • . .  6J6 7.0 5.2-9.1 2.8 1.67 

6099,6 10 1 1.4 0.56-2.6 0.74 •. sa 
NOB Norfolk (air) .... 6J6 4.46 3.4-5.6 3.22 2.1.2 
NOB Norfolk (ships) .. 6J6 1.86 1.3-2.5 1.39 0.67 

6101 2.2 1.0-3.8 1.55 0.66 

Table IV-Defect Distribution for Tube Types 6AQ5. 6V6 and IDlproved 
Versions 

DeCect 
6AQ5 

number percent 

No defect ........ 152 49 
Mechanical ....... 28 9 
Electrical. ........ 79 25 
Miscellaneous ..... 57 -17 
Total ............ 316 100 

Defective tubes only 
Mechanical ....... 28 17 
Electrical. ........ 79 49 
Miscellaneous ..... 57 3·t 
Total ............ 164 100 

reliability in both type 6AS7G and 
its reliable version, type 6080. Op
eration in hot climates with the 

cabinet open gave satisfactory re
sults if improved type 6080 was 
used while operation in air-condi
tioned "ans gave normal life ex
llectancy for both improved and 
JAN tube types. 

In the power supply of a radar 
bombing system, the power supply 
chassis was originally mounted in 
the nonpressurized part of the 
plane where there was inadequate 
ventilation; 6AR6 returns per 
socket were four or five times 
greater than the average for all 
other sockets of the system. During 
flights above 30,000 feet, bulb 
temperature reached 315 C. 

The power supply chassis was 

transferred to the pressurized zone 
of the plane and more effective 
blowers installed. A temperature 
check in the relocated chassis 
showed an average bulb tempera
ture of 181 C. Figure 3A shows the 
returns of tube types 6AR6 and 
6098 for four-week intervals over 
a period of almost two years. The 
gradual decrease in returns from 
an average of 57.1 to 8.8 for each 

6V6.6V6GT, 
6005,6095 6V6Y,6V6TY 

number percent Dumber percent 

4 17 45 41 
6 26 3 3 
4 17 5 1 47 
9 40 10 9 

23 100 109 100 

6 32 3 5 
4 21 51 10 
9 47 10 ]5 

19 100 6� 100 

four-week period is readily notice
able. Figure 3B shows returns of 
all other tube types in the complete 
system during the same period , 

indicating that there was no com
parable change in the aggregate 
returns. 

Misapplic:ations 

Severe misapplications are read

ily detected and corrected and do 
not constitute serious reliability 
problems. More troublesome are 
misapplications that produce only 
slight hardships. These include use 
of a tube type at its maximum rat
ing when there is available an
other type that could be operated at 
a more conservative rating ; use of 

a type not actually designed for a 

particular application when a more 
suitable type is available; and use 
of several tubes in parallel to avoid 
the use of a larger tube. 
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