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ABSTRACT
‘- .1
This report documents findings on the non-operating

reliability of accelerometers . Long term non-operating
data has been analyzed and reliability predictions have

been developed for accelerometers.

This report is a result of a program whose objective

is the development of non-operating (storage) reliability

prediction and assurance techniques for missile materiel.

The analysis results will be used by U. S. Army personnel

and contractors in evaluating current missile programs and

in the design of future missile systems. 
-

The storage reliability research program consists of

a country wide data survey and collection effort , acceler-

ated testing , special test programs and development of a

non-operating reliability data bank at the U. S. Army Missile
Research and Development Conunand , 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 electromechan-

ical devices and other missile materiel . For more information ,
contact :

Commander

U. S. Army Missile R&D Command

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

Building 4500

Redstone Arsenal , AL 35809

Autovon 746-3235

or (205) 876—3235 1”
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SECTION 1

INTROD UCTION

Materiel in the Army inventory must be designed , manu-
factured and packaged to withstand long periods of storage

and “launch ready ” non-activated or dormant time. In addi-

tion to the stress of temperature soaks and aging, they must

often endure the abuse of frequent transportation and handling

and the climatic extremes of Lhe forward area battle field

environment. These requirements generate the need for special

design , manufacturing and packaging product assurance data
and procedures. The U. S. Army Missile R&D Command has

initiated a research program to provide the needed data and

procedures.

This report updates report LC-76-EM2, dated May 1976

and covers findings from the research program on accelerometers .
The program approach on these devices h~s included literature
and user surveys , data bank analyses , data collection from

various military systems and special testing programs .
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SECTION 2

SU MMARY

Non-operating reliability data has been obtained to

date from five sources and six missile programs for a total

of 448.5 million non-operating hours . The best observed

failure rate for accelerometers is 29.7 fits (failures per

billion hours) with 90% confidence that the true failure rate

lies below 59 fits. Observed failure rates in the five

programs range up to 1923 fits. The non-operating to operating

failure rate ratio is 1768 , where the operating rate is for the
ground environment.
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SECTION 3

ELEMENTARY PRINC IPLES OF ACCELE ROMETERS

.\n accelerometer is designed using the Newtonian re-

L~tion F = ma. A ~~~~ proo f mass , m , ~s cons trained to
: e l i a w  the notion of the case of t he  C~ v~ ce by mean s of
a constrainin~; farce , F , which is measured , whence the
acceleration , a , can be calculated . As a matter of con-

venience , the measurement is of ten made only along a single
axis. The constraining forc e can be provided in a number of
way s, some of which  are :

a) by a simple spring . The relative displacement is

the measure of the force . This configuration is

not much used , because only a low accuracy is

possi ble.

b) by an unsaturated electromagnet. The current is

proportional to the force. In some designs , the

current is a pulse of fixed magnitude and duration ,

a co unt of the number of pulses is then proportional
to the velocity acquired .

c) by a gyroscope . The precession rate is proportional

to t:-ie acceleration. This configuration is usually

useu with a servo to null the precession angle .

d) by a set of taut wires. The tension in each wire

is determined by using a pickoff and exciter to

determine its resonant frequency .

In inertial applications , the integral of the accelera-

tion (velocity gained) is usually wanted . If this is done

within the accelerometer , It is termed an integrating accel-

erometer or a veloc ity meter.

3—1



SECTION 4
DATA ANALYSIS

4.1 Data Description

Data was received from 5 sources and 6 missile programs

representing 44 8.5 million non-operating hours with 196
failures reported . Analysis of the dat .i indicated that the

• data from two missile programs could nob be used in deriving

a non-operating failure rate .

All of the data is shown in Table 4-1. Missile M data

listed accelerometer removals , however , no analysis was per-

formed to determine the actual number of failed units . Missile

T data recorded assembly failures. The assembli~~ consisted of

two accelerometers , a roll free gyro and a roll corrector . Data

was unavailable to determine which assembly failures were a re—

suit of accelerometer failures.

The remaining data includes 137.8 million non-operating
hours with 10 failures giving an average non-operating failure

• rate of 73 fits (failures per billion hours) . The fai~ure
rates for sources indicating failures range from 24 fits to

1923 fits.

Each data source is discussed below .

4.1.1 Source A Data

Source A represents a reliability study performed under

contract to RADC in 1974. This source identified the type

and quality grades for the devices, however , it provided
no information regarding storage conditions or individual

programs .
4.1.2 Source B Data

The storage data under Source B actually represents

standby data in an orbiting satellite environment. No failures

were indicated in 110 thousand accelerometer standby hours .

4.1.3 Source C Data

Source C represcn~ s a reliability study performed under
contract to RADC in 1968. It included 2506 devices stored

for an average of 5 months . The devices were missile hard-

ware . No failures were reported .

4—i
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j ’~~~~J~ 4 — :  . ACc~:~~-: ~~~~ : lL:~ N O .’c—OPERATIfNC DATA

M I L I ~T °N PART FAILUR E FAT E,
:-:o . o~’ 1FvIcr :s  STORALi-: IiRS . FAILU TUf. S TN FI TS COMMENT

A - 3.12 6 192~~. P e n d u l u m

A - 0 . 2 5  0 < 4 0 0 0 .  Angu la r

A — 0 . 4 6  0 < 2 1 7 4 .  Linea r
B 8 0.11 0 <9091.

C 25fl 3 9.3 0 <108.

N 115 4 . 4 4  0 < 2 2 ~~. 2df Pen-
dulum

P 34 1.30 1 769.

N ‘I S SILL

E—1 1748 25.521 0 <39.

G 39 1.118 1 894.

• H 1071 17.015 1 59. Linear

H 2142 34.029 0 <29. Angular

1 4140 41.18 1 24.

SUB rQT\J 137.843 10 73.

o’~~:L ,~ DATA

‘ ISs:LE N — 30.6 76 2484. 76 remOvals

NISS LE T t~O0 0 310. 105 349. Assy .
Fai lures

‘1

4 . J $ ~~~~~~ N i)~ita

N re~~resents sr~~cocr~ift accoicroneters which were

10r ’  o~ :;y. tens st ored in a cont ro l led  ~n v ir .’~oont .  The systems
.~ere ~~~~~~~ on~~ ’ ~ ‘r veor w i t h  no .~ccol~~r o n e t e i ’ f a i l u r e s  r e—

~~~ ro ~e ~c~e of ac, ’ ie~~~~:~~~t_ers at last test were 5.3
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1 , 1 ;  i i i ’ , ; ’  ;; ! 5 ’ :S : : : I b  , . : ;  I t : , ; . , ’ :.~ ., ‘ c , I~~’ : 5 . 5 .1 I ,  c i i ; ; ; ’ ’

a I . • o l  ‘ ‘ / 5 ’, 1 — 
‘ . ‘ • ‘ S a ; , i ’.’ ;‘. 5 ‘a - o V . ‘ -  . t  ‘ : 1 :  s ’~ a a .  : 0 , ’;.’ 1 Ia ;

_ _  
~~~~
—
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I •t ~~ u i ,a ’ ’: 1’. i I I . l c ’  from 24 to l~~2 I lit: ; . A t ,c ’:;t of a t  ~ ni f i c an~~~

I, .h ’:; .: r i  D ad i n  A~ i~ 
. c ’xn l  i_\ A) i’’,, i:; p0 r a r j nc ’ c; to I ‘ :  . t Wl~ c’t h e r  a 5; i r i q it .’

Li  i 1 nr c ’ i’.it .a conic1 (l0Ut ’ r ibe aT 1 flit; . lot  a V t ’ t a . The t en t  m i  —

c,i t~~cI t h a t  t l i t ’ t’e was; a a iqni fi can t  .3 i f I. ‘rOflOt’ with one data

s ;eI h . iv in q  a :;i ,qr i i f  I can t  lv h i cuh ”r  f , i i l u r c  r o t . ’ . Thia data set

was reniovod anti the remainix’a clOt .1 a c t ::  r e t o a t  cad m d  i t - ,itinq no

s i.~ ni  t ’i cant .3 f t’ Ic r ’nc ’:;

rhe pooled dat,i i s ; ahown in ‘2a1c l . a  4 — 2  w i  t hu  134 . 72 3  m i i i  ion

t ’o raq t .’ hour:;  
, 
arid 4 fail urc’:; - ‘ l I l t ’  t ; cn— op  ‘r a t  i nq 1 a i 1u t ’~ r o t c ’

on thi s ; d a t a  is .7 f i t : ;  w i t h  a 90~ . co; ’i f , i d en c t’ tha t the

fa i  hu t ’ r a te  i a less ;  t h an  5’) f i t:;  . The avc’raqe arc of  t he  pooled

da t  ,t  a c t s  i s;  16 month :; w it,h fhic ’  o l d a s ;t  unit a bc”’.nq 74 months

old.

No fact or:; can he ideritified to , tCcC ’cu f lt  for  the  Li ;‘ ..~or rt’—

por t:ed fail urt’ rate fat ’ pendu1~ur ; ,;c’ct ’l o m ’ccnuo t .er: ; I V  dc ’u rce  A -

The sources show i ;iq the lowe:;t f,ii l u r e  rat e :;  ( N i  ~~:; I h a ii and I)

are also the newest, svateflis in th ’ t i c  t o act: : - h ic ’c t  ii :;vs; t ents ar e

early 1970 technology .

TAB1 E 4 — 2 .  POOLED I1A’ ’A 01 :20

01 ki, 1 NC) i l l  1) 1 Vi  ¼ ~~~ I \l I I . 1., A I I I L ’ h \T 1

A — o. :’s 0 ~400O.
1. — 0. ’I~ 0 <21 71 .
1’. 1 0 0.1 1 0 ~90~

1 1 -

C 2 .0 1 Cl . 3 0 ~,10i 5 .
N i i .  4 . 1 4  0 .225 .
P •14 1.30 1 7~,’ 1’i -

r~i i sc i  1,E

li_ I 1718 25. nil 0
‘3 ’) ii .110 1 U’1 -

Ii 1071 ]7.OP. 1
I I  2 I 4 31 .0.’’’~ 0 ‘1’ ‘~
1 41 •10 ‘Ii .10 1 .‘4 -

u l’A 1,0 1 54 . 72 5 4 ,‘ c) 
— ‘7

‘i ” ,)



4 .  3 ~a ;ratio~;ai/Non—O j .’r.ttion~tj Re1iob :lit’5’C e;’;,~~;r;aen

Opt ’ rational fai lu re  r .it, c data  for . . cccic  t’ometcrs

was ; exLra.~t,~ d from report IIAI)C—TR—74—263, Revi sion of RADC
N.)li..’leC t-rOriiC RelL .ubLi ity Notebook , D. !. Cottrcii , et al ,

N artiut Marietta Aerospace , dated October , 1974. T hi s  data

is; shown in T~ b 1c’ 4 — 3  and compared with the non—operating

f a i l u r e  r a t e  1~~’ t ’ciiC t i o f l . Comparing the common t ’nv i r oi a’acnt

(groun d)  j n c lj c , ; t  ta:; a non— opera l  ing to o; ’c r a ti n q  r.;t, ,re of 1, :a 7 ~ 0 .

TAF~LE 4-3. OPERAT IONAL /N ON—OP ERATTONA L R E L I A I I T L I T Y  COMPA1~IEON

PART h OUR S NO. OF F A I L U R E  RA’PE AE N V I R O N M E N T  (106 ) FAILURE S IN FITS Op/A
110

Non-Oper at inc i
Ground , F ixed  134 . 7 2 3  4 29.7 —

O p e r a t i n g
S a t e l l i t e  .112 0 < 8 1, 7’) . 27 5 .
Ground 9 .2 3 4  485 52 5 2 ,3 . 1768.
Ground , Mobi le  .037 0 ‘ :2 4 7 5 7 .  831 .
Ai rborne  11.07 2619 2 3 6 6 0 7 .  7 9 b 7 .

“ •  “~ ~~~~~~~~~~~ L±
~a is:; l ie  II reports t h a t  t h e  f o i l  on’i nc:  t t ’sto; are r u n  on

every  accele rometer .

A.  Thermal  Shock , w i t h  50 cycic:;  ,a t, ic i n  ci:’o p ’c ane , at

— 2 5 ° F fo r  1/2 hour ,

+ 77 °F’  for  5 m i n u te s  m ax . ,

+165° ;” fo r  1/2 h o u r : ; , , c n d

4 -77° F for 5 min ,; tc ’:; max.

Il . Ma~ or i t ern s”,C I’ t ’c ’ , ’. I ; iq ( m u c o ; ’pc;’ i t  r u ;  t he  .tccc ‘I eromc’t&’r)

(I) Run time : 32 hour:; t;ot .u l , f o r  t ’ hc:ai’ :’. of W h I c h

i tern i a suha 00 t c ’ ci to t empera  a rca cyc 1. ’ of  ~. i “C f o r

i h. i c r  0;; . i f l t i  1 Dc’.si’ a I I

(~~) S : i i’ ’k  ‘cO t s — 5 i i  I i : . - c ’onc i ’ ,n, I :i . O t -  W , m \ ’- ’ , 1 ;)L . n c

( 3j  L ; i -, . I c c ;  Vta ,’ tb fl-a ; 3 a m  , a i t ’s ; or c ’ “ ;nub O: t , , . ’ i i , .;t

app r o x  1 1110 1 c ’ c  0 . 12 q ’ J .~~ no ~ . i ~ t.
-
~ 200 1

4 — i .



4.5 Failure Modes & Mechanisms

Re ference 8 (p. 56)  con ta ins  a rough c l ass i f i ca t ion

of accelerometer f a i l u r e s .  Most of the f a i l u r e s  reported

there ref lect  a contamina t ion  problem . The two f a i l u re

causes reported in the non-operating data appear to be random

type occurrences. No ag ing trends have been indicated in any

of the data .

4—7
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SECTION 5

CONCLUSIONS AND RECOMMENDATI ON S

Accelerometers do not appear to present any sig n i f i c a n t

reliabil ity problems in storage . The random failures that have

been reported appear to be a result of slight weaknesses in
the parts in manufacture or in the testinq process. No aging
trends have been identified for devices up to 74 months in age .

The non-operating failure rate developed in Section 4

of 2 7 . 9  f i t s  is recommended as being representative of the
current  technology .

5—i
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APPENDIX A

TEST OF S I CN I F ’ t CANCE OF DIFT E RENC E S IN FAILURE ~AT E t

(MORE THA N TWO POPULATI ONS)

The s tor a t j e reliability data is obtained from numerous

source:; . A d et ai l e d  qua l i t a t i ve  ana lys s is performed on

the  d aL ~ to ciossi  ty  devicc~~, envi~~o ; i r c i i L s  , U s~~La , ~sa l it y  icavt : l :,- ,
f a i l u re s  mudes & n;c,’chanisms , and so on.  Once t he  dat a  ScL s,  ~ rc-

grouped according to these analyses , it is st i l l  not cer ta in

whether  grouped sets of f a i l u r e  do t 0  are in t r u t h  :rom the sw;;c’
st at i s t i c a l  p3pulation. It is possible that the f~.i lurc  ra te

character is t ics  ‘f identical devicca from the same manufac tu re r s,
w i t h  the same app l icat ion, use envi ronment , aná so on , ~ re not from
the same popula t ion  in terms of reliabili ty —- possibly due to

some problem on a production line for  a ce rt a in  lot  or other

fac tor .
Therefore  a s t a t i s t i ca l  test is performed to de termine i~.

the d i f f e r e n t  data sets could be from the same statisti’;al popu-

la t i on .

T u e  t echnique used is for  more than twu data  sets and is

t~~k c~’n f,~,om “Sta tia ~ ical Methoes for Research Workers , ” R . A.

F isher , 13th e d i t i o n , }lu fner , 1963 , pages 99— 101.

The t~~c1;n ;  i~ut ’s assu;;;cas t ha t  the underl y ing f a i l u r e  di s—

t r ihu t i oc i s ;  each have the same constant-  f a i l u r e  rate (A)

Tht ’rc fo rt ’ , the p r o bab i l i t y  of a number of fa i l ur e~ for each

p o p u l a t i on  can ho r e p re se n t  cad hy the  Po is son  di .s t-r ihut , i on .

A si i~~;le f . i  i lu r e  T a t e  is ca lc ul a te d  based on t h ; ’ poolea

dot  a set  a h c i ul l  t c s ;  ccl
N

A ‘

~~~~

A ‘— .N~ .ui l a l  l u i ’.,’ rat e  i~~;’ at d , m  I a r ;c ’ I a

tTh~’ t;um ’acr ot  fai h o c ’.; in dat a act .i
I

‘1’ ~~~~ ~~~~ ~ l a L ’ . c i t ; t ’ t t ’Y . r : .  i i  ci,; I ‘cal ~

11 t l i t ’ i ;us:ii )~ . ‘ F ol do to :0  t a Ice I n~; c a s t  ed

A’- 1



‘ j O t ’ cxp ’t: s i number of ITo ~ nrc:; and I h e  ~ f  f t  :t ’nce I J e t W L t  0

t Ia’ ~‘x:~~ct ci r’r;ub~’r of fa i l u r es ;  and a ct a a l  ii~ c ,c L u r L ’s ~ is  ~a~ c~;lat ci

f or ea~~I ; dat a  s e t  based on the pooled dat a :

N .  A T .
1 1

d . ‘
~~ 

—

where

N. exacoted number of failures for data set:

(based on the pooled data sets)

d. absolute value of the dilTferences between the

expected number of failures and the actual

failures for data set i.

Next , lct..er and upper limits are calculated for the Poisson

distribution :

U. [N. + d . ]  (if U. = f., set U . f. — 1)
1 1 .L 1 1 1 .1

L. -~ < N .  — d. > (if L. = f., set L. f .  + 1)
1 ~. 1. 1 1 1 1

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

U .  = upz~or l i m i t  for  tj , . t O  set i
1

L. = lower iir~iit for data set i1

I == rara-st’d do~’:n to integer  value

> rouaciei up to in teger  value

‘fhc ~t;oh~;L -il hv that f. fa ilures, would ocorir in data s e t  1

q 1 Vt ’ S t he  ~- ep i .  a Too  t u i  lurc rate is A , ~ a cxp:cssed  by the

l o i  : , s u c r  d i  St  L i  b u t  so ; ; :

1’ . 1 ~~ p . .
1 ~~~

-
~~~ 

~~~~~~~ ---.-*-~~- - ~~~~—~-.—-~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -



‘ii. ’ m d  iviuu ,.cl probabilities , P, , arc the s;Lt~nT t icance

p ; e b c b i  lit ;es for t he  individual  d ist r i b u t ion s .  It is required

t~ t e at  who t hu r  the ensemble of P 1 taken  together  represents an

im: rob~cble  con! ~g u rat i o n  under the n u l l  hypothesis  which is t h at

the  un d c rlv ia . ;  d i s t r i b u t i o n s  have the same constant failure rate

(A).

The tea t is done as; follows :

C. = - 2 in P.
1 1

C C~

Find Cr fo r  u = .05 (5’l leve l of s;~~n i f i cu i ;c c)  and 2n

degrees of freedom from the tables ol chi square.

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

t i o n s  have the same failure rate.)

If the nul l  hypothesis is not re jec ted , the data sets cars

be pooled and the common failurc rate A used.

If the null hypothesis is r e jec ted , eng ineer ing  an d  stat .s—

i.ica; ’~ anal ysis  is required to remov e data  sets f rom the :~oole d

da ta  uiit . i l  the n u l l  hypothesis  is isot r e j e c t e d .

EX AMPLE 1:
T. - . F. M . d. U. L. P. C.

DATA SET i i .i i i. 1

587.4 19 12.9 t . l 16 7 .0936 4.71

2 144.1 0 3.2 3.2 1 .0S49 4.92

3 65. i~ 1 1.4 . 4 2 2 1.000 0

4 95.8 1 2.1 1.1 3 2 .5406 1.23

128. 3 2.8 .2 3 3 1.000 0

6 281. 15 6.2 6.8 14 0 .0018 12. ’O

7 78.6 2 1.7 .3 1 1 1.000 C

0 484.1~ 0 10.7 .10..! 21 1 . O O i i  l2.~12

1865.6 41 ~ C. = 36 . 12
1

pc ’’)Ied — A = 2 1 .  911 i t s ;
1’ 3t .’ . 43

d~ ‘~ ; :cc’ ‘ of C r ec ’clo ;u 16

C ro.c c l i i  — : e ~ior e (ii:; t . a t  — . 0 ~ ) C:’ —. . $0
I~ C’t’ ; .

~ — . - —  t l i t ’  n u l l  h ’.’h ot  OCs’ .L s. , t i ia l  a l l  et  I. ho Pol o—

J u ~ io n:; have the :‘anc f~u lure rate , i s .  ;‘c

A— 3

_  _  _ _  _ _ _
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E t P L E  2
1’ M. d . U. L P. C.

DA’:’A sF.T 1 1 1 1 1 1 1 1

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 9 5 . 8  1 3 . 2  2 . 2  5 2 .277  2 . 5 7

4 12 6 .  3 4 . 2  1 .2  5 4 . 641  .89

5 281. 15 9.3 5.7 14 4 .070  5 . 3 3

6 7 8 . 6  2 2 . 6  .6 3 3 1.02 .0

1236.4 41 9.9J

Pooled A 33.1,6 fits

C 9 . 9 9

2n degrees of frecior’. 12

Cr 2 1 . 0 3

C<Cr — acc’c1’t troll hypothesi s ——
All  data sets have the same failure rate (A 33.16 fits)

i’~ -4 
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