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3-2.6 ELECTRO-OPTICAL (EO) SENSING
FOR FIRING

Thk mode of sensing is particularly applicable to tbe

infrared (IR) emissions from jet engines. Sensors (pbo[o-

diodes) arc located bebind a lens system in the nose of a
fuze. Tbmugh a signal-processing circuil. these sensors
enable tbe fuze m locale the target and fire when wi~hin
lethal range.

Passive. solid-stme, lR technology is a major advance in
proximity -fuzed projectile an[iaircrafl effectiveness because
of its accummly controlled burst positions zmd improved
reliability. There is no degradation of effectiveness when
fired close to the surface of the earth, and it is essentially
immune to countermeasures when used in the tmtinircrafl
role. TMS immunity is sufticiem reason m supplement RF
proximi!y fuzes with tbe EO system.

The design of an EO system for a passive IR proximity
fuze is determined primarily by considerations of the ex-
pected spectral cbmacter of the target and its background
radiation. The fuze, should be capable of discriminating
between these [WOradiating sources.

The optical syslem of n typical fuze consists essentially
of ~hree pm-w ( I ) a band-pass filler (synthetic sappfdre with
m optical filter on (he back side and an optical absorption

filler deposited on tbe front side) for isolating target energy
within the atmosphere absorption band, (2) a (hick lens

(silicon), and (3) a deiecior (lead selenide (PbSe), which is
opfically cemented [o the rear surface of the lens).

The detector is made up of four 50-deg annular sectors
connected electrically co form n bridge. The lens-detector

sysiem is designed so that the field of view seen by Ihe four
segments of the detector is composed of four sections of a
cone whose half-apex angle corresponds 10 the desired look
angle, The electrical signal genera[ed by the detector then
consists of a series of 50.deg pulses or 55% duly cycle

caused by the rouuion of the projectile. The detector func-
[ions as a transducer and converts lR energy into electrical
energy. The detector mmerial is chemically deposited PbSe

OPWating at ‘ambient temperatures. PbSe is a phomcondw-
live material, and when IR energy is fncused on !he PbSe.
the elemricd resistance of the detector decreases. Since the
detonator is in a bridge configuration, any change in the
resistance of one dewctor leg causes an unbalance in the dc
voltage divider action of the bridge. This change occurs
rapidly enough to allow the signal to be capacitively
coupled m the preamplifier stage,

Fig. 3.9 shows a block diagram of the signal processing
circuitry and a schemrdic diagram of the firing circuits. The
amplifier is one-half of an integrated circuit operational
amplifier (OpAmp), which has a differential input that sums
the detector ou[put signals. The OpAmp has a single-ended
OUIPUI and a gain of 20. A solid-state coherent detec!or
demodulates [he IR detector signals.

Thk monolitilc phase.lnck loop (PLL) and detector sys-
tem exhbbs a high degree of frequency selectivity and, due

LOits coherent nature, offers o higher degree of noise immu.
nity than noncoherem peak detection modulators. The PLL
is a frequency feedback system consisting of a phase com-
parator, a low-pass filter, an error amplifier in the forward
path, and a voltage-controlled oscillator (VCO) in the feed-
back path.

Whenever the two inputs to the phase detector we syn-
chronized, there is an outpul signal from the phase demc-
mr. This output is filtered by the envelope detector and
integrator and eventually reaches a threshold level (hat
operatesa comparator circuit. The step function output of
the comparator provides the trigger pulse for the gate of the
silicon-controlled rectifier (SCR). A schemmic diagram of
the firing circui[s is shown in Fig. 3-9(B).

The described IR sensing and signal processing technol-
ogy is that used in [he Navy’s MARK 404 passive IR Prox..
imity fuze (Ref. 8).

3.2.7 MILLIMETER WAVE (mmw)

Recent advances in solid-state circuitry have made work-
ing at millimeter wave (mmw) frequencies practical. The
mmw range has been defined as 40 to 300 GHz (Ref. 9).
Other terminology includes “near-millimeter waves” for
frequencies from approximately 100 to 1000 GHz and “sub-
millimeter waves” from abou[ 150 m 3000 GHz.

The use of these higher frequencies has a favorable po-
[emial for fuzing in the following areas:

1. Antenna Petiormance. Narrower bandwidths and
higher attainable gain for a given aperture will reduce
mul[ipmb effects.

2. Electronic Countermeasures (.ECM). High free space
mtenuation meanshowvulnerablfity to ECM and extremely
low side lobe detectability.

3. Fog, Cloud, Rain. and Snow Immunity. Low-loss m-
mospberic propagation characteristics of millimeter waves,
as shown in Fig. 3-10, enhance immunity to obscurants.

4. Size and Weight. Compcments scale with wavelength,
thus reducing packaging volume and weight.

The recent advancesin technology are attributable to the
availability of solid-state components of higher power and
frequency. The development nf injection-locked impact
avahmche and transit time (IMPATT) amplifiers. fre-
quency-doubled microwave (Gunn) oscillators, and fre-
quency-stabilized or phase-locked sources has permitted
advances in fuzing performance against new threats, such
as supersonic and low over-the-terrain or -water missile
targets, as well as in$reased immunity to ECM and
obscurants(Ref. 10).

3-2.8 CAPACITIVE SENSING

The XM58g fuze, shown in Fig. 3-11, was designed as
a Iow-cos{ proximiiy fuze with” near-surface-burst (NSB)
capability. It is capable of sensing nonmetallic surfaces and
is imcnded for use with 81-mm monar projectiles. The sys-

tem bas a very limited sphere of influence, whlcb results in
q

a h{gb resistance 10 ECM.
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I MIL-HDBK-757(AR)

The capacitive methcd increases round effectiveness by rains. Over clear terrains-such as mud, waler. or din—a

●
avoiding tbe smothering effects experienced when rounds lesser but posi!ive improvement is obmined with the NSB

with PD fuzes are fired into soft terrains. such as marsh fuze. Similar performance occurs at all approach angles

grins, thick shrubbery, and snnw. Detonation nccurs ap- including graze. In marsh grass 2 m (7 ft) tall, leIbal areas

proximately 50 mm (2 in.) before contact with most ter- appmximately three times greater than for ground bursts me
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Figure 3-9. Schematic Diagrams of Signal Processing and Firing Circuitry of MK 404 Fuze
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Figure 3-10. Atmosphere Attenuation Windows
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Assembly a’
Figure 3-11. Fuze, XM588, Proximity
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MIL-HDBK-757(AR)

prcdic[cd for the NSB againsl standing or prone troops. and
lethal arcaseight to thirteen [imes greater are predicwd
ogains(woops in foxholes.

This capacitance fuze contains a de-m-de conwccr and

a sin~le in!egrmed circuit (lC). The lC consists of an oscil-
laIm. areceitcr. a firinEcircuit, atemperalurc cOmpnsa-

Ior. and a walmge regulmor. The power supply is a singlc-
cell. Iiquid-rcserx,e bmtcr)’. There is an oscillator cap elec-
trode and an clec[ric field shield. The oscillator consists of
a mmsfonner !hm, in conjunction with the Crsnsistors on the
IC. provides not only Ihe required elccuomagnetic field but
also the required volmEes for the receiver and firing cir.
c“its.

The oscillamr and rcceit,er. each of which has a very lim-
imd sphere of electrical influence, are scpmted by a shield
lhat reduces the free space capacitive coupling and thereby
increases fuze sensitivity .The Oscillator isconnectti tO tie
nose cap electrode. and [he reccivcr input isclectrically
connected m {he fuzc sleeve and projectile body. T?x shkld

acmasabatwry common ground andgroundrefercncc for
all of [he clcc[ronic circuitry. The dc-to.dc convener fur-
nishes 14 Vtotbefiring circuit and7Vto lhedetec10rcir-

cuitry, as shown in F@. 3-12.
When the projcc[ile approaches any object. the amoum

of capacitive coupling ixtwecn the caps and the receiver
electrodes (projectile bndy) is increased. This stronger sig-
nal initiates ihe firing circuit. lle voltage terms standoff
isdcpcndem on the [arge! dielectric conslan[ and ground
cove rdensity. All measured target fypcs (clear ground m
dense cover) produce signals from 61050 mm (0.25 to 2
in. ) [rem nose contacl.

Discriminatory circuitry in the recciw assures tha[ the
firing signal musi have a rate of rise compatible with the

apprOach velocities Of the S l-mm mortar shell. Additicmal
circuiuy p~esents a firing signal until the voltage Of [he
firin.e capacitor hasreached apredetcrmined Ievel.’fhis

prev~ms “firing before [he first 6 s of flight time.

3.2.9 SEISMIC SENSING
This mode of sensing can be employed to respond to

earth vibrations caused by vehicul~ traffic. Sensitivity re-
quirements for antipersonnel applications ore probably
such as 10 invite premature detonation from other vibra-
tions. such as exploding projectiles. T%k would be a con-
venient means of nullifying the minefield based on Lhis Iype

of sensor.
One design consideration would be 10 build in mfficien!

I intelligence redetermine when avchicleisa!an optimum
Pnsi{ion relative to the mine. ‘fbis would prcvem” distan[
vehicles from triggering tbe system. Use of a trembler

switch would nccessimte a banew power SOUICC.bu[ cfw u=
ofa piezoelecrric sysIemwould eliminate chisqutiement.
The piezmlectric syslem can fire the mine or alcn a lncat.
ing radar that uiggers lhe mine at tic optimum time. These
devices offer the additional advantage of tie ability 10 dis-

criminate between a spurious signal and a proper vchicu]ar
signal.

F?CSCIIIJY.emphasis is being placed on the piezoclccwic
mecbnd however, it is curcently no! in USC.

3-2.10 ACOUSTIC SENSING
Acoustic sensing is being employed in the development

of Mine. AT’. XM84. an off-route land mine system de-
signed as a hand-emplaced antivehicular mine. TIM acous-
tic sensing sys[em alcns (turns on) a search radar acquisi-
tion and firing circuit. The radar determines when the mr-
get is in an op[imum position relative m the mine. There is
also a $Wianl system thal uses IR acquisition.

‘1’lwacoustic sensor must be able IOdistinguish between
a nearby projectile burnt and the vehicle noise signmurc, or
it must alen tie radar at each significant noise level and rely
on the molar to reset [he system if the search does not dls-
CIOSCn vehicle.

3-2.11 PRESSURE SENSING
~is basic methcd of mrgei sensing is the o)dcsl used in

firing land mines and bnoby traps. h is simply a convenient
merhod of triggering an explosive charge by [he application
of weight. A great advantage is gained in that the target is

in an optimum. or near optimum. posi! ion 10 realize maxi-
mum damage effects.

TIIc an[ivehicular mine responds to a triggering force of
890 m 3335 N (200 to 7S0 lb), which provides some selec-
lion of cargcts. The antipersonnel mine is usual] y set for I I 1
N (25 lb).

71e usual tiring mechanism employs a svab firing pin
held safe by a Belleville spring, which is forced over dead
center for rapid motion 10 drive the firing pin into (be deto-

nator. Par. 12-2.2 illustrates the action of a Belleville spring
and presents [he design equations. Fig. 3.13 shows a pres-
sure-sensing mechanism in the form of a fuze incocpomt-
ing the Belleville spring.

3-3 MECHANICAL FUZE INITIATION
3.3.1 THE IN1T2ATION MECHANISM

Afterha fuzc receives informationthatit shouldsum
targetmien, a numberof complex mechanisms may h put
into op-mstion. llw necessary pnwcr to operate che fur.e

must be mede avaifablc immediately. Ilk fmwer mum dxan
accivaxe my time delays m Mbxr necessary fcntums prior X0
initiation of the first element of the explosive min.

In a mectilcal fuzc, contact sensing (impact) or pmsel-
Iing (time) is conveflcd dkccdy into che mecbanicaf mnve-
ment of a firing pin, wbicb in turn is driven eidxsr into as
against k first element of tba explosive tin. Funcdmxing
delays can be obmined by inecxia(See par. 3-2.1.3. I for
timber discussion.)or by pyrotechnicdevices.which ~ xu
incegrxd pan of Cbs explosive train. (See par. 4-4.1 fcufur-
xIxerdiscussion.)
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MIL-HDBK-757(AR)

The simplest means of initiation is to use the forces of
impac[ to crush the nose of the fuze and thereby force the
pin into the primer. In a base fuze Ihe pin or primer may
mow’ forward u,hen relative changes in velocity occur.
Springs are also used 10 provide relative molion between
pin and primer. typically in time fuzes for which imnial
Lxces from impact are not available.

Firing pins for stab initiation arc different from those for
percussion initimion, as explained in the paragraphs that

. . ..--. #?---------
!

I

cap

. . . . . . . . . . . . . . . .

(A) Functional Block Oiagram

Tamel CaD@tanCr3

follow, Typical firing pins are shown in Fig. 3-14. Initimion
by adiabatic compression of air does nol require a firing pin

al all, (see Fig. 3-15.)

3-3.2 METHODS OF INIT1ATION
3-3.2.1 Initiation by Stab

When a firing pin punctures the disc or case of the scn-

silive end of a primer or detonator, its kinetic energy is

Firing Pin

I

Safely Clip

He Spring

,!

POacillalor

I=+--l
Shield

b

Receiver

200 Vpp

t
14 Vdc

1:~
:;&wit

1.5V
J

Oalonstw

*

IL

.
Oelay
Cirmt

(C) Block Oiirsm

Detonator

Figure 3-13. Pressure-Sensing Mechanism @)

2 mm (0.076 In.) Diameter

(A) Stab Pin for Fuze, M557

~ 1--1.5 mm (0.06 in.)

,-1.1..(0.045,..)
Spherical Radius

(B) Persuasion Pin fw Sorrb Fuze, M904,
to Inftiata M9 Defay Efamam

Figure 3.14. Typical Firing Pins

Figure 3-12. Schematics of Circuitry of
Fuze XM588

)-12

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/


I

I

I

I

MIL-HDBK-757(AR)

Erd-x WA
Mechanism Acte
se Jmertia Plunger

t

Lead

View With S&A ModuIe in Fully
in Rotor

Armed Poeition

~@re 1&15. Mechanical ~CkSSP hitiafirm _

volume of h]gh explesive 10 be effective. ‘Ih.m is great

Oppertunily for ingenuity in tis kind of ordnance. Fuzes
with delayrd erming (OUI1090 m (31M fl)) and delayed fir-

ing after impact (at Ie=t one full length of ttm projectile in
the target) presently cxisl.

l?m great diffcrrnccs in magnimdc &tween bsndling fmd
gun envirenmems reduce the complcxiry of sefcry devices.
A skru wire is ohm sufficient to obtain handling safery, as
shown in Fig. 10.17, end rhe spin is sufficiently bigb 10 per.
mit the use of stiff, C-ring-rype cenrrifugrd Irxks. 0s shown

in Fig. 6-29 (A).

10-6.1 TVPICAL AUTOfWWI’fCCANNON
FUZES

lle Navy’sMK 7g PD fi~, as sbewn in Fig. lC 17 for
lhe 20-mm round, contains a disk rmor held safe by a xel-
back bleck and skw wire. 11has a minimum delayed mm-
ing tit provides a ssfe distence of only 0.3 to 0.6 m (l to 2
II) omside tie gun muzzle. ‘fhc M305A3 PD ilu, shown in
Fig. 6-29(A), war developed to incrcasc this delay. Dclayrd

rmningof3t06 m(101020ft) isobf,sined byuseofabsll

re[or, discussed in par. 65.6. Dtber designs tit prcducc

delayed mming to apprnximeuly 18 m (60 ft) with a spirel
unwindrr ribbon (par. 6-4.5) em rbe Ddikon fuzcs shown
in Figs. IO-18(A) and (B). For fimtkr developments in
incm.asrd arming times, see the intereel blcezf dasbpor, dis-
cussed in par. 8-2.3.2, for the M758 PD hue, which bm
delayed erming disrenccs of 9 m 90 m (30 m 300 fr),

10-6.2 AUTWWATIC CANNON FUZZ M758
mkMILY)

The US Army bm developed a basic b design, b
M758 (par. 8-2.3.2), for use in 20 tbrougb 35.Inm rounds.
TllisliMzb85 adrlaycd armiegcepabifily 0f9 to90m (30
ro 300 rl) by means of a pneumatic dashfmt timin8 sys~m.
h an beve a scM-&aruct fcalum for use over fkdy

wors~wff~f-fmutititi-fid
rmmdr to prevent fbr eircmft hum owrteking rhc freg-
mem.s. ‘37rcsalient feamms of this ties are rhe frogs num.
bcr of die-cast parts aod rmnprecision tokences, all of
which ~ b lk intercsl Of S!COMllIly.~ fu?.es bW’e lwO

indefscodent Way famrex—o ne is actumcd by mmifugel

fat-ceendrhe mhcrisrcturcd iradelaymodeby serback

force end rk pmwnedc dasbp.1
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Section A-A

FIwre 10-16. M7M SPfn Switch

10-7 FUZE TECHNOLOGY FOR CAN-

NON-LAUNCHED GUIDED PROJEC-
TILES (CLGP)

To provide the field srdlky with & ability 10 engage

both skwiomoy and moving hard-point IWSCK with a high
degree of fum-mund kill probability. a csnnon-launched,
nonspin, guided projectile, called rhc COPPERHEAD), W

been designed and is shown in Fig. I-6.
This round allows tie flexibility of using standard pmpcl-

Iam charges rind inlerchsngcsble loading witi conventional
rounds, 7he nonspin aspect Icmwcvcr. removes onc of cbc

cannon envimnmems ncrnnedly used co enable Ik fuz. ccm-
scquently, a substinne means has bc=n devised. ac dcscribcd
in par. 10.7.1.

10-7.1 UNIQUE CONSIDERATIONS

The subsrimte means of a scmtsd cnvirnnment f.m the
cannon.launched guided prujcctilc (CLGP) is a msgcccti-
cdly induced barrel-exiting signal that gencmccs m arming
signsl. This system scwcs snti ~, i.e., sensing a
minimum exit velocity below which rhc fuzc will not func-
tion. Tlis information is imprrant to dccccminc rb Ihc
minimum velocity exists 10 ensure slabMy of chc fin-scsti
lized round snd avcrr a xhorc-mund accidcor. i.e., insuf6-
cient disrance.

10-7.2 EXAMPLE OF A CLGP

‘Ilw M712 nnnspin COPPERHEAD high-explosive snci-
tsnk (HEAT) frrojcctile (Rg. 1-6) can bc used inccrchsnge-
ably with convemiootd smncunirion in tie 15S-cone
howitzer, The COPPERHEAD is fin-srabilizcd. fin-guided,
and follows a kdiitic najcctory. The guidance system csn
k designed for 232,m.illincetcr wave, or light amplilicadon
by stiulmsd emission nf radiation (lmsr) designation.

The fozing system M740, a block diagram of which is
shown in Fig. I@ 19. is rcdunclam in che imcrcxt of higher
reliability. Both S&A mechanisms tmc ksckcd ssfe indcpm-
dcmly by a scxback rcl= Iccch and a second latch that
requires two indcpcndem scdons for ics removal. During
uristcbing drc setback release Istch winds an arming spring,
which in mm scscss h rime-dclsycd motion of h rotor. If

drc second Isccb is not rrmovcd within 80% of chc delayccl
travel time (1.2 s norninsl) of chc rotor, the rotor will rcmrn
to the safe position.

‘klu scrion chat removes this scmnd Iacch ckcpcnds upon
tbc pmjcccile exccding a muzzle velmiry of 183 + 30 M/s
(6W i 100 fc/s) snd upon k availtillity of eleco-icsl power
from chc on-board bscccry within 0.6s sfccr launch.

Rojccdle exit from IISCgun tubs is sense.d by two mag-
netic induction second environment sensors (SES) rhm arc .
moumcd flush with dsc pmjcccile surface snd spaced 38.1

mm (O.12S fi) apart along * axis. An elcctmnic logic cir-
cuit (SESE) rueivcs the SES signsls and detcrcnincs
whcaher or not the prupcr projectile velccity has been

cchievcd. If this vclcciry has been achieved and elcccricsl
power is available, explosive scmstoIs ficc and remove chc

second latches cium the rotors. Prcncmurc functioning of ck
second Istchcs, prior co unlocking of the fimt lacchcs, will
lock hc accclemdon-respcmxive mtoc locking weigh! in rbc
lock position snd prevent tbc mtom ci’om srming.

llsc mmrs arc tisrthcr &laycd by runaway escapemcm
. Find clccnical acming of the firing circuit

occurs during rhc guirkcd phme of flight but only xfccr
receipt of a csrget acquisition signsl horn Uccguidsncc elcc-
Ucmics.

onim~cche cbspd-cbsrgc wsrhcadisdcmcrcccd by
elcccrical cnccgy frvcn target-dccecting xnmcx—a ne
mouomcf climxr - md scvcml shock-wsvc xcnsor’x. llsc
shcek-wave mnxm cnxurcs dctonmion on grsm impacts.

l?sc fuzc module housing contins viewing windows cbsc
disclascagtcm wocswitl Simpimcdor aculzoncwitIsA

impriIItcd so CbtbC4sfc (S) CWSICCIc4f(A) stsnrcofti
cocor(s)can kedaccmhd~crr togunlorlding.

10-8 ELECTRONIC PROXllKITY FUZES
nrcsctilxe$ lr.ucOrrvcnticmsl s&Amcchsnismsfc8p. ;

Isunckf tiues. ‘h tcrgetdccccdng systcm, bosvcvcr, po-
Vidcxinitiscioo acaprcdcccmlined disrc.ncc iofc’Oor Ofck “
trnget for maximum effcctivencsx. Tbc nmsr cmnmOO BKl

mostu.ud rypc Lscbc RFhUe.’Ik5cfiu-s arexlsowidcfy .
used in guided-cnisxile rounds. mu U5cfidncss Ogcillsc ti-
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I

I

1 Shear Flange
2 Firing PiO
3 Detonator in R4t4r
4 Shear Pin and Setback Blnck
5 Lead
6 BOnster
7 Antinudnmembly Chamfer

W’z

Fiire 10-17. 2&nm Fum MK 78 (I&f. 8)

craft and ground targets is explained in Chapters 1 and 3
(pars. 1-4.1.3and 3-2.2, respectively).

10-8.1 SENSING TECHNIQUES, OPTIONS,
AND DESIGN

Although tie RF system was !he tlrst and most widely
used sensing mchnique for pmximiIy king, other methods
arc used because of Iheir special propmdes (pars I-4.1.3, 1-
5.4.1-6.3, and 1-S.3).

lnductivc sensing has been used for amiumk rounds for
which intervening nonmcmflic obstructions cannot interfere
by causing premature initiation. This method is useful in
medium smndoff simmions 10 improve the standoff distance
for shaped charges (par. 3-2.3).

Elcctmstaic sensing offem tie capability of firing near an
aircraft because of the electrostatic envelope surrounding

Ihc IzWgeL lle sysiem can dismiminale between signals
from clectmsutically charged trees and raindrops and offers
some selectivity over b RF types. See par. 3-2.4 for addi
tional discussion.

Capacitive sensing has a ve~ liitcd operating area
because it triggers within SO mm (2.0 in.) of the target or an
obstruction. but it offers high resistance to electronic coun-
krmcmu-es (ECM), Additional discussion of capacimtivc
sensing is in par, 3-2.8.

An elemo-opdcsd system reacts to Lhe fR emissions ern8-
nating fium jet engines. h offers acauwely controlled but
positions, improved relkbihty, no degradation of effective-
ness when lid low over waves. and extreme immunity to
camtermeasures when used in antiaircraft munitions. see
par. 3-2.6 for additional discussion.

10-18
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MIL-HDBK-757(AR)

1 &lf-Destruct Sail and Sting
2 Unwinder Ceil
3 Firine Pin I

(B)sas8h2.e

I
(A) Nose Fuze

Rcptimed wilh pmnission. COpyrighI O by Odikon Machine Works.

Figure 10-18. 35-nun F% Oerlikon Design (Ref. 9)

10-8.2 M732 FUZE silicon+onnullcd rectifier(SCR) for uiggering he fire-
TheM732fuzc is an electronic RF proximity fuzc known pulse circuitry.

as a conmollcd variable time (CVT) fuzc. One method of ‘he power supply, 30 V nominal al 100 MA load current,

protection against ECM is [o limit exposure time, i.e., UIC is a spin-activsml battery. The elearcdyIc is seaked in a cop

time during which lhc fuze is radiating. ‘fIds is accom- pcr ampufe, which is cut open on setback and allows disui-

plished by using an electronic timer. senable befort fuing bution whhin the cells.

by hand rotation of ihc ogive, which is engraved around the An elecnunic timer -bly 10 nun on the mdiming

periphe~ of tie fuzc shown in Fig. 1Q20. phase is included as m IC vsriable duty-cycle muhitilmmor

An extensive description of IMs fine is contained in par. chopper lhs! chops lb resismr+apacitor (RC) charging

J-5.4. Sriefly, the fuzc has an RF oscillmor that comains an cun’e and thereby permks a 150s &lay time. A mdmnc.tcr

antenna. a silicon RF mmsismr, and other elecuonic cmn~ with finger contacts is rofmcd 8s k. ogive is nmncd during

nents. lle antenna pattern is &signed to prOvi& an Opti- sening.

mum burst heighl over a wide range of approach angles. The SAO u.suafly is a sumdard system witi the rmm bcld

l%e amplifier contains an intcgrwed circuit (IC) tbm has a by setback and cennifugtd dmnts, and tie arming time is

@

differential amplifier. a second-stage amplifier witi a full rnnucdkd with a runaway c.scepement giving a constant

wave Doppler rectifier, transistors for tie ripple filter. and a arming dismncc indepmdem of muzzle velocity.
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I

I

L

Pr.je.til. SFs Minimum
E.iu (h Aciivmle. V.loei;y

Tube I.agic
Circuit Achieved

‘“ *------ +~~1 ~~==~~~

I
GWI Sotaies. Cum

bunch PSL* In Unlock
hr Cam&ku

22
SEL Unblocks

Saback Rotor, Winds Sam SOtm.L4a, p&dig.P Fb

Sprint, FSL Lak Q.Wt &st# mtOnUor iu’lae

Figln-t 10-19.

m
l[\

I I

I I

Ocad Fi.i.c
Guidme. Cmdtnr

Sl@!.1 ~-d

Block Diqnun Of~~ Fum Am@ Sequence

ProjectedV,ewofArmyproximityh, CVT-RF,M732
Tims-SeUing Scales Shown E-4 at O B

1P P1s’.l B +YW’+@14@latt0&tIJne

I /

.-
o’rimohk~ ~ nc4dkng mot

Figure 10-20. Rue M732 (Ref. 10)

A PD bsckup mode is accomplished by means of a mov-
able detonator csrrier wihln lhc S&A mcchsuism. Cm
impact tie detonator in i~ carrier compmsses an snticmep
spring ha! allows the dctonalor 10 impale on a fixed Iiring
pin.

10-9 SUBMUIWI’ION FUZES

fmpioved conventional munitions (KM) or csrgo
munds-discussed in pars. 1-3.1, 1-3.1.1, 1-3.4, 1-3.4.2, 1-

3.6, snd 1-13-SIC b latest development in wdllery
rounds.

fig. I&2 I depicts h cargo projectile M483 fnr the 155-
mm kmwiur. Its mmems arc the M42 shped-chmge.
antivebicle grade, shown in Fig. 1-26, wi!h he M223
fuu, shown in Fig. 1-51.

~p~0fbmtiism4eti0vtil10f
be conventional HE projectile by dispersing he energy.
TsrgeI acquisition snd lethality me also @dumced by tbe
sbotgunpsttan ontbctsrgctsrc.n

‘he M42 submunition is explsincd in &tail in psr 1-3.6

and i!s fur..% he M223, in pm 1-13. Tbe fuze is a simple

armrlgcnunt of s slider/dcmrLaml Oulmf-lii day duu k ●3
10-20
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Base e-

Figure 10-21. RojecWe M4S3 With SubmunMon M42 (Ref. S)

spring loaded toward the armed position, h is held safe by a
screw-bolt firing pin armed by means of a uailing ribbon
that puts a drag on the bolt. The spinning grade does dIe
rest. The fuze fires on impact duc m tie inertia of tie liking
pin assembly.
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CHAPTER 11
FUZES LAUNCHED WITH LOW ACCELERATION

,tfunirions launched under conditions of low accelcmrion, i.e., less than IO,(XMg, are drused and the faunch mvimn-
ment of low. accclermion coupled wirh fong time duration and a .qeneml lack of spin u discussed The operudng accelerations

of rockets, guided missiles, grrnadcs, and moraar projectiles are categotid. Rockets am &@wd, in contmst to guided mis-

siles, as free-J?ight missiles wi(hour guidfmcc other than lfu initiaf aiming toward ths tirget. hfcrhod$ ojguiding rockrt.a, such
u on. boanf inmlligence, radio command @m the faunchec or wire ltige, ara pmented Arming enm”mtuncnts for mckct
safec and arming (S&4) mechanisms art discussed; airf?ow mchr-mntor gm pmssums, and long dumdon acccfermion am

also discussed. The use of an eltcrmsxp!osive device as a nonenvimnmcnmf lock is presented u a way w provide additional

safety. Envimnmemal sensing &vices. such u the sequen~l lt~mctim dmg scnroc ZJ”gz.agmechanism dflu~ic g~.
eratoc arc discussed and their application.s in seveml mcketfuze design.! arc illustrated A genemf description @guided mis.
silt fizing is given. and :hefmquent use of redundancy to <mum miiability is emphasized 7he geomem”caf Aztionship of the
sensoc the SdA mechanism, and (he bolstering sysrenu in mfation to the m“ssik warhead u expkincd A hypothetical &sign
inc[uding (he relevmu ●quations for a missi!etie doub[e-inre.qraring mechanism is given A speci@ su?’fhce-w-air mi.rsile, the

PATRIOT is described. The redundancy of ils sqfeiy and arming devices (SAD) u explained m am the counterbalances intm-
dured 10 militate against side accelemrions dunhg maneuvering. A command se~desnwct (SD) feature, which h autom”c in
[he CIVO:of conmol.signal loss. is presemed In addirion. the use qf mfary unlocking solenoids u a supplerncrmwy safety fee.
rure IO!he g sensors is shown. The HELLFIRE air-to-swface mksile and its fuze, the M820. is included u an exampfa of a

simple system for small guided missiles. The fewest of the fow-cceleradon munitiom is ths hand gtvnadc. The widcfy med
pymrechnic (in#cfize is presented aiong .,iIh a more demiled expfnnmion @an ●lectricalfyfired impaclJiue. Advantages and

disadvantages of rhe two appnmches are given. Design cquatioru for thej%ing spring for borh grmndrs arc given. Method! qf
suflace implanting both mriarmor and wuipersonncl minefiefA am discussed: am”llcry aerial, command, and towed dispem-
crs. The ground-emplaced mine -scane ring system (GEMSS) and the VOLCANO and ADAhffuzes am discussed. Submun ition

dispensing syslems for me with pmjecriies, mc~ls, and airborne canisters am &s@bed The purpose of the munitions and

submun itions is discussed. Fuze M230 for lhe M73 submunirion is used as an example.

11-0 LIST OF SYMBOLS
a = acceleration of the mechanism, g-unis

o, = first “ew acceleration of the mectilsm, mls*

(in./s:)

az = accond new acceleration of tie mechanism. mfs’
(inJs’)

d. = diameter of wire, m (in.)

E = Young’s mcdulus of elmticity. Pa (lWin? )
F. = resuaining force. N (lb)

F; = initial len~on on the slider, N (lb)
G = Iomue thm is mmmdonfd to deflection ke, Nm

(in;lb)
g = acceleration due to gravity, MIS’ (inJs’ )

H, = potcntiaf ene~, Nm (in.lb)
/. . second moment of cross-sectional area. m’ (in.’ )
“~ = spring constant. N/m (fIMn.)

I = IcngIh of spring, m (in.)
r = lever arm of fo~e F,, m (in.)

r, = radius arm of ha striker that swings through x radi-

ans. m (in.)
S = dktance. m (in.)

T, = time constant,s
t = time, s

V, = Ierminal velocity as f becomes infmk, rds (inA)

IV = weigh! of the slider, N (lb)
x = displ~mcni of slider. m (in,)

.% = i~tid displacement of slider, m (in,)
1 . sccelerstinn, mlsa (inJsa )
.i = velncity, M/s (inJs)
e = sngufar displacsmcm of coil, fad

11-1 INTRODU~llON
Munitions titb m]~Om Of kSS h 10,0008 uMy

be classified togdaer fnr * purpose of dcscrib~ the fore-s

fields uufil for arming. Ilxse munitions can ba mckata,
guided tiLlc.s (GMs), grcmxkes. or m mmw faujec-
tile.s. Rocket accelerations arc c.laasMed in tbme ran- up

t040g, fr0m4010400g, aOdfrmn 400t03CKKlg. ‘lla21am
~ge is u,$USflyolnaiml by an -?. such W a lW-- ,

rocket. Guidad missifea &llUd}y havs accelet’nfiona of km
than Iflog, hand grmmdeshave only a few g’s, but fdOpel-
Iam-launcbcd grenades may exparien= accclamdona up tn

10U2 g. Ttae acceleration of mmtar projblcs dcpen& upon
the mount of charge used.

W fmces available to arm &e components in muni-

tions L9unched Witi low LwdcmIion am smaller thnn tfmaa

in high-eccclemtion projectiles. Fcmunste Iy. tbedanadm..-.
tion of di.s accelcmdon iscom~velyInng,frnm2tn48

11-1
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MIL-HDBK-757(AR)

in some rockets. Most munitions launched wilh low acceler-
ation are fin-stabilized; hence ccnwi fugal farces are not
available for arming.

A differcntiatio” will he made be[we.m ~ke~ ~d
guided missiles, In militq usc the term “’rocket’” describes
a free-flight missile tiat is merely poinud in the imcndcd

direction of flight, On tie other hand, “guided missiles” can
he directed to their Isrge! while in flight by a preset or self.
reacting device within the missile, by radio command 10 the

I missile, or by wire linkage to the missile. A %aftisiic mis-
sile”, allhough commonly grouped with guided missiles, is
guided in tic upward pan of its trajectory but becomes a

I free-falling body in tie latter s~gcs of its flight through the
atmosphere. In this case there is sufhciem accuracy in con-

junction with weapon yield to aflow targeting of eiticr soh
or hard tmgets with an acceptable proba~lfity of destruction.

H-2 ROCKET FUZES AND SAFETY AND
ARMING DEVICES (SAD)

Most rocke!s arc fin stabilized; thus spin is not available

as an arming environment. lle designer must therefore
reson [0 the use of olhcr environments or nOnenvirOnmen-
Ially operated features 10 achieve the desired level of safety.

Other forces avsilable 10 the designers of mckel fiucs arc
wind forces, gas pressure from the Lwming propellsm, and

creep (deceleration),
Early tin-stabilized rocket nose fuzes used winddriven

vanes for arming, which were unlocked by the forces of

acceleration. The wind-vane fuzing sywems, however, were

susceptible [o handling damage and the ingress nf moisture.
In some cases, a shroud sumounduf the vane m protect it.

During burning of the rocket mom? pmpdlaat pressure

tlom the resulting gases is exerted on tic base of the rocket

head. Since this pressure is fairly conscdnt for a given rocket

motor and since the magnitude is severaf hundred kilopm.

cals (several hundred pounds per square inch). entrance of
the gas into tie fuze can be conmkd md used m start. sc

well as [o delay, tic arming of a base faze. Special &sign
precautions are necessary to prevent the ingress of combus-
tible products into the inlet orifice. Ilk is usually accom-
plished by a wire mesh filter.

Most of tie cumem smckpile of rocket tlues-dkcussed
in pars. 1-3.2 and l-9-arc entirely seafcd, with no external
pull pins or vanes, and use only ~lermion as the arming
environment, Genemfl y. these acceleration double-imcgmt.

ing mcchankms have withsmnd the lest of time ss good dis-
criminator among launch, handling. and accidental rcle.me
shocks. Onc known exception is discussed in par. 6-4.9
along wilh the measure mken 10 overcome this deficiency.
‘fhis example emphasizes the desirability of two inckepm-
dem safety features,

fn addition 10 aa acceleration sensor, newer rocket and

missile fuzes use a second environmental sensor, such m a
drag sensor, or a nonenvimmnenud lock, such as an elccnw

explosive &vice, The nonenvironmemd lock is initiated by
=itir on.boti ~wer, e.g., battery or generator. or a charge

induced from extcmaf power sources, usually al launch.

@

\

,/
11-2.1 THE 2.75-kn. ROCKET FUZE FAMILY

Psrs. 1-3.2.2 and 1-9,1 and Figs. I-13, 1-45, and 2-6
describe tie 2.75-in. rocket fuze, which has only one safety
system, i.e., a mechanism operated by acceleration that is
tie govsmcd by a runaway escapement. AS rimed, this
mechanism is time proven and used in many fuzing sys-
tzm, however, since it rcsufts in a single safety feature. it
does not meet tie safety provisions of MlL-ST’D- 1316 (Ref.
1).

Par. 2-10, diseases tk launch environment acceleration
envelope for rocket fanx. Table 2-2 gives the range of
forces on rocket tis during launch and hex flight. fAw-

accclemtion qccLs of mcke! pcrformaacc an covered in
W. 5-3.2.2, and the balfistic environment of a rocket muni-
tion is depicted in Fig. 5-2. A acceleration versus arming-
time curve for typicaf rocket sccelemtions in a tcmpcrarurc

raage of -18° to 60”C (W to 140”FI is shown in Fig. 633,
Most fazes for the 2.75-in. rocket family usx a g-weight

system. which is controlled by a runaway escapement. This
SAD also protects against a shon motor burn (llg. 2-6). h
mums the rotor to the safe position after cessmion of the
incomplete acceleration sigaature. The same action ocean
daring rough handling, including drops. The one exception
is during parachute delivery witi a fouled chute. Here

again, a second environmental safety feature is desirable.
w J

11.2.2 SAFETY AND ARMING DEVICE WITH

DRAG SENSOR

Shoulder-launched high-explosive antitank (HEAT)
rocket grensdes w a bsse fuze with a nose trigger. The fuze
MIP1OYSa sequential leaf acceleration arming mechanism,
which is discussed in par. 6-5.3, and a spring-armed rotor.

Recently, fuze M754 has included a second environmental
safely device in the fmm of a dmg scns.or. ‘flu &zig sensor
ualocks or leeks the rotor depending upon the position of
timtmti titieoftio~: mkktimfofa2-to&

gdmgfOme Umtendur=s f054ms. Fig. 11-1 depictstht ‘
sequence of opcmtion of the dmg safety system.

33-2.2 lWIJLTIPLE LAUNCH ROCKET SYS-

TEM (MLRS) FUZZ

‘flu M445 hwx far the MLRS. shown in Fig. 1-11, is
described in par. 1-9.2 and ilkustratcd in Fig. 146. llm two
safely systems lacking lbc uabakanccd rotor arc a zigzag
setback mecbmim, &scuwcd in par. 6-4.6, and aa eiccuw
explnsive switch. The switch is tired by voltage gcncratcd

.

by ram ti opuatcd drmugh a ffuidic generator (par. 3-
5.2.2). Fig. 11-2 is a block diagram of the opcmtion of he
M445 fuze, Fig, 11-3 shows the safety and arming (w)
mechanism in the safe and armed positioms, and the mti-

@

11-2
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11.1.
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Figure 11-2. Block Diagmn of M44S Fuse

malassembly link is shown in Fig. 11-4. Position A shows
lhe lever in an interference position caused by an armed

roto~ in Ibis condition, installation of the S&A mechanism
into lhe fuze is prevented, A S181USswitch controlled by
rotor rotation enables tic fuze setter to distinguish between
an armed md unarmed fuze. Tlw fuzc cm bc set only if
unarmed prior to launch,

11-3 GUIDED MISSILE FUZES
Guided missile fuzes. m do other typc$ of fuzes. contin

an arming mechanism and m explosive tin (Ref. 2). The
various fuzc Components, however, may be Physically seDa-. . .
rtxed from the wsrhcad 8s well as from each other. The i~ti-
alion sources may be separskd llnm the S&A mechanism,

which also may be separrucd from tie warhcti, he only
connection between tie two componenu may be a len@ of
detonating cord or m elecuic cable. S&A mechanisms for
missiles are discussed in Ref. 3.

The guided missile is a Iwge, expensive item witi a
requirement for high functioning ~bab!lity. Thcmforc,
multiple fuzing is commonly employed since ti probaMl-
i!y of fsilurc decreases expcmentirdl y, For example, one
missile warhead detonating system may consist of two p8r-

11-4

allel S&A mccbnnisms, eiwh containing a detonaior. Then

five lengths of detonating cord fined wilh PETN relay caps

may connect h Oulpui of dlesc mechanisms 10 three war-
heads, Only one of the muftiple paths needs to be completed
for successful missile operation.

Even though several of tic fuus previously described
might operate in guided missiles, the firing conditions war-
rant dcs@s pxdiiu to missiles alone. AI tie prcseni time,
most missiles me limited to an accelm-adon of about &3 K,

therefore, the arming mechanism must be desQncd to ~
ate within this -Icmdon. lhc launch of some small
guided missiles. such as TOW, produces an acceleration of
390 g, but* fuzc requires only 2 l-g accelemiion to arm.

The environment most widely used in both rncket and
guided missile S- is the acceleration imparted 10 the

weapon during twow Since he magnitude of this accekm.
tion is comparable to the magniN& of the acceleration
experienced in bsndling or -identnl drops, however, the

safety mechanism usuafly requires thm this acceleration be
sustained for a major portion of Ibe boost time. In other
words, the safety medanism completes its function only

sficr a minimum impulse has been imparted to the missile.
Other vemions of this type of S&A mechanism perform an
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