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~~~~~~~~~~~~This  repor t  documents  findings on the non—operating re-
li ability of electronic vacuum tubes. Long term non-operating

data has been analyzed and failure rate predictions have been

developed for vacuum tubes.

This report is a result of a program whose objective is

the development of non-operating (storage) reliability predic-

tion and clsSurance techniques for missile materiel. The analy-

sis results will be used by U. S. Army personnel and contractors

in evaluatinq current missile programs and in the design of
future missile systems .

The storage reliabili Ly research program consists of a
country wide data survey and collection effort , accelerated
testing , special test programs and development of a non-

operating reliability data bank at the U. S. Army Missile

Research & Development Command , Redstone Arsenal , Alabama . The
Army plans a continuing effort to maintain the data bank and

analysis reports.

This report is one of several issued on missile materiel.

For more information contact:

Commander

U. S. Army Missile R&D Command

ATTN: DRDMI-QS , Mr. C. R. Provence

Building 4500
Redstone Ar senal , AL 358 09
Autovon 746-3235 ‘~~ “~ —--

S~’cth~Ror (205) 876—3235 : • 
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SECT ION 1

INTRODUCTION

Materiel in the Army inventory must be designed , rnanu-
fac tured and packaged to w i thstand long periods of storage and
“launch ready ” non activated or dormant time . In addition to

the stress of temperature soaks and aging, they must often en-
dure the abu se of frequent transportation and handling, and
the climatic extremes of the forward area battlefield environ-

ment. These requirements generate the need for special design ,

manufacturing and packaging product assurance and procedures.

The U. S. Army Missile Command has initiated a research program

to provide the required data and procedures .

This report is one of a series of reports on missile

materiel . It covers findings from the research program on elec-

tronic vacuum tubes . The program approach on tubes included

literature and users ’ surveys , data bank analyses , data collection

from various military systems and special testing programs .

Storage failure rates have been developed for eight classes

of electronic vacuum tubes. These failure rates were developed
based on engineering and statistical analyse3 of available data.

1—i

_ _ _ _  —~~-~~--- _ _ _ _



SE C TIUN .

SI M~’1A RY

cv~~i l . .~ b i l l i o n  p a r t  hours  with 4 0 4  f a i l u r e s  were
cc l  1cc t e L l  1 ~ an a  .1 V . I i i  i r e p r e s C nt s  in fo rma t ion on over
77  , 0 0 1  uh ~~s of ~i i I feren t c lasses  an d c h a r act  e ri s t i c s  f rom

ci~0~ t Lti f lerent sourceS

N~~~— cper.i t i c i i a l l a i  ln:c rate ~ r e L t ic t i on  models  have

been acr e  I oped and  a rc  p r e sen t  eLi i n  Sect ion 4 . 3 . The mode is

ar e  based en a L i o cr e a s  I f l i~ t a i i w e  r a t e  w i t h  St crace t ime
1)ata  m d i  c at e s  t h a t ,  v a c u um  tubes are fail i nq  e a r ly  in  s t o rage

and no s i L ~n 1 t i  can t  in cr ea s e  in  f a i l ur e s  is i nd i cat e d  w i t h  t ime .

No d i i  e i-ence was  ob served he tw een  the st o raq e  f a i  lu re
r a t e s  for  pu l sed  and Ct ~ t u be s .  The data  tends to i n d i c a t e
t h a t  the s to r a g e  f a i l u r e  r at e  is independent  of power and
f r equ e ncy  c h a ra c t er i s t i c s .

The p r e d o m i n a n t  st o ra q e  f a i l u r e  r a t e  is loss of vacuum .
‘rho p r e d o m i n a n t  o per a t i o n a l  f a i l u r e  mode (wearout) does not

seem to be a f a c t o r  d u r i ng  s torage .



SE C T I O N  3

TI RE CLASSIFICATION AND FAILURE MODE ANALYSIS

3.1 Classification of Tubes

Data has been a c c u m u l a t e d  and a n a l y z ed  on severa l  types

of tubes. A brief description of each type is included for

t h e  reader  not f a m i l i a r  w i t h  t h e se  dev ices .  D e t a i l e d  descrip-

tions and theory of operat ion for these tubes can be found in the

referenced publications.

3.1.1 Magnetron

The magnetron is an oscillator which converts energy
extracted from a constant electric field to an RF field. In

its most basic configuration , it consists of a cathode , an

anode , a set of straps and output couplings. The cathode is a

heated cyl indrical structu re wi th the emi t ting surface all
arou nd i t . The anode is a large block of copper , surrounding
the ca thod e , in which slots and holes are cut. The straps are

metal rings connec ted to alternate segmen ts of the anode block
to improve the stability and efficiency of the tube. A coupling

loop in one of the cavities extracts the amplified RF energy .

There are several types of conventional magnetrons. The

different names (strap and vane coaxial , rising sun , inverted
coax ial , etc.) are due to the different configura tions of the
interaction region . However , they are all characterized by

crossed electric and magnetic fields in the interaction region

(hence the general name of “cros sed f ield” amplifiers)
The principal advantages of the magnetron are re latively

small size , light weight , reasonable operating voltages , good

e f f ic iency , and rugged cons t ructi on .  Its ma in d i sadvantage
is that the magnetron , being an oscillator , is not suitable

for use in coherent systems , or fo r genera t ion  of short  hi gh
power pulses. Its spurious power levels are not the lowest.

3—1
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K i~~ ;tron

The K l y s t r o n  is an amplif ier characterized by hIgh g~~m n ,

h i g h  ~~~ r , good efficiency , but relatively narrow bandwidth~~.

Its hi gh vultage requirements and large size limits its applica-

tion i n  m i s s il e  systems .

In general , a K l y s t r o n  cons i s t s  of a ca thode , a m o d u l a t i n g

an ode , an a node , RF c a v i t ie s , RF i n p u t  hea ter  u n i t s  and e lec t ron

b e am .  The  m o d u la t i n g  anode located c lose  to the ca thode  provides a

meanS to pulse or modula te the electron beam by varying the

app lied voltage. The RF cavi ti es serve as the anode s ince they
are at a r~ositive potential with respect to the cathode. Unlike

most tubes , electrons are not collected by the anode but rather

by the  co l l ec to r  located at  the f a r  end of the tube . The i n p u t
,ind output ceupiing loops are located in the first and last RF

cavities respectively . The focusing magnets provide an axial

magnetic field to counteract the m u t u a l  repulsion of electrons
In  the  beam t h u s  keep ing it  c o l l i m a t e d .

Hig h power tubes  inc lude  X- ray  r a d i a t i o n  shei lds  and a vac-
ion pump to maintain the high vacuum required for proper operation.

3.1.3 Travelling Wave Tube

The t r a v e l l i n g  wave tube ( TWT) is a t h e r m i o n i c  tube charac-
t e r i z e d  by hi gh qa~~n , l a rge  b a n d w i d t h , r easonab le  opera t ing
voltages but having low efficiency. The TWT is similar to the

Klystron in both construction and princi ple of operation. It

contains a cathode , an anode,input and output RF couplings and

focusing magnets. Instead of RF cavities , the TWT contains a
“slow ~ ave structure ” to accomplish velocity modulat ion of the
beam. In low power tubes , the slow wave structure is a wire

helix running axiall y along the tube. For higher power tube s
heavier and more rugged Structures capable of dissipating large

amount s  of heat  are  r e q u i r e d . High  powe r tubes also con ta in
vac-ion  pumps to m a i n t a i n  r equ i red  vacuum .

A spec ia l  case of the  TWT is th~ Twyst ron  (TWT/Niystron)
This  is a hybrid tube t h a t  es sen t i a l l y  cons i s t s  of a K ly s t r on
driving a TWT w i t h i n  a single bottle or enclosure . This

arrangement combines the qood e 1ficiency and ower  of the Klvstron
with the large bandwidth capah ilitv cf the fl~T. Fcr this analysis ,

3—2



I lie ‘l’~ y:;t i~ ’n li.i s b~’ & ’ n i t i c !  u W d  w i t  Ii t i l t ’ TW’l’ ‘

3 . I . 1 Amp_~_ i t t~ , Spr ~~~ ron

‘I’hese ir e  spec i i i  cases  of eio~~s. i1 field amp lifiers . They

a t e  I r a t l e i i i i t k s ;  o f  p r i v a t e  compat i  i es and represent inodi  f t e a t  1 O i l S

w i t  ii  sp e c i a l  f ea t u r e s  of t h e  classical crossed field amj)l i f i e r .
‘3 . I . Er  I (I ’ it ’(I Tubes

‘1 he~~t r~~p i ’ e s e n t  a t’l.iss of ~~ 1 (1— coilt rol  I eti tubes. A l t  b oug h

cap~I l ) 1e  of  l ar g e  am o u n t s  o f  power , qr i d d e d  t ubes ar e  constra t i i e d

t o  t lie I owe i f ro g  iu nc i es . Iii genera 1. t hey  rep r e sen t  o l d e r  t orb —

no logy S i t i ce  fliOs t mOde i n  in i c ro WaVt ’  app i i cat ’  i t  ulS hav e  been t’ i k e n

eve i ’  by ot lie r t ube~; . The i r  ii qh fr equency c ~ is t r i  j u t  S I i mi t t h i S

app l icat i o n  i i i  rnin~; i l o s .  However , b r  t h e  sake of comp l e ten e s s ,

t h i s d a ta  h as been in c l uded .

3 .2 Fa i hir e Mode Ana~~y s i s

The fa i lure mode ari a 1 ys i s i S h i u e d  On J P OP U lat ion of over

12 ,000 tubes , 484 of wit  i ch f a i l e d  d u r i n g  st orage . Al t h o u g h  d o—

tai led fri i lu re reports were not  ova i lablo on any  of the  tubes

cause of failure was recorded in most: cases . The total number

of failure s i n  the popti lot ion of 1 2 ,000 tubes was over 600 ,

however  m an y  of  t he se  were  syst em so I a t  ed ía i lures and were  no t

t~OU f l  ted as t i ibe f i  i 1 ures . i n some instances , e x te  m a  I wave—

g u i d es  arced ~‘aus i ng t S i  r qe  of cu r r e n t  which ul t i ma tel  y da maged

t h e  I nbc . 01 her eX ~1mI) l O S O f  S~~~S t (‘ill r e l a t e d  f a i  1 ures Were cool t r i g

syst em , h i g h VSWR i n  t h e  syst em , he a t . exchanger , improper output

coup I I ng i i  i l ur e s  , a rid o t lie rs . All o t t hese r e s u l t e d  i n  ma I —

f u n c t  i on  as soo n as I-he tub e  was i ns I a I led and power app i i ed 1 o

i t  . However , t hey d i d no t  rep r e s e u i  t i nt  r in s  ic tube f a i l  u re s  and

were  d i  sr eg~i rded  i i i  t h e  a u i i l y s i  s

The d i  st  r i b u t  i on  of  tube  ía i lu r es is shown i n  Fj  qure  3— 1

The key  t t~~ t h e  t i o i -  I ~on t . i  1 i x  is i i i  Fi gu r e  3 — 1  i s  shown i i i  T a b l e

i — I  . Th~ “%“  co I i imfl  i e l ) r c s e u l t  S t h e  p e r ce n t  age of  a l l  fa i l u r es

i ii w h i  i cli .1 t c  i I I c  node was 0 1) 50 i:ved

‘ru e p r e t i ou n i n a t E  u t  o u a q e  ía i lore mode is gassy , 1 ess o f

v.icutim . Th 1 s mode re} t o  ‘ n e u i  I .38% of all t lie fa  i l u r e s  and it

was L)servetl t h r e e  I- . i mes i ;  m an y  as t h e  second (internal short)

most.  f re q u e n t  one . When t ubes have been in  st oraqe wit hoot

3— .3
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I- ’i\l1,t . l~t ’R’i~~ 1 1  ~R 11tL i 1i )N .~ 1’i’~NCI ~~iis i

l-’A ILURE MODE I DEN’l’IFI—
CATION N U M B E R  

____ 
FAILU RE MODE

1 Gassy, loss of vacuum 38.0

2 Internal short: 12.2

.3 t’ndetermi .ncd 9 . 7

4 Open filament 8.3

5 H a n d l i ng / p a c k a g ing  7 . 6

6 H e a ter  s h o r t  3.9

7 Tuning  mechan i sm/mechan i ca l

failure 2.9

8 Low emission 2.9

9 High gas pressure/high ion

pump current 2.3

10 Coolant leak within tube 2.3

11 Internal arcing 2.1

12 Filament failure 1.4

13 Poor spectrum 1.2

14 Cathode depletion 1.2

15 Others 4.0

W indow f a i lures

Low power output

Failed m m .  gain check

Tuner failure

Excessive tuner torque

Focus coil fa ilure

power app 1 ied to them , gases e lt  h e r  form within the tube or leak

in through se.ils resultinq in loss of vacuum . If power is

applied suddenly, the gaSes i ort i Zt ’ and become a conduci ng medi a
draw .in q  l a rg e  a m o u n ts  of cu r r e n t  w h i c h , i f sus t a i n ed , w i l l  b u r n

t ’ t i t  t h e  tube . This fai l u re  mode was not o n l y  p r e d o m i n a n t  in  t he

en t i r e  p o p u l a t i o n  cf tubes bu t  it was also dominant within ~~~. cli

t ube ca t ego ry  except  qr  i. dded t u b e s .

3-5 
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I , 
~ ;; ;; o t  ~ ‘ i cu um  Ou r  I rig p N .) l onged  t o r.i o i i s o f t  en the  res U it

o I •i in I c  rI s c t~~~ i~~- I e.ik i n t l ie t u b e  enve lope . As the tube skin

. i i t ’ i  and I l ie n u m b e r  of vacuum t i gh t  j o i n t s  i n c r eas e  so does t he

p o t e n t  i , u l  l o s  a l e a k .  In  in e f f o r t  to reduce  p o t e n t i a l  loss u t

v a c u u m , I - l i e  pc t o ; ;  i t  y of m e t a l s  emp loyed  s h o u l d  be s e r i o u s l y

con;;  idered  . ~ mol I t lu a n t .  i t  t e s  of  undes  i r ab  I e qases  can  al s o

or tq i n ot  e f roni t he V a r  cu;; m e ta l  l i t ’  su r  face:; w i t l i i  n t h e  v a c u u m .

Al th ough  i t  was  t he p r e d o m i n a n t  mode f o r  s t  orage cond i t i Otis

los;; o f  v a c u u m  i ;; se l d o m  observed d u r i n g  ope m a t  ion . The reason

is  t i i a t  wi t  I 1 ’  sina i I a m o u nt  S of gase;;  can  l e a k  i n wh i  i i.e the t ube is

opera  L i  rig , t h e y  ire  i n ir n ed  .IS t h ey  f o r m  and seldom reach h i g h

enough  coilcen t r a t  i o u i s  t o  f o r m  a r c s .

l i l t e t ria l shiort was t he second lii gh os t  fa  i i  ore mod e . However

‘ ‘Vt ’ ~ 
r04 ~ of  t hit ’ f a  i l u r es  cau sed  by i n t e r n a l  s hor t s  happened  i i i

g r i  d 1ied I uhes  . These were ma i ni v sh o r ts  in t h e  del  i cote  g r i d
st ‘‘ u ct u r e  . In t ubes ot:iier than grid c o n t r o l led this mode was

re ; ;p oul ; ;  i b  h e  f o r  out  l v  tc~ of I-lie fri i lures. Since gridded tubes

i r e  i t o t  w ot t ’ lv used i n  modern  mi s;; ii L ’ S  , internal short I not

a;; p i ’ edont i i i  a n t  a;; hewn ii i  Ta b i t ’  3— 1

‘I’hie I l i t  i’d f l i e s  t f r e q u e n t  r e p o r t  ea mode was “ u n d e ter m i n e d .

‘Ihese w e t .  c ~~~~ w h o ’ re no to i l or e  ar i a  ly s  i s was made or w h e r e  i t

w a s  i mpos ;; i 1)10 ’ t o de t e r un i  ne t h e  a ct u a l  cause fo r  t h e  f a i l u r e

Open I i I ameuit Wa ;;  r e p o r t e d  8. 1% of t he  t line . When combi ned

w i I - l i  it e a  I eu siior t ( 1 . C) ‘
~ 

) arid und0 ’ t ei  m i n e d  f o I amen t Iai lures

-1% ) , h eat  or a ;uu  c i  , i t  ed ía i l u r es  .i t c oun t  ed f o r  1.1 . t ’% ci’ t he

ía i lures. Cot so;; i on  and emha r it I l e m ent .  of the  d e l i c a t e f t  l a m e n t

st u -oc t  t i r e  w i t ii t i tue may iccoun t I ou .’ a 1 ar g o  n umber of  t h ose

foi lures .
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h eat i on f,i i lure ;; .it tribut ed t o  lionE l tri g and pic k ati i n wer e net
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hi gh power  m a g t i t ’t s o n s.  Sma l l  tubes  used i n m i s s i le  app lications

are mostly electronically or voltage tuned . Therefore , this

failure mode is not severe in m i ss i l e  e n v i r o n m e n t s .

Low emis sion is usually the predominant opera t ional
failure mode .  It indicates cathode wearout . As a storage mode

it  may i n d i c at e  o x i d a t i o n  of the cathode surface cause d by small
amounts of moisture trapped within the tube .

The b a l a n c e  of the f a i l u r e s  were due to a v a r i e t y  of f a i l u r e

modes non e of which rep re sents a majo r s torage as sociated prob lem .
3.3 Product Assurance Measures

As shown in Section 3.2 , the principal storage associated

problem is loss ‘of vacuum . This problem can be alleviated with

a combina t ion of manuf acturing con trol , proper storage and

handling procedures , and tube preparation before full operation .

Duri ng manufacturing gases can be trapped within the tube

enclosure . To m i n i m i z e  this ,tubes should be assembled in a
hard vacuum atmosphere. ‘acuum seal areas should be minimized
and special attention should be given to selection and app ! ica—
tion of sealant materia l.  The poros ity of the ma ter ia l s  should
be strict ly cont rolled to avoid gas leaks through microscop ic
por es.

During storage , humidi ty control is import ant to avo id
corrosion of metal par ts of the tube. If the tube is equi pped
wi t h -i a vac- ion  pump , the pump should be opera ted periodically
to ex t rac t  any gases accumulated d u r i n g  storage . The pump
shou ld be opera ted every t ime aft er transporta t ion and before
operat ion . All tubes , especia l ly  grid con trolled tube s , should
be protect ed from extreme or continuous shock and vibration .

If a gassy tube is powered suddenly,the trapped gas will
ionize causing arcing and tube damage . However , if power is

applied gradua l ly , the gas will burn out slowly without arcing.

Therefore “conditioning ” of the tube by g radua l  appl ica t ion
Of power will minimize the problem . This is a norma l process
in h i gh powe r radar tubes , however i.t may not always be pos~~.i ble

on a miss ile resting i n the launcher  an d w h i c h  mus t be readied
and launched i n a matter of seconds.  Howeve r , t h i s  proced ure
must be followed whenever a tube has been in storage for some

3—7
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time and is b eing readied to install in a missile. The con-
ditioning process should include as a minimum slow heater
warm-up ; anode , cathode , and h e l i x  cond i t i on ing  by app ly ing
hi gh vo l tage  gr adua l ly; and RE’ conditioning by apply ing RE’
dr ive  g r ad u a l l y  to maixmum power leve l and pulse  w id th .

.3— 8
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SECTION 4

NON-OPERATING DATA ANALYSIS

The in f o rmat ion  in this  section is based on data  collected

on over 77 , 000 tube s of eight types w i th  combined storage hours

of over 1.2 b i l l i o n  and 4 0 4  f a i l u r e s .

4 . 1  Tube Non-Opera t in9  Data

Available data on the diff erent types of tubes is summarized
in Table 4-1. The information in Table 4-1 does not constitute

all of the data collected. Several hundred thousand hours and
over 150 failures were imniediately disqualified because they

were either system failures or the result of mishandling .

Data was obtained from eight sources. Source A represents

a reliability study performed under contract to RADC . This

source ident ified the type and quality grades for the devices ,
however , it provided no information regarding storage conditions
or intervals. For vacuum tube s , one entry on Sprytron tubes
with 400 thousand storage hours and no failures and one entry

on MIL—STD tubes with 1 million storage hours and 14 failures

were recorded .
Source B represents data from orbiting spacecraft. Eighteen

TWTs were in a standby (non-operating) mode and all 18 operated

without failure when turned on.

Source F represents missile storage between 1963 and 1965.

The missiles were subjected to periodic checkout . Storage in-

tervals ranged from 2 to 29 months . Cumulative operating time

on the tubes was from 1 to 20 hours. Four TWT failures were

reported wi th  the fo l lowing failure modes: Moding at start of

oscillation (Age - 5 months); Spectrum too wide (Age - 8 months);
Arcing (Age - 15 months) ; and Vibration (Age - 12 months). One
magnetron fa ilure was recorded at age 5 months - failure mode —
excessive helix current.

Source G represents shelf storage be tween 1970 and 1972 of
large TWT’s (peak power - 200 1(W) . Storage intervals ranged

from 6 to 22 months. The devices were conditioned after storage

before turn-on . No failures were recorded .

4—1
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~ i~~si1e L—i data represents 874 missiles stored for 20

months during 1967 and 1968. The missiles were stored in

contain ers ex posed to ex ternal environmental condit ions in the
n o r t h ea st  U .  S. They were also t ranspor ted  from coast to coast .
No tests were performed u n t i l  the end of the 20 months .  The

data included nearly 13 mi l l i on  k lys t ron  storage hours wi th  one
failure recorded a~ “open.” In addition , one bill ion storage
hours were recorded for receiving tubes with 13 failures re-

corded. The failures were listed as defective (3); shorts (5);

opens (2); low gain (1) , open heaters (2).

Source 11 represents shelf storage data on high power devices.

Table 4-2 lists the tube type and power ratings . Data was not

available on which tubes may have been preconditioned upon re-

moval from storage .

Missile D data represents 159 missiles stored for periods

from one month up to 62 months for an average storage period
of 17 months. The missile storage was environmentally controlled

and period ic checkouts were performed . The data includes nearly
two mill ion storage hours for the triode cavity oscillator with
no failures recorded.
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i’A1~1 i  4 - 2 .  S I ~Ci~ H 1’~ L3E T Y P L ~;

T U B E  T Y P E  DATA TU BE POWER POWE1-~ 1-’Ni~Q .
ENTR Y TYPE PEA K AVE.  ( M H z )
NO.  NO.

T w ys i ro n  9 \ A 9 I 3 A  5 MW 10 NW ~500
10 \ ‘A 145E 3 MW 5 NW 3000
1 1 Z Mi 1 u 7 5 NW 10 ~ 5 t 00
12 VA 13 $D — 70 W 4 2 0
13 \ ‘A643 C l a s s .  C la s s .  Class .

K l y s t r o n ,
Pulsed  14 L 3 4 0 3  1.3 MW 75 KW 400

15 V A 84 2  1 .3  MW 75 NW 400
16 L3035 2 .2 MW 7 KW 1300
17 L3250  10 MW 15 NW 1300
18 Z5 O1O A 10 MW 15 NW 1300
19 5AC42A 3 MW 6 NW 5600
20 ZM3038A 15 MW 30 KW 2500
21 X 7 8 0 D  2 .5 MW 75 KW 1300
22 4KMP 1000LF 470  MW 4.6 NW 600

K lys tron ,
Cw 23 VA 853 — 75 KW 900

24 3KM5000PA — 20 KW 330
25 3KM5 000 PA2 — 23 KW 330
26 3KM 3000 LA — 100 KW 400
27 VA888E — 1 KW 4700
28 3KM3 00LA — 100 NW 400
29 4K M5O LB — 14 KW 410
30 4KM17000LA — 75 KW 410
31 3KR1000LQ — 76 KW 870
32 4KM50000LQ — 11 NW 800
33 4K M 5O SJ — 12 KW 2100
34 4KN 5OLC — 14 KW 400
35 3K5000 LA — 10 KW 500
36 31OM5 0000 PA 1 — 23 KW 330
37 3K30000LQ — 2 KW 800
38 4KM3000LR — 2 KW 800
39 VA800E — 10 KW 2100
40 VA856B — 2 KW 7600
41 4K50000LQ — 10 NW 800
42 4KM 5O sK — 12 KW 2600
43  4 K M 5 0 0 0 0 L R  — 12 NW 870
44 4K3CC — 2 NW 800
45 4K3JK — 1 NW 2600

M a g n e t r o n  46 QK338A 4 . 5  MW 4 . 5  Ni ’, 2800
47 QKt~4l0 4• 5 MW 4.5 N~. 2800
4 8 QK3 27A 4 . 5  MW 2 . 5  NW 800
49 8798 450 NW 45 0  ~ 2 800
50 72 5 6  40 NW 40 W .10 0
51 400615  1 MW 1 NW 1300
52 5586 800 NW 400  W 2 800
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TABLE 4-2. SOURCE H TUBE TYPES (cont ’ d )

TUBE TYPE DATA TUBE POWE R POWE R FREQ .
ENTRY TYPE PEAK AVE . (MHZ)
NO. NO.

Maq nt ’t r o n  53 7256 40 NW 40 W 9100
54 8798M 450 NW 450 W 2800
55 8798F 450 NW 450 W 2800
56 5586 800 NW 400 W 2800

Gridded Tubes 57 2041  300 NW 3 NW 430
58 7835 10 MW 60 NW 450
59 6952 224 KW 4 KW 430

Arnp l i t r on  60 QK68 1 Class. Class. Class.

4—8
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,-\ I .4 1 1  1 \ ‘ it  i o j l i  0t~ F I t ’ I at  j o l t  was made t o  t i t  is f u nd  ion , w i t h

( l i t ’ t~ ( s t i , I f ’ e ) p . i r a m et e i  less than one , aqa in  s u g g e s t i ng  t ha t  the

mna~ o ’ I i t y  et  t h e  Lii lures were occurring early in storage. The

itd i v i d U a  1 a t ia  ly ses  fo r  the  var ious  tub€ types ~ re presented

1)0’ low :

4 . 2 . 2  ‘I’WT ’ :;

D a t a  en t r ie s  , , 9 , 10 , 11 , 12 and 13 were combined in the
TWT a n a l y s i s .  N o t e  th a t t w y st r o n s  are inc luded in t h i s  category .
A l l  s i x  d at a  e n t r ie s  were tested to de te rmine  if a s ing le  f a i l ur e

r a t e  app ! m i- a b l e  to t lit ’ qi-’uer al  ca tegory of TW’F ‘ S cou ld  be
ii~~~t’l~~~’etl . TIti’ test i nd i cated tha t the  f a i l ur e r a t e for  da ta
e n t ry  I t )  is :;iqitiI u-ai i t  ly  d i f fe r e n t  front the remaining devic es.
No d i i  o ’ct o~0F 1 0  l at  ion  to power or f req u e n c y  could be made to th i s
djft em - enco’ i i i  f . i i ~u t -e r a t e .  ‘1’able 4 — 4  summarizes  the TWT data .

‘I’Alt I .E 4 — 4  . ‘l’W’l’ FAILURE RATE DATA SUMMARY
F A I l , - 90 % UPPER CONF . AVG .

t- :N ’L’ RY NO S. IIR S . x l 0 ~’ UR N S A IN FITS LIMIT A IN ~ rrs AGE

~~, t) , 11 , 12 ,
13 4 .~~08 12 2 4 4 5 .  3632 14 mos.
10 . 134 6 4 4 7 7 6 .  78720 15 mos.

I - ’ i o n i I uspeel  ion  o f t h e  dat.  a , it was ev iden t  t h a t  a decrease
i i i  I . t  i 1 L I F t ’ r .I  t e  o e t - i i r s  from 6 fitOfl t l is  on .  T h i s  SU q O j C S  t s that Lhc

ma jo t - i ty 01 Ia i lures art,’ ( )c c ur r in t ;  cal - I  y i n  storage . ‘I’hercfore

w h e t  I i o ’ t  t h t i ’ tubes  a re  t e st e d  a t  s i x  months or at 60 months , the
sank ’ . i p pr o x i n i a l o  pe l cent  of ~a i lur&’s w i l l  be discovert ’d

‘Po obt a i n  a d i  si r i  but  it -n  of these f a il  t i res , the  data was
: ; t )  ~t t~~I by ag e i u t  o ~j i o ii~ ‘5 01 upj’rox ima tel y 80 u n i t s  each fo r

en t r i t ’:; , 
I) 

, 1 1 , I 2 , I a itd I un I t each I or en t r y  1 0 . Tab 1 t ’
- 1 --— 5 .titd 4 — 6  sh o w  t l i i :  ~ia t. a oj  rO)J~~)i  t t ’-J

-l  — I 0 

‘ ‘
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4 . 2. 2 . 2 KLYS’I’RONS

Data  e nt r i e s  14 th rough 22 represent pulsed Klystrons and

i’ntries 23 through 45 represent continuous wave Klystrons . With-

in these two groupings , the entries were tested to determine

whether a sin gle failure rate is applicable. For the pulsed

Klystrons , it is possib le for all entries to be from the same
fail ure population . For the continuous wave Klystrons , ent r ies
27 and 31 , appears to be sta t i s t i c a l l y  different from the re-

ma ining entries. Table 4—7 suimiiari’~es this data . Testing of

1-he pulsed Kl ystron data wi th the continuous wave Klystron data

(exc luding entries 27 and 31) indicated that it is possible for

all the ent r ies  to have the same failure population .

TABLE 4 — 7 .  KLYST RON FAILURE IIATE DATA SUMMARY

ENTRY . NOS . HRS . FAIL- A IN 90~ UPPE R CON E .  AVG .
x 106 URE S FITS LIMIT A IN FITS TYPE AGE

14 thru 22 28.945 91 3144 3608 pulsed 19 ruos.

23 thru 26 ,
28 thru 30 , contin.
& 32 thru 45 13.627 33 2422 3058 wave 28 mos.

27 and 31 1.138 19 16696 22765  c o n tin .  8 mos.
wave

14 thru 26
28 thru 30 pulsed &

& 32 thru 45 42.572 124 2913 3276 contin. 21 mos.wave

Again , inspection of the Klystron data Ofl ~i time line ,

i nd Lea Led t h a t  the f a i  l u r e  ra te  was decreas in t )  w i t h  t ime . The

d a t a  was so r t ed  by age i n t o  groups of approx imatel y 260 u n i t s  each .
‘I’ests  w i t h i n  these qroup s  ind ica ted  th a f  the  f a i l u re  d i s t r i b u t i o n

for  en t r i es  27 ar id  31 were not di f f erent from the other entr i es.
‘[‘lie ave raqe  age ot  1-lie deViCes  ~~fl the combined data  Wer e  shor te r
when I es ti’d result i iiq in  a hi t ;he i  t a i l  nr c  i j i  t ’ of the to ta l  entry
An ,att erupt to fit a W e i b u l i  d i s tr  I ’u L i o n  to- ’ t h i s  dat a W, 1S flh1~j~

and shown i n  ‘l’ jt’J o.-’ - 1 — 8  w i t h  f a i r  c o r re l a t ion .  1-’iqure  4 — 3  j’r~’s~’nts

- l  t ; t , i p h  of the I unct ion and l i i i ’ individual data po ints

- 1 — 1 4
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TABLE 4 -8 .  KL Y STRON G R O U P I N G S  BY AGE

STORAGE AVG . FAIL-  ACTUAL \ PREDICTED
iNTERVAL AGE . UNITS URES IIOU R S IN FITS A IN FITS

1— 2 mo. 1.2 mo. 396 15 .4154 36110 ~3241

3 — 4  mc. 3.5 mo. 306 12 .7767 15450 12183

5—6 mc. 5.6 mc. 287 12 1.1658 10293 $b39

7 — 8  mc. 7 . 5  mo. 210 5 1.1154 4 4 8 3  7 10 1
9—11 mc . 9 . 9  mo. 255 10 1 . 8 4 7 6  5412 5659
12— 14 ma. 12 .9  mo. 247  8 2 .3178 3452 4 b 8 4

15—19 mo. 16 .9  mo. 237 11 2 . 9 2 2 9  3763 3836
2 0 — 2 6  mc. 23 . 1  mo. 252 13 4 .2 4 1 3  3065 3056
2 7 — 3 8  mo. 3 2 . 0  mo. 263 23 6.1517 3739 2 4 0 3

39—55 mo. 4 5 . 7  mo. 249  14 8 . 3 0 7 4  1685 1853
56—180 mo. 79.3 mo. 250 20 14.4679 1382 1239

A (t) = e 
26 9— l )Ln t  — Ln(1.0106)

Index of Correlation 0.90
t = Storage time in billion hours

4.2.3 MAGNETRONS

Data entries 46 through 55 represent Magnetrons. Testing

these entries indicated three distinct groups of failure
population (Table 4-9): entries 46 and 53 with a combined

f ai lu re  ra te of 961 f i t s; ent r ies  47 thru  50, 54 and 56 with a
combined f a i l u r e  ra te  of 2685 f i t s , and en t r i es  51 , 52 , and 55
with a combined failure rate of 15760 fits . No correlation to

size or frequency could be made to these fa ilure rate dif ferences.
As with the TWTs and K lystrons , the magnetrons exhib ited a

decreasing f a i l u r e  rate w i t h  t ime . The data was sorted by age
into groups of approximately 320 u n i t s  each.  Tests w i t h i n  these
groups indica ted  no d i f f e r e n c e  in the failure populations for
a l l  Magnetron entries. The data is shown in Table 4-10. The

Weibull function of the storatje time was fit to the data with

f a i r  c o r r e l a t i o n .  Fi gure  4 — 4  p resents  a g raph  of the f un c L i on
and the individual data points.

4 —  1 5
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T A P L 1 -  4 — 9 .  MAGNETRON FAI LU 1G~ RA ’l’E DATA SUMMAE Y

~N’l’RY NO . JIRS . x 10~
’ 1-’AILURES 1 IN 90% bP PER CONF. AVG .

r-’ITS LIMI’r A IN FITS AGE

-lb ~ 53 13.579  118 851 96 1 f 7  flies.
-17 , 48 , 4’)
50 , 54J ~ 

1 6 . 7 0 3  36 2 155 2685 18 mos .

51 , 52 , 55 .5 ’) 3 5 8432  15760 12 mos.

TABLE 4-10. MAGNETRON GROU P INGS BY AGE

STORACH AVG . ACTUAL 1 PREDICTED
i N k ’  l-:RvAL AGI-~ l;NITS FAILURES HOURS IN FITS A iN FITS

1—3 mo. 2 . 4 0  305 6 . 4 3 7 3  13721 1O:~84

4 — 1  r u e .  5 . 2  344 12 1 .3052  9194 5256
7— 9 mo. ~.1 292 9 1.7286 5207 3866

10—14 1110 . 12 .0 372 18 3 . 2 0 4 0  5618 2985
15—19 mc. 16.9 328 10 4.0354 2478 1334

2 0 — 2 6  mc. 2 4 . 0  298 21 5.2 136 4028  1831
27—49 mc. 36.1 324 18 8.5468 2 1C 6  1379

5 0 — 7 5  mo. 6 7 . 9  317 4 15 .7645  255 890
7 6 — 8 4  mc. 8 0 . 4  320 13 18.7844  692
8 5 — 9 2  mo. 8 8 . 5  301 5 19 .4538  257 7 4 3
9 3 — 9 9  mc. p 5 . 8  324  8 2 2 . 6 4 7 5  353 704

100—1 11 mc . 105.1 330 15 2 5 .3 2 0 8  592
1 1 2 — 2 4 0  mc. 1 2 7 . 4  315 20 2 9 . 2 9 7 8  683 57S

A ( 1)  = 
( 0 . 3 1 0 — l ) L n t  — Lii ( 1 . 0 4 6 7 )

Index of Correlation = 0 . 8 9
t = Storage time I I I  b i l l i o n  h ours

4 . 2 . 2 . 4  G R I D D E D  TU BES

‘l’he d a t a  on q r i d d e d  tubes  is su~mar i ~c~i in Table  4— 1.1

Statistical test indicate no d i s t i n c t  d i f fe r en c e  i n  the  f a i l u r e
r a t e  of t h e  t h r ee  da t a  c’nt r i es .

4 - 1 7  
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T h e  f a i l u re  o- 1,it a ~ as s o rt ed  by age i n t o  g roup s  of

a pp rox i l t i a t e l y 70 u:~its showinq an apparent decrease in failure

r at e  ~~i th  t im e . The W e ib u l i  f u n c t i o n  of the  s to rage  time was

f i t  to  the f a i l u re  r at e  da ta  with an index of correl ation

equal to 0. ~ 5 ‘is shown in Table 4—12. Figure 4— 5 presen t s  a
graph  of the  f u n c t i o n  w i t h  the  da ta  po in t s .

‘I’ABLI- 4— 11. G R I D D E D  ‘ lUBE S FAILURE RATE DATA SU MMARY

6 
90t UPPER CONE. AVG .

ENTRY NOS. URS.  x l O  FAILURES A IN FITS LIMIT  A IN FITS AGE

57 , 58 , 59 6 . 7 6 2  38 5620 6976  12 mos .

TABLE 4 - 1 2 .  G R I D D E D  TUBES - GROUPING BY AGE

STORAGE AVG . ACTUAL PREDICTED
INTERV AL AGE UNITS FAILURE S HOURS A IN FITS A IN FITS

1 1 87 4 .0635 62992 37384

2 2 62 3 .0905 33149 22283

3 3 63 3 .1380 21739 16463

4—5 4.5 72 1 .2360 4237 12183

6—7 6.5 76 7 .3584 19531 9286

8—9 8.4 70 4 .4271 9365 7662

10—12 11.3 81 5 . 6694  7 4 6 9  (- 109
13—16 14 .5  76 2 .8059  2 4 8 2  5 0 7 2
1 7 — 2 2  19 .5  70 3 . 9965  3011 4071
23—33 27.7 74 3 1.4987 2002 3129

34—78 43.1 47 4 1.4783 2706 2252

A ( t ) = e 2 5 4 — l ) L n t  — L n ( 1 . 0 19 4 )

Index of C o r re l a t i o n  0 . 8 5
U = Storage t ime in P i l l i o n  hours

4 — 1 9  
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-~ . 2 . 5  -~M i i ~1’:~~
en I ~ O n ’  - ~ e i t  a-y was avail able on umpì itrons as sl.owz~

i n  T a b l e  4—13. ‘i’ L~ ~i~ot~ w~~s sor ted by age i n t o  groups of
;~iox~~riate1y 24 w i t s  each showing a dec reas ing  f a i l u r e  ra te

w i t h  I L n a ’  . A We ~~j J  I Lii lu r e  r at ~. f u n c t i o n  was f i t  to the  a u t j
as shown i n  ~

‘ tb 1e 1—1 -) • F ig u re  4—r presents a graph cf t h i s
f u n c t i o n  is-i  t h e  ~i aLa ponILs .

‘l’ABLE 4- 13 .  ANF LI ’I’RON I -A l L U R E  RATE DATA SUMMARY

ENTRY. NOS. fI RS.  x 10 6 FAILURES 1 IN FITS 9 0 %  ONE SIDED AVG .
CONF. LIM IT- AGE

A IN FITS

60 1.970 13 6599 10234 19 mos .

TABLE 4- 14. AMI LI ’FRON - GROUPING BY AGE

STORAGE AVG . ACTUAL A PREDICTED
INTE RVAL AGE U N I T S  FAILU RES HOU R S IN F ITS A IN FITS

1—3 mc. 1.9 mc. 26 1 .0321 31153 4 4 7 0 3
4 — 7  mc. 5 . 5  mc. 24 2 . 0 9 6 4  2 0 7 4 7  17690
8—18 mc. 13.4  mc. 23 2 . 2 2 5 6  8865 8769
19-26 mc. 24.2 mc. 23 2 .4073 4910 5512

27— 33 mc. 29.4 mc. 27 3 .5789 5182 4743

3 4 — 8 8  mc. 41 .3  mc. 22 3 . 6 6 2 8  4526  3630

— 
( 0 . 2 1 4 — 1 ) L n t — L n ( . 9 8 5 4 )A (t) — e

Index of Co r r e l a t i on  .82
t = Storage t ime in billion hours

4 . 2 . 3  LOW PC~WER V E R S k S  H I G H  POWER TUBES

A comparison of the low power tube data to the high power
tube  data was made .  The comparison was based on age between the
two data sources. For TWT ’ s , Magnet r ons  and Gridded Tubes , tests
in d ica ted  no si g n i f i c a n t  d i f f e r e n c e  between the low power and
hi gh powe r t u b e s .

4 — 21
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4 . 5  O P E R A T I O N A L/ N O N- O P E R A T I O N A L  F A I L U R E  RATE C O M P A R I S O N

Table 4-17 presents a comparison of operational and non-

operational failure rates. The non-operational failure rates

were calculated based on 10 years storage . The operating

failure rates were calculated for a ground-fixed environment.

TABLE 4-17. OPERATING TO NON-OPERATING COMPARISON

OPERATING NON-OPERATING RATIO
FAILURE RATE FAILURE RATE A GF ATUBE TYPE (X GF) IN FITS (A NO ) IN FITS NO

Receiving 5000 12 4167.

Klystron , Low Power 30000 78 385.

Klys t ron , Hi gh Power 200000 915 2 19.
TWT, Low Power 3000 0 593 51.
TWT, High Power 200000 593 337.
Magnetron, Low Power 200000 602 332.
Magnetron , High Power 450000 602 748.
Gridded Tubes , Low Power 100000 1044 518.
Gridded Tube , High Power 180000 1044 172. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _—_--
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L’ONt’l - t ’ C~ J ON~ & RECOM MENDATION S

‘ . 1 C o n c l u s i o n s
T h e  p r i mar y  s t o raqe  f a i  lure  mode for  most  types of hi gh

power vacuum tubes is loss of vacuum . Gridded t u bes  ai- e - the
e x c e p t i o n  w i t h  the p r edominan t  fa i l u re  mode b e ing  i n t e r na l

shor t .
There is not s u f f i c i e n t  ~ videncc to e s t a b l i s h  a r e la t ion-

shi p between s-toraqe failure rate and power or f r e q u e n c y . In

f act , the  d a t a  t e n d s  to indicate independence among those

pa r amet  o i i

There doesn ’ t seem to be a d i f f e r e n c e  in  stora ge f a i l u re
i-ate between pulsed and CW tubes .  In al l  cases , pulsed  and CW
data were combined i n t o  a s ingle  fa i l u r e  r a t e .

In some cases , more than one f a i l u r e  ra te  was found for

a particular class of tubes. Different failure rates were

quoted whe n s t a t i s t i c a l  tes ts indicated the l i ke l ihood  of
d i f f e r ent popula tions wit h i n  the data . The lack of def in i t i on

r ega rd ing  to tube m a n u f a c t u r i n g ,  s torage cond i t ions , q u a l i t y
grades and conditioning procedures did not permit a comp lete
evaluation of these differences. ‘l°hese are believed to be the

resul ts of t h e  combined e f f e c t s  of d i f f e r e nt  m a n u f a c t u r i ng

technolog ies , q u a l it y  conti- ols , s tor a g e  e n v i r o n m e n t , and tube

c o n d i t i o n i ng  p rocedures .

The s t or aq c  dat a i n d i c a t e s  that vacuum tube failures are

occur r  i nq ea r  I y i n  s tor~ige — . Ther e for e, a d e c r e a s i n g  f a i l u r e  ra te
has been pr od ic ted  . The f a  i l u re  i-ate models assume t h aI  no tests

are per fo rmed  on th e  tubes  in 5 to raqe  . Shou 1 d the tubes Lio

t e s t e d  a l t e r  a y e ar , t h e  tco i lure iatc should dec rease  s i ~~wi  1 1 —

can  I ly  , s i n c e  mos t  I” L  11) 4 -’ i a i  l u re :;  sh ould be removed as a

res u l t of t h e  L e st .

1 nec’ I 4-) 5  5 4 -)  1 V , I t ’ i_I  UllI 1 5 I- hO ‘1’ 1 lila 1 ‘
~
‘ st  ~‘i i 1 0  I , i l  l i _ire ‘CIOtlt ’

proper  cond i t I C i f l i t i t i  e l ‘C ” W ( ’L ~ t d o ’n p r io r  to op eI ’a t  I 0 ’ C ’ C  W o ) t i  1 5

S 15 1 1  ii i c a nt  l y  I n er ease  I 1)0 ‘CCI o r ico ’ re - I  iab i .  1 1 t V .

_ _ _ _ _  --.— - -— ‘_ -
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5.2 Recommendations

To avoid gases to be trapped within the tube enclosure’

during manufacturing , tubes should be assembled in a high

vacuum environment. Particular attention should be given to

vacuum seals and to the selection of low porosity materials.

During storage , the humidity should be controlled to the

maximum extent possible to avoid corrosion of external me t al

surfaces.

A large number of f a i l u r e s  were a t t r i b u t e d  to h a n d l i n g

and packag in g . Special  atten tion should be given to the design

and construction of containers to avoid damage during transpo r-

tation and handling .

Tubes equipped with vac-ion pumps should be pumped period-

ically to insure vacuum . The pump should always be operated

prior to installation. Large tubes should be designed with a

vac— ion pump .

Prior to full operation the tubes should be conditioned .

The process should include as a minimum slow heater warm—up ;

anode , ca thode and hel ix con d i t i o n i ng by app l y i n g  hi gh vol tage
gradually; and RF conditioning by applying RF drive gradually to

max imum power level and pu lse wid th.

5-2
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APPENDIX A

TEST OF SIGN IFICAN CE OF DIFFE REN CE S IN FAI LURE RATES

(MORE THAN TWO POPULATIONS)

The storage reliability data is obtained from numerous

sources. A detailed qualitative analysis is performed on

the data to classify devices , environments , uses , qua l i ty  levels ,

fa ilures mode s & mechanisms , and so on. Once the data sets are

grouped according to these analyses , it is still not certain
whether grouped sets of failure data are in truth from the same
statistical population . It is possible that the failure rate

characteristics of identical devices from the same manufacturers ,

with the same applicat±on , use environment , and so on , are not from
the same population in terms of reliability -- possibly due to
some problem on a production line for a certain lot or other

factor.

Therefore a statistical test is performed to determine if

the different data sets could be from the same statistical popu-

lation .

The technique used is for more than two data sets and is
taken from “Statistical Methods for Research Workers ,” R. A.
Fisher , 13th edition , Hufner , 1963 , pages 99-101.

The techniques assumes that the underlying failure dis-

tributions each have the same constant failure rate ( A ) .

Therefore , the probability of a number of failures for each

population can be represented by the Poisson distribution .

A single failure rate is calculated based on the pooled

data sets being tested.
N

A = Z ~ii=l
N
£T.
i=l ~

where A = Mean failure rate for all data sets

f. = the number of failures in data set i

T
~ 

= the total storage hours in data set i

n = the number of data sets being tested

A-i 
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The expected number of failures and the difference between

the expected number of failures and actual failures is calculated

for each data set based on the pooled data :

M - = AT-
1 1

d1 = 1f
~ 

— m 11

where
M1 expected number of failures for data set:

(based on the pooled data sets)

d. = absolute value of the differences between the
expected number of failures and the actual

failures for data set i.

Next, lower and upper limits are calculated for the Poisson

distribution:

U. = [M. + d - ] (if U. = f - ,  set U. = f. - 1)
1 1 1 1 1 1 1

L. = <M. — d. > (if L. = set L
~ 

= f .  + 1)

(if L. <0 , set L. = 0)1 1

= upper limi t for data set i

L. = lower limit for data set i

I = rounded down to integer value
< > = rounded up to integer value

The probability that failures would occur in data set I

g iven the population failure rate is A , is expressed by the
Poisson distribution:

U-

P1 = 1 
~~~j =L.
U-
1 -

~ -M. M- J
= 1 —  7 e

j=L
~

A- 2
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The ind i v i d u a l  probabil ities , P~~, are the significance
probabil ities for the individual distributions . It is required
to test whether the ensemble of P~ taken together represents an

improbable configuration under the null hypo thesis which is tha t

the underlying distributions have the same constant failure rate
(k)

The test is done as follows ;

C. = - 2 ln P.
1 1

= 
n

Find Cr for -‘ = .05 (5% level of significance) and 2n

degrees of freedom from the tables of chi square .

If C>Cr reject the null hypothesis (that all of the popula-

tions have the same failure rate.)

If the null hypothesis is not rejected , the data se ts can
be pooled and the common failure rate A used .

If the null hypothesis is rej ected , engineering and statis-
tical analysis is required to remove data sets from the pooled

data until the null hypothesis is not rejected .

EXAMPLE 1:
T. F . M - d . U. L. P. C-DATA SET 1 1 1 1 1 1 1 1

1 587.4 19 12.9 6.1 18 7 .0936 4.74

2 144.1 0 3.2 3.2 3 1 .0849 4.93

3 65.6 1 1.4 .4 2 2 1.000 0

4 95.8 1 2.1 1.1 3 2 .5406 1.23

5 128. 3 2.8 .2 3 3 1.000 0

6 281. 15 6.2 8.8 14 0 .0018 12.60

7 78.6 2 1.7 .3 1 1 1.000 0

8 484.8 0 10.7 10.7 21 1 .0016 12.93

1865.6 41 
~ 
C1 = 36.43

pooled — A = 21. 98 fits
C = 36.43

2n degrees of fr eedom = 16

(from chi-square dist. at . 0 5 )  Cr = 26.30

Since C>Cr --- - the nu l l hypothesis , tha t a l l  of the popu-
lations have the same failure rate , is rejected .

A-3
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EXAMPLE 2 :
DATA SET 

T. f. M~ d~ U~ L
~ 

P. C1

1 587.4 19 19.5 .5 20 20 1.0 0

2 65.6 1 2.2 1.2 3 2 .536 1.2

3 95.8 1 3.2 2.2 5 2 .277 2.57

4 128. 3 4.2 1.2 5 4 .641 .89

5 2 3 1 .  15 9.3 5.7 14 4 .070 5.33

6 78.6 2 2.6 .6 3 3 1.02 .0

1236.4 41 9.99

Pooled A = 33.16 fits

C = 9.99

2n degrees of f reedom = 12
Cr = 21.03

C<Cr - accept null hypothesis --
All data sets have the same failure rate (A = 33.16 fits).

A— 4
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A P P E N D I X  B

ENVIRONMENTAL DESCRIPTION

Environment Nominal Environmental Conditions

Ground , Benign Nearly zero environmental stress with
optimum engineering operation and main-
tenance .

Space , Fli ght Earth orbital. Approaches ground ,
benign conditions without access for
maintenance . Vehicle neither under
powered flight nor in atmospheric re-
entry .

Ground , Fixed Conditions less than ideal to include
installation in permanent racks with
adequate cooling a i r , mai ntenance by
military personnel and possible in-
stallation in unheated buildings.

Ground , Mobile Conditions more severe than those for
(and Portable) ground , fixed, mostly for vibration and

shock. Cooling air supply may also be
more limited , and maintenance less
uniform .

Naval , Sheltered Surface ship conditions similar to
ground, fixed , subject to occasional high
shock and vibration .

Naval, Unsheltered Nominal  surface shi pborne cond it ions bu t
with repetitive high levels of shock and
vibration. 

. 

-

Airborne , Inhabi ted Typica l  cockpit conditions without en-
vironmental extremes of pressure , tem-
perature , shock and vibration.

A irborne , Uninhabited Bomb-bay , ta i l , or wing insta l la t ions
where extreme pressure , temperature , and
vibration cycling may be aggravated by
contamination from oil , hydraulic fluid ,
and eng ine exhaus t .  Classes I and Ia
equipment of MIL-E-5400 should not be used
in this environment.

Missile , Launch Severe condit ions o noise , vibration , ani
other environments related to missile
launch , and space vehicle boost into orbit ,
vehicle re-entry and landing by parachute .
Conditions may also apply to installation
near main rocket eng ines during launch
operations .
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