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CHAPTER 7
ELECTRICAL ARMING, SELF-DESTRUCT, AND FIRING DEVICES

Adt,anccs in the sta[e of Iht art OJelectronics have provided the fie designer with many nest: unique, ond cos;-effccsive
means of paforming accurate timing and numcmus and comp!ex~ing cosuml and !ogicfunctio?u This chapter discusses tht

use of electtvnic. elecmorhemicaf. and micmmechanical cirmils and devices in psvscnt-day elecfronicfuzes. Typical applica.

lions of etecrrically optraled components. such as switches and eiectmexplosive devices. arc dewribtd and illusrr~ed. The
use of electronic logic to peflorm safery Jinmions, e.g., fast-clock monitoring, sensor internsgasion. and safesy and arming

(S&A I monitonhg. is discussed. Examples of citr.irs and logic diugrams used to petform these /imrtions are provided. Z&
thco~ ati cwmm ttrhnology base for digiml timers and for Ihe components of o digiral timing system (power supply. time

base, and counter) are covered in detail. Numerous cimuin and semiconductor devices asrpresented to ilhsslmte the impact of
sratc.of-tht-an inwgraled circuits on fizc technology. The @al output of mo$r electmnicfizcs is Ihcjising OJW! electmexpfo-
siw device. tiamples of high. and Io.wmgyfiting circuits. design guides. and cq@ionr for culcukuing the energy output of
a capacitive discharge fin”ng cimuit arc provided. Microcomputers arc becoming more pmvalem in complex @zing Wstems
that require muhiple liming and safety lo8ic finctions. A genersd description and the oprrmioml chamcwissfcs of scveml

microcompumrs suitable for use wilh fuzing symems am discussed. Recent tires in the firfd Of micmekcmmic chips have
led IO the developmem of micrumechanical sensors of envinmmrntal&sors, i.e.. acce]rcalion. pressurr, aml fofre. A micm.

mrchanicnl accele rume:er design is descn”bed,and size, pe~orsnance, and sensitivip dam ore prcsen Ied Electrochemical tim-

ers. capable of peforrning :iming fsom seconds m monlhs, arc described, and their advantages for fizing applications arc
disrusstd. Design wchniques for achieving a reliable design in elcctmnic jizes am riled, ond the rdative merits of comsncr.

rid u milimry high- re[iabiliry elecmonic componesm are compared.

7-O LIST OF SYMBOLS

C = capacitance.F or yF
Cr = capaciumceacrosstransistor.p F
C. = OUIPUIcapacitance,pF

E = smred eleckical energy, erg
J = frequency. Hz

f0u7 = OUIPUIfrequency Of Osci[fa~on. MHz.,
g = acceleration due m gravity, mfs’ (fds - )

1, = peak poim current, LA
/, (MAX) = maximum value of /,, p A

In = run current, A
1, = stop currcm. A

/. = valley current, p A

R
K=; . dimensionless

P’ = average power dissipated by basic invencr.
pw

R = resistance, (2
R. = rcsismnce A, 0
R. = rcsiste.nceB, n

R:R,
R= =

~’
n

R, = resistance L, f)
R$ = sesistancc S, r2
R, . msisamx T, C2
R, = resistance 1, ~
R: = rcsisbmscc 2, S2
R’ = required bleed resistor, Q

T = period of simplest RC mtdtivibnwor, US

TA = Fried of oscillation at pin 13.s
T, = psricd of oscillation at pins 10 and 11, s

T, = period of mcaMicd ,RC mukivibrator. US
r = period of oscillation, ys

I=tinsc, s
v = supply voltage, v

VA= VJ+V,, V

v ~“, = Em nwfirc Vollage, v
Vcc = cimuit positive volsagc, V

VD = diode fonvarsf voltage &-0p, v
VDD = ~wer supply voltage, V

V,. = input wohage,V (See Fig. 7-20.)
V~O.,,1~ = nn-fire voluigc tums.sbkedcr resistor,V

v, = OutpulVolmge,v
v, . slopVolosgc.v
V, = mn volmgc, V
V, = set VO1~ dcmrndnsd by R1/R2 do, V

V$j . ciscuit negtivc grsxsnd.V
Vr . offset volsage, sypicafJy 0.4 V

Vrn . Imnsfcr vo}mge as switching point of

inverlcr, V
Vv = Wdky VO)M& _ f).ci v

v, = stop Vohagc, v

n = duty cycle, dimensionless

7-1 INTRODUCI’ION
Since 1970,a wide wlricSy Of ncw elcdrcmic &vices b

become available to the elecounic fuzc designer. lksc ncw
dcviccs have made previously used electronic componcnta
obsolete, including vacuum Iubcs, cold cathode diodes, snd
square loop magnetic cores. The elccsronic fuzes of today

7-1

.—

Downloaded from http://www.everyspec.com

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


MIL-HDWG757(AR)

I

rely heavily on the functional complexity available in stan-
dard and custom imcgrawd circuits. The dominant inte-

grated circui[ (lC) technology used today is complementary
meml oxide semiconductor (CMOS) because of is bigh-
noise immunity and low-power consumption. Major
advances have also been made in resislors, capacitors, crys-

tals, inductors. and in the packaging of dmse componems,
They are now available in ultraminiature packages, which
are auached [o a substra{e or 10 a printed circuit board by
surface mount technology. These advmccs have led m
ex[remely small. very rugged circuit designs.

Olhcr IC technologies that might be considered by the
fuze designer include

1. HCMOS—high-speed CMOS
2. 7TL-uansismr transistor logic
3. LS~—10w-pcIwer Schottiy ‘fTL
4. ECL-emitter-coupled logic

5. IzL—intcgra[ed injection logic
6. FAST—Fairchdd e,dvanccdSchonkyTfl-
7. SOS—silicOn.On-sapphkc
8. Ga.%-eallium arsenide.

CMOS origin~lly could not compe~e with tie speed of
Tfl logic. but mday CMOS is able to match tic speed. In
fact, CMOS rcpktccmems for many lTL ICs are available
in the HCMOS family group.

The influx of new information and mcbnologies presents
a problem to u<riting a handbook thai is 10 contain the latest
circuils and techniques because the electronic technologies
of mday will be superseded by newer ones in the very near
future. Thc best (hat can be done is 10 give tie designer
background information and 10 im~css upon hlm tie need
[o reb,iew the current Iiteramrc before selecting a circuit,

7-2 COMPONENTS
7.2.1 SWITCHES ‘

Switches used in safety and arming devices (SAO) mIISI

be small and rugged, must close (or open) in a specified
[ime. and must remain closed (or open) long enough to do
their job. Swiichcs can be opcrmedby setback,ccnrrifugal
farce Orimpact.

A typical uemblcr switch, as illusumcd in Fig. 7-1, is
essentially a weight on a spring. When the velocity of a
munition changes, inenia} forces cause tie weight m deflect
tie spring so that the weight makes comact witi tie case.
The switch shown has a cunem rating of 100 mA and opcr.
ales m accelerations of 40 to Ifll g.

Ideally, the sasitivity of an impact swi[ch should remain
conslam as tic swiich is rotated almm its lcmgitudiml axis.
but tests on cantilevered switch designs, Iikc tiosc shown in
Figs. 7- I and 7-2, show wide variadons in tolerances. The
variations in swi!ch sensitivity are getmnlly due [o eccen-

tricities between the contact and contact housing and varia-
tions in [he spring constant.

The design of k impact switch in Fig. 7-2 is less suscep
tible to tangential accelerations than the switch in Fig. 7- I

Sa911na Campound

\ “r
Load

SWIM HouslrqI

~ Insidsfor
{

kPrhw Contaa TemAsaI -

ii

F@we 7-1. Trembler Switch

r Insulanon

Spring ~

~~ 7-2. bW-c05t Bi hpact Stitch
(3ao-1000g)

and ba.s impmved resmm.m resistance {o in-flight vibrations
end oscillations.

Switches lba[ sense setback. spin, and impact arc cur.
rent] y being developed as micromectilcal cantilever
beams of silicon. silicon dioxide, or phomewhcd metal with
dimensions ofa few microns.

fmpact sensitivity and rclitillity can be improved tIy
mounting two or mort switches radklly in spinning muni.
tions or mumafly pe~ndiculsu in rmnspinning rnunds, as
shown in Fig. 7-3. If possible. elccuonic logic should be
incorfmrated in fuzes employing impact-operated switches
10 prevent the fuze from functioning if closure is sensed
prior to arming. Also to cnfsanc.ovetiead safety, the switch
should be out of tie detonator firing circuit as long as is
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(A) Mounting Technique for Spinning Munitions (B) Mounting Technkpe for Nonspinnlng Munitions

l%zot-e7-3. Mountim? Techssfquss for Impact Switches for Spioniog and Noospinning Munitions
7Ref. 1)

practicable. consistent with the opcrmional requirements of
the munition.

Fig. 7-4 shows a mercury-opmted cemrifugsd swi!ch. As
{he munition spins about i~ axis, mercury in tie right com-

panment ~neuates the pnrous barrier m open tie circuit.
The switch has an inhcrcnl arming &lay that depends cm the

porosity of (he barsicr among other fac[ors. Mercury

switches should not bc used M Iempcranms below -40’C
(-40”F).

HcaI generated in shermal bancries can lx used 10 acli-
vate simple. reliable !ime-delay mechanisms lhat pcnna-

ncmly close an elccuical circuit a some specified
wmpraturc. Perfmmmce of these devices as delay ele-

ments depends upon close conmcd of lhe rssc of hear mmsfer
from !bc battery to lhc chmnssl switch. Their application

generally is limited 10 relatively shon Iimc delays (up m a

few seconds) and 10 applications for whkh Iigh accuracy is

not required, Two switches of tis Iypc are shown in Figs. 7-

5 and 7-6. These fusible4ink lhermd swilches me used to
provide lhe electrical arming delay and du self- dcsbucsion

IhuIw
Spin AXIS

Figure 74. Switch for Rotaled Fums

)

delay in rhc M217 Hand Grenade fuze. Bolh switches oper-
ate over an ansbieni tempcrmure range of -40” to 52°C

(-40° to 125”F).
The arming &lay switch, shown in Fig. 7-5, closes within

1.0 to 2.4 s sfscr initiation of che sherccml battery. The switch

conmins a tilum-lead-zinc alloy disk having a ncclcing

point of about 138°C (280”F). This disk is adjacent 10 a

larger fibergims disk. which is perforated with a number of

small holes. When lhe metallic dkk melts, chc molten metal

flows h-ough the holes in chc fiberglass, bridges the gap

between chc concms snd closes che switch. Coating chc
fiberglassinsulscor with a wcoing agent 10 improve the flow

of che molten mccal gives more uniform switch clossus.
l%e self-desauction switch, shown in Fig. 7-6, has an

average functioning time of 4 to 6 s. Closure times range

from 3.5s at 52°C (125°F) to 7.0s at -40°C (-40°31 Its

chcrmal)y activaccd e)emenl is a pressed pellet of mercuric

iodide, which has insulting characteristics at nomsal ccm-

pcmrums but &comes a good clccoic’d conducror at its

Holes

(A] Opsn Posltlon

I&bmor cu’k4
(B) aossd Posluon

FigUm 7-5. Th!rsml Deiay Asmiog Swtkb
&f. 2)
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COmacl
T,mIIormum-5,rtsttiwEimurn (~1~

Canmd
Iuu!auon
CanmO Spilq

(A) Open Posi6nn (E) C!QsedPOsllion

Figure 7-6. l%ermal Delay Se3f-De.5ttwction

Switch (Ref. 2)

mehing pain{. 260”C (500°F). More uniform swiich clo-

sures are ob(ained by spring Ioadlng one of the switch con-
Iacts. This brings the contacting surfaces togedwr dmrply

when the iadide pellet melrs snd reduces contact resisisncc

in :be closed swilch to a few hundredth of an ohm.
Allhoufgh other rhennal-sensitive devices, such as bimel-

ds. can h feasible for thermal switch applications, the fus-
ible link appcsrs 10 possess rhe advantages of simplicity,

safety. and reliability. IIS compactness snd rugged design
make it resis[am to damage or malfunction caused by rough

handling, shock, or vibration. Also here is Iillle vsriation in

the temperature at which tie switch closes bccaose the tem-
perature is determined by the melting point of the tijble

link. Bimetallic thermal swilcbes often must be individually

calibrated and adjusted and dwesfrer may bs subject to

deformation or premature closure. Cos! snd sizs also favor

Ihe fusible-link design. The primmy dissdvsnrsge of fusible

link switches is thaI lbcy are one-shot devices tint cannel be

rested or reused.
Ambiem lempcrmure variation can gm.nUy SKCC1 the

function time of a thermal switch. Csre should be rsken to

install the swi[ches so that their mnbknt tempcrsmm is kept
ss ncsrl y consram ss possible. l%e following precautions
will sid in reducing Lbe adverse effects of variauOnS in

smbicnt temperature:
1. Place rhe rhemml switch ss class 10 tlM hew source

ss prscricable.
2. Minimize the msss of themml switch components

and of any compnents interposed between the heal source

and rhc thermsf switch.
3. Use materials with low specific heat wherever pos-

sible.
4. Control the qusntity and cslorific vsku of Lbe heat-

pmducing malericd.
5. Contrcd he tbcnnaf insulation of lbc mssmbly.

6. Control the mmufacluring tolerance of compa.
nems.

7. Conrml the uniformity of sssembly, including
assembly pressure of companenfi and intimacy of conract ~)

between mating surfaces.

7.2.2 ELECTROEXPLOSIVE ARMING

DEVICES

7.2.2,1 Esplosive Motom

Explosive mows w devices rbs[ produce gas at high
pressure in short periods of time in a classd volume for the

PVX Of doing work. They wc smsfl, reliable, one-shot
devices well-suited to remnte conoml of smsll movements,
such IISswitch clasarss. Most explosive motors sm eleari.
cdly initiatsd. Hence their initiation mechmism snd rbeir
input chsracreristics us the ssme ss tbax of the elecrnc ini-
tiators described in par. 4-3.1.4.

A dimple molor, ss shown in Fig. 7-7, is similsr in con-
struction 10 m electricdetonator, except tbal the bottom is
concave snd the explosive is a small gas-producing chsrge.
The pressure of tie gss liberated by the reaction invens rbe
concave end m a convex surfsce. A typical dimple motor
impmts a 2.54-mm (O.1min.) movement against a 35.6-N
(8.00-lb) losd. Csreful dssign of the relatively complex cur-
vature of the dimple and scsurste control of rbe metal con-

dition SK necesmy for reliable snd satisfactory functioning
(Ref. 3).

Bellows motors, ss illusosmd in Fig, 7-8, consist of a
numker of convolutions, which expsnd under rhe gss prss- ~)
sure produced by tie motor charge. l%ey me used where a
longer (up to 25.4 nun (1.0 in.)) or sngular stroke is
mquimd. llwy am capable of producing forces of up 1044.5
N (10 lb) or torques to 3.39 N.m (30 Iilb).

Piston actusmrs, as sbawn in Fig. 7-9, sre snotbcr form of
explosive motor used in many madem munitions, l%e
extendible version shown is capsbk of shesring a 1.27-mm
(0.05-in.) pin over a miniium oavel of 5.1 mm (0.20 in.).

Othsr piston sctustors me avsifable with ompms up 101335
N (300 lb). There am afso rstrsctabk versions snd a rotsry
version saflsd a ROTAC.

Esplosive momrs amy be ussd to move. lock, or unlock
m arming dsviss. m by may be used to opsrats a swkch.
Dimple motors arc otisn u.@ ta class su elsccfic contact. =
described in pa. 7-2.2.2.

7-2.22 Electrocspfosive Switshes

Espkaive switches w n dimpk maw or piston to drive
a contsctmsembly to perform a mccbrmicaf switching oper-
sdon. In the dssign shown in Ftg. 7-10. the piston contact is
displacsd by a dimple matoc this displacement onsbarts the
two spring-bmled contacts and C1OSSSa second psir of CmI-

.

tsms. The switching time for Ibis dsvics is 1sss than 15 ms.
Although this design is used in cmremfy smckpkd fuzes,

cbesfxx d mom rdiabk swkching mcthads am avsilsbk
in solid-stste ekcauaics. 9
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1234 6

1

::;
: Sla9ve
4

?e%#%%!~m Resorcinate 9:F&
CaSi02
V##ptian Lacquer

5
Washer

7 Lead Styphnate Spot Charge

El 6’

(A) Dimple (B) Dimpla

Bafore Firing After Firing

Figure 7-7. Dimple Motor T3E1

Plug FetnJle Bdfows

Lead ~’phnste
\

Molof Cheqe

spot Ch.qre Lead Momnirm Reaom”m?fe 95%

m 5%
Wnh NhmaWktes Is@er

Figure 7-6. Bellows Motor, TSE1

7-2.3 ELECTRONICALLY CONTROLLED

FUZING FUNCTIONS
in electronic fuzes, the elcmrrmics section of the fuzc

may he required (0
1. Am the fine after a selccud time delay
2. Detonate ihc fuzc after my of the following condi-

tions: impact, deley tier inqmcv, efler a preselected tic
delay, or after tueipt of a signal fmm a Iarget proximity

sensor.
3. Perform functions such as time gating, switch status

monitoring. ANDIOR tinctions, and srquence monitoring.
h is critically important that Ihc fuu 001pmmammly ann

or detonate. To prevem prcmamm arming or dcmnming,

Motor Chat’pe

Led Mnmnllm Resordnme 95%
K- 5%

/

? 1

L&dSwhne!s Spfd Chame

Figure 7-9. Piston Actuator Used in M762 Fuze
(Ref. 4)

design safeguards am included in tic clmrcmic fuzc design.
some Iypical safeguards arc a fas[-clcck monilor to prevent
premature arming and sensor inmmogmion to prevent pm.

mnnvc dclonstion.

7.23.1 ~CCtNIniC LO@C Devices

Elccaunic logic devices can & usrd in conjunction with

a system clock and smnse form of counter 10 perform a vmi-

ety of logic and conrml functions. The technology m
mmmnnly used in ardnstm applieadons is CMOS. TIE

simplest CMOS logic element is the inverkr, which mn-
tain.s IWOmetal oxide semiconductor (MOS) transti (a
“’F’ lyfx and an TV’ type) conndcd in series, as shown m

Fig. 7-11. l%e -n for its extremely low static, cmquies-
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Figure 7-10. Switch, Electmexplosivq MK 127 MOD O(Ref. 4)

-D-Input output

VDD

I

(-1OOOf-l

-_ Sw 1

out
‘+r

High I

r

Low
L .-

Sw 2

(A) Basic Invefier (B) CMOS Transistor Equivalent (C) Functional Equivalent

F- 7-11. Basic I@c Inverter

cent. current drain is that for either logic level input (1 = +V

m O = ground (GND)) to the inverter. one or lhc other MOS

Iransislor is off. ‘flmrc fore, vinuafly no current flows

through tic invcrwr. For example, tfu msximum input cur-
rcm for a CD 401DOB(32-singe static lcftfrighI shih rcgis-
kr) is specifiedm 100 nA a[ 18 Vdc and Z5°C (77°F). The
invcncr changes SIMCSas the input signal rises and fafls.
The typical switching fmin[ is within 45 to 55% of positive
dc power supply vohage V... ‘f%erc is a momentary pmicd

during the switching process in which both the “p” and “N

transistors are simukaneousl y on, ‘and this condkicm gives a

make-before-bmak action. During this Fcricd a resistive
load of approximately 2fXXl ohms is placed acres the
power supply. his load institutes one of tbc elements that

make up k dynamic current drain of LIE CMOS invencr.
The mhcr two elemems that contribute to dynamic current

drain m-s parasitic node capacitances and any load cnpaci-

tanw. For a capacitive load tie average power P’dissipated
by tic basic invener, if driven with a square wave input, is
given by

F = Covl pw

7-6
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where show how a variety of logic devices can he combined to
C. = output capacitance. IIF perform some of tie functions listed in par. 7-2.3. The fuze

v = supply voltage. v

f= frequency. Hz.

llc basic two-uansistor invencr can be used IOconsh-uct

more complicated logic devices (gales). For example. a

quad-two input NOR gale is shown symkdicafly and sche-
matically in Fig. 7-12. Sixleen “P and “Nu-aosistorsarc

required m construct tis device. A more complex device,

such m a6-1-bii stalic shift register.cm contain more hn
IOM uansislors.

7.2.3.2 Typicaf Application of ElectmnSc Logic
Fig. 7-13 prcscms a logic diagram of a generic bnmb

fuze. ‘fhc generic fuzc is for illustrative purpnses only to

10

20-

D’
(A) Single Tvm4npuI NOR Gate

provides (hree arming times:
1. Retard-2.625 S
2, Dhe-5.500s

3. Level— 10.wo s.
The fuzt afso provides four impacl.delay limes:

1. Insmma.neous
2. Short-10 ms
3. Medium-25 ms
4. Lang-do ms.

The fuze contains
1. Fast-clock monimr

2. Ann switch monitor
3. Tnrget.detecting device fTDD) monitor
4. fmpac[switch monitor.

14

T

VOD

10

L

1

68

-09

P
50

(B) schmucic Repluoenrmlon d co ml

Figure 7-12. Quad-Two Input NOR Gate
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A fmt clock (defined in par. 7-2.3.31 or an improperTDD 2. Two redundanttimers running in paralkl. If he out-
or impact swi!ch ompm will cause a dud as will a fuzc lhat pm.sof bmb arc nol simultaneousal some poim, tie system

is armed before 1.0s after launch. will fail 10 functicm or will accept the clock thaI has the

longer time period. TM circuitry of tieac timers is shown in

7-2.3.3 Fast-Clock Monitor
The fast-clock monitor is intended [o safeguardagainsta

systemclock that has changed fmqucncy so [hat i! is mn-
ning m a significamly higher frequency Wan desired. If the
system arming time is being derived from a master clock,

dangerously shortened arming times can result if tie clock

nms fast Some techniques fnr safcgu?dng against tie haz-

ards created by a mnaway system clock arc
1. A narrow band phase leek hmp (PLL). show sche-

ma[icall y in Fig. 7-14. which can b used m monitor the
master clock. If lhc master clock frequency is owside the
PLL lock range (high or low), the PLL will indicate lhis

facl. and an appropriate logic decision can be made.

Fig. 7-15.
3. Use of a simple resistor capacitor (RC) network to

determine whc!her du m=tcr clock frqucncy is proper.

7-2.3.3.1 Fast-Clock MonktorCircuits
The fast-clock monitor circuit of Fig. 7-16 operates as

follows
1. The system cluck fi’equency of 32.76S kHz is gatcd

after launch via AND gale 1 imo he binary coumcr.
2. AI launch, flipflop (FF)l is set and capacilor C

charges via resistor R After 3.7 ms. invcrter (fNV) goes low

and diades ANO gaw 2.

t+ E:

Vf)fy

Clook tO Arm
Master Clock PLL

CD 4046

Lock

Bandwidth

* 5%
CD 4011

L@ Inclicator

=

Figure 7.14. Plume Lack Loop Fast@lock Monitor

[
Timer 1 so

R

Caer

so
R

clear
s. set
Q=oufpld
R- Reset

Fv 7-15. Redun&nt llmers
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system Clear
Y

El-System Clear R

Q
Launch s

30.5 w

~
System Clc&

RC -3.7 ms

R ND

so

R

s Q
Dud

Signal

I

FF2

=

I
IH

Rsa

3.9 ms 100

Q1Q2Q3Q405Q0708
011’

Binary C%unter
Oouc
1 1A

A
Syslem Clear

R- RaSal

s-sat
0- Oldput
NC- No Change

A - Domlnsied by

Sat = I Input

F@me 7-16. Fasl-Closk RC Monitor Circuit

3. [f (he sys{em clock is operating correclly, QS of the ?he fast-clock monitor circuit of Fig. 7-17 operates as

binary coun[er will go h]gh 3.9 ms afmr launch, but i! will follows. An independent RC multivibrator running al 35

not be able {o pass duougb AND gate 2 becauae AND gate 2 kklz is used to monitor the 32.768-kHz, crysml-based sys.

was disabled at 3.7 ms by the RC circui!. However, if the mm clcck. A( launch AND gales 1 and 2 are enabled pcrmil-

syslcm clock rans fast enough m cause Q8 10 go high before ting the 35-kHz and 32.768JcHz clncks 10 drive binary

3.7 ms. {hen the nutput of AND gate 2 will go high, set FF2, counters 1 and 2. If the crystal clock is operating correctly,

and result in a dud signal. Q8 of counter 2 will go high kforc Q8 of CCIIImerI t and tie

f= 35 kHz

I

RC Binary Counter 2

Multivibrator Q1Q2Q8Q4QbQ8Q,Q8

\T
1

Launch
Rc

4 Dud
? ? SC= Siguid

AND2

32.768 ILHZ Binary Counter 1

Clywd Osziuator %% Q9Q4Q8QeQ IQ 8 R= Reset

system Closk s= sat

QmOutput

Fii 7-17. Fast-Closk Multivibrator Monitor Circuit
@
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*

output of FF2 will be rese!. will disable AND gaw 3, md

will prevent a dud signal from occurring.lf lhe crystal clock
is operating a[ a higher frequency man 35 kHz, however,
then Q8 of counter I will go high before FF2 can & reset.
and a dud signal will occur.

7.2.3.4 Sensor Interrogation
A wide varic[y of sensors can bt used to initiate the deto-

nation of a high-explosive warhead. Typical devices USA to
initia[e detonation on mrget impact are trembler switches,
incnial switches, ingestion switches, crush swilches, capaci-
mncc swi!ches. and piezoeleclric cryslafs. Other, more
sophisticated devices arc used to provide some standofl
from tie target when the warhead is demm[cd. Someexam-
pks of swmdoff sensorsare (I) mechanical probes, bntb
extmdablc and fixed. which can prnvide standoffs of sev-
eral centimeters to several meters, and (2) electronic s-en-
sors, i.e.. radio frequency (RF). inf’mcd (IR). capacitive.
and op[ical. which can provide sundoffs of a few cenlime-
Iers. a few meters. or hundreds of meters.

Although a premature initiation of the warhead usually
would not be harmful m the launching vehicle because of

the SAD. overhead safety could bc compromised sndlor
warhead effectiveness could fx reduced to zero. Sensor

interrogation is the use of an electronic timer and elecmonic
gates and logic m determine the status of a target sensor
prior to and afler arming and to adjust fuzc operation to
compensa[c for a defective sensor. The logic diagram
dcpic[ed in Fig. 7-18 comains two sensor imermgation
schemes: one for a TDD (RF. oplicah Or POfd ad One fOr
an impact swilch.

The STINGER fuze M934, described in par. I-3.3.2 and
Ref. 5. contins numerous safety and status sensor logic cir-
cuits to detect duration of launch acceleration, rccket motor

staging, safety md arming (S&A) rotor warm, impact
swilch, and hard-target swilch interrogation.

The launch sensor is a simple spring-mass system similar
Iotia[ illusuatedin Fig. 7-1. ’llisswitch ismonitnmd for
tic fimt 40 ms after launch, md if it remsins clmcd for mnre
tian 20 ms, & S&A coumcr is activated. If tfw switch does
nm remain closed for he required 20 mso no fu ~ng
function occurs.

Separmion of the launch motor from k missile (staging)
is~nsed byasimplc shnriingc lip. Upcmstaging ti clip is
broken; this action enables the t3ighI motor igniticm relay,
tic arming actuator, and the Iligbt motor timer. Absence of
pro~r staging results in tfw fuze nnt functioning.

During the fimtsccond of fligbt. tiStimtorstitmis
monitored by an clcclronic abml stitch (pbotalecmic cell).
If mmr motion occum during this perind, the abcm switch
senses it and provides an initisdon signal to m explosive
piston aciuator, which tires and permanently blocks arming
of the rotor.

At arming. which occurs one second after fauncb, a signaf
is generated by the main tizc timer, wfdcb enables k

impact switch circuitry and interrogates lhe h&d.target-sm-

sor circuit. lmpac[ switch closure prior to this time is

ignored. Imerrogation of the bard-target-smnsor circuiu con-

sists of determining [he SUIC of the sensor and generating
corresponding enable or disable signals.

7-3 DIGITAL TIMERS
7-3.1 THEORY AND CURRENT

TECHNOLOGY BASE
A d]gimf timer syslem is generally comprised of a power

supply, a time b.we (clock, oscillator), al least one fkquency
counter, various logic elemems, a preset circuit (for prw
grammable timers), and cbcck circuiuy (either self-check m
external check). A digitaf timer cm beconstructed from var-

ious clnck.s and digitaf lCs (counters and logic) to provide
the desired output times and control logic. ff size is not a

constraint, these various devices can be purchased in strm-

dard packages (dud in-line package (DIP) and single in-fine
package (SIP)) and assembled on a printed ci~uil ~. If
size is a constraint. packaging options arc available to pcr-

miI the designer to shrink tie circuiuy. Some examples of
~ksging options arc

1. S-// Oudinc Infcgmred CimuiO (SOJC). These
.&ices occupy one-fourth to one-third of the circuit board

area occupied by m quivafent conventional DfP.
2. Smul/ Outline ‘frrmiskvr (SOT). ‘31mc devices

occupy one-tenth to one-fourth of the board area of an

quivafent conventicmaf TOl 8 or T05 uansismr.
3, Ladfcss Carriers. An [C chip cm be purcbasuf

from mmy. manufacturers and” assembled imo a lcadless

chip carrier with a dramatic decrease in required space. e.g.,
a 16-pin device is 6.35 x 6.35 mm (0.25 x 0.25 in.) and
replaces a 16-pin DfP. which is 7.6x 20 mm (0.3 x O.g in.).

4. Quari-Cuswm Integtuted Citruiti (gare arrays,

smnaknf cells). A timer &sign requiring severaf DfP

&vices can very often be in~grated into one or two quasi-
cusmm integrated circuils at relatively low cost and can

yield a truly dmmadc reduction in h board fuea mquimd.”
5. FuIfy Custom Integwed Cimuits. A Iid]y cm.

IC yields the ufdmate in space savings because e.acb custom
device is tailored tn the tilgner”s requirements. llds tab-
nique permits integration of Lbctimer functions in tfw smafl-
est volume. 1! is more efficient than quasi-cuwmn designs
because tbmc is no wasted space. Quasi-cunnm &signs

gecmaoy have a Utifhy fxtm of So to 90%.
6. Micmpmccssom. Very often, the most econnmicaf

implemcntadon of a digitaf timer can bc designed by using a

micrnpmms.mr with on-board pmgmmmble md-mdy

memmy (ROM). ‘h ROM can be mask pmgmnmd tn

mea individual w rquiremenw m ii can be an electri-
dIY cmddc F09mmabIc ftoh4 PROM), wbkb P-
mits the user to modify M Proe if systsm rquimmcnn
change.
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e

10

The design techniques using discrete ICS are very differ.
ent from the techniques using a microprwessor. With the
discrete ICS the designer creates hk own architecture and
must bc familiar wirh various logic families 10 minimize the
numkr of DIPs required. Wilh the microprocessor, its inter-
nal architecture slrcady exists, so tie designer must write a
program which most efficiently uses that internal architec-
ture in order to achkve his system requirements. Micrrrpm
ccssor systems require a higher system clock frequency than
discrew designs and more input power. Most microproce-
ssors run at 5.0 Vdc, which may not be true for discretetim-
ers.

Fig. 7-19 is a schematic of a typical digital 16.s precision
timer witi high. energy output.

7-3.2 POkVER SUPPLIES
As mentioned earlier, most recent digital timers for fuze

app]icalions are constructed from some typc of CMOS tech.
nology because CMOS is currently the most energy eficicm
IC technology. especially at lower fiquencies (cl MHz).
The faci that space is usually at a premium in a fuze dictates
minimum power supply volume. Examples of power
sources for ordnance applications arc discussed in dcmil in
Chapter 3.

Very small power supplies generally contain enough

energy and current capacity m power a CMOS timer for
much more than 200s. The designer must provide a battery
ompm of 3 m 18 Vdc and must consider the activation time
of the batmry if timing accuracy is critical. Concern aboui
activation time is imp~rtam if the timer derives is $IM sig-
nal when tic ouiput voltage of the bamy rises to rhc
threshold of a vohage level sensor. Ilk activation time of
the battery rhen becomes an ecmr tcnn in defining the OUC
accuracy of rhe timer. This error time can bc eliminated if
the battery is activated &forc launch or if a clurrgcd capaci-
mr can pwer the timer during rhe fmt 251050 ms of posl-
launch operation while lhc b~tmy is activating. in his case,

EMM

=a-
Omml

61M

F!4T
l%

F@re 7-19. I&Second Preckion Ordnanm
Timer

rhe timer sun signalcould bc provided by a setbackor spin

swilch that closes within a few milliseconds of launch. This

assumes a power supply is available prior to or during
launch to chwge the capacilor,

Supctcapacity capacitom arc a relatively new lcclmology.

They have been advertised as “keep-slhm”’ power sources
for nonvolatile random access memory (RAM). These

“supercaps’” contain one fsmd or more of capacity and, if
charged to 5 Vdc, can Pwer a CMOS timer for an

cxucmely long time.

7-3.3 TIME BASES (OSCILLATORS) FOR
DIGITAL TIMERS

oscillators am.used as time bases for digital timers and,
for most current digital ticning applications, can be broken

down into four types relaxationoscillators. RC mulcivibra-
IOIS, quanz CIYstal oscillators, and ceramic resonator oscil-

lators. lle capabilities and limioMions of each type ace

discussed in the paragraphs that follow, and schccnatics are
presented.

7.3.3.1 Relaxation Oscillator Using a
Progmnmable Utdjunction
lkansislor (PUT)

A schematic of a PUT oscillator is shown in Fig. 7-20,

llM period of oscillation ~ is given by

; = RrCTln -
V,;:v.’ ‘s

(7-2)

where

Cr = capacitance across Uansistor, IIF

VA = v~+vr, v (7-3)

V, . SCivoltage detcrnincd by R UR2 rmio (See

Fig. 7-20.), V
R, = resistance 1 (See Fig. 7-20.). t2
R, = msisuurce 2 (See Fig. 7-20.), fl
V, = offset voltage, typically 0,4 V

V,. = input voltage, (See Fig. 7-20.), V

R,= resistance T (- Fig. 7-20.), L2.

Conditions for sustained oscillation m

v,” - VA
1. — (MAX) >IP(MAX)

RT
(74)

Whrm
/, . peak poim cumtm, PA

/,(MAX)= maximum value of /,, PA
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V,N – V,r
2. — (MAX) < /,,

/?,

where

Iv = valley current. p A
V.= valley volIage=O.6V

RI VT
3.1– —>>—

R1+RI v,~

(7-5)

(7-6)

Paramewrs (i.e., /,, /,, and V,) are sfxcified in the data
sheet for a particulm PUT device. One such device is !he
2N6120for which the specified vfdues for /,, Iv, and V,
m-e

/,=l.OYAMAX, @R. =lOK, V,=lOV
/v=25KAMfN, @R~=lOK, V,=10V
V, = 0.2V MfN 100.6 VMAX, @ R~ = 10K, V,

= Iov

where

RZR,
RG = —,$)

R1+R,

RT

VA

CT

v/N

I [

M
RI

Vs

%?

RL

=

lle outpul frquency of oscillation fou, in Fig. 7-2o of a

PUT oscillator is a series of pulses reflecting the capacitive

discharge namrc of the oscillator. Each PUIW represents tic

discharge of C, through R, to ground.

7-3.3.2 RC hfuhivibrator Using Integrated
Ctit Inverters

TheUC mukivibrmor in is simplest form is any of the con.
figurations shown in Fig. 7-21 less resistor RJ. The period T

of the simplest UC mukivibrator is given by

T=-RC~(_)+@],P,

(7-7)

where
R = resismnce, Q
C. capacitance, pF

Vrz = Uallsfer voltage al switching point of immxmr,
v

V. . diode forward voltage drop, V.

The period of this multivibmmr is sensitive to variations in

V~~ S.Swell as m variations in VT,. The adtiRicm of R, m

tie simplest RC multivibrmor form resuhs in the forms

shown in Fig, 7.21, The addition of R, greatly reduces the

\

/“L- \

f&
\

k
1’ \
\. k\ ,

*t4
-_-’

(A) Schematic of a PUT Oadllator (B) Output Frequency of Oadlator

FkUIW 7-~. ~ble Utiu*n T~r (PUT) OsdUator m
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sensitively of the period m variations in V~~ and V,,. The
period of the modified RC multivibramr T, is given by

‘= -Rc[’”(-,)+’n(:::.:?.)l’s

(7-8)

prm’ided R, 2 10ft

A good approximation of Eq. 7-8 is T, = 2.? RC. with K =
10. Ei[hcr (2) or (3) of Fig. 7-21 can bs converted into a
ga!cable oscillator by usingone input of he firsl invertcr m
a comrol input.

7-3.3.3 RC Multivibrator Using CD 4047

Integrated Circuit

An RC muhivibrator using a CD 4047 in[egmted circuil
is shown schematically in Fig. 7-22. The pzriods TA aI pin
13 and T, aI pins 10 and 1I of tie oscillator are given by

T. = ~ = 2.20 RC, S
fOUT

(7-9)

TB = ~ = 4.40 RC, S
JO.,

(7- 10)

where
TA = period of oscillation of pin 13, s (See Fig. 7-

22.)
T, = period of &.cillation aI pins 10 md 11. s (See

Fig. 7-22,)

fO,,, = OUIPUIfrequency Of oscillation. MHz.

7-3.3.4 RC Multivibrator Using a 555-Type

Integrated Ckuit

An RC multivibrator using a S55 IC timer is shown sche-
matically in Fig. 7-23. The output frequency of oscillation
fou, of this oscillator is given by

1.46
, MHz

‘“”T = (RA + 2R,) C
(7-11)

mc
1 14 %D

2 1’2 br
R 3 12

Onulcumub
4 11 f&r/2
5 10 km/2 Ctlnrlbmml

$’00 6 B
7 8

.

Figure 7-22. RC Mztltivibrator Using CD 4047

RL

T
WCC

40 RA .))
Lwr 3 7

RB

2

on-oncOfnlQl 5 6

&
~

Fii 7-23. RC Mrsltivibtator Usbtg a 555
Tiir Chip

where
RA = sesislance A. Q
/2. = resistance B. Q

and the duty cycle rl, which is that portion of [be period
where the output is bigb. is given by

R,
, dimensionless.

‘1 = (RA+2RB)
(7-12)

7-3.3.5 Ceramic Resonator Ddfator
A ceramicresonalor oscillator is shown schematically in @:)

Fig. 7-24. Tbe frzquency of oscillation is determined by the

resonant cbaractzristics of the cenunic rzsonator, TypicaOy,

ceramic resonators me available in Ure frequency range of

380 kf’fZto 12 MHz.

5V

Jl
*’W

Pigsere 7-24. Ceramic Resosrator Oseillaior
(3801sHzto12M.I@ 02
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7-3.3.6 Quartx Crystaf Oscillators Using Dkcrete

crystals

Two exsmples of quartz crystal oscillators using discrete
CVW4S are shown in Fig. 7-25. The frequency of oscillation

is determined by [he resonam characteristics of dse crysral
and rhe mode in which it is opcrawd (hmdanseraal or over-
mnc). Typically, quanz crystals arc avsilable in rhe fre-
quency range of 10 kHz to 100 MHz. Some crysisls are cut
in {be shape of a [uning fork in order to obtain very 10w-fic-
qucncy oscillations for watches and time fuzes.

7-3.3.7 Integrated Quartz Crystal Oscillators,

Fixed Frequency and Frograrmnable
Imcgrmedquanx crysmloscillamrssrc avsilablc in ciiher

fixed frequency or programmable forms and arc able to
interface direcdy with either CMOS or TTL logic fsmilies
or microprocessors. The oscilla!om sJso may conrain built-
in frequency dividers. Oscillators witi built-in frsquency
dividers span the frequency range of 0.005 HZ to 1 MHz.
Fig, 7-26 shows a block diagram for one such device, which
is available in a standard 16-pin DIP.

7-3.3.8 Time Base Accuracy
The PUT oscillamr is among rhe simplest of oscillator

configurations. bul it provides dse poorest performance of

any of tie Iypcs discussed because of rhc rtlativcly large
variation in Vr m ambient temperature and over tie tempcr-

awre range. Typically. V, will chsnge from 0.65100.17 V
over (he wmpersture range of -40° to 75*C ( -40° m
167°F),

The various RC multivibrmors have slightly bcrcer per-
formance characteristics but arc still not very accurme.
llcrcforc. generally RC multivibrmors should not be used
in systems requiring an accuracy of 2% or bcmer. By sslscl-
ing an R and a C dsm am very srable md whoss tempcrsnwe

characteristics are opposiw, e.g., +100 ppm and -100 ppm,

+ c1

(A) Series Oscillator, 1/2 CD 4069

snd by udjusting tie vslue of one m the other at mnblem
lempcrmure to achieve tie cxsct frequency desired, how.

ever, it is possible 10obtain oscillator perfonssanceof brlter

tbsn 1%. T?is performance level is best accomplisbcd by
using hybrid microcktmnic ucfmiques by which chip

capacitors cam be oblaimd with a desired csmperature chsr.

actcristic and tie fi’quency-deterrnining resistor can be
dynsnsically oimmed by Isser to achieve the exact ire.

quency desired. Also tic tempsrsturc coefficient of &
resistor can be adjusted to compcnxme for rhe temperature
coefficiem of the cspacitor.

lle ceramic resonator oscillator providssbencraccuracy
than RC types but should nor bs used in systems rsquiring
an accuracy of 0.5% or bsrter. Crystal oscillalom are *
most accuralc of all oscillsror rypc5; accuracies range ftom
0.002 to 0,05%, Comple& crystal oscillators arc available in

Iesdless carrier packages measuring 12.7x 12.7 mm (0.50 x

0.50 in.) md. if desired, tested m tie rcquiscmen!s of MIL.
STD-gg3 (Ref. 7).

7-3.4 COUNTERS

Thereammany counter types. butsomeof the more com-
mon types me Binsry, Decade, Pmgrsmmable, Binary
Coded Oscimfd (BCD), Up/Down, snd Pressttable.

A coumer, such ss tie CD 4040. which is a 12-stage
binsry counter, divides the inpul clock frequency by two for

each bkvy srage. llre switching action takes place on k

Idgh-!dow Oamirion of she cl&k wwcfonn. ’17m clock
input rias and fall times arc unlinsimd because rhc clock

input of the counter has Scbnsirr rriggsr action. W?am rbc

cwnter is used in sheri~}e mode, * rirst low-lo-high lmsr-
sition cakes place on he 2(”-’) clock pulse, wbemae on a
repetitive basis, Use low-to-high or high-m-low transitions

laks place on rhs 2“ clock pulse. For example, a seven-stage
binay coumer (CO 4Cr24)has a 27 (I 2g) division cspalility

on a repetitive bask, but llscfirst low.tcAigh transition for

I-J-lw f~

d

TR’ c’

c1 Q?

(B) Pierca Oscillator, lf3 CD 40B9

Fii 7-25. Qttsufz crystal Oscillator (lo I& to 2.2 MHz)
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Rcprinled with permission. Copyright @by Stack Cmpwmion.

Figure 7-26. hltegmerf Quilts Crystfll Oscii.
tor, Fued Frequency and WogmnmabIe
(Ref. 6)

the Q, OUIPUI nccurs after 26, or 64, clock pulses. By
proper choice of clock frequency and by selecting m appro-

priate counter stage. a wide variety of system clnck frqucn-

cies is achkk,ablc. For example, Fig. 7-27 shows a crystal
clock of 40.96 kHz driving a CD 4040 counter. A decade
counter-CD 4017, CD 40160, or CD 40 1624ivides (be
input clock frequency by a factor of 10.

A programmable counter<D 4018, CD 4059, MC

14522. and MC 14526-can bc programmed via certain

comrol inputs to divide lhe input clock frquency by differ-

ent amounts depending on tlw input code. Ile CD 401g can
be programmed 10 divide by 10, g, 6, 4, or 2. and wih the

c1

G5-r-
$R2

1: t-l

addition ofaCD4011, it can be programmed to divide by 9,

7, 5, or 3. l%e CD 4059 can & programmed to divide tic

input clnck l%equency by any number ‘“n” frnm 3 to 15,999,

‘She MC 14522 is a 4-biI BCD counter, wbicb can Lx prn-
smnuncd [o divide by 1 [o 10. The MC 14526 is a 4-bII

binary cmnmer, which can t-s pmgmmmcd to divide by 1 m

16.
A variety of other counters is available for performing

digital timing functions. A partial list of digital counters

includes
1, CD 4029—Resettable U@Down Counter. Binwy

or BCD &cade
2. CD4510-Prcscttable 4-Bit BCD Up/Down

Counter
3. CD 401 &PresetIable 4-Bit Binary Up/Down

Counlcr
4. CD 40102-Fk.settable 2-Decade BCD Down

Counter
5. CD 40103-Rcsetmble 6-Bii Bkmry Down

Counter
6. CD 401 ~Decade Counter With Asynchronous

Clear
7. CD 4016 l—Binary Counter Wkb Asynchronous

Clear
8. CD 40162-13cc8dc CotmIer Wkb Synchronous

e)

clear
9. CD 4016>Binaty Counter Wkh Synchronous

clear
10. CD 4045-21 -StaEe Binan Counter WIIII Oscilla- a-.

tor Amplifier

11. CD 453P24-SIage Prngmmmable limer W1ih

05ciOa!0r Amplifier

System Clear

q= 20.48 Wz

02= 10.24 kfiZ

%

Q4= 2.56 I(HZ

Q6= 640 Hz

Q8= 80 ‘Hz

Q12= 10 Hz

Figure 7-27. A Cr@al Cfock (40.% fcEz) Diiving a CD 4040 Counter
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1~, Mc 145~ l_24.q&gc Frequency Dh.ider ~~

Oscillator Amplifier.

7-4 OUTPUT CIRCUITS
The ou[pui of a digital timer is usually a pulse, often onc

clock pulse period wide. which may be fmsi!ive or negmiw
going, i.e.. ground m +V or +V m ground. In some applica-
tions tic pulse may be adequate to meet system rquire.

mcms. but in others the timer output may lx Ialcbed m give
a cominuous voltage level after !hc timer output has

occurred. The outDul from the timer may not have encnmh
energy 10 pm-form tie desired function;-if il does not, the
timer output must lx buffered or isolated through use of a

Iransislor amplifier. Some examples of timers arc pfescmuf
in Figs. 7-28 duougb 7-32.

In the example shown in Fig. 7-28 and Table 7-1, k CD

4536 is used as a programmable timer. Tlw timer output
pulsewidth can be programmed through compnents R and
c.

In [he example shown in Fig. 7-29 and Table 7-2, Ibc CD
4536 output is used 10 sxI a flipflop. The timer ou[pul is
then latched and will slay high umil a sys[em clear pulse is
applied 10 tie Imch,

The decode OUIselection table, or truth table, shown in
Tables 7-l and 7-2. shows the outputs available from tic

“decde out”’ terminal when various combinations of l‘s
and 0s arc applied [o the 8 bypass and 10 inputs A, B, C,

and D. A logic I on tie 8 bypass input enables a bypass of

the first eight stages and makes stage 9 the first counter

stage (labeled “’1” under tie column headed “8 Bypass =

I “). Selection of any of the 16 outputs is accomplishedby
(bedecoderand the inputsA, B, C, and D.
Ewnple 1. Refer m Table 7- I and set a logic I on the 8

bypass;shcn,by sening A and B .1 and C and D .0. an
output pulse is obtained from the decoder output terminal.

This output comes from k Iwclftb stageof the 24 ripple-
binary counter singes and is du fourth in tie list of 16 possi.

ble input combinations shown in the mble.
&amp/e 2. Refer to Table 7-2 and set A, B, C = O and D = 1,
with g bypass = O. The seventeenth stage will give a time.

out delay of 2 s.
fn the example shown in Fig. 7-30, dw MC 1452 I is used

m Ihc timer. The timer cmipulal 4.0 s is la!cbed with a flip

flop, and the lalched output is buffered with a !wo-tmnsis[or

level sbifier to drive a 2g.V& relay coil.
In the example shown in Fig. 7.31, a CD 4020 is used

wi!h a 32.76S-kI+z cryssal oscillator to gencraw an ouIpuI

0,25 s after the system clear signal goes low. llc time delay

output is buffered with an NPN Uansistor 10 drive a bigb-
cnergy, capacitive discharge firing circuit. llw CD 4020

cannot supply enough current to hum on the silicon.con.

mllcd rectifier (SCR) dirccdy.
In the example shown in Fig. 7-32, the CD 4020 provides

the same 0.25.s &lay as the circui{ shown in Fig. 7-31,

(1)

Binary

Sel@ 8
Oscillator

A B c D Bywss (1) Inhlbif
set

Ow”llator

32.768 kHz
output

Mono in

VDD
R 1

* ) 1
Reset clock

lnhib~

Note: See Table 7-1 for ExplanW”on of the Use of the 8 Bypass

7-!9
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I

!

I

I

I

I

I

TABLE 7-1. PROG RAMMABLE TIMER
WITH PULSE OUTPUT

! I c I BI A1 DJDJWDERCHAIN‘D NUMBER OF STAGES

i I I \8BYpass=0 8 ‘ypm = I

01010 [01 9 I

o 0[0[1 10 2

~olollo 11 3

0 ~oll 1[ 12 4

011[0 o 13 5

O111o 1 14 6

0 Ill o 15 7

16 8
,7 0l-w--w+ ,, .,

1110101111 s110 I

1110 I o 19 II

(1/0 I 1 20 12

111 0 0 21 13

111/0[1 22 14

1 I 1[0 23 15

,111111 3A 16
I ,1,1,1, 1 . . I . . I

(1)

Binafy

Select

except dmt tie output pulse occurs only once and is a shon
pulse of 244-IIs duration. ‘fhe outpw pulse sets a Ilipffop,
which resets tie timer. The output buffer uscs a two-uansis-
mr level sbiftcr tiat delivers energy to tic load for 244 ys.

In tic examples shown in Fig. 7-33, a high-energy md a
low-energy capacitive discharge firing circuit arc shown.
‘f%e low-energy circuit contains 1.36x 10-’ J of energy, and
the high-energy circuit contains 0.321 J of energy. Neither
circuit cm defiver h fufl amounl of energy to he elcctm.
explosive devices (EED) because of circuit losses, pardcu-
Iarly in tie storage capacitor md SCR. Aluminum
electrolytic capacitorsarc available. which ouqxrfonm tan-
mfum capacitorsin energy Iransfcr efficiency.

EEDs can vary in firing CI15rgy requirements. In some
applications, a VeIY insensitive EED is rquired. There is a
class of EEDs. known 8s I-AMP, 1-WATT, NO-FJRE
devices. l%esc devices can dissipate 1 W of power in the
bridgewirc and not fire. IIIe firing energy rquired 10 guar-
rmt.% EED firing is cafled the “afl fire”’ and is usuafly speci.
fied m an ampmmecond product. l%a! is, a constant current
applied for the proper amount of time is guaranteed to fire
the EED. If WIS technique is used. a design margin should
be allowed to accoum for component tolerances in the firing
circuit. A more common merhcd for firing EEDs, however,
is to usc the capacitive discharge metbuf, wbicb involves
storing energy Eon a firing capacitor according m the qua-

tion

(1)

ABCD 8 Bypass

Oscillator

32.768 kHz
m s

Q —
btched

System Clear ~ R
System Clear

s-set

RaResat

O=output

1
Note: See Table 7-2 For Explanation of the Uee of the 8 Bypaaa and

Binafy Select Inputs

WUW 7-29. ~~ ~r wi~ ~- @ M* -t

1 7-20
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TABLE 7-2. PROG RAMMABLE TIMER
WITH LATCHED OUTPLV

I SELECllON TABLE

. .
I 01010 I 01 0 I 9

!,, !

11)111) I o I 24 I
,7

I 111[1 1 16

I STAGE I TIME OUT. I
SELECTED s

15 I 0.5

16 I .0

I 17 I 2,0

Ea=H
24 I 256.0

E = 5CV2, erg (7-13)

where

C= capacitance. I.IF.

SlalisLical test methods exist to determine I.hcail fm energy

requirement for a pwticular EED using the capacitive dis-
charge firing method. Fting energy data arc available for

current pmcurcmerrl EEDs in M2L-HDBK-777 (Ref. 4).
Firing circuic for a Iow-energy EED (5 x 104 J) and a

high-energy EED ( I AMP. 1 WAIT, NO-FSRE) src shown
in Fig. 7-33. Normally, a i%-ing margin of two or mom

should be allowed, especially if the circuit is expccti to
operate reliably over tbc tempc~mrc range of-54”to71 “C
(-65 0 to 160°F). At -54 ‘C (-65 “F), he value of k fuing

capacitor may bc reduced by 10 to 40% or more. and the

imemal impcdamxs of k Iiring capacitor (effective acxies
resis[a”ce (ESR)) and lbc SCR may be incrcascd signifi-

cantly and rhereby reduce tie amount of energy available to

dre EED.
Some designers prefer not 10 usc SCRS in EED firing cir-

cuirs for fear that system noise spikes might came thcm 10
fur prcmamrely snd Iacch on. For em out-of-line EED the

SCR latch-up would not crcare a hazard, but k frring circuit
would be rendered inoperative. This huch-up problem can be
avoided by making R (470 Cl in Fig. 7-33(A) and 10 t2 in

Fig. 7-33(B)) large enough to starve k SCR. i.e., lower rhe

currcm rhrough R to a value less lban rbc minimum holding
current value of k SCR. If rhe system cannot tolerate the
RC charge rime consIarIL some olbcr scheme may have 10 &

employed m fire drc EED. Tbc icchnique shown in Fig. 7-33

w~ld & ~~ stice fie ~g CiIC~I in MS ex~Ple
is activalcd only as long as the timer output pulse is prcs.m.
If lfre timer outpui puke wid!h is Ion long, it cm be shon.

ened by using a one-slmi muhivibrmor whose pcricd can bc
progmnrmed to bc virmafly any vah.rc and is indepcndem of
rhe timer output pulse width. l%e 470-fl resistor and 0.01-F
capacitor from tie SCR gale-m-ground of each of the cir.
cuits of Fig, 7.33 help immunize the SCR from sysccm
noise. A resistor from the SCR cathcde-m-ground could alsn

be helpful if the SCR and EED arc acparamd in Urc systcm
by 76.2 MM (3.0 in.). T7ris exrra resistor is shown wi~ a
&shed conncaing line in h two circuiis in Fig. 7.33.

T7wrc arc aflcmative output switching devices, which
could tu used in place of an SCR. Some examples include
power metal oxide acmiconducfcir field-cffecI transistor

(MOSFET), Darlirigton rransis!ors, and a combination of

PNP mrd NPN transistors, such m is shown in Fig. 7-32.

?lresc alrcmatives have rhe advantage of not latching OrU
hey rdsn provide very high current gain (outpu! signal

anrplificsdon).

7-5 STERILIZATION CIRCUI’IX
II is a safery requirement in moat ordnance devices M

cbc firing capacitor have an energy bleed resistor placed

across it. l%e system rcquiremem usuafly dicraccs chc mini-
mum “saling”’ period. Fig. 7-34 shows a typical hing cir-

cuil. If Ore EED has a “N&Fm” energy of 51XIergs, tin
from Eq:7-13

——

v i!E 500
NO-FIRE = — =

5C
= 3.2 V.

F

ff lhc system requires a “sating”’ period of 1 h, then frcnrr che
following rclmionship

R’ =
t 3600.— . 1.61 X 108 Q

()
Chr +

,..5,” y

CAP 3.2

(7-14)
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Sv(jc Svdc

I Oscillator MC 14521 24 ‘~~~;~~~~j~~23Q24
1

System Clear o 0
4.0 8.016.0 256.0

Y

26V~

— s
~Q

s= set
----

= 4

1% Reset ?
Q= output =

Figure 7-30. MC14521 Trier Output Latched With Flip-Flop and Transistor Buffer

system
Clear

+2Wdc

025s

Btier
stage

.-.

Ca~i& DiDi~

EED = electroexplosive device
SCR = silicon-controlled re.ctMer

F@re 7-31. F- Circuit With Tramshtoswl Buffered Capacitor IMcharge Output
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Syakml clear

,0
~
I

I

I

I

●

I

L

32.768 km Dandw

Oscillata 4 I +2Wdc

o.25a

(

A

S;:e::

.

S=set
R= Reset
Q-output

EED . Eledroeq)bshm Oevim

Figure 7.32 Fii Cdt with short Duration output

u,here

R’ = required bleed resistor, fl
C= capacitance, F
t= time. s

v ~,, = EED no-fire voltage, V.

The energy bleed requirementexistsso that. in tie event of
a dud piece of ordnance. an explosive ordnance dkpnsal
(EOD) team cm recover or remove h ordnance with lhc
assurance Iha[ tie elecuical firing circuil is safe.

7-6 MICROPROCP.SSORS

Microprocessors are being used in a varie~ of fuzing

applications 10 provide numerous programmed functinns
including timing. acnsor monimring, self-checking, sensor
control. and signal processing. ‘h advantages of using a
microprocessor in fuzing applicadona arc that hardware
design is minimized and fairly complex fuzing algoriti
can be implemented routinely. Onc disadvantage is that cur-
rent microprocessors usually mn a! a maximum clnck fre-
quency of 10 to 20 MHz or leas, and their mxual signal
processing speed is considerably less. This speed limitation
could preclude using a microprocessor in a fu for vcky
tigh-speed mrget encounters.

vkmally all timing and logic functions required of an

elecwonic fuzc can be performed by any of h many mim
processors currently available. l%c choice of a panicular
microprcuxssor is demrmincd by power. s-. size, and

COSIresm”ctions impnscd by the aywem on the h. Single-

chip microcompuom mrd micmsontrollers am particularly
well-suited 10 fuzing because Umy rtquire Ihc least number
of peripheral cimtits and dacir intenml architcaure is suited
to dnring and conml applications.

llvo eight-bit micropnxesams’ thI arc widely used in

fuzing apphtitiOllS arc Ow MC 146805G2 and h 80C48,
-49, -SO, and -51 family. Boti arc fabricated i%om bigh-

perfcoman= silicon gaae CMC)S wchnnlogy.
‘The MC146805G2 will operak up to 4 MHz and haa a w

of 61 baaic inslmctions, The 8fX48 and 8K49 can cqxrw
in a single-atcp mode nr up to 11 hfffz and each has a act of

I 11 tile inatructiona.
one advantage m using lhc 80C48-SI family is b the

~~~ sham a cnmmon instruction act. llrus a
designer can sw witi an 80C48 (hat RAM mrd ROM

-V ~) ~ exfrad Wwarrf in memm-y spa ss
system mquiremanls gmw witbmm having m perfntm a
major rcwrita of program anftwam.

Functional black diagramsof the MC146805G2 and h
MSM80C48 mimpmcusm w presented as Figa. 7-35
and 7-36, KSfR%tiVdy.

7-7 ELECTRONIC SAFETY AND

ARMING SYSTEMS

Om canarginglecbnology tiI is bciig pursued by atl
branchesof miliomy service is the use of ele.ctrnnicsafely
and arming devices in miasik.s and smamwcapmra. Basi-
cally, an electronic SAD can bs defined as an S&A system
Ihal conmins neither primary explcwivm in fhc cxploak

7-23
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~ +2BVdC

I

I
svdc

I

A 8.8 MF ~vtjc
Solid Tantelum

CMOS Timer -.-=

0.01 IIF
I

+
i

470 Cl

A. Anode

G= Gete
C= Cathode

(A) Low Energy

5v& 5VdC

&2N2z210Q --’’a!$
A 1

SCR T
820 ~F ~vd~

GC
Aluminum Electm~Ic

----

47o Q o.01 PF

1

~ED 470 f)

=

=

(B) High Energy

F@Jre 7-33. High- and LcIw.EnergY Capacitive Discharge F* Ctit.s

L

●il
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●

‘mer-E==l ‘n ‘El”‘r‘1”
1 I -’-”1 I I I ~

Accumulate
8

Index

E Register

Condhiin

5 Ff#lter

stack
uCPU Control

m I

I 1

Courtesy of Motorola. Inc.

Figure 7-35. Functional Block Diagsam MC14680G2 8-Bit Micrucomput.er(Ref. 8)

train. nor an interrupted explosive train, nor a mechanical

energy interrupter, but does have access tom energy source

sufficient for warhead detonation. 1[ is a no-moving-pans,
solid-state unit employing a slapper dctonamr explosive

train. Therefore, it is expmmd to provide significant advm-

tages in safely, reliabllit y, sire. cnsI. and other performance
features compared to SADS based on existing technology.

A block diagram of a generic elcaronic SAD is shown in

Fig. 7-37. 1[ is basically a single-channel, single-poinkiniti-
mion unit having IWOconnectors: a multipin connector for

inpws and monitors and an output conneztnr for attachment
m a slapper detonator. h does not contsin MY explnsive and
can be fully tested includlng lhc firing of dkposnble slapper

detonators. This SAD has a microcontroller or similsr large
scale integration (LSl) element tit will enable il to lx fsc-
Iory programmable for a wide range of spplic.ndons. Envi-
mnmenial sensors arc pan of the S&A sysfem, but they am
shown as external inputs because they we tmmlly unique to
esch explication. llw SAD is capable of MIW used witi a
wide variety of sensors, such ss launch signals, fin deploy -

mem signals. and command-h signals. Some of the safety
features illusmmed by Fig. 7-37 arc

1. TIM use of two separate lC elements, neilhcr of
which can arm the SAD independently

2. ‘h use of two dc switches and one dynamic switch

in the arming power path
3. The use of dc switclws on tath sides of the con.

vemcr drive
4. The use of oansfonner coupling between Ihe high-

and Iow-vohage sections.
Two advmmges of this. arnmgement arc b! application of
power to any point in k cinmit cannnt result in srming and

lhsl shting any or all of lhe mming switches does not
resutt in arming.

Ths SAD Iiring capacitor can be designed fsu single. or
multiple-point nutpu! to Ilrs sfappcr dewmsmrfs). ‘he sfap-
pcr dctonstm and HNS-4 explosive pellet arc external 10 h

SAD M]ng and arc connccud by c.ablig.
IIK technology to produce electronic S&4 is msnu-ing,

and a holly developed sysmm is being used by the US AMIy
in hs f%er-Gptic Guided Missile (FGGM). H are still
problems to be solved. e.g., es!abtisfuncm of enfety criteria

for elununic S&% development of semice-acccpmd logic
and envimnnsentsl sensors: snd reduced cnsl and size, lsm

the pntcntisl is gmai for next generation SADS for missile
rind smart weapon application.

Additional information on elccnunic S&A systems is
includedin Ref. 10,

7-2s
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I Figure 7.37. Generic ElectroNc Safety and Arndng Device (Ref. 10)

7-8 MICROMECHANICAL DEVICES
Recent advances in the technology of microelectronic

Chim haw led 10 the development of a new Iechnolmw. .
called micromachining. which allows silicon mechanical

devices to be made almost as small as micrce[ecuo”ic
devices (Ref. 11). Chemical etching (echniqucs= added to
micmmzchining to form three-dimensional shapes shal can

be used as switches and as sensom for envimnmems such as
force. pressure. and acceleration. ‘llc excellent physical

propmties of silicon, tie smafl size of micromachined sili-
con devices. and its adaptability to high-volume CMOS
manufacturing techniques make lhis technology cost-effec-
tive for fuzing applications.

Accclcrometcrs with m on-board amplifier have keen

designed and fabricated on chips as smafl as 17.4 mmyx0.5
mm tick (0.027 in.: x 0.021 in. ti]ck). A silicon oxide
beam is formed over a shaflow well and using a bnmn ewb-
sIop technique. a metal layer is deposited on the top surf=e
of the oxide cmtilever. llc memf layer and lhc flal silicon
on the brmom of the well act as two plates of a variable air-
gap capacitor. A lump of gold is fmnud on the he end of
the beam by plating. If the silicon chip is moved suddenly.
the inersia of the gold weight causes k beam to flex and
change tic air gap and hence Ihe capacitance. llm output of
tic sensor is a voltage tit is proponionsf to acceleration.
One accelerometer of IMS type had a sensitivity of 2 mV/g,
where g is the acceleration due 10 gravity. The amplifier is

an impnnam pan of the cimuiny because signal cOndltiOn-

Det (e)

ing of some kind must precede the voltage transmission in
most small capacitive sensors. Fig. 7-38 illuswates an acccl.
emmc[er &sign wiIh capacitive temperature compmsation
and amplification integrated on tie same chip. Refs. 12
through 15 provide additional mamial on tis technology
and on other types of micromecha.nical sensors.

7-9 ELECTROCHEMICAL TIMERS
Ekcuochemicaftimingdevices arc simple, small, low.

cost items capable of providing delays that arc fmm seconds
to momhe long (Ref. 16). The operation of elecouchcmicnf
timers is based on Faraday’s firs.I two laws of clecoulysis.
These two laws can b summarized 10 smte tiai the mass of
an element deposited or liberated dting an elcctmchemicfd
reaction is proportional to the elccwocbemicaf equivalem of
du element. h current. and tie time & current flows.
When a solution is elecn-c.lyd, the numlm of elecuum
received at lhe anode must quaf tie number delivered frnm
h cakrdc. ?lsc ions arriving m k cntmdc arc raked.
i.e., tiy obtain elccumss. snd Umsc arriving a! she anode
arc oxidized, i.e.. they forfeit electrons, Ele.ctrgchmsical
systems Ibal use these principles arc cakt coulombmctas.

7-9.1 ELE(TlltOPLATING TIMER WITH
ELEC2’RICAL OUTPUT

‘he Biss.a and Berman E-Cell bas been used in se.veraf
dim-y appficmions, including arming and self-demwt
delays in tic Antipersonnel Mine, BLU-54/B (Ref. 17).
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Figure 7-38. Accelerometer Using Micromechanicaf Technology With Integrated CMOS C@try — ‘-

(Ref. 12)

Cell consuuction is illustrated in Fig. 7-39. lhe cell con.
sists of a silver case (the reservoir electrode), 6.35 mm (0,25
in. ) in diameter and 15.88 mm (0.625 in.) long. The working
elecmde of gold over base metal is hsld in place by Iwo

plastic disks that function as Mb seals and electric insula-
tors. The case is filled with elccuolytc tit contains a silver
salt in a weak acid (Ref. 19). Electrical leads complete tie
cell. Cell mass is about 2.8 g (1.92x 10A slug).

The cell illu.wrmcd is a single-anode cell. which permits a
single time delay. If more than one delay is desired, several
anodes of different sizes may be combined in the same unit
(Ref. 20). A dual-ancde cell is u.sefid because of the com-
mon milit~ requirement for IWOdlffemm time delays. For
example, a mine may require an arming delay of a few min-
utes and a self-smrilization &lay of several days.

lle system consisfi of duct parw a sow of dc voll-
age, an elecuoplming cell in which the constant cut-rem
causes the metal anode (silver in this design) to b &plated
at a known ram. and a &tector cimuit thal senses the
progress of *e reaction.

During the timing period the voltsge across tie E-cell is
low. u illusumed in Fig, 7-40. Upon completion of anode

7-28

&plating the voltage rises rapidly and thus indicates he end

of tie timing intend. One way m detect tis voltage rise is
to w the simple detector circuit shown in Fig. 7-41. ‘k’he
psrformamc of this circuit can be understood by consi&r-

ing its tkuu phases of opm-adorr
1. Whike the cell &plates, the run voltage V“. shown

in Fig. 7-40, is below the mivadon voltage of the transistor.

llercfam. since tkw cdl is drawing pmctiudly all the cur-
renL the equivalent circuit consists of just the cdl plus its
resistor.

2. During the rapid transition w ths high-voltage state,
the cun-em level through the cell k rcducd x the transistor
base starts to take currcm.

3. While operating at the stop vokage V,, the cell
draws a vely smsll residual curmnl. which i“ mosI cases is

negligible compsred with that drawn by the transistor. llms
the equivalent circuit is essentially the original ckuit wilh-
ow the cmdombmeter.

~ical voltage-amsnt cbm-acteristics m various Opcmt-
ing temperature arc shown in Fig. 7-42. Fig. 7-42(A)
shows tbc maximum running (depkuing) voltage V, smf
curmm 1~, whereas Fig. 7-42fB) shnws the stop vnhage V, diii,,
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~
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)
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‘w

Kgure 7-39. Bwtt-kman E-CeU (Ref. 18)

,----

0.8

I

-.-—————— -- —--

*

VR. Run Voltage, V

V~ = Stop Voffage, V

Figure 740. Operating Curve of Coulomb-
meter at Constant Current (Ref. 18)

and its associated current. l%e stop voltage V, is associated
wi[h he activation vohage ducshold of h transistor.
whereas tie slop current 1, is h residual current passing
through the Cdl.

The advantages of an E-cell elecuical output coulomb
mewr are

1. Gmd accuracy (within *4%)
2. Good miniamrization

K77”
I

1.

i

:

7&lim Ulwtl : Defec!lx C4fwil
1

~1 7-41. Coulomb-r Detector Circuit
(Ref. 18)

3. Siplicity and inexpensiveness
4, Wite variety of dining intervals

5. Very low power tequiremcnts
6. Cwd shock and vibration resistance
7. Gpemdon over Illc milimry Imnpc- range
g. Rcpcacd use (by&plating).

The disadvantages arc
1. A power source and detector circuit am mquimd.
2. There is decreased accoracy for shon set times after

long storage.
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Figure 742. Typical E-Cefl Coolombmeter Voltage-Curmmt Characteristics (Ref. 18)

7-9.2 ELECTROPLATING TIMER WITH

MECHANICAL OUTPUT
The mechanical outpm timer operates elccuochemically

in [he same manner as the electrical readout E-cell design.
AI the end of deplating. however, tie action is mectitcal
swilching rmher than electrical. Fig. 7-43 iltusrmles Ihe

Internzd Timer MK 24 Mod 3, which operates on rhis princi-
ple, 71w timer cell (basedon a palcmcd idea (Ref. 21 )) con-
sisls of a molded polychlororrifluorocdry lene (Kel-F) cup.
which holds the mode assembly. Aher it is filled with an
elecuolytc of a silver fluorolwmm solution. the cup is beat
sealed with an end plug. which holds b silvef cathode. ‘h
anode assembly consists of a silver plunger to wbicb a con-
tact disk is fastened. and tie plunger is suflOund~ by a
compression spring and scafcd witi an O-ring coa!cd with
flumosiliconc Iubricam. All materials were selected for heir
chemical compatibility with the elecrrolytc.

At the end of the timing inravd. lfrc mode plunger is
pushed10the Iefl. In its new positionthe contactdisk closes
a single-pole. single.lhmw (SPST) switch and opens tie
anode swi[ch to terminate tie deplating action. llK comact
force al swi[ch C1OSUCis 3.6 N (0.800 lb), and contact resis-
tance after switch closure is less than 0.3 f3.

The timer is 15.88 mm (0.625 in.) in dh’neter. 41.3 mm

(1.625 in.) long. and bru a mass of 9 g (6.16 X 104 slug).
lima accuracy undenvatcr (rhc designed-for condkion) m
-2.220 to 32.22°C (28” 10 90%J is M%. Over the enlirc

military tcmpenmm range, the accuracy is +1 O%. Models
have withstwd shocks u bigb as 12.OIYJg, low- and high-
tlquency vibrations. cold storage at -62.2 ‘C (-80”F). and
temperature-humidity cycling.

7-10 REDUNDANCY AND RELIABILITY
TECHNIQUES

Par. 2-3 discussed ways in wbicb reliablliry can be
improved by paraflel redundancy md Iismd a numbm of
siandardstfrmaddressthe subjectof reliabiiiry. To achieve
reliability in elccrronic fuzes, rhc dedgner has a number of

techniques m his disposfd (Ref. 22).
Becausk of the large number of variables involved, it is

not feasible 10 assess precisely rbc relmivc merits of com-
mercial park versus pans tit meet miliw spcificatiOns
for any given situation. lle designer must select these com-
ponents based on which axe the most whnic~ly sOund ~d .
cosbcffective for tie design. To achieve lfris goal. the

designer should @

I
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I--A

.Secion A-A

10

9

8

L7 ‘6 5

A

1 SPST” Switch Contwas 6 O-fling Seal
2 Anode Switch 7 Corn rassion Spring
3 Silver Anode 8 tLea From Anode and Second SPST Switch Terminaf
4 Silver Cathode
5 Elecfmlyte

Lead Fmm FM SPST Switch Terminal
!0 Lead From Cathode

“ E Single-Pole, Single-Throw

Figure 7-43. Interval T-r N1.K X MOD 3 (Ref. 16)

1. Design for a minimum number of pans without

.
.?. Apply derating [echniques.

3. Perform design reliability analyses.
4. Reduce opera[ing wmpcramrc by providing heat

sinks and good packaging.
5, Eliminalc vibration by gnod isolalion and pmmc[

againsl shnck. humidity. corrosion, etc.
6. Specify component reliability and burn-in rquire-

mems.
7. Specify production quality requircmems and system

performance tests.

8. Use components whose imporiam properties arc
known and are reprcwluciblc.

9. Use techniques thai interrogate fuze operation prior
10 launch whenever possible.

The quality of W pans used in a system is only one fac-
tor in the overafl reliability quation, afkit a very signifi-
cant influence (Ref. 23), l%e logical starting point in lfIC

crea!ion of a reliable system is obviously high-quality pars.
There are measures, however, that can compensate, ar least
panially. when circumstances militate against pmcurcrrum
of pans (bat fully conform to the mnst rigorous standards.
Such measures include. bul are not fimkd to, more exact-
ing quality assurance provisions a! assembly levels cluing
fabrication, md pmpcrly designed assembly and end-ilcm

level screening and acceptance Icsrs. If tiesc techniques do
not sufficiently reduce tie compnient or sysicm failure mu,
redundancy, or standby. systems cm be used.

llw designer of elcaronic fuzes often must tiklc
whether 10 u.w conunerciaf parts or pans that mmt mililary

specifications in the elccuonic design. For exsmple, in high
value weapon systems. rhe use of hlgbcr grade elccmrmic

componems is mandatory. md tic designer must complyor
must justifj Ihe rationale for his noncomplimce. fn generaf,
he cost of higher grade discrete components. e.g.. resi.wnrs,
capacimrs. and tmnsismrs. is not significamly grcnlsr than

rhal for commcmial grade. The biggest cost differential is in
I& plastic vmsus ceramic lC components. For example. a
ceramic lC W mcas mifimry sf=cificadons mm cast as
much as forty times that of an identical scruncd Pkic IC.
Qramic ICS. however. have the following advantages:

I. ‘fhe seal is hermetic, so it prnmcw the chip fmm h

deleterious effccr5 of moisture.
2. 71my arc capable of operating at very high te&cm-

ull-cs, e.g., 12S”C GL57°F).
3. llKy have a lower mean-time-before-failure me

than plastic because of more extensive mechanical and ek
nicfd testing.

Disndv.wages of milim.ry-grade, high-reliability ceramic

Ics are
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