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APPROACHES FOR ACHIEVING NUCLEARWEAPON
ELECTRICAL SYSTEM SAFETY IN ABNORMAL ENVIRONMENTS (U)

SECTION I -- INTRODUCTION

Nuclear safety encompasses the means and techniques requ i red to p reven t the occurrence of

s i gn i fi can t nuclear y i e l d (norma l l y stated as g r e a t e r than 4 pounds TNT equivalent) f r om nuclear
weapons e x c e p t u n d e r p r e s c r i b e d c i r cums tances o f intended use . Nuclear safety appl ies f r om the

t ime du r i ng assembly at wh ich a nuclear package becomes capable of produc ing y i e l d , th roughout

a l l phases of weapon l i f e , and to the point of disassemhly a f t e r weapon re t i rement . Dur ing i t s l i f e ‑
t i m e , a weapon may be subjected to var ious physical environments which impose severe conditions
on the weapon. The p a r am e t e r s f o r many of these environments, specified in the s tockp i l e - to ‑

t a r ge t s e q uen t - e ( STS ) f o r the weapon, lead t o design c r i t e r i a f o r the weapon. Recent weapon devel‑
opment guidance documents h a v e included nuclear safety specificat ions f o r abnormal W e a p o n

condit ions such as exposu re to fi re . c r u sh i ng , severe shock, lightding, flooding, and f ragments .

One recogni t ion to be gained f r o m such documents is that o f the degree of unce r ta in t y associated
with t h e en v i r o nmen t s and t he d i f ficu l t y i n prov id ing prec ise and accu ra te defini t ions f o r abnormal
or acc ident situations. Imp l i c i t in these l i s t i ngs is the e x t e n of analyses and t e s t s tha t cou ld he
requ i red to ve r i f y that weapon safety is achieved under each se t of inpu t condit ions.

The task of a s s e s s i n g or est imat ing the leve l o f nuclear safety achieved in an ex i s t i ng or p r o ‑

posedweapon s y s t em . which may be subjected to abnormal environments. is significantly complicated
when the response of the weapon s y s t em to those abnormal environments is di fficul t to p red ic t .

There is a genera l t r end toward a comp lex in ter re la t ionsh ip among m a j o r por t ions of a weapon which
results in m o r e of the s y s t em being ind i rec t ly involved in nuclear safety because of i t s association
w i t h c r i t i c a l c i r cu i t s o r componen t s . The l eve l o f e f f o r t needed to p rov i de the necessa r y assurance

o f safety i s i nc reased ; mo re e labo ra te evaluation techniques a r e requ i red . System concepts which

can reduce the por t ion of the s y s t em which needs to be involved in nuclear safety and lessen the

need f o r p rec i se definit ion of the abnormal environments wh i l e s t i l l meet ing the safety goals of the
system appear to be desirable.

In nuc lear weapons tha t a r e inherent ly one-point s a f e , ‘ nuc lear safety is dependent no t only
on the nuclear system but a lso on iso la t i ng the nuclear system detonators f r om a l l sources of
electr ical energy that could conceivably lead to a premature detonation. A combination of safety
features mu s t be ut i l i zed to achieve th i s l a t t e r goal .

‘ a .

$
A characteristic of a nuc lear weapon which uponundergoingone-point detonation anywhere

in the HE system has an extremely small probability of producing a nuclear y i e l d in excess of 4
pounds TNT equivalent .



The purpose of this r e p o r t is to present and d iscuss approaches tha t p r o t e c t against p r e ‑

m u l u r u clemricul init iat ion of the weapon de‘onators during normal and part icular ly abnormal
envi ronments. They i n co rpo ra t e some techniquesused in past weapons , extend s om e n l he r s , and

in l rnducv :1number of new ideas.



SECTION II -- SYSTEM CONCEPT GOALS

In developing s y s t e m con c e p t s f o r achiev ing nuclear safety, i t is usefu l to establ ish bas ic
goa ls wh ich ident i fy des i r ab l e s y s t em charac te r i s t i cs and vet avo id unnecessaryconstraint o f d e ‑
s i g n op t ions . The f o l l ow i n g goa l s w e r e used in developing these concep t s :

1. The l eve l of n u c l e a r safety contr ibuted by the p a r t s of the weapon sys t em

ex te rna l t o t h e bas ic HIS/physics package should b e c o mm e n s u r a t e u i t h t he

sa fe t y r e qu i r emen t s p l aced on the bas ic HIS/physics package . T h i s g oa l

r e cogn i zes tha t t h e basic leve l o f s y s t em nuclear safety i s hounded by t he

inherent safety of the HIS/nuclear physics package.
The nuc lear s a f e t y - c r i t i c a l elements o f a weapon s y s t em shou ld h e d e s i g n e d

to respond to the no rma l and to the abnormal environments in a pred i c tab le

m i n n e r . C h a r a c ' e r i s t i c s o f these features m u s t b e identified and r-ontrol led.

The assessmen t methodology f o r e s t ima t i n g t he level of.nut'lcar safety
achieved in an ex i s t i ng or proposed weapon s y s t em should he c l e a r l y defined
and compat ib le w i t h the design concep ts .



SECTION I I I -- CONCEPT CHARACTERISTICS

System design app r oa ches by me a n s o f wh ich s y s t em concept goals could he ach i e ved can he

conveniently d iv ided i n t o t h r e e m a j o r topic iso la t ion , inoperahi l i ty, and incompat ib i l i t y.

iso lat ion

Izilet-trieal i so l a t i on is ma in ta ined between a l l sources of teleetri ‘ a l energy in the weapon

s y s t e m and the fi r i n g set/u pun de t ona t o r s) , ' t e m by a comb ina t ion o f t w o features: an "exclusion
reg i on " a n d "st rong l ink" sa fe ty t lev i r.

An e l e c t r i c a l energy "exclusion reg i on " i s a spec ia l r eg i on o f the w apon s y s t e m contain ing

the fi r i n g set/weapon detonator s y s t em and the necessary packaging and safety devices to exclude
e l e r t r i r a l energy f r om the fi r i n g set/weapon dctnnator s y s t em e x c e p t i n a n intended use s i tua t ion

f o r t he weapon. The exclusion region is designed to respond to abnormal environments in a p red i c t ‑
:thly safe manner. An impo r t an t character is t ic o f t h i s app r oa ch is'tite reduct ion in the r eg i o n s and

r o t n p n n e n t s o f the weapon s y s t e m that a r e invo lved i n n u c l e a r s a f e t y.

Access to the fi r i n g set/weapon detonator s ys t em f o r the a rm i n g and fi r i n g s i g na l s is th rough

the se r i e s safety dev ices, ca l l ed "strong l i nk . These st rong l i n ks a r e des ignedto res is t abnormal
env i ronments and to a c t u a t e in t h e i r n o r m a l mode on ly when an intended use situation ex is ts .

The basic plan f o r the exclusion r e g i o n and s t r o n g l i n k s is shown conceptually in F i g u r e l.

Note tha t a l l conductors en t e r i n g the exc lus ion r e g i o n a r e in te r rup ted by the 'afety devices to avoid
i n a d ve r t e n t e l e c t r i c a l l i t - pass . i n t h i s C t 'H l t ' I ‘ p l , n u c l e a r safety i n the abno rma l environments i s

achieved even though p r e m a t u r e s i g n a l s a p p e a r a t t l tc i n pu t s o f the exc lus ion r e g i o n .

The fami ly of s t r o n g l i n ks includes intent" swi tches and environmental sens ing devices. An
indicat ion o f intended u s e c a n be obtained by incorpora t ing an in ten t sw i t ch which r e s p ond s to s i g ‑
na l s t ha t r e su l t f r o m human action. A secondmethod to ind ica te intended u s e is to incorpora te an

env i ronmen ta l sens ing dev i ce (l-ISD) t h a t responds to intended u s e env i ronmen ts which a r e r e su l t s

of ac t ions of the carr ier--bomh/aircraft , m i s s i l e , e t c . These two types of dev ices c a n heu t i l i z e d
t o d i s c r i t n i na t e between intended and unintended use .

The select ion o f the proper comb ina t ion o f in ten t sw i t ches and 850 ' s i s highly dependent upon

the charac ter is t i cs o f the spec ific weapon s y s t em . Obv ious ly a demo l i t i o n r t y pe weapon that exper ‑
i ences , during n o rma l intended use , an environment no d i f fe rent than s to rage env i ronment w i l l not
he ah le to incorpora te an ESD; f u l l re l i ance m u s t be placed an in ten t func t ions pe r f o rmed by humans

to enable the weapon. in ten t sw i t ches a lone may be r e q u i r e d in t h i s c a se to i s o l a t e voltages f r o m

the fi r i n g s c t . A t the o t h e r e x t r eme , the uniqueness o f t he fi r i n g env i ronment i n an a r t i l l e r y - fi r ed

pro jec t i le prov ides an oppo r t un i t y t o u t i l i z e the phys i ca l a c t o f p l ac i ng the p ro j ec t i l e i n t h e b reech

ii



:Euu::cwmsuuxm:1.ucn.anJu:o.ZmMimizeta‐OE._0.391..

L053..‑

.3::..

Luisa

L31.5

.:=U

v.«a.

.5.53;.."ISL

doc‐um3.23.0“

.52139.2.1..

.355;

L::::2

:
_meu.

0.5:..._

55:5
.Em

7.52;

‐ |,l1r

_II.

‘ :3an‐:37..:uLw

152,6:

__ .4557.

3.5.5.,‐LJUTSZ3::

>_u._:w._.r.m3.5:...4‘.

.Cum.

3%3:2;

.3::51:‑

::A_.rCZ
DUL=3WLn»53A‑

Zm”Eff.

“I:5.1:"3.

QEQZMZL/J

muuusam{5:31

I.I._|||l.

/scans:



‘
“ M m y . . . mum

“ M u m - n . m m m . . . “ . ( . . _ _ . . . . ; . . . . . . W w . m m . m .

. 1 “ . . . m m m “ M m “ . . . m a . . . ” ” W m . . . W M

« m . » " aw . m , h . . . . .M . .“ N W . “ N . . . “ 4 , ,  m .  . .  m .

mw.. . u ,‘ h mn .. . 0 .. . m m . . - . m - n . m . . . I . . . ” M m m

w . m n . “ “ M . n d w n «mum ‐ u ( » m m m m » . v . . . “ . m m m . M . . .

u m " , « m . , , . m . ‘ . m . . m . m . . . . . m u m » . 1 m m ” , m . . ‘ . \ . . » . . . . . . m . .
,... , 1 . . . . m . u m . . . u . , . . ” m m . . . ~ . .m.x .~.» . . ._um m y . m m . m .

m . . . u m " . . . m m ” . m m . . l« m u m m y a n . “ M u ,

« fl u . M M

w “ . " 1 . . 1 m m . m u m . I n c l - m l ” . ....” a .
m o m a . .n.m.“ a n ” n . . . - Nahum.w.m u n wmum.

m m . . . M A .m » .m n o m u m " . - u ~ ~ L u . . . m w .
mun, ( M a u m m u m ~1‑

n m m m .m um I . . . l u v - 1 n u m . mm Du lu th /uh “ W W W “ .
m m I r c m - r u - N k n m . ’ I b n m x l n m l n . . . m ‘ W W W . Ind-17.
M W “ u l l - u m l - l m h . m m ~ 1 0 . m u m . W u w u . ‘ A M I ' W Nun-w

. , . I . » “ m m a . . . " . 7w " . . . m . m » m .m . ,..m m . A :” m m .. .m- a n " 4...”

l. m. m.m.w.m..~....un.. m u m ‘ m m .

1 . . - , .
m . .... " a m m u ‑

. ¢ . . . : . m m u m . . . “ w . u .1 .
m m m u m ” . . . . m m . m . . u , . . . m " " 4 m m

n. «.m- - uM . M . 1 . n . . . . , . . , m . ~ u u u m m a “ . w.. . . - .“ m m . , . . . m . . . " ‑
. . . . , . n 1 n. m . . . m ....“ m . ” m u m . . . " ‐ , .
" a n . m m m . 4m m . . . u m .
.u.....4 W W . “ .uw. . nw . . . u . m y . . . " I r ‐ R I
m u m . m m . m m . . . . . * m . . m , I . . . “ u . ” w e . m . “ m . w m . » m , 0 . "

m m  M r .

' m m m , o .c . . m m a . . . “ . r l s . n . 7 ‐ m m . m u n . . . . .
19450:!“ mm m. 5 . » : m u m s . . . M a n - « r .u x: . m . ” . 1 . m l .



H

The unique cha rac t e r i s t i c o f the in ten t - to -usc s igna l supplied t o the in tent swi tch would

norma l l y be in the format of the s i g na l such as a sequence of e lect r ica l pulses which adds i n f o r ‑
mat i on to the bas ic f o rm .3! energy. One concept f o r a unique electr ical signal generatedin an
a i rc ra f t to ac t ua t e an intent swi tch in a bomb is the system developed as p a r t of the Crescent p r o ‑
g r a m mentioned e a r l i e r . The intent sw i t ch requ i r es no t only DC voltage f o r opera t ion bu t a l so a
ser ies o f e lec t r i ca l pu lses . The weaponcer in the a i r c r a f t , upon intended use o f the weapon,
would manua l l y t u r n a knob on a spec ia l a i r c r a f t mon i t o r and control (A M A C ) console t o s t o r e

mechanica l e n e r g y in a s p r i n g ; upon re lease of the knob , t h e sp r i ng would unwind and gene ra t e a

se r i es of ‘Jtt-V .‘t-llz squa re wa v e pu l ses . The AMAC sy s t em would prov ide both the pulse t r a i n
and t he DC vo l tage o v e r a pe r i o d o f t ime. Other s i gna l f o rma t s and swi tch des igns cou ld be con ‑

sidered ‘l‘he C r e s c e n t - t y p e componen t s could serve a s a s t r o n g l ink in tent sw i t ch and unique

s igna l g e n e r a t o r and thus l‘I. ‘ t l t tC2) t he haza rd of a i r c r a f t w i r i n g fau l t s or abno rma l env i r onmen t ‑

inctuced ac tua t i on o f a weapon - l oca ted sw i t ch .

The un iqueness o f the opera t i ng s igna ls f o r the intent switch i n r e l a t i o n s h i p t o o t h e r s igna ls

i n the s y s t e m i s d iscussed m o r e fu l l y i n a l a t e r sec t ion conce rn i ng i n compa t i b i l i t y.

l f e lec t r i ca l i npu ts a r e used in d r i v e the in tent switch to the ready cond i t i on in n o rma l
opera t ion and e lec t r i ca l saline c i r cu i t s p lus e lec t r i ca l mon i t o r i ng a r e r e q u i r e d , spec ia l c a r e m u s '

he g i v en to these e lec t r i ca l conductors to prevent t he i r becom ing an inadver ten t e lec t r i ca l access

to c r i t i c a l por t ions of the exclusion reg ion .

l-Inrironmetttal Sensin‘v Devices

The em- i r r mental sens ing dev ice ( BSD ) is a second type of s t r o n g l ink safety dev ice that can

d isc r im ina te lattween an intent to u se a weaponand o the r situations. The l i S l ) r o l e is to prov ide

iso lat ion of input and ou tpu t c i r cu i t s un t i l the l-ISD ha s exper ienced one or more envi ronments
unique t o t he intended u s e t r a j e c t o r y o f the weapon.

As in the case of the intent sw i t ch , the ESD mu s t be designed to r e s i s t abnormal env i ron ‑
men t s such a s h igh t e m p e r a t u r e s , shock, a nd c r u s h without a i i t ‘w ing shor t c i r cu i t s o r l ow.
insulation resistance between functional input and ou tpu t c i rcu i ts .

in many cases, the liZSD can proper ly di fferent iate between a norma l fl i gh t t r a j e c t o r y and

many classes of n o rma l env i ronments ( e . g . . a i r c r a f t a r r e s t e d landings) and abno rma l env i ron ‑

men ts ( c . g . , t i r e , low-speed c r a s h e s ) . Howeve r, cer ta in l imi tat ions in the abi l i ty of an ESD to
d iscr iminate m u s t be considered. F o r ins tance, the BSD may n o t d i f fe rent ia te p r ope r l y between

an intended miss i l e launch ( o r bomb drop) and ce r t a i n c lasses of abno rma l envi ronments ( e . g . . a
tumbl ing environment that simulates l inear acce lera t ion i n a launch a c c e l e r o m e t e r ) . F u r t h e rmo r e ,

the BSD can n o t c lear ly di fferent iate between an intended and inadvertent or accidental launch ( o r

drop) . These ESD l imi tat ions m u s t be considered f o r each specific weapon sys tem, both in design
and analysis.



The environment to be sensed by an B S D depends upon the weapon's n o r m a l d e l i v e r y e n v i ‑

r o n m e n t . A n l i S l ) t h a t senses g a n d g-second product should h e designed t o a c t u a t e a t leve ls which
d isc r im ina te aga ins t a b n o r m a l env i ronmen ts inc luding tum‘ ) l i ng t y p e accidents. .~\ lock that hold»:

t h e I - IS I ) i n ms u n t i l an un lock ing s i g n a l i s supplied m a y a lso help reduce s y s t e m sens i t i v i t y to an

accident environment. I f an e lec t r ica l s igna l is ut i l ized fo r th is purpose, the lock input m u s t he
we l l isolated f r o m a l l t h rea t vo l tages or perhaps requ i re a unique signal to achieve incompat ib i l i t y

wi th unintended s igna l sources.
per iod m a y be a d v a n t a g e o u s in s o m e appl icat ions.

Requ i r i ng continuous unlocking power d u r i n g the g - s e c o n d s e n s i n g

Combined env i ronmen ts c a n a l s o be used in some weapon s y s t e m s to help the l ' JS f ) d i fferent iate
b e t w e e n n o r m a l and a b n o r m a l env i ronments . F o r instance. combined setback a n d spi l t cou ld be
ut i l ized in an a r t i l l e r y fi r e d a tomic p r o j e c t i l e to cause n o r m a l func t i on ing o f an l-JSI) s t r o n g l i n k .

A i r c r a f t - r e l e a s e d c r u i s e m i s s i l e s o f f e r a technical c h a l l e n g ei n d e s i g n i n g a d i s c r i m i n a t i n g

l-ISD because of { d r y low g-ar -ce lera t ion p rofi l es . [ i s an example of an l-ZSl) f o r th i s t y p e appl icat ion,

a m i s s i l e - s k i n fence could h e popped o u t u p o n W e a p o n re lease f r o m the a i r c r a f t t o supply a d i f f e r ‑

ent ia l a i r p r e s s u r i - o v e r a n extended p e r i o d o f t i m e a s a funct ion o f a l t i t ude and v e l o c i t y. A n l-ZSD

in the exc lus ion reg ion cou ld e i t he r be actuated o r perhaps unlocked by the p r e s s u r e d i f f e ren t i a l .

As an a l t e rna t i ve , the p r e s s u r e d i f ferent ia l could be used to g e n e r a t e a unique e lec t r i ca l s i gna l

h u g . , a chopped DC voltage) which could o p e r a t e a s t r o n g l ink stepping swi tch in the exclusion r e g i o n .

A n example w i l l i l l u s t r a t e a proposed

method to reduce the probabi l i ty of short
c i r cu i t s bypassing the c o n t a c t s of .m l-JSD.
F i g u r e 2 i l l us t ra tes a comb ined l i s t ) and

ou tpu t t r a n s f o r m e r o f a t r a n s v e r t e t ' i n one

i n t e g r a l package. F o r n o r m a l opera t ion ,
the BSD m u s t fi r s t respond to an intended

use environment of g and g-seconds to c lose

the c i r cu i t to the th ree te rmina ls o f the

t r a n s f o r m e r , i n th is C a s e a v i t a l element i n

the operat ion o f t h e fi r i n g s e t t r a n s v c r t e r .

S h o r t c i r c u i t s f r o m input t o o u t p u to f the

package w i l l n o t p e r m i t the t r a n s v e r t e r t o

func t ion , and the s t r o n g housing o f the p a c k ‑

age reduces the probabi l i ty of s t r a y AC

vo l tages inadvertent ly sho r t i ng to the input

terminals o f the t rans fo rmer in normal and

abnormal env i ronments. F u r t h e r poss ib le

advantages of th is approach toward isolation
and inoperabil i ty by removal of a v i ta l

element f r o m the fi r ing set unt i l ESD oper‑
a t i o n a r e discussed l a t e r .
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filIImL-tzx
The fi r i n g set/weapon detonator system is isolated in an electr ical energy exclusion reg ion

f r om a l l sources of e lectr ica l energy tha t could credibly be applied to the fir ing set/weapon det ‑

nnator sys tem. The only credible electr ical access to the fir ing set/weapon detonator system is
through a set of se r ies safety devices cal led s t r ong l inks. These s t r ong l i n k s , which are designed

to res is t abnormal environments. w i l l actuate in the i r normal mode only when an intended use
situation of the weapon exis ts . An intent switch is the pr inc ipa l type s t r o n g l ink that indicates i n ‑

tended use by responding to unique signals which resu l t f r om human act ion. An environmental
sens i ng device is a s t r o n g l ink that in many sys tems can prov ide a means of ind icat ing intended use

by responding to an env i ronment unique to the weapon de l i very mode. The se lec t ion o f the p r o p e r

combination o f in tent swi tches and FISD‘s i s h igh ly dependent upon the charac te r i s t i cs o f the spe‑

t- ific weapon s y s t em .

in this come t s , on ly the sma l l por t ion of the weapon system contained in the exclusion region

need he predictable in the abnormal envi ronment . Nuclear safety is achieved in the abnormal

env i ronments even though p r em a t u r e signals appear a t the inpu ts o f the exc lus ion reg ion .

l nope rab i l i t y

A second aspec t o f the safety concepts discussed in th is r e p o r t coaceras inoperab i l i t y.

Weak Links
I f i t were possible and prac t i ca l to des ign the ser ies safety device s t r o n g l i n k s and the

exclusion reg ion iso la t ing medium s t r o n g enough to isolate a l l electr ical signals f r om the fi r ing sct/
weapon detonator s y s t em through a l l credible abno rma l env i r onmen t s , nuc l ea r safety could be

achieved by th i s means alone. Howeve r, in many s y s t ems where severe environments (e .g . , very
high tempera tu res and l a r g e crush ing f o r c e s ) may be encountered in acc i den t s , and where p rac t i ‑

cal component sizes l i m i t the phys ica l spacing of conductors and st rength of components , i t i s

reasonable to assume that e lec t r i ca l isolat ion cannot be predictably maintained throughout a l l

environmental ext remes.

As examples, the con tac tc i r c u i t insulat ion o f s t rong l i nks may become e lec t r i ca l l y conduc‑
t lve a t ve r y h igh tempera tu res induced by fi r e s ; electr ical con tac ts ma y be fo rced together in

extreme weapon crush ing env i ronmen ts ; verge escapement mechanisms in 350 ‘s may break be ‑

cause of high shock leve l s , or ESD sil icone fluid may leak out because of deformation or h igh
temperatures. The cos t in s i ze or o the r parameters to improve the resistance to increasing en ‑
vironmental sever i ty may rest t l t in undesirable system penal t ies.

Fortunately a m i t i g a t i n g fac lo r can occu r : v i t a l elements of the fi r i n g set/weapon detonator
system may inherently ( o r by design) become inoperable when subjected to the same classes of
abnormal env i ronments that tend to make the s t rong l inks unpredictable. These v i t a l elements
a r e cal led "weak l inks."



Consider a C01! fi r i n g se t . The t r ansve r t e r section and h igh vol tage s to rage capaci tor are
v i t a l to the capabil i ty of p r o v i d i ng energy of the proper fo rmat to the weapondetonators. A means
of c rea t ing a predictable configurat ional change which would render the fi r i ng set inoperable under
abnormal env i ronmenta l i npu t s is to intentionally design specific weak l ink character is t ics i n t o

s ome or a l l of these v i t a l elements necessary to the chain of events leading to a nuc lear detonation.
The funct ion of the weak l i n k ( s ) would be to become predictably inoperable when subjected to e n v i r ‑

onmental i npu t s which exceed those leve l s o f the weapon's no rma l STS env i ronmen t r e g i m e . The

weak l ink should exhibit inherent p rope r t i e s f o r f a i l u re , preferably without depending upon external
passive or ac t ive devices to cause the des i red leve l o f inoperab i l i t y, and should depend upon the

"physics of failure" of i t s o w n p r o p e r t i e s to predictably produce the response mode expected and
des i red unde r the p r o p e r input conditions. To be credib le in a safety sense. these responses m u s t

b e i r r e v e r s i b l e , i . e . , the weak l ink m u s t n o t recover a s ign ificant po r t i on o f i t s f o rme r capabi l i ty
subsequent to r e m ) v a l of the environment.

As an example o f a weak l ink element in the fi r i n g s y s t em , the h igh voltage s t o r a g e capac i to r

o f the CDU fi r i n g s e t cou ld f a i l c omp le t e l y and ca tas t roph ica l l y ( f a i l t o h o l d a charge) a t e levated

tempe ra tu res because o f the ma te r i a l s and const ruc t ion methods used in i t s manufacture. To cover
the whole r ange of po ten t i a l abnormal env i ronmenta l inputs f o r weak l i n k e lemen ts may r equ i r e the
u se of m o r e t h a n one weak l ink in a s y s t e m , but th i s need is dependent on the s t r ong l ink character is t ics .

Other v i t a l elements of a CD1! fi r i n g set may serve as useful weak l inks: the osc i l la tor and
power amp l i fie r componen t s a r e potent ial candidates.

One more impo r t a n t charac te r i s t i c of a suitable weak l ink is that i t s physical/chemical]
electr ical features which de te rm ine i t s p red i c tab le r e sponse to abnormal env i ronmen ts m u s t be

ident ified and con t ro l led du r i n g manufacture.

in summary, a weak link should possess th ree impor tant characteristics:

1. I t s opera t ion is necessary fo r the fi r i n g set/weapon detonator s y s t em to function.

2 . i t w i l l predictably become i r r eve r s i b l y inoperab le a t the intended env i ronmen t

level .

3 . Paramete rs which insure i t s weak l i nk charac te r i s t i cs a r e iden t i fied and control led.

Co -Locat ion

The s t rong l ink iso la t ing devices discussed prev ious ly mus t be able to iso la te voltage sources

f r om the fi r i n g set/weapon detonator s ys t em un t i l a f t e r the weak l i nks become inoperable in the

abnormal environments. Because the s t rong l i n ks and weak l i n ks would be requ i r e d to function in
a c r i t i ca l relat ionship w i t h each other (energy holdoff un t i l d isab lement ) , a phys ica l re la t ionsh ip

between the two types of elements becomes a p a r t of the design concep t . The log ica l relat ionship
is one of close proximity or co-location of the l inks to facilitate the sensing of identical or near ly
identical environmental inpu ts . An environmental ly shielded weak l ink and exposed st rong l ink
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design configu ra t i on wou ld tend to defeat the purpose o f the safety element pa i r ; t he re fo re , co-~

location insofar as environmental exposure fo r both types of elements is equally as impor tant as
the use of the elements themselves.

The s t reng th r equ i r e d o f the s t r ong l inks is d i rec t l y re la ted to the weakness o f the weak l i nks

and to the physical re la t ionsh ip of the st rong and weak l inks. Idea l l y, the weak l inks would be de ‑

signed to pe r f o rm the no rma l weaponfunction re l iab ly throughout the ranges of no rma l environments
defined in the 811*, but t o pe r f o rm the i r safety funct ion by becoming i r r eve r s i b l y inoperable a t levels

of abnormal environment jus t beyond those of the no rma l environment. if the s t r o n g l ink could expe ‑

r i e n c e the e x a c t e n v i r o nmen t exper ienced b y the weak l i n k , then the s t r o n g l i nk would have t o per fo rm
i t s holdoff safety funct ion a l s o on l y barely i n t o the abnormal environment r eg ime . In a p r a c t i c a l sense,
the weak l i nks w i l l no t become inope rab le un t i l they exper ience an env i ronmen t much m o r e severe
than the max imum no rma l environment. The marg in above the max imum norma l env i r onmen t levels

resu l t s f r om severa l factors:

Ma t e r i a l p r o pe r t i e s o f the weak l i n k s of ten cannot be selected t o ach ieve the

idea l si tuation.

Response charac te r i s t i cs o f the weak l inks w i l l be semcwhat va r i ab l e because

of n o rma l manufactur ing to l e rances .

An environmental g r ad i en t may ex is t between a s t rong l ink and a weak l ink
due to the i r location wi th in the exclusion reg ion .

in tegra t ion o f a s t r o n g l i nk BSD and a v i t a l e lement to imp rove electr ical i so la t ion in abnormal

environments was discussed previously. F igu re 2 shown ea r l i e r i l lus t ra tes the use of a power

t ransformer as the v i t a l element. i f the t rans fo rmer can be designed as a suitable weak l ink and
paired wi th the ICSD in the integrated package, then the resu l t i ng device might have a highly p re ‑

dictable safe response in a wide range of abnormal environments.

The use of weak link/strong l ink componen t s , whether contained in a single integrated package

or s imply placed near each o the r, o f fe rs the weapon designer the capabil i ty to determine and set a
level of safety p ro tec t ion aga i n s t env i ronmenta l inputs above those exper ienced i i i t he no rma l STS.
Judicious select ion o f weak l i n k response modes and leve l s coupled w i t h co ' l o ca t i on and se lec t ion

of an env i ronmenta l d i f fe rent ia l as l a rge as p rac t i ca l between weak l ink disablement and st rong l ink
holdoff o f f e r safety p r o t e c t i on wi th a la rge degree of independence f r om p r e c i s e leve l defini t ions of

abnormal environments. The u s e of weak link/strong link/co-location design features a l s o can p ro ‑
v ide the des igner wi th the abi l i ty to analyze and test a s y s t em , and thus ve r i f y i t s safe ty wi th in

reasonable l im i t s of resource and ef fo r t expendi tures.

Care in packaging components (including s t rong l inks and weak l i n k s ) and the i r interconnections
mus t be exercised so that the electr ical energy exclusion features of the region a re not violated under
conditions of normal or abnormal environments. It is impor tan t to have determined the appropriate
weak link/strong link/co-location theme asanin i t i a l input along w i th component s ize and shape so
that these safety r e l a t e d fac to r s a re considered concurrent ly with packaging effic iency.



Susanne
Weak l i nks and s t rong l inks are co-located in an elect r ica l energy exclusion reg ion so that the

l inks w i l l r espond sequentially in a predictable manner to assure a safe weapon response if the
weapon s y s t e m is subjected to abnormal environments. Specifica l ly, the weak links w i l l become
i r r e v e r s i b l y inoperable and rende r the e lec t r i ca l sys tem inoperable before the s t rong l inks f a i l t o
maintain e lec t r i ca l isolation.

incompatibi l i ty

Another facet of the saiety concepts discussed in th is r e p o r t concerns incompat ib i l i ty. Incon ‑
put ib i l i ty of s i g n a l sources and loads as used h e r e means that the unintended s igna l source is i n ‑

capable o f actuat ing a p a r t i c u l a r sa fe ty -c r i t i ca l component o r subassembly in the weapon, i f the
unintended s i g na l sou rce and load a r e inadvertently connectedt o g e t h e r . T he incompatibi l i ty c h a r ‑

acter is t i c al lows fau l ts ( e . g . , loss of isolation between c r i t i c a l c i r c u i t s ) to occur wi thout loss of
safety: th is approach con t r a s t s wi th a common voltage approach ( c . g . , a l l 28-VDC c i r c u i t s ) i n

which isolation mu s t be ca re f u l l y maintained between compat ib le sources and sa fe t y - c r i t i c a l loads

that a r e no t intended to be interconnected.

Incompat ib i l i ty between s igna l and l oad can be in the f o rm of s ignal l eve l such as ZB-VDC
source versus a fiOO-VDC load , or lOO-mi l l iampcre source versus a 2.: impere load. I t can be in
the f o r m of energy such as e lec t r i ca l , fluidic, and optical; incompatibi l i ty can be in the fo rma t ,

such as a zit-VDC signa l versus a 2-kH7. AC load. I t is usual ly desirable f r om a nuclear safety
standpoint that some of these s i gna l s a r e unique within the weapon sys tem.

To ma in ta in an incompat ib le re la t ionsh ip between c r i t i c a l loads and unintended s igna l sources,
the character ist ics of c r i t i c a l load responses and signal source outpu ts m u s t r ema i n invar iable
wi th in p red i c tab le l i m i t s when the c r i t i c a l loads and s igna l sources a r e subjected to no rma l and

abnormal environments. The use of an incompat ib i l i ty concept w i t h i n a sy s t em is therefore se lec ‑
t i v e , and the concept is mo s t app l icab le whe r e prob lems in assur ing iso la t ion a r e expected or

where uniqueness of a funct ion is desired. Examples of i t s appl icat ion are :

l . The ma in fi r ing set in the exc lus ion region would be the only signal source
wi th in the weapon sys t em capableof supplying a signal of characterist ics
that would fi r e the m o s t sens i t i ve c r i t i ca l cable configura t ion o f weapon

detonators.‘ F o r instance, nei ther the main t r igger c i r c u i t , animpact
fuze, a command destruct c i r c u i t , a neu t ron gene r a t o r, a r ada r power
supply. a guidance and cont ro l s y s t em , n o r any o the r subsystem, powe r
supp ly, o r c omponen t would be capable o f supplying such a s igna l .

1
The mos t sensitive c r i t i c a l cable configuration is that set of one, two, or more detonator

cables that requ i res the least amount of energy to produce an unacceptable y i e l d (greater than
4 pounds TNT equivalent) .
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‘2. The two ( o r m o r e ) a rm i n g signals requ i red by the ma in fi r i n g set would be
of d i f f e ren t character is t ics so that neither signal applied to any set of
po in t s wi th in the exclusion reg ion would be capable of causing a rm i ng of
the fi r i n g se t or fi r i n g of the mo s t sensit ive c r i t i ca l cable confiLtUI'nliOH
of weapon detonators.

I t . in a CDU fi r i n g set sys tem, the power ampl ifiers would be unique signal
sources within the weapon sys tem capable of charging the main CDU to a
leve l sufficient to fi r e : h e mo s t sensi t ive c r i t i c a l cable configurat ion of
weapon detonators.

4 . T h e d r i v e mechan i sm o f a s t r ong l i n k in tent swi tch wou ld be designed to

rema in i nope rab l e i f any e x t r a n e o u s vol tage i s app l i ed . As discussed
e a r l i e r , the Crescent - type in tent switch requ i res t w o simultaneous input

s i g n a l s to d r i v e i t . One is a continuous 28-VDC signal to engage a clutch
and the second a ser ies of 28-VDC pulses to d r i ve the switch to the ready
pos i t i on . I f the second signal i s indeed unique w i t h i n the weapon s y s t em ,

then this approach would prov ide a high degree of assurance that the intent
swi tch w i l l be operated only when intended and not inadver tent ly through

c i r cu i t fau l ts in n o rma l and abnormal environments. Other f o rms of a
unique d r i v e s i g n a l to the in ten t sw i tch could be mo r e complex such as a

fixed nonuniform pulse width fo rmat . A coded pulse t r a i n s im i l a r to tha t

needed to unlock a P A L device cou ld be used, but in general th is appears
mo r e complex than necessary f o r nuclear safe ty. The concern here is
pro tec t ion aga ins t inadvertent operat ion of the intent switch by some natu ‑

r a l l y o c c u r r i n g s igna l f o rma t in no rma l or accident environments. The

pa r t i c u l a r select ion o f signal fo rmat i s h ighly dependent on ove ra l l weapon
sys tem considerations .

5. Monitoring c u r r e n t s and voltages that a r e al lowed i n t o a weapon sys t em

would be incapable of operat ing c r i t i c a l elements.

As mentioned earl ier. incompat ib i l i t y can be achieved by using fi b e r op t ic and flu id ic systems
which can o f f e r the additional advantage of transmit t ing informat ion and energy i n t o and ou t of the
exclusion region without causing e lec t r i ca l bypass o f safety devices. Incorpora t ion o f these type
sys tems could e l iminate ce r t a i n e lec t r ica l bypass prob lems and reduce const ra in ts on safety
devices.

in summary, an incompatibility concept can be implemented by using seve ra l d iss imi la r s ig ‑
nals to actuate var ious safety~cr i t ica l components or assure nonactuation of sa fe ty -c r i t i ca l components ,

. ' 0whe re incompatibility" means that, if an unintended signal source is inadvertent ly connected to a
cr i t i ca l load, the load wi l l no t respond in an unsafe manner.



SECTION IV -- SYSTEM DESIGN CONSIDERATIONS

Implement ing the sys t em concepts discussed in this-paper involves the selection of the type and

quantity of s t rong l i n k s , weak l i n k s , s t rong l ink actuation inputs, and arming signals used in the

weapon s y s t e m . These design selections and the design of the exclusion reg ion a r e highly dependent
on characterist ics of each spec ific weapon sys tem. The nuclear safety inherent in a design is i n ‑
fluenced by :

l . T he numbe r and types o f s t r o n g l inks

2. The number and divers i ty of weak l inks

3. The numbe r of ac tuat ion inputs requ i red by each s t r o n g l i nk

4 . The number and d i ve rs i t y o f a rm ing signals requ i red to a r m the fi r i n g set .

However, j us t adding "more" features doesn't necessari ly r e s u l t in a ne t safety gain wi th in a
p a r t i c u l a r s y s t e m since interact ion may be m o r e l i k e l y or safety .dcvices may be m o r e comp lex and
have less resistance to abnormal environments. When select ing the appropr ia te type and quant i ty
o f these en t i t i es t o meet p a r t i c u l a r goa ls . each weapon sys tem mus t b e considered o n a n ind i v idua l

bas is d u r i n g the design phase. These f ac t o r s c annot eas i ly be cons idered independent ly of each

o the r. Many of the s y s t em implementat ion considerations we re discussed e a r l i e r because of the
s t r o n g i n t e r r e l a t i o n w i th a p a r t i c u l a r t o p i c . Addit ional cons idera t ions a r e d iscussed in the fo l lowing

sections.

Strong L ink Selectio_n

An examina t ion o f the va r i ous ways in which a s t r o ng l ink may f a i l to p r o v i de e lec t r i ca l i s o ‑

l a t ion is r e q u i r e d to help with the se lec t ion of the quantity o f s t r o ng l inks appropr ia te f o r a pa r t i cu l a r

weapon sys tem .

F i r s t , a s t r o n g l ink may be elect r ica l ly bypassed by mu l t i p l e sho r t c i rcu i ts . By choosing a
sufficient number of a rm ing signals of the p rope r characterist ics and in ter rupt ing a l l c i rcui ts wi th the
st rong l i n k con tac t s , the bypass poss ib i l i t y can be reduced to l ow enough s ign ificance such that the

s t r o ng l i n k i t s e l f a n d the ava i l ab i l i t y of the ac tua t ion energy a r e the dominant areas of consideration.

A second manner f o r the strong l ink to f a i l to isolate e lec t r i ca l signals is f o r the actuation
ene rgy inputs to be avai lab le , thereby causing inadvertent actuation.

Third. the s t rong l ink c o u l d be inadvertent ly l e f t in the actuatedcond i t i on in s tockp i l e b e ‑

cause o f t es t e r f a i l u r e o r human e r r o r.

F i n a l l y, the energy avai lable f r o m abnormal envi ronments, such as thermal and mechanical

ene rgy, could cause the s t rong l ink contacts to close or in terna l e lec t r i ca l insulat ion to f a i l a t
leve ls below the intended levels.
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”Ut‘HUSc of the di fficul ty and cos t of gathering v a s t quantities of data to establish the actual.
probabi l i ty of occurrence of these types of fai lures (wh i ch could be ext remely s m a l l ) , the p rob ‑

abi l i ty of fa i lu re of a s ing le s t rong l ink to provide electr ical isolat ion is often estimated to be about
10-3 to 10-4. The safety requ i rements placed on the basic HIE/nuclear physics package in abnormal
environments is general ly stated a s ' a probabil i ty of l ess than 10-6 of a significant nuclear y ie ld .

Thus , f o r the leve l of nuc lea r safety contributed by the p a r t s of the weapon system external

to the bas ic ills/physics package to be commensurate wi th the safety requ i rements placedon the

basic HIS/physics package i n abnormal e n v i r o n m e n t s , i t appears necessa ry t o use a m i n i m u m o f

t w o s t r o n g l i n k s in s e r i e s to isolate arming voltages f r o m the fi r i n g set . I m p l i c i t a r e the a s s u m p ‑

t ions that

1. F a i l u r e of t h e t w o s e r i e s safety devices a r e independent

9 Threa t s ignals a re available a t the exclus ion region in te r face , w i th t h e

except ion of the unique actuation signal(s) to the in ten t swi tch

3. The ope ra t i ng env i ronment is n o t available to the environmental sens ing

d e v i c e i s ) . ,

The use of t w o or m are se r i es safety devices does not e l im ina te the poss ib i l i ty of s h o r t c i r ‑

cu i ts t h a t bypass a l l safety devices. Careful design and con t ro l o f the c i r cu i t r ou t i ng and insu la t ing
mate r ia l s in the exclusion reg ion m a y reduce the probabil i ty of th is type of bypass to the desired
level . H o w e v e r , a d i f f e ren t approach may a l s o be used to advantage: a v i t a l p o r t i o n ( e . g . .
o s c i l l a t o r ) o f the fi r i n g se t sys tem may b e isolated f r o m the t ransver tc r b y a s t r o n g l ink. i f i t i s

located e lec t r i ca l l y between the t w o s t r o n g l i n k s , i t c r e a t e s an energy convers ion or t rans fo rmat ion
r e g i o n . T h i s c r e a t e s an incompat ib i l i ty between A r m Signal 1 and A r m Signal 2 in the t r a n s v e r t e r

reg ion , a des i rab le concep tdiscussed in an ea r l i e r sect ion. An osc i l l a to r c o n v e r t s a DC c u r r e n t t o
a unique pulsating DC (perhaps lO-kH-I. square w a v e ) c u r r e n t external to the fi r i n g se t . Thus , DC
vo l tage s h o r t c i r c u i t s around both s t r o n g l inks w i l l n o t a l low a sui table a r m i n g signal t o r e a c h the
fi r i n g set . Incompat ib i l i ty is achieved and bypass faults a r e made high ly select ive.

Hypothetical Svstem Example_§

F i g u r e 3 shows schematical ly a single channel example of a hypothet ical weapon sys tem based
on considerations discussed above. As a basel ine f o r a generalized weapon sys tem, the exclusion
region contains a n intent swi tch and a n ESD f o r s t r o n g l i n k s , and several c o m p o n e n t s ident ified a s

weak l inks : a power a m p l i fi e r wi th a separa te o s c i l l a t o r, and a CDU fi r i n g s e t . The CDU fi r i n g
set is used as a model in explaining the exclusion reg ion c o n c e p t . Other fi r i n g set technologies
could be used to achieve equivalent resu l ts . The intent switch requi res t w o simultaneous, incom ‑

patible electr ical signals (one being unique) and t i m e to actuate to the ready condit ionwhere i t
latches. The ESD r e q u i r e s a min imum g-acceleration fo r a length of t i m e to measure a minimum
velocity change; the ESD latches in the actuated condit ion. Two a rm ing signals a r e requ i red to a r m
the fi r ing set . One of these signals is converted to a lO-kHz square wave signal e lec t r ica l l y b e ‑
tween the t w o s t r o n g l i nks . A l l a r m i n g and fi r i n g s igna ls pass through contacts of both s t r o n g
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l inks. i f the I-ISD r e q u i r e d a n unlock signal fi r s t , th is signal m u s t also pass through contacts o f

the intent switch.

In that a l l e lect r ica l a rm i ng and fi r i ng signals pass through contacts of the st rong links. a
l a r ge number o f con t a c t s may be needed. To reduce the number o f contacts and a t the same t ime

reduce the amoun t o f e lec t r i ca l w i r i n g which can allow shor t c i rcui t bypassing o f the s t rong l i n k s ,
fibe r opt ic s y s t ems could be considered to t ransmi t in format ion such as fi r i n g signals in to the ex ‑
clusion reg i on o r t o t r a n sm i t , f o r example, a t r igger signal out o f the exclusion region t o a neu t r on

g t ' n c t ' u t n r . As an alternate method f o r transmitt ing ce r ta in types of energy/information, fluidic
s y s t em s m. y a lso o f f e r cer ta in advantages .

The s y s t em componen tsi l l us t ra ted in F i gu r e 3 are packaged in an exclusion r eg i on adjacent
to the nuc lear s y s t em ; the o u t e r l a y e r o f t h i s reg ion is e lect r ica l ly conductive f o r l ightning p r o t e c ‑

t ion. The d r i v e mechanism, e l e c t r i c a l mon i to r ing c i r c u i t s , and safing mechan ism of the in ten t

switch a r e phys ica l l y and e lec t r i ca l l y iso la ted f r om the functional con tac ts in such a way that l i gh t ‑
ning cu r ren t s introduced in any of these con t ro l and mon i to r ing l i nes w i l l no t electromagnetical ly
induce significant c u r r e n t s or voltages in to the exclusion reg ion . Lightning cu r r en t s a r e shown
blocked f r om enter ing the exclusion reg i on by the combination of l ightn ing a r r e s t o r t e rm i na l s , a
conductive o u t e r l a y e r around the exclusion reg ion, and the open contacts of the intent switch. in
any accident si tuat ion that tends to separa te the exclus ion region f r om the HIS/nuclear physics
package, the design should ensure that the weapon detonator c i r c u i t r y is permanent ly disrupted so
that the detonators a r e disconnected f r om each o ther. Thus, e lec t r i ca l access by l ightning to the

weapon detonators a t a single point i s denied. F igu re 4 i l l us t ra tes the concep twith a 'vital element
removal" BSD.

Operat ional ly necessary weapon elements, such as fuz ing devices, option and y ie ld select ion

dev ices, destruct fi r i n g se ts , or o t he r spec ific devices requ i red or desired can be located outside
the exclusion region. The only safety res t ra in t on these subsystems external to the exclusion region
is that various voltages ut i l ized m u s t not duplicate unique voltages used with in the exclusion region
in e i ther n o rma l or abnormal environment condit ions.

S umma r v

Implementing the sy s t em concepts involves the select ion of the types of s t r o ng l i n k s , weak
l i n k s , s t rong l ink actuation i npu t s , and arming signals used in the weapon sys tem. These design
selections and the design of the exclusion reg ion a r e highly dependent on characterist ics of each
specific weapon system. As a sys tem design goal , the leve l of nuclear safety contributed by the
par ts of the weapon system external to the basic HIE/nuclear physics package should becommen ‑
surate with the safety requi rements placed on the basic HIS/nuclear physics package.
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