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PREFACE

The Engineering Design Handbooks of the U.S. Army Materiel Command
have evolved over a uumber of years for the purpose of making readily avail-
able bastc information, technical data, and practical guides for the develop-
ment of military equipment. While aimed primarily at {1.S. Army inatenel, the
handbooks serve as authoritative references for needs of other branches of the
Armed Services as well. The present handbook is one of a zeries on Fuzes.

This publication is the first revision of the Handbook, Fuze , Ceneral and
Mechanical. Extensive changes were made to update the volume. Information
on explosive trains was condensed, this subject now being treated in 1its own
publication, AMC? 706-179. lllustrations of sample ammunition items, ref-
erences, and test data were brought up to date. New chapters are included on
design considerations and design guidance. The treatment of electric fuze ac-
tions was greatly enlarged with material excerpted from AMCP 706-215.

This handbook preseni> bolh theoretical and practical data pertaining to
fuzes. Coverage includes initiation, arming, design, and tests of fuzes and their
components. Both mechanical and electric fuze actions are treated. The fuz-
ing of all conventicnal ammunition items is covered.

Prepared as an aid to ammunition designers, this handbook should also be
of benefit to scientists and engineers engaged in other basically related re-
search and development programs or who have responsibility for the planning
and interpretation of experiments and tests concerning the performance of
ammunition or ammunition components.

The handbook was prepared by The Franklin Institute Research Labora-
tories, Philadelphia, Pennsylvania. It was written for the Engineering Hand-
book Office of Dulte University, prime contractor to the Army Research
Office-Durham. Its preparation was under the technical guidance and coordi-
nation of a special committee with representation from Picatinny Arsenal,
Frankford Arsenal, and Edgewood Arsenal of the U.S. Army Munitions
Command, and Harry Diamond Laboratories of AMC. Chairman of this com-
mittee was Mr. Wm. A, Schuster of Picatinny Arsenal.

The Handbooks are readily available to all elements of AMC, including
personnel and contractors having a need and/or requirement. The Army
Materiel Command policy is to release these Engineering Design Handbooks
to other DOD activities and their contractors and to other Government
agencies in accordance with current Army Regulation 70-31, dated 9 Sep-
tember 1966. Procedures for acquiring these Handbooks follow:

a. Activities within AMC and other DOD agencies should direct their re-
quests on an official form to:

Commanding Officer

Letterkenny Army Depot

ATTN: AMXLE-ATD
Chambersburg, Pennsylvania 17201

b. Contractors who have Department of Defense contracts should submit
their requests, through their contracting officer with proper justification, to
the address indicated in paragraph a.
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xviii

¢. Government agencies other than DOD having need for the Handbooks
may submit their requests directly to the Letterkenny Army Depot, as indi-
cated in paragraph a above, or to:

Commanding General

U.S. Army Materiel Command
ATTN: AMCAD-PP
Washington, D.C. 20315

or

Director

Defense Documentation Center
ATTN: TCA

Cameron Station

Alexandria, Virginia 22314

d. Industries not having Government contracts (this includes Universities)
must forward their requests to:

Commanding General

U.S. Army Mater’el Command
ATTN: AMCRD-TV
Washington, D.C. 20315

e. All foreign fequests must be submitted through the Washington, D.C,
Embassy to:

Office of the Assistant Chief of Staff for Intelligence
ATTN: Foreign Liaison Office

Department of the Army

Washington, D.C. 20310

All requests, other than those originating within DOD, must be accom-
panied by a valid justification.

Comments and suggestions on this handbook are welcome and should be
addressed to Army Research Office-Durham, Box CM, Duke Station, Durham,
North Carolina 27706.
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FUZES
PART ONE—FUNDAMENTAL PRINCIPLES

CHAPTER 1
INTRODUCTION *

1-1 DEFINITION AND PURPOSE OF A FUZE

The word fuze is used to describe a wide vari-
ety of devices used with munitions to provide
basically the functions of (a) safing, i.e., keeping
the munition safe for storing, handling, (includ-
ing accidental mishandling), and launching or
emplacing; (b) arming, i.e., sensing the environ-
ment(s) associated with actual use including
safe sepsration and thereupon aligning explo-
sive trains, closing switches and/or establishing
other links to enable the munition; and (c) fir-
ing, i.e., sensing the point in space or time at
which initiation is to occur and effecting such
initiation. See also MIL-STD-444, Nomenclature
and Definitions in the Ammunition Area.t

There is a very wide variety of munitions in
existence and new ones are continuously being
developed. They include artillery ammunition
{nuclear and non-nuclear), mortar ammunition,
bombs, mines, grenades, pyrotechnics, atomic
demolition munitions, missile warheads (nuclear
and non-nuclear), and other munition items.
Because of the variety of types and the wide
range of sizes, weights, yields, and intended
usage, it is natural that the configuration, size,
and complexity of fuzes vary also over a wide
range. Fuzes extend all the way from a rela-
tively simple device such as a grenade fuze to
a highly sophisticated system or subsystem such
as a radar fuze for a missile warhead. In many
instances the fuze is a single physical entity—
such as a grenade fuze—while in other instances
two or more interconnected components placed
in various locations within or even outside the
mrnition make up the fuze or fuzing system.

*This handbook was revised by Gunther Cohn, The
Franklin Institute Research Laboratories. Valuable con-
tributions were made by C. T. Davey, P, F. Mohrbach,
and M. R. Smith.

FDistinct fuze terms are defined n the Glossary,

There is also a wide variety of fuze related com-
ponents, such as power sources, squibs, initia-
tors, timers, safing and arming (integrating) de-
vices, cables, and control boxes which are some-
times developed, stocked, and issued as indivi-
dual end items but which in the overall picture
constitute a part of the fuzing system,

Leading nations such as the U.S.A. employ
the most advanced technology available in the
design of modern weapons and are constantly
advancing the state-of-the-art. This is particu-
larly true of fuzes because of their important
and exacting role, constituting in effect the
brain of the munition. This handbook in the
Engineering Design Handbook Series is con-
cerned with the basic principles underlying the
design of fuzes. Since the final design of any
fuze will depend upon the required role and
performance and upon the ingenuity of the de-
signer, attention in the handbook is focused on
these basic principles. Illustrations of applica-
tions are purposely kept as simplified as possible,
leaving the final design approaches, as they
must be, to the fuze designer.

1-2 FUZE ACTiON

Inherent to the understanding of fuze de-
sign is the concept of the progression of the
action of the explosive train starting with ini-
tiation and progressing to the burst of the maiu
charge in the warhead. Initiation as the word
implies, sterts with an input *signal,” such as
target sensing, impact, or other. This “signal”
then must be amplified by such devices as a
detonator (first stage of amplification), a lead
(second stage of amplification), and a booster
(third s.age of amplification) which has an ex-
plosive output of sufficient force to detonate
the main charge. Since the detonator contains
explosives which are very sensitive as required

11
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to respond to the initial (weak) signals, it is
the basic role of the fuze not only to signal the
presence of the target and to initiate the ex-
plosive train, but also to provide safety by

casualties to property and life in the past have
been directly traceable to inadequate built-in
fuze safety.

As an approach to providing adequate safety,
present design philosophy calls for a fuze to
have at least two independent safing features,
wherever possible, either of which is capable of
preventing an unintended detonation; at least
one of these features must provide delayed
arming (safe separation). This and other aspects
of safety are discussed in detail in Chapter 9.
Reliability of functioning is also a primary
concern of the fuze designer, details of which
are covered in later chapters (e.g., par. 2-3).

Fig. 1-1 is a diagram of the steps involved in
a typical arming process. At the left the fuze is
represented as unarmed so that it may be stored,
transported, handled, and safely launched. The
arming process starts at ¢ by adding energy to
the system in a proper manner. At b enough
energy has been added so that the device will
continue to completion o the arming cycle. At
any time between a and b the device will return
to the unarmed condition if the energy is re-
moved. After b the fuze is committed to con-
tinue the arming process; therefore, b is termed
the commitment point. The detonator is aligned
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Figure 1-1, Fuze Arming Process

at « but provision is made for other arming func-
tions such as switch closures all of which are
finally completed at o, and the fuze is fully
armed and ready to function,

1-3 TYPICAL AMMUNITION ITEMS

Ammunition can carry a fuze in its nose, its
base, or anywhere within depending upon its
tactical purpose. To illustrate this versatility,
several common fuze carriers are briefly des-
cribed below. Greater detail is contained in Part
Three of this handbook.

1-3.1 PROJECTILES

Fig. 1-2 shows a typical round of fixed ammu-
nition for artillery use. The weapon {iring pin (at
the bottom of the figure) strikes the cartridge
primer. This initiates the propelling charge with
the help of the igniter. As the propellant burns,
gases form that exert pressure upon the base of
the projectile and force it out of thé gun tube.
Rifling in the gun tube engraves the rotating
band thus imparting spin to stabilize the pro-
jectile. In flight, centrifugal forces, set up in
the spinning projectile, turn rotor and move
interrupter so that a continuous explosive train
is formed. The fuze is now armed. Upon target
impact, the firing pin in the fuze is pushed into
the primer which then explodes and ignites
the detonator. It in turn initiates the booster
that amplifies the detonation sufficiently to
reliably detonate the bursting charge.

1-3.2 ROCKETS

Fig. 1-3(A)! * illustrates Rocket, M28, with a
base Fuze, M404Al that is enlarged in Fig.
1-3(B). Rockets carry. their cwn propellant
which burns during rocket flight. Aifter the
rocket exits the launch tube, the ejection pin
slides away, due to the force of a compressed
spring, exposing the detonator. Upon impact,
the inertia weight moves forward and causes
the striker to stab the detonator, which causes
the booster charge and in turn the high explosive
bursting charge in the rocket head to detonate.

*Superseript numbers and letters pertain te References.
Numerical References are listed at the end of cach
Chapter while letiered Refcrences are listed atthe end

of the text.
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Figure 1-2, Typical Artillery Round

1-3.3 BOMBS

Fig. 1-4% illustrates a typical bomb with its
meain parts, Fins provide stability in flight.
The body contains the high explosive; fuzes
may b2 located in the nose, the tail, or the side.

Tweo or three fuzes ave used sometimes to in-
sure explosion of the hursting charge. Bomb
fuzes often are armed by vanes that spin in
the air stream. The vanes are prevented from
spinning before bomb release by arming wires
attached to the aircraft.

CONTACT &ING ~ EJECTION PiN

INSULATING
RING

NOZILE AND WARKEAD

o ascumy 1A Rocket, M28

BO0STER

SAFETY W4t DEYONATOR

RAND
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[ serace spoine

b INERTIA WEIGHT

| ——— 1
[} /2 tiw

(8) Fure, M404A/

Figure 1.3. Racket, M28, With Fuxe, M404A1

1-3.4 MINES

Mines are a class of munitions which are pr-
positioned or emplaced at points or in areas,
typically by burying, so as to deter the enemy
from moving into the area. Fig. 1-5° shows
Mine, Antitank, M15 with Fuze, M603. As a
tank or other heavy vehicle rolls over the mine,
it depresses the pressure plate which causes the
Bellevil'e springs to snap through, driving the
firing pin into the detonator, initiating the main
charge in the mine, Various antipersonnel mines
operating under lighter pressure or by trip wires
are also used in minefields.

-4 REQUIREMENTS

In addition to performing the basic functions
of safing, arming, and firing, fuzes having high
usage rates should be designed so as to be

1-3
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adaptable to the maximum extent possible to
automated mas projection and inspection meth-
ods. This is necessary in order to minimize
human errors in manufacture and assembly,
and to minimize production costs.

1-5 CATEGORIES

Fuzes may be identified by their end item,
such as bomb or mortar projectile; by the pur-
pose of the ammunition, such as armor-piercing
or training; by their tactical application, such as
air-to-air; or by the functioning action of the
fuze, such as point-detonating or mechanical
time. Fuzes may also be grouped as to location,
such as nose or base; as to functioning type,
such as mechanical or electrical; or as to caliber.
Table 1-1 lists common fuze categories, How-
ever, subtitles within groups are not mutually

exclusive,
Typical nomenclature would be Fuze, Bomb

Nose, MS04E1. Whereas identifying features,
such s MT (mechanical time) or HEAT (high
explosve antitank), were formerly added to
fuze nomenclature, the current irend is to
minimize such descriptive terms. A more de-
tailed description of common classifications
follows.

TABLE 1-1. FUZE CATEGORIES

Ais-to-Air
Air-to-Ground
Empiaced
Ground-to-Air
Ground-to-Ground

By End Item By Funciioning Action
Bomb Impact
Grenade Point-Detonating (PD)
Guided Missile Base-Detonating (BD)
Mine Point-Initiating, Base-
Mortar Detonating (PIBD)
Projectile Delay {short or long)
Rocket Graze
Time
By Purpose Pyrotechnic Time (PT)
Mechanical Time (MT)
Antipersonnel (APERS) Electrical Time (ET)
Armor-Piercing (AP) Self-Destruction (SD)
Biast (HE) Proximity
Chemical Pressure
Concrete-Prercing (CP) Hydrostatic
High Explosive Antitank (HEAT) Barometric
High Explosive Pissti. (HEP)
Tlumination Ry Location
Signal
Target Practice Base
Training Internal
Nose
By Tactical Application Tail

16.1 IMPACT FUZES

These are fuzes it which action is created
within the fuze by actual contact with a tar-
get; the action includes such phenomena as im-
pact, crush, tilt, electrical contact, etc. Among
the fuzes cperating by impact action (alterna-
tively referred to as contact fuzes) are: (a) point-
detonating (PD) fuzes located in the nose of the
projectile, which function upon impact with the
target or following impact by a timed delay, and
(b) base-detonating (BD) fuzes located in the
base of the projectile, which function with short
delay after initial contact. The delay depends on
the design and may include a delay element
specifically delaying the functioning fot as much
as (typically) 0.25 sec. The base location is se-
lected to protect the fuze during perforation of
the target in the case of armor-piercing projec-
tiles. In shaped charge projectiles the fuze is
point-initiating, base-detonating (PIBD) where
the target sensing element is in the nose of the
projectile and the main part of the fuze is in the
base, This base position is required in order that
the explosive wave will move over the shaped
charge cone in the proper direction.

Contact fuzes are conveniently divided ac-
cording to response into superquick, nondelay,
and delay. A superquick fuze is a nose fuze in
which the sensing element causes immediate ini-
tiation of the bursting charge (typically less
than 100 microseconds). To attain this, the sens-
ing element is located in the extreme nose end of
the fuze. A nondelay fuze is one in which there
is no intentionally designed delay, but where
there is some inherent delay because of inertial
comy onents in the fuze which initiate the explo-
sive train. Nondelay elements may be incorpor-
ated in either PD or BD fuzes, The inertial device
is used when a small degree of target penetra-
tion is acceptable or desired, and for graze
action. Delay fuzes contain deliberately built-in
delay elements which delay initiation of the
main charge, after target impact. The elements
of the fuze which bring about the delayed action
are in effect ‘‘time fuze” elements (see below).
Delay elements may be incorporated in either
PD or BD fuzes; however for very hard targets,
armor-piercing projectiles, which always have
BD fuzes, are called for.

In certain fuzes, such as bomb fuzes, longer
delays are frequently used. For example long

16
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delay fuzes for bombs and underwater mines
may have delay times after impact {emplace-
ment) of from minutes to days. These fuzes usu-
ally contain antiremoval devices to discourage
defuzing by the enemy.

18.2 TIME FUZES

These are fuzes in which action is created
within the fuze at the end of an elapsed time
after arming, impact, etc.,, as mesasured by
mechanical, electrical, pyrotechnic, chemical,
radiological, or other means. Time fuzez are
used to initiate the munition at some desired
time after launch, drop, or emplacement. These
fuzes are generally settable at the time of use
and the timing function is performed by the use
of such devices as ciockwork, analog or digital
electronic circuitry, and chemical and pyrotech-
nic reactions. Time fuzes are used for projectiles
primarily of the illuminating, beehive, and special
purpose ategories, as well as for mines, bombs,
and grenades. They also have some limited uses
in HE projectiles. Time fuzes range from those
having set times as low as fractions of a second
to as high as several hours or days. Typically a
projectile fuze gives times up to 200 seconds in
current designs,

1-56.3 PROXIMITY FUZES

These are fuzes in which action is created
within the fuze from characteristics other than
actual contact or elapsed time characteristics,
Proximity fuzes (alternatively referred to as in-
fluence fuzes) initiate the munition when they
sense that they are in the proximity of the tar-
get. This action is particularly effective in uses
against personnel, light ground targets, aircraft,
and superstructures of ships. These fuzes are the
subject of separate Engineering Design Hand-
books®™"

154 COMMAND FUZES

These are fuzes in which action is created ex-
ternal to the fuze and its associasted munition,
and deliberately communicated by the fuze by
electrical, mechanical, optical, or other means
involving control from a remote point.

18

1-3.56 COMBINATION FUZES

These are fuzes combining movre than one of
the above types with one as the Principal (P)
action and other(s) as Secondary action(s).

15.6 OTHER FUZES

These are fuzes that cannot be included in the
above types. Where this occurs the item should
be identified, the action defined, and differences
from other actions should be listed.

1-6.7 SELF-DESTRUCTION

Self-destruction (SD) is an auxiliary feature
provided in the fuzes of certain munitions,
primarily ground-to-air or air-to-air to explode
or “clean up” the murition in case of target
miss or failure of primary fuze mode. It may be
accomplished by various timing mechanisms
such as discussed earlier or in the case of more
sophisticated munitions by command through
a racio or radar link, The purpose of SD is of-
course to minimize damage to friendly areas.

1-6.8 NONEXPLOSIVE FUZES

Nonexplosive fuzes have specialized uses. A
dummy fuze is 4 completely inert and more or
less accurate replica of a service fuze. For ballis-
tic purposes. it may duplicate the weight, center
of gravity, snd contour of the servica fuze. A
practice or training fuze is a service fuze, modi-
fied primarily for use in training exercises. It
may be completely inert (a dummy fuze), may
have its booster charge replaced by a spotting
charge, or may differ in other significant ways
from a service fuze.

1-5.9 MODEL DESIGNATION

Army service fuzes are assigned the letter “M”
followed by a number (such as M100). Modifi-
cations of “M” fuzes are given suffix numbers
starting with “A” (such as M100A1).

Experimental Army fuzes have the letters
“XM"” preceding a numerical designation (such
as XM200), When standardized, the “X" is then
dropped. In a previous system, experimental
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fuzes of the Army were identified by a separate
“T" number which was discarded when the fuze
was adopted for manufacture (sich as T300).
Many fuzes with “T"” numbers are still in
existence.

Navy service fuzes carry a “MARK” number
snd their modifications are followed by a
“MOD” number (such as MARK 100 MOD 1).
There is no uniform method for designating ex-
perimentil Navy fuzes because each Agency
devises its own system. However, many such
fuzes carry the letter “X"” as s part of their
nomenclature (such as EX200). Prior to World
War II, some Army service fuzes and projec-
tiles also carried MARK numbers. Items of
Army ammunition so0 marked may still be
encountered,

18 DESCRIPTION OF A REPRESENTATIVE
IMPACT FUZE

A typical fuze for 60 mm and 81 mm mortar
ammunition is Fuze, PD, M525, as shown in
Fig. 1-6*. The M525 is a superquick, point-
detonating fuze that has been quite successful
because of its relative simplicity®. It consists of
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two major parts:

(1) A head assembly that contains striker,
firing pin, and a clockwork for delayed arming.
The striker with conical striker spring is espe-
ciglly designed to permit the fuze to be fully
effective when impact is at low angles,

(2) A body that contains the arming mech-
anism (a slider), detonator, lead, and booster
pellet. Fig, 1.7 shows the body parts of the fuze
in a perspective view to clarify the arming
actions,

The fuze has two pull wires, connected by a
cord for casy withdrawal, that remove two set
back pins which lock the fuze in the unarmed
position to insure safety during storage, trans-
portation, and handling, The wire is removed
just before inserting the projc tile into the
mortar tube,

Operation is as follows:

(1) Upon firing, acceleration of the pro-
jectile produces setback forces that cause the
setback pin to move to the rear (Fig. 1-7). The
safety pin is released as a result of this mction
s0 that the spring on the safety pin pushes it out-
ward. As long as the projectile is within the mor-
tar tube, the pin rides on the bore. Since the
slider is therefore still retained from moving, the
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Figure 1-6. Fuze, PD, M525
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Figure 1-7. Arming Action for Fuze, PD, M525

fuze is bore safe. The pin is thrown clear of the
fuze when the projectile emerges from the muz-
zle. The firing pin in its reerward position is in
the blank hole of the slider (Fig. 1-7) s0 2 to act
as a second detent on the slider,

(2) Setback also frees the escapement pallet
to start the clockwork in the head assembly. At
the end of a 3-second arming delay, a spring
causes forward motion of the firing pin, causing
it to withdraw from the slider. The slider, then,
is prevented from moving until both (a) the pro-
jectile clears the tube, and (b) the clockwork
runs down,

(3) When the slider is free to move, the
detonrtor in the slide is aligned with the firing
pin and lead. Upon target impact, the striker
pushes the firing pin into the detonator. The
detonation sets off the lead and the booster.
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2-1 PHILOSOPHY OF DESIGN
21.1 GENERAL

Although the job of designing a fuze is not a
simple one, itshould not be considered over-
whelming, In the following pages, the fuze
characteristics of specific munitions as well &
formulas are given with hints for designing the
aming, functioning, and explosive components.
Therein lies one of the methods for solving a

compiex problem: break it down into separate,

worksble parts. To be sure, there are many areas
where precise formulas have not yet been de-
veloped and many that will never lend them-
selves to precise solutions. Proportioning a given
space "to contain the various fuze components,
for example, defles exact calculations known
today. In solving such problems, designers rely
upon past experience and judgment or re-
peated testing, In some cases it may be neces-

sary to develop new matcrials, processes, or
methods. It is best to keep in mind all aspects

of the problem, for judgment can be sound only
when based on a firm grasp of all pertinent facts.

Once the fuse has been developed, it can
benefit from efforts of production and value
engineering. It is impostant that this effort be
coordinated with the designer so that design
characteristics are nct compromised arbitrarily.

2-1.2 ORIGIN OF A FUZE SPECIFICATION

For any product, the requirement for an item
is created when the customer feels the need.
In the Department of Defense, the customer is

CHAPTER 2
GENERAL DESICY CONSIDERATIONS

the Sexvice using the item. Everyons other than
the customer is considered an outsider because
his prime interest is not to use the product.
However, many outsiders have made significant
contributions through their vinon and under-
standing of someone else’s need,

A fuze requirement is usually originated by
the Combat Arms and sent to the proper sup-
plying agency in the Defense Deparimaent. The
request pinpoints exactly what is required but is
normally most vague about how it is to be ac-
complished. For example, a munition may be
needed to inflict certsin damage on an aircraft.
Limiting values of environmentsl conditions
may be stated, such as launching site and target
position. There will be a date on which the item
is to be available, Thiai may be all. The supplying
agency must now decide how this request can be
satisfied by Government installations or indus-
trisl contractors. The length of time awailable
will help to decide whether an existing device
will be modified or whether a new device will
be developed. The final product may be a guided
missile, a rocket, or a projectile with an impact,
time, or proximity fuze. There may be a single
approach or a series of competitive designs.

When an outsider originates a new device, on
the other hand, the sequence is somewhat differ-
ent even though the end reault may be the same.
An individual person or group will express an
idea for a specific device the performance of
which is claimed to be or is actually known. For
example, an inventor conceives & new time fuse
that will operate in a certain way. In fact, the
conception of idess is one job of the fuxe de
signer because, in a sense, fuze design is organ-
ized invention. The ideas should be communi-
cated to the supplying agency and pethaps to
the Combat Arms. If they seem t0 have merit,
a feasibility study will be made, and if the re-
sults are favorable, a development program may
be initiated. Note that a new invention has the
vest chance of being used when a specific need
for it can be demonstrated. In fact, many new
weapons have been developed on the besis of
brilliant ideas.

21
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2-1.3 DESION TRADE-OFFS

The fuze designer—like the designer of any
other component in a weapon systm—must be
thoroughly familiar with the basis for the stated
requirements. He then is in a position to evaluate
the requirements and, if indicated, to give an in-
talligsnt proposal to relax thoce requirements
that would be too difficult, time-consuming, or
costly to achieve. The relaxing of requirements
is called trade-off.

By direction, new weapon systems must pro-
vide more than marginal improvements over
existing systems. The improvement may be in
the aress of increased effectiveness, reliability,
safety, or capability not achieved by an existing
system, It couid now happen, for example, that
the improvements of a particular new sysiem
may be significant despite failure to accom-
plish all of the design objectives. This would be
a valuable bit of information if a propoeed
trade-off is deemed desirable.

An example of this might be the development
of a projectile and fuze for a new weapon. Both
gun ana projectile development are on schedule,
During testing, it is determined that the fuze is
not operable after vacuum-steem pressure tests.
Suppose that existing fuzes in the field were also
not capable of passing this test. The time required
to redesign the fuze would delay the delivery of
the new weapon into the fieid. In this case, it
would be logical to propose that the vacuum-
steam pressure requirement for the fuze be
waived,

Note that MIL-STD tests are not mandatory
for all applications (see par. 15-6). Being aware
that fuzes off the shelf or presently in produc-
tion may not meet all of the Military Standards
for one reason or another, the good fuze de-
signer judiciously reruns all of his necessary de-
velopment tests even though le is using avail-
able components.

2.2 ECONOMICS

The assessment of a weapon system involves
the comparison of its value with its cost. The
value per round may' be considered to be the
product of the military value of the damage of
which a round of ammunition is capable and the
probability that a given round will inflict this
damage. The cost of a round of ammunition in-

2-2

cludes the cost of delivering it to its target as
well as that of producing it. Each of these quan-
tities is, in itself, 2 complex combination of di-
verse factors which may include aspects of sta-
tistics, military strategy and tactics, and all
branches of engineering.

The process of comparing aliemative solu-
tions to stated requirements in terms of the
value received {effectiveness) for the resources
expended (costs) is called the Cost/Effectiveness
analysis. The primary ingredients of this analy-
8is ave:

(1) Objective(s)

(2) Alternative means or systems

(3) Costs or resources required for each
system

(4) A mathematical or logical model, a set
of relations among the objectives, sltemative
means, environment, and resources

(5) A set of criteria for choosing the pre-
ferred alternatives usually relating objectives and
costs.

The objective is the establishment of the al-
tematives among which it is possible to chcose.
Alternatives that can achieve the objectives must
be defined and cost or resource consequences
must be attached to each of the alternative
v.eans,

In the course of performirig the analysis, each
alternative is related to the objective through
a form of intellectusl exercise that can be
called a model or a set of calculations. Basically,
a choice must be made between maximizing ac-
complishment of the objective for a given cost

or minimizing the cost for achieving a given
objective! -

2-3 SAFETY AND RELIABILITY

Considerations of safety and reliability cannot
be separated. The fuze must function as in-
tended (reliability) but must not function under
all but the right conditions (safety).

Reliability is a measure of the extent to which
a device performs as it was designed to perform
during the usually short period between launch-
ing and completion of its mission. Obviously, re-
liability of ammunition and of its components is
of key importance. Weapons are useless if they
don’t function as intended.

Safety is a basic consideration throughout
item life. We are concerned with the extent to
which a device can possibly be made to operate
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creawturely by any accidental sequence  of
events which may occur at any tuue between the
start of its fabrication and its approuch to the
target,

Relinbility is the probability that materin

will perform its intended function for a speci-

tied period ‘under stated conditions®. It is de
fined in statistical terms, We say that a system
has a reliability of, suy, 99 percent and we make
this statement with a confidence of, say, 95
percent®,

While safety is also defined statistically, the
approach to safety is somewhat different from
that applied to relinbility. ‘The keystone of this
approach is the fail-safe principle. Essentially,
this principle states that any sequence of events
other than that to which a round is subjected in
normal operation shall result in failure rather
than detonation of the round, Compliance with
the fail-safe principle is usually accomplished
mechanically, and is the reason most ordnance
devices must be considered as mechanisms.

In terms of added bulk, weight, and com-
plexily—which can be translated into terms of
reliability, effectiveness, and logistics-—safety is
expensive, Hence, the problem of safety is a
double one. The designer must be certain that
his device is safe enough and yet impose the
least impairment of functioning.

A number of policies, niles, and safety codes
that apply to various types of materiel have been
promulgated. In view of the variety of these
codes, it is well for a designer to examine in ad-
vance the safety criteria that will be applicable
to his design.

Note the safety requirements for fuzes in
par. 9-2.2. See also the several safety tests that
have been developed (par. 15-3). The design
techniques that will help protect the weapon
system against radio frequency energy, static
electricity, and lightning are covered in a sepa-
rate publication®,

The following rules can serve for general
guidance in the design of safe and reliable fuzes:

(a) Whenever possible, use standard compo-
nents with established quality level and other
reliability criteria at least as high as that required
by the application.

(b) Wherever possible, particularly in more
complex and expensive material, use multiple
fuzing (see below).

(c) Specify materials for which the proper-
ties of importance to your application are well

.

known and reproducible, Keep in mind that the
wverage value for a parwmeter may be less un-
portant for design purposes than the extreme
vidues,

(d)  As fur as possible, design items in such u
manner that defects which affect reliability und
sufety can be detected by means of nondestruc-
tive tests or inspection,

Multiple fuzing refers to the combination of
fuzes or their components into a network to
obtuin improved performuance over single-fuze
systems. ‘The duplication may involve the deto-
nator, a circuit element, the safing and arming
device, or the entire fuze. Redundant compo-
nents are used to improve the overall 1cability
of the system, For example, a multichannel fuze
of 99% reliubility can be built from individual
fuze channels having a reliability of only 90%.
Fig. 2-1 illustrates a fuze circuit having three
switches so arranged that closure of any two of
the three double-pole switches assures circuit
continuity. The subject of multiple fuzing ix
covered in detail in classified handbooks”.

POWER ELECTRIC
SOURCE DETONATOR
[] ———/‘a _/l
— | / | /
J S

Figure 2-1. Possible Multiple Fuzing Circuit

2.4 STANDARDIZATION
2-4.1 USE OF STANDARD COMPONENTS

The decision as to whether to adapt a system
design to the use of a standardized component or
to design a new component especially adapted
to a system is often one of the most difficult a
designer has to make. On the one hand, a new
item has often been developed because, in the
layout stage of design, it took less effort to
sketch in something that fit the dimensions than
to find out what was available. On the other
hand, the hard and fast resolution to use only
shelf items has resulted in systems which are

2-3
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appreciably inferior to the best attainable with
regard to safety, reliability, effectiveness, or
compactness, and in the perpetuation of obso-
lete items.

As a general rule, the standard item must
always be given first preference and must be
carefully considered. An important reason in
fuze design is the cost and time required to
qualify new items (see par, 2-2).

When Standards exist for the design of new
items, their use is mandatory. ‘The designer
should therefore find out whether a Standard
has been issied, pertaining to his assignment,
before he begins to work. For example, the con-
tour of fuzes for 2-inch holes is covered by an
American-British-Canadian- Australian Standavd’.
The Standard covers fuzes having 2-12UNS-1A
threads for artillery and mortar projectiles of
76 mm and larger caliber. Fig. 2-2 shows the
contour required for new point-initiated artiliery
fuzes of Type A. Projectile cavity and fuze
setting-slot dimensions are also covered in this
standard.

Another standard of this type is MIL-STD-
320. It lists the standardized series of dimen-
sions for newly developed detonators, primers,
and leads,

One of the reasons for standardizing fuze
contours is to enable interchangeability. Maxi-
mum interchangeability is a design goal. Every
fuze shovld be usable on as many munitions as
possible 80 as to reduce the total number of dif-
ferent types of fuzes required. Savings arise in

o3

NOTE - ALL DIMENSIONS I INCHES oo 8%
NOTE ¥ 3
Uoay
LY X
3 .
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MAVOR DIA 1 9932 -T2 3 g X2
DITCH OIA 1944/ 0091 N 3
MINDE DIA | 8960 MAX [y 3 ~,§
.] M A" NOTE 7 ] ¥
06 8 MAY _r—22 @ 8sC ‘ N
{1 LRt |
LoV ox —— - x
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[} I |

WEIGHT
21020.05L 8

Figure 2-2. A Standard Fuze Contour
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cost and effort because every fuze requires de-
velopment, arawings, jigs, fixtures, inspection
gages, packaging, and storage space. It is cus
tomary to make common fuzes interchange-
able®,

In some cases interchangeability may be
neither possible nor desirable. It would not be
economical or feasible to infroduce into all
fuzes certain special features that are demanded
by special weapons.

Interchangeability of fuze parts has not always
received the attention that it deserves. Ali of the
advantages of multiple usage fuzes ave valid for
fuze parts. Usually, the manufacturer of small
parts designs his parts for his machines and his
know-how. Production engineers are attempting
to cut down on the vast number of parts. Ex-
plosive components have largely been standard-
ized. No doubt, many advcntages will accrue
when similar steps are taken for screws, nuts,
nose caps, pins, detents, and other sundry parts.

24.2 NEED FOR FORMALITY

By necessity, standards require formality. In
a small shop, the proprietor can make an off-
hand decision or a change to improve his product
without consulting anyone and without causing
any harm. However, sich shortcuts are ded-
mental for any large private or Governmental
organization. Here, it is absolutely essential that
all ideas be properly documented, that all
changes be recorded, and that all established
methods be followed.

The fuze requirements are expressed as full
instructions and detailed specifications. They
come from the customer, the Combat Arms,
who is not readily available for informal discus-
sion. The customer expects a formal reply. Ac-
cepted methods of communication are progress
reports and drawings. The reports should con-
tain brief statements of the problem and the
conclusions reached to date in addition toa:
disclosure of the progress. Reports on compli-
cated tasks are enhanced by including an ab-
stract, a brief history, a description of the
apparatus, a discussion of the methods used,
and a list of recommendations proposed. It is
just as important to report failures as to report
successful tests in order to close blind alleys for
others, Drawings will fully describe the hard-
ware and define the contemplated parts. Also,
adherence to standards and conventions will
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assure élsrity and completeness,

All changes must be properly documented
concerning their cause and effect because every
statement in the requirements has a purpose.
Requests for exemptions or modifications may
certainly be made, but they should be properly
handled. The designer might feel, for example,
that a change in color, protrusion, or material
will not affect performance. However, he may
not be aware that the color he chose to vary may
have been standardized as a warning of toxic
gases, that the protrusion may present a pack-
aging problem or that the particular material is
critically needed elsewhere.

The problem is further intensified because
people in many different locations may be work-
ing on this particular fuze. All designers must
have identical and up-to-date information, A
change in one lot or in one drawing, even if an
improvement, could still confuse users, inspec-
tors, and supervisors, Efficiency can be achieved
only by the freest use of clear communication to
avoid error and duplication of effort.

It is essential that patent disclosure be made
for all new inventions®. A patent will not only
insure recognition for the inventor and protect
his interest but it will also protect the rights of
the Government. Any designer who has an idea
that he believes to be new, novel, or unique
should write up a brief description that will iden-
tify it. A simple, freehand sketch always helps.
The dated description or disclosure should then
be signed by two witn. ses and by the designer
himself, Thereafter, a patent application will be
filed and the other customary legal steps can
follow if desired.

2-5 HUMAN FACTORS ENGINEERING

The term Human Factors Engineering has
been used in recent years to characterize design
activities aimed at assuring accurate, reliable,
safe, and efficient use of components, tools,
machines, and systems by human beings. When-
ever and wherever man is the ultimate user of
what we design, his capabilities and limitations
must be considered in the design process. Al-
though many aspects of Human Factors Engi-
neering rely on the application of common sense,
it is often difficult for the fuze designer to pro-
ject the intended uses of his fuze, or the possible

-ways it will be misused because of carelessness

or extreme environmental stress. Then, too, he
must always consider that those who use his
fuzes vary widely in ability to understand their
functioning and in many physical characteristics,
such as hand strength. Human Factors specialists
can often play a vital role in the fuze design proc-
ess by bringing to bear their specialized knowl-
edge in human behavior in the development of
Human Factors design data and in conducting
Human Factors analyses of specific or competi:ig
fuze designs.

2.6.1 SCOPE OF HUMAN FACTORS ENGINEERING

Human Factors Engineering is a science inso-
far as it seeks to experimentally or analytically
determine man’s role in simple or complex man-
machine systems. By understanding the nature of
the system, it is possible for the designer to
specify the tasks human beings will perform and
their criticality to the system’s effectiveness.
For example, the missetting of a delay by one or
two seconds may have little effect on the success
of the ammunition round. A missetting of im-
pact instead of delaymay have more serious con-
sequences. At each point of human use, it is often
possible fo estimate the magnitude and effect of
potential human error. Understanding what hu-
mans can or cannot do—their capabilities and
limitations in regard to sight, touch, strength, or
intellectual ability under stress—can help us to
design these man-machine “interfaces” so that
error free performance is enhanced.

Human Factors specialists have, over the past
15 years, accumulated a great deal of perform-
ance data relating to areas such as vision, audi-
tion, design of controls and displays, layout of
workplaces, fatigue, human strength, - .otiva-
tional factors, and anthropometrics (body size).
Much of these data has been compiled in easy-
to use reference handbooks' °"! %, These refer-

ences provide design guidelines for such factors -

as maximum torque settings, minimum visi-
bility requirements, and optimal letter dimen-
sions for labels and instructional markings. More
complex application of Human Factors Engi-
neering principles, such as evaluaticn of fre-
quency and magnitude of potential human er-
rors, are best left to professional Huinan Factors
specialists.

25
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2-5.2 APPLICATION TO FUZE DESIGN PROBLEMS

Applying Human Factors Engineering te fuze
design problems reouires that the fuzing mech-
anista be considereu both (1) as a component
of a larger ammunition system, and {2) as a sys-
tem unto itself. In the first instance, the Human
Factors specialist must consider the entire stock-
pile-to-target sequence of the ammunition sys
tem and assess the impact of such factors as how
and where the system will be used; under what
conditions of environment (ilumination, weath-
er, etc.), by what types of iroops, under what
limiting conditions. As an example, ammunition
designed for rapid salvo firing may preclude mul-
tir-m-ose fuzing because of the time frame in-
volved, or at least, demand that multipurpose
settings be made under extremely rapid condi-
tions. This would imply that such settings re-
quire minimum applied torque and positive
(visual and auditory) feedback of setting. If
fuzes were armed and set at leisure, prior to
mission firings, more complicated setting and
arming procedures might be permissible. Human
Factors studies might be in order to provide
feedback da:a on how many fuzes could be
armed or settings be changed per minute under
varying conditions,

Examining fuze design as a component or
system unto iiself can be done in a relatively
straightforward manner by considering each
interaction between man and fuze. If fuzes
contzin visual displays (arm-safe marks, posi-
tion setting marks, special instructions, etc.),
reference should be made to the guidebook data
for selection of optimal numeral siyle, size,
color, etc. Choice of control modes—such as
rotating bands, selector switches, or screw set-
tings—can also be made on the basis of pre
vious study results,

The use of mechanical time fuzes in tank-fired
ammunition is a good illustration of Human
Factors Engineering applied on a system and a
component basis, considering not only fuze de-
sign but the overall use of the ammunition
system itself. Previously, a setting wrench was
used to set the mechanism that was held in posi-
tion by the large torque required to move it
(100 in.-oz). Because of the wide range (100
sec), each 0.1-sec setting represented a circum-
ferential movement of only 0.007 in. Hence, a
vernier scale had to be provided. This fuze,

2-6

obviously, was not suitable for firing from a
tank.

Fig. 2-3 shows Fuze, MT, XMa71, with the
setling mechanism redesigned for tank firing
The design has the following features:

(1) There is no need for time settings be-
yond 10 sec for tank-fired ammunition. The
runge of the setting was, therefore, reduced
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Figure 2.3. Setting Mechanism on Fuze, MT, XM571
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from 200 sec to 10 se¢c so that each 0.1-sec
setting represents a circumierential movement
of 0.07 in. This increase eliminates the need for
a vernier,

{2) The setting torque was reduced so that
the nose can be wurned by hand. A wrench is
thus no longer required. A knutl is provided on
the nose to insure a good g-ip.

(3) The time setting is held by the release
button. When the button is pushed, the nose
turns freely. The button has five teeth that
mate with an internai ring gear whose pitch is
such that each tooth represents 0.1 sec. When
the button ™ rzleased, it will lock the setting
at any 0.2-sec increment.

(4) To eliminate the need for tiring tables,
the scale is calibrated directly in meters, Lines
are numbered for every 200 meters up to 4400
meters. The intermediate 100-meter settings
heve atick inark. Incidentally, the scale is uneven
because the increments are on a time base,

(5) The size, shape, and *nickness of the
numbers and the numbered lines were selected
experimentally so as to be readable under the

red dome light during blackcut conditions.

(6) The fuze is shipped in a ready-to-use
cendition, requiriig no setting for muzzle ac-
tion. (Previously, fuzes were set to safe, thus
requiring a setting before firing.)

If one remembers the trying conditions under
‘which the user must adjust a fuze, one can un-
derstand why this amount of attention is re-
quired for so simple a device as a time-setting
mechanism,

2-6 INFORMATION SOURCES

From the many publications availabie in both
classified and unclassified literature, a basic
library has been selected for the fuze designer.
These general references, listed at the end of
this handbook, are identified by a letter to
make multiple referral easier.

Specific references used for the material dis-
cussed in this handbook are listed at the end of
each chapter. Other Engineering Design Hand-
books also contain information pertinent to
fuzes. For a list of current titles, see the inside
back cover.,
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CHAPTER 3
PRINCIPLES OF FUZE INITIATION

3-1 GENERAL

A fuze is a device used to cause functioning of
a munition at a desired time or under specific
circumstances. To accomplish this task, the fuze
must become armed, determine a time interval,
sense a target, or recognize some specific cir-
cumstance, and then initiate the desired action,
including any delays or other specialized actions
that might be required. Commonly, the desired
action is to start the propagation of an explo-
sion, These actions are divided into two main
parts, arming and functioning

Arming concerns the shift in the status of a
fuze from a safe condition to taat in which the
fuze can function. It is discussed extensively in
Part Two.

Fuze functioning is the succession of normal
actions from initiation of the first element to de-
livery of an impulse from the last element of the
explosive train. First, the fuze must sense the
target. When the proper target stimulus is re-
ceived, the fuze mechanism is then ready to go
through the steps that will lead to initiation of
the first element of the explosive train. These
steps differ depending on whether the fuze is
mechanical or electrical.

3-2 TARGET SENSING

Different munitions are assigned specific tasks.
Some are designed to detonate as they approach
their targets, others are expected to detonate up-
on impacting the target, and still others are ex-
pected to detonate only after penetrating the
target, In some cases, it is desired that the fuze
provide for opiional actions. Some fuzes are re-
quired to destroy the munition if no target is
sensed within a given time interval or flight dis-
tance. Some items, such as mines, are expected
to lie dormant for indefinite periods and then to
function when a suitable target moves into their
effective range. In every instance, the fuze must
first sense the target at the proper time or dis-
tance so that its subsequent actions may be ini-
tiated. This problem is usually solved in one of
these ways: (1) sensing by contact between

munition and target, (2) influence sensing with
no contact between munition and target, and
(3) presetting in which the functioning delay of
the fuze is set before launching or implacement.

3-2.1 SENSING BY CONTACT

Fuzes which are initiated by contact with the
target are the simplest and afford the most direct
solution of fuzing problems. All functioning ac-
tions start when some part of the munition
touches the target. When properly designed, this
system can be used to produce a detonation oi
the bursting charge anywhere from a short dis-
tance in front of the target to several feet within
the target.

The electrical or mechanical action of such
fuzes is usually activated by some mechanical
action resulting from contacting the target, for
example, by moving a firing pin, by closing a
switch, or by stressing a piezoelectric transducer.

Contact sensing satisfies a wide range of prob-
lems and results in positive action. On the other
hand, a direct hit is required. Other sensing
features are needed, particularly for antiaircraft
use, to function the fuze in case of near misses.
Contact sensing is applied in a variety of ways.

(1) On the target surface. The most straight-
forward use of contact sensing occurs when it is
desired to have a munition detonate on the front
surface of the target. When the fuze touches the
target, action starts at once and detonation
occurs as a direct consequence of the sensing.

(2) Behind the target. A typical example is a
munition designed to detonate within the struc-
ture of an aircraft. Methods of extending func-
tioning time or delaying detonation of the
bursting charge after first contact are discussed
in par. 4-4.1,

(3) In front of target. Another example is
that of detonating the bursting charge some dis-
tance in front of target. This distance in front of
the target, known as the stand-off distance, per-

mits the shaped charge of high explosive, anti
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tank (HEAT) rounds to develop a characteristic
jet that is particularly effective in defeating
armor. Extremely rapid fuze action (20 u sec)
is required to achieve the proper stand-off dis-
tunce. This can be achieved as follows: a piezo-
electric trunsducer is placed in the nose that will
initiate an electric detonator in the base, or an
explosive element is placed in the nose with
provisions for its detonation products to be
“spit back” through a tube in the base. The
second process is used for slow rounds (1500 fps
or less) and when the spit distance is short
(30 mm weapons),

3-2.2 INFLUENCE SENSING

This type of fuzing results in detonation of
the bursting charge .n the vicinity of the target.
fuch sensing is useful in a number of tactical
situations: to rain fragments on ground troops
from the air or to fill the air around an aircraft
with fragments: Since a direct hit is not neces-
sary, the net effect is that of an enlarged taxget.
The leading example of this type of influence
sensing is the proximity fuze of the radio type.
Originaily, such fuzes were called “VT” but the
term proximity is now preferred.

A simple proximity fuze of the radio type
contains a continuous-wave transmitter, an an-
tenna, and a receiver. When the emitted waves
strike a target, some of the energy is reflected
back to the antenna, Because of the relative
motion between fuze and target, the reflected-
wave frequency differs from the original emitted
frequency and the difference frequency (known
as the Doppler or beat-note frequency) is gen-
erated in the antenna and amplified in the re-
ceiver. When the signal reaches a certain value,
an electric detonator is initiated that in tum
functions the explosive train,

Proximity fuzes are the subject of other Engi-
neering Design Handbooks®'*, Some further dis-
cussion is given in par, 12-5.2,

Refinements of influence sensing become es-
pecially important for surface-to-air guided mis-
siles, The missile must sense the target both to
follow it and to initiate the fuze action, Several
methods are in use to do this: detectors sense the
target’s heat or noise, transmitted radio waves

3.2

sense the location of the target, or indeperdent
commands may artificially cause target sensing,
When operating properly, the missile guidance
system compensates for changes in target posi-
tion. Once the missile has come into target
range, it will then sense the target’s exact posi-
tion by another means to initiate fuze action.

3-2.3 PRESETTING

The third type of sensing is achieved by a time
fuze. Time is estimated and preset hefore firing
or launching the ammunition. Time fuzed ammu-
nition may be designed to function: (1) against
moving targets, (2) some distance from a fired
target or above ground, or (3) at the target
during subsequent events.

A range of a few seconds to two minutes is
common for time fuzes fired to explode against
moving targets or near targets. The decision as
to when the fuze shall function is based on in-
formation regarding wind velocity, target range,
position of the target when the missile is due to
reach it, and other pertinent details, On this
basis, the fuze is set to detonate at the estimated
most effective time after launching, and the in-
terval of time is measured during flight by ap-
propriate means, usually a clockwork mechanism
or an electric timing circuit carried in the fuze.

Time fuzed ammunition may also be dropped
or placed at a target and then requirel to func-
tion a long time (several days) after arrival, Such
action would, for example, permit friendly
troops to leave the area. These long intervals are
achieved by means of clockworks or chemical
delays.

3.2.4 COMMAND

Command fuzes initiate their munition on im-
pulses received after launching. This is usually
done by triggering the fuze with a radio signal
when observation iudicates that the fuze should
function, This point can be determined and the
command sent automatically by use of radar
and other electronic equipment.

3-25 COMBINATIONS AND SELF-DESTRUCTION

{t is often desired that a fuze be able to sense
the target in more than one way so as to in.
crease its effectiveness, It is possible, for ex-
ample, that a time fuze, set incorrectly, might
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"/ pass through a light target and then function

far out of range when the time runs ovt. On the
other hand, a fuze equipped to both contact-
sense the target and to be preset would function
when hitting a target before the predetermined
cme setting. In addition, the versatility of a fuze
is increased when it has more than one way of
sensing the target. A fuze may be built so that
the operator may preselect the action(s) desired.
While the impact-time combination mentioned
above is the most common, other combinations
are also used when needed.

An action often combined with contact sen-
sing fuzes is self-destruction. In the sense that a
fuze is informed in advance when to self-
destroy, this action compares to presetting, It
differs, however, in that no target is expected at
that point. This feature is used most often in
fuzes that are fired at aircraft so that they will
function before hitting friendly territory if they
miss their target, Self-destruction is accomplished
when the fuze senses that a certain amount of
time has elapsed or that some change in environ-
ment has occurred. This may be achieved di-
rectly by a timer, or indirectly by spin decay or
by change in acceleration.

3-3 MECHANICAL FUZE INITIATION

3-3.1 THE IN'TIATION MECHANISM

Once the fuze receives information that it
should start target action, a number of complex
mechanisms may start to operate. The necessary
power to operate the fuze must he made imme-
diately available, This power must then activate
any time delays or other necessary devices prior
to initiaticn of the first element of the explosive
train,

In a mechanical fuze, contact sensing (impact)
or presetting (time) is converted directly into
mechanical movement of a firing pin which in
tum is driven eitber into or against the first ele-
ment of the explosive train. This is a simple and
straightiorward process. Functioning delays are
usually obtained by pyrotechnic delays which
are an intimate part of the explosive train (see
par. 4-4.1).

A mechanical fuze is simple to produce, rea-

sonably foolproof in operation, and often re-
quires only inexpensive materials, However, such
a fuze is inherently slow in operation when com-
pared to actions taking place in the order of
microseconds, and it is not easily adaptable to
remote sensing.

For initiation then, it is necessary to obtain
relative motion between firing pin and primer.
For the simplest solution, the forces on muni-
tion impact are used to crush its nose, thereby
forcing the pin into the primer, In a base fuze,
the pin or primer may float in a guide through
which it moves when relative changes in mo-
mentum occur. Springs are also used to provide
relative motion between pin and primer, espe-
cially in time fuzes where inertial forces of im-
pact are not available,

Firing pins for stab initiation are different
from those for percussion initiation as ex-
plained in the paragraphs which follow. Typical
firing pins are shown in Fig, 3-1, Irnitiation by
adiabatic compression, on the other hand, does
not require a firing pin at all.

3-3.2 INITIATION BY STAB

If the pin punctures the primer case and enters
a4 suitable explosive charge, an explosion can be
produced, This is referred to as stab initiation.
The point of the stab firing pin commonly used
in United States fuzes is constructed in the shape
of the frustum of a right circular cone®, A firing
pin with a point in the shape of a pyramid seems
to improve sensitivity, but is more difficult to
manufacture, The criteria below have been de-
veloped for the design of stab firing pins. They
are illustrated in Fig, 3-2,

(1) Flat Diameter, Variations in this diam-
eter have shown little effect on energy input re-
quired for initiation below a diameter of 0.015
in, for stab initiated items of currently prevalent
design. For larger diameters, the energy input re-
quirements increase at a much higher rate,

(2) Included Angle. As this angle is de-
creased, the apparent primer sensitivity is in-
creased. However, some compromise must be
reached; for, the smaller is the angle, the weaker
is the firing pin. The angle should be hcld under
26° where practical because above this value the
required energy input increases rapidly.

(3) Corner Radius. A shaxp corner is desir-
able but a small radius is permissible. A radius

33
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0.418 - 0.0i2 DIAM.
0.079 -0.065 DIAM.

0.14 -0.0! 0.45-002

(4) Stab Pin for Fuze, M557

——— 1,362 -0.0i0 ——— }+—0.060-0.005

« -
I'e) / Jg‘m-om DIAM.
0.374-0002 oum./ aods—aoK
KEYWAY  SPHER. RAD.

0.126 WIOE

(8) Percussion Pin for Bomb Fuze, MS0H4,
10 Initiate M9 Delay E/emen?

NOTE:~ ALL DIMENSIONS IN INCHES

Figure 3-1. Typical Firing Pins

INCLUDED ANGLE 26°-4°

?\_ ‘O.OW;Z__L

'

ALL OVER

0.015-0.008 in.

Figure 3-2. Standard Firing Pin for Stab Initiators

of 0.004 in. is specified for the stab pin of
Fuze, M667 (Fig. 3-1).

(4) Material, Both steel and aluminum alloys
are in common use as firing pin materials. Tests
indicate a slight sensitivity advantage for steel,
but the difference is not sufficient to rule out
aluminum alloys or even other metals,

(5) Other Criteria, The rear end of the pin
may be shaped in any way convenient for assem-
bly. Two configurations are shown in Fig. 3-1.
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The firing pin slighment with the primer and the
surface finish of the pin will affect the sensitivity
of a stab initiator, Other considerations of im-
portance pertain dirxctly to the primer and are
discussed in par, 4-3. Generally, the primer speci-
fications indicate the details of a firing pin and
holder. A typical stab detonator is shown in Fig.
4-4(A).

3-3.3 INITIATION BY PERCUSSION

Contrary to initiation by stab, the firing pin
does not puncture the case in percussion initia-
tion. This difference in action is due to primer
construction. In a percussion primer, the explo-
sive is backed up by a metal anvil. The firing pin
dents the case and pinches the explogive between
case and anvil, The minimum energy of the firing
pin is, therefore, a function of the explosive, its
container, and the supporting structure. Energy
must be applied at a rate sufficient to fracture
the granular structure of the explosive. Inciden-
tally, percusgion primers are constructed in this
manner to seal the gases. Percussion primers are
discussed more fully in par. 4-3. Typical primers
are shown in Fig. 4-4(B) and (C).

Criteria for percrssion firing pins have not as
yet been refined to the same degree as those for
stab pins. However, studies have been made of
the effect of firing pin contour on the sensitivity
of specific primers, It was found that a hemi-
spherical tip gives greater sensitivity than a flat
tip and that there is little effect on primer sensi-
tivity as a result of changing tip radius. A full in-
vestigation of the sensitivity relationship with re-
spect to cup, anvil, charge, and pin has indicated
that sensitivity variations appear to originate in
the nature of primer cup collapse rather than in
the detonation phenomenon itself®,

A study of the effect of firing pin alignment
on primer sensitivity indicates that there is little
effect if the eccentricity is less than 0.02 in.
Above this eccentricity, sensitivity decreases
rapidly because of primer construction. Sensi-
tivity also decreases as the rigidity of the primer
mounting is decreased.

3-3.4 INIT!IATION BY ADIABATIC COMPRESSION

A very simple impact fuze that does not con-
tain a firing pin is one that is initiated by a proc-
ess called adiabatic compression. Fig. 3-3 illus-
trates a small caliber fuze of this type. The
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Figure 3-3. Initiation by Adiabatic Compression

explosive charge can be considered to be initiated
by the temperature rise resulting from the rapid
compression of the air column upon target im-
pact. It is also possible for fragments of the nose
of the fuze body to cause initiation. While this
fuze is easy to manufacture, it is neither as
sensitive nor as reliable at low velocities or for
thin targets as firing pin fuzes.

3-3.5 INITIATION BY FRICTION

The heat generated by friction is sufficiently
high to initiate an explosive reaction, Friction
can be generated in various ways, such as by
rubbing two surfaces together. An example of
friction initiation is Firing Device, M2 (Fig.
13-8), wherein a wire coated with a friction com-
position is pulled through an ignition mix. Be-
cause the heating time cannot be closely con-
trolled, friction initiation is used only in firing
devices, not in fuzes.

34 ELECTRICAL FUZE INITIATION
34.1 THE INITIATION MECHANISM

Why should the designer use an electric fuze?
First, the electric fuze can operate within a few
microseconds after target sensing. Second, the
electric fuze can be initiated from remote places;
for example, in a point-initiating, base-detonating

(PIBD) fuze, sensing occurs in the nose while
detonation proceeds from the base of the missile.
Third, eloctnic fuzes provide the potential for
accurate time control for time fuzes and for
functioning delays, both of which have not yet
been fully realized. Fourth, the use of electric
power sources and electric initiation affords in-
creased versatility and possibly less complexity
in achieving fuze safety.

The first step in the initiation of electric fuzes
is generally achieved mechanically. It consists in
connecting the power source (1) by using the
force of impact, (2) by electrical signals received
from the target, or (3) by command to the elec-
tric circuit. The second step consists of activating
any timing circuits which lie bet:veen the power
source and the first element of the explosive
train. This action culminates in the initiation of
the first element of the train at the desired time
and place,

More complex, then, than the initiation of
mechanical fuzes, initiation of electric fuzes in-
volves power sources, other electric components,
circuitry, and electrical initiation of the first ex-
plosive element, Electric fuzes are either exter-
nally powered or self-powered, each arrangement
having certain advantages. See also Chapter 7 on
electric arming. Additional details on power
sources are covered in other Handbooks®'!

34.2 EXTERNAL POWER SOURCES

The amount of electrical energy that can be
supplied from an external source is large enough
to ease the restrictions that must normally be
placed on timing circuits and detonator sensi-
tivity, For munitions launched from airplanes
or fired from ships, external power is readily ob-
tained, When a fuze is used in the field, on the
other hand, an external power supply may not
be available,

3-4.3 SELF-CONTAINED POWER SOURCES

The minimum energy required of a self-con-
tained power source is that needed to fire a
detonator. In addition, it may be required to op-
erate vacuum tubes or transistors. The source
must also meet the necessary military require-
ments for temperature, ruggedness, and aging
characteristics, The problems become difficult
because of the small amount of available space
for a power source in a fuze,
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Piezoelectric transducers and electromagnetic
generators are possibilities for converting the
abundant mechanical enexgy available in a missile
or projectile into sufficient electrical energy.
Varicus forms of batteries that convert chemical
or atomic energy into electrical energy have also
proven successful. In addition, a precharged con-
denser makes a satisfactory power source.

3-4.3.1 Piszoslectric Transducers

When a piezoelectric element is stressed me-
chanicelly, a potential difference will exist across
the element which will cause a charge to flow in
the circuit. One common method of manufac-
turing such transducers is to form a polycrys-
talline piezoelectric material into a ceramic,
These ceramics can be formed into any desired
shape, such as a disk. For actual use in a circuit,
the faces of the ceramic body are usually silver-
coated to form electrodes. In general, the voltage
across such an element is proportional to the
product of stress and element thickness while
the charge per unit area produced is proportional
to the applied stress, The voltage is developed
immediately when the element is stressed.

A straightforward use of a piezoelectric trans-
ducer is to place it in the nose of a projectile. On
impact, the element will be stressed and a voltage
pulse will be supplied directly to an electric ini-
tiator. The element must be designed to provide
the proper voltage. A word of caution—it is pos-
gible to generate high voltage (10,000 volts) up-
on target impact, which will break down the
electrical insulation thereby grov~ding out the
initiating pulse.

Piezoelectric elements are stressed on impact.
The signal is transmitted at once in those appli-
cations where it i desired to function the fuze a
very short time after impact. In HEAT projec-
tiles, for example, the main explosive charge
must be detonated before appreciable loss of
stand-off results from crushing of the ogive or
before deflection occurs from the target at high
angles of obliquity. This necessitates a fuze func-
tion time of 200 u sec or less after impact’*

These elements have also been used in appli-
cations where delay after impact is specified,
To accomplish this, the energy pulse generated
by the element at impact can be applied to the
detonator through a delay network. Another
possible solution is to stress the element on
firing to charge a capacitor. At impact, an im-
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pact switch or other device can discharge the
capacitor through the detonator to cause deto-
nation. Delay time will be a function of the RC
time constant of the circuit.

Piezoelectric elements are usually mounted in
either the nose or the base of a projectile. Fig,
3-4 shows a nose-mounted configuration. Electxi-
cal connections are brought out from the faces of
the disk. One side of the disk is grounded and the
other side is connected to the fuze base element
by an insulated wire that passes through the high
explosive. To eiiminate the wire connection, it
is sometimes possible to use parts of the fuze as
an electrical cornection between the nose-
mounted element and the detonator. Any parts
used for this purpose must be adequately insu-
lated from the Hize housing,

MEZOELECTRIC CRYSTAL

Figure 3-4. Piezoelectric Nose E lement

A somewhat simpler arrangement, in which
the element is mounted in the base of a round,
is shown in Fig. 3-6. This arrangement also
eliminates the connecting wire and results in a
self-contained base fuze. Mounting the element
in the base, however, requires that it be stressed
by the impact shock wave transmitted to the
base along the walls of the projectile.

In some applications, the complete fuze, in-
cluding the piezoelectric element, is mounted
in the nose of a round. As in the case of the base-
mounted element, this results in a self-contained
fuze. Care must be taken to prevent the fuze
from being damaged at impact, particularly in
applications where a delay-after-impact feature
is incorporated.

Quite often, better performance can be ob-
tained by usir two or more elements connected
in electrical parallel rather than a single element.

To reduce the possibility of premature fuze
function, a bleeder resistor is normally con-
nected across the piezoelectric element to dissi-
pate any electrical charge that it might accumu.
late during storage or as a result of stress induced
by setback or spin. The value of the bleeder re-
sistor must be high enough to insure that most
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Figure 3-5. Piezoelectric Base Element

of the energy delivered by the element is dissi-
pated in the detonator. Some protection against
prematures as well as decreased sensitivity to
light targets (such as 1/8-in. fir plywood) may be
obtained by the use of a large air gap (in the or-
der of 0.150 in.) in the circuit between the ele-
ment and the detonator, This gap is closed by the
force of impact with heavier vargets. A small gap
(in the order of 0.010 in,) may be used if a mate-
rial with a suitable dielectric is added. Upon im-
pact with the target, sufficient energy must be
generated by the piezoelectric element to cause
electrical arcing through the dielectric permitting
normal functioning. The use of a bleeder resistor
is recommended even with a spsrk gap. The
bleeder resistor should directly shunt the piezo-
electric element and not include the spark gap in
its circuit,

The Piezoelectric Control-Power Supply,
XM22E4, is shown in Fig. 3-6%. It is the power
source for the XM539E4 Base Fuze of the
XM409 HEAT Cartridge. The power supply,
housed in the nose, was designed to supply the
base element with an electrical charge at the
propei time, The minimum charge is set at 300
volts with 1000-picofarad capacitance, Basically,
the power supply consists of a piezoelectric
ceramic elemeni and an inertia ball switch, both
contained withi1 a steel envelope that is hermeti-
cally sealed.

The piezoid is held in an anvil that provides
support during setback and also provides electxi-
cal connection to the terminal pin. From there, a
wire connects to the fuze in the base. A fulerum
plate bears against the opposite face of the pi-
ezoid and also acts as the other leg of the elec-
trical connection that follows through the adja-
cent parts and to the impact switch. Further
electrical continuity is interrupted by the switch
insulator. Upon deceleration due to impact or
graze function, the ball is driven forward, de-
flecting the tanks of the switch, and making con-

tact with the steel envelope., The envelope is
grounded to the projectile, thereby completing
the circuit and allowing the energy in the piezoid
to flow to the fuze.

Electrical energy is stored in the piezoid by a
unique reversal of piezo-strain. Sethack forces,
acting on the components in front of the piezoid
(viz: the fulcrum plate, shorting bar, ball sup-
port), generate a compressive strain within the
piezoid. This strain produces an electrical poten-
tial between the piezoid surfaces. As the setback
forces approach a maximum value, setback de-
flects the shorting bar tang and makes contact
with the anvil through the slot provided in the
fulcrum plate, causing a short circuit between
the piezoid surfaces. The short reduces the po-
tential across the piezoid tn zero while the pie-
zoid is still strained. When the setback forces
decrease, the shorting bar tang returns to its
original position, removing the short. The pie-
zoid is unstrained as setback decays to zero,
generating a new potential of opposite polarity
which is retained by the capacitance of the ele-
ment until the ball switch is closed. The ball
switch was designed to function upon graze

impact and upon impacting soft targets that do*

not crush the nose of the round.

3-4.3.2 Electromagnstic Generators

Electromagnetic generators are divided into
two general types, rotated and sliding. Both of
SHORTING BAR
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Figure 3-6. Piezoelectric Control-Power Supply,
XM22E4

37

3
¥
S
€
H

_




oy

AMCP 708-210

these necessitate relative movement between a
magnet and a conducting coil.

The generated voltage depends upon the num-
ber of lines of magnetic force which the conduc-
tor can cut and the velocity with which this cut-
ting is accomplished. As an exampie of the first
type, a fuze may be supplied with energy from
an electric generator that is wind-driven by an
external propeller at speeds up to 50,000 rpm.
The generator must be small, light, rugged,
stable, and simple in operation. The rotor is a
small permanent magnet while the stator carries
two windings, one for low voltage and the other
for high voltage. The low voltage, AC, heats the
vacuum tube filaments but the high voltage is
rectified with a selenium rectifier and the re-
sulting DC signal is filtered for the plate supply.
This voltage may also be used to fire an electric
detonator,

Fig. 3-7 shows a typical circuit for an elec-
trical system thai can be solved for the voltage
across the load resistance R, by applying Max-
well’s loop current methods. Here

do
E = -Ne, volt 31
. " (3-1)

where £ p is the generated voltage, N is the num-
ber of turns in the coil, and dd/dt is the rate of
change of the flux in weber/sec. The flux is rela-
tively constant, but since the rotor speed varies
widely, £ also varies, The voltage may be regu-
lated by the following method: The load resist-
ance is made small in comparison with the in-
ductive reactance of the stator winding. Then as
the rotor speed increases, the frequency of the
generated voltage increases. However, the in-
ternal impedance of the generator increases
which tends to hold the output voitage constant.
Also a capacitor is shunted across the load re-
sistor. As the frequency increases, the impe-

INDUCTIVE REACTANCE X

CAPACITIVE ] |
REACTANCE _J_ ReUISTIVE

Xe LooP A
CURRENT L‘,’,‘n
WY

Figure 3-7. Typical Circuit for Wind-driven
Generator
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A
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dance falls which again tends to hold the voltage
applied to the load constant,

The other form of electromagnetic generator
can be used in contaci-sensing fuzes. Upon im-
pact, a magnet is pushed through a coil or a
coil is pushed past a magnet. This can be done
either by using the impact forces directly to
move one or the other members, or by using the
impact forces to release the moving element
which would then be spring-driven past the other
elements.

Induced voltage for this second type of elec-
tromagnetic generator follows the same law as
that stated for the rotated generator. The flux
can be changed by altering the gap size in the
magnetic circuit, by rem.oving or adding a keeper
to the magnet, or by introducing other materials
into the magnetic circuit. Any of these circuit
changes can be accomplished with the mechani-
cal forces available during impacts.

3.4.3.3 Batteries

Batteries are appealing because they can be
adapted to a large number of situations, They
are of several types’.

Batteries with radioactive elements are, in gen-
eral, high-voltage low-current-drain cells. These
are usually used to keep a capacitor charged.
They have good temperature and age characteris-
tics. Wet-cell type batteries can be designed with
any output from low-voltage, low-drain batteries
to high-voltage, high-drain batteries. At present
most of them have poor age and temperature
characteristics. In solid electrolyte batteries, a
solid replaces the liquid electrolyte of the wet
cell, Such batteries are restricted to small cur-
rents because of their high internal resistance.
Reserve batteries are those that are activated just
prior to launching (by some external force) or
during launching (by using the launching forces).
They can be designed for a wide vange of con-
ditions and have good age and temperature
characteristics.

One of the most common fuze batteries in
use today is the thermal battery. A thermal
battery is basically a primary voltaic cell of the
reserve type*. During storage, the electrolyte is
in an inactive solid state, When heat is applied to
the electrolyte (temperature of about 750°F),
the electrolyte becomes a liquid ionic conductor.
A complete thermal battery contains an integral
source of heat that is inert until required for
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operation, One way of providing heat is to sur-
round the individual celis with a pyrotechnic
meterial that is ignited by a percussion primer.
The activation time (the time for the electrolyte
to melt) varies from about ' sec to about 8 sec
depending on battery size; the smaller the bat-
tery, the faster the activation time. Thermal
batteries can be designed for a variety of dimen-
sions and outputs. Their active life is about 10
min, They are inherently rugged, withstanding all
required shock and vibration tests, and have a
shelf life of approximately 15 yr.

3-4.3.4 Capacitors

Capacitors can be used as convenient sources
when an electric pulse of short duration is re-
quired. Advantages are lightness, economy, and
stability. Capacitors may either be precharged
from an external power source or from a self-
contained source such as a battery or a piezo-
electric transducer. Assume that the voitage to
which the capacitor is charged, the minimum.
voltage required to initiate the detonator, and
the load resistance are known, Then the time
interval ¢ during which a given capacitor csn op-
erate as a power supply, i.e., retain a usable
charge, is given by

E
t= RL C ln==-, sec (3-2)

E

where

R, = total leakage resistance of the sys-
tem, including the capacitor, ohm
C = capacitance of the capacitor, farad
E = voltage at which capacitor is

charged, volt

E ' = voltage required to initiate the det-
onator at the capacitance of the
capacitor, volt

The dielectric materials with the least leakage
for use in fuze capacitors are Mylar*, polysty-
rene, and mica.

*Registered trade name, ki, I.duPont de Nemours & Co.,
Inc., for polyathylene glycol terephthalate.

Capacitors are also useful if they are con-
nected in parallel with a battery of high voltage
but of low current. Such a battery can supply
electrical energy over a period of time to charge
the capacitor to the open circuit voltage of the
battery and maintain that charge if its output
is greater than the leakage current. The capacitor
can then discharge this stored energy at the de-
sired time and rate. The electrical energy H, is
given hy

He =5 C (Ef - Ef ), Joule (3-3)

where the E’s are in volts and C in ferads.
3-4.4 TIMING CIRCUITS

Electrical time fuzes and electrical functioning
delays are achieved by the same general system.
Since RC timing circuits are used more common-
ly in the arming process, they are discussed in
par.7-3.

345 INITIATION OF THE FIRST EXPLOSIVE
ELEMENT

While the details of electrical explosive ele-
ments are discussed in par. 4-3.1.4, consideration
must be given to their initiation. In mechanical
initiation, fuze functioning and initiation of the
first element in the explosive train are directly
related. Electric initiators, however, respond to
an electrical signal that may be produced far
from the initiator so that the electric pulse may
be affected by the transmission line. Also, the
resistance of the initiator can affect size and
duration of this transmitted pulse from the
power source, Different initiators have resist-
ances which vary from a few ohms, or even to
megohms. Energy requirements vary from a
few hundred to several thousand ergs although,
for certain initiators, the initiating energy is not
the most satisfactory or only parameter to
consider,

The designer, after deciding upon a suitable
power source, must first ascertain what part of
its original pulse can be passed on to the initiator
and then he must choose an initiator wh’'ch will
detonate when the minimum available pulse is
applied. This is often a difficult problem be-
cause the parameters of the initiator have not
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necessarily been determined in the same terms as
those that define the power source pulse.
Suppose, for exampie, a battery is chosen
as the source, This battery operates at a cer-
tain voltage with one resistive load for a speci-
fied time interval. However, the voltage or
the time may be greatly changed if an initiator
is chosen with its resistance several orders of
magnitude lower or higher. It then may be
necessary to redetermine the action of the

battery or to choose another initiator. The ini-
tiators with larger resistance often require higher
voltage levels than those with the small re-
sistances even though the energy requirements
may be less. This circumstance sometimes de-
velops into an oscillating test program in which
one initiator is chosen {o fit the available pulse
and then the power source is modified to make
the fit even ci.ser. Then a new initiator is
chosen, etc.
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CHAPTER 4
THE EXPLOSIVE TRAIN

4-1 GENERAL

The explosive train is an important part of the
fuze system in that it provides transistion of a
relatively feeble stimulus into the desired explo-
sive output of the main charge. An explosive
train is an assembly of explosive elements ar-
ranged in order of decreasing sensitivity. V/hile
both high and low explosive trains exist, we are
concerned mainly with the former in this
chapter.

The reader is urged to study the handbook,
Explosive Trains °, if his interest is in the design
or development of explosive trains. This refer-
ence contains far more detail and many more
references on the subject than can be included
in the scope of this handbook.

4-2 EXPLOSIVE MATERIALS

Explosive materials used in ammunition are
substances or mixtures of substances which may
be made to undergo a rapid chemical change,
without an outside supply of oxygen, with the
liberation of large quantities of energy generally
accompanied by the evolution of hot gases. Cer-
tain mixtures of fuels and oxidizers can be made
to explode and these are considered to be explo-
sives. However, a substance such as a fuel which
requires an outside source of oxidizer, or an oxi-
dizer which requires an outside source of fuel to
explode, is not considered an explosive. In gen-
eral, explosives can be subdivided into two
classes, low explosives and high explosives ac-
cording to their rate of reaction in normal
usage.

Nearly all types of explosives are represented
in fuzes. Each one has its peculiarities and ef-
fects. Some materials are described in order to
provide a basis for comparison. Since this is a
complex field, only the essential ideas have been
introduced for use in later chapters.

42,1 LOW EXPLOSIVES

An explosive is classified as a low explosive
if the rate of advance of the chemical reaction
zone into the unreacted explosive is less than the

veiocity of sound through the undisturbed mate-
rial. When used in its normal manner, low explo-
sive burns or deflagrates rather than detonates.
The burning rate depends upon such characteris-
tics as the degree of confinement, area of burn-
ing surfrce, and composition. In many instances,
low explosives are fuels mixed with suitable oxi-
dants in order to obtain the proper burning
action,

As shown in Fig. 4-1, burning starts at the
point of initiation O and travels along the col-
umn of explosive as indicated'. The products
travel in every direction away from the bumning
surface. As a result, pressure is built up within
the space of confinement. The velocity of propa-
gation increases with pressure until it becomes
constant.

Low explosives are divided into two groups:
(1) gas-producing low expiosives which include
propellants, certain primer mixtures, igniter mix-
tures, black powder, photoflash powders, and
certain delay compositions; and (£) non-gas-pro-
ducing low explosives including the gasless type
delay compositions.

COLUMN OF LOW EXPLOSIVE

TR | A i
7

FLAME FRONT

o

STABLE BURNING RATE ——/

D'STANCE ALONG COLUMN —>

BURNING RATE —>>

€y =VELOCITY OF SOUND WAVE
IN UNDISTURBED MEDIUM

Figure 4-1. Burni..g Low Explosive

4.2.2 HIGH EXPLOSIVES

An explosive is classified as a high explosive if
the rate of advance of the cheniical reaction zone
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into the unreacted explosive exceeds the velocity
of sound through this explosive. This rate of ad-
vance 18 termed the detonation rate for the ex-
nlosive under consideration. High explosives are
divided into two grouns; primary and secondary.

Primary high explosives are characterized by
their extreme sensitivity in iritiation by both
heat and shock®. The detonation rate stabilizes
in a short period of time and in a very small dis-
tance even with a weak mechanical or heat stiinu-
lus. It is generally considered that materials such
a8 lead szide, lead styphnate, diazodinitrophenol,
and hexanitromannite are primary high explc-
sives,

Secondary high explosives are not readily ini-
tiated by heat or mechanical shock but rather by
an explosive shock from a primary explosive,
Materials such as PETN, RDX, tetryl, Composi-
tion B, Composition A-3, Composition C-4, TNT,
and picratol are considered secondary high explo-
sives,

Certain materials can be cited that apparently
show an overlapping of definitions even though
these definitions are the ones commonly used.
For example, a double-base propellant when ini-
tialed with an igniter reacts as a low explosive;
but this material can be made to detonate if it is
initiated with an intense shock., Conversely,
TNT, a high explosive, can be ignited by flame
under certain conditions, and it will burn with-
out detonating.

The detonation velocities of high explosives
are illustrated in Figs. 4-2 and 4-3. Fig. 4-2
shows a column of high explosive that has been
initiated at O, When the reaction occurs prop-
erly, the rate of propagation increases rapid’
exceeds the velocity of sound ¢, in the unreacteu
explosive, and forms a detonation wave that
has a definite stable velocity.

Fig. 4-3 shows the rate of propagation of a
reaction front under ideal conditions (upper
curve) and poor conditions “ower curve). The
reaction starts and becor :; a detonation if the
proper conditions exist. However, if the ini-
tiating stimulus is insufficient or if the pnysical
conditions (such as confinement or packi.g) are
poor, the reaction rate may follow the lower
curve. The front may then travel at a much
lower speed and this speed may even fall off
rapidly.

This growth of a burning reaction to a detona-
tion is influenced considerably by th= conditions

»f density, confinement, and geometry as well

4-2

as the vigor of initiation, particle size, amount of
charge reacted initially, and other factors.

COLUMN OF HIGH EXPLOSIVE
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Figure 4-2. Detonating High Explosive
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Figure 4-3. Examples of Good and Poor
Detonations

4-2.3 CHARACTERISTICS OF HIGH EXPLOSIVES

Some of the most important characteristics
are sensitivity, stability, detonation rate, com-
patibility, and destructive effect. Although these
properlies are the ones of most interest to the
fuze designer, they are, unfortunately, difficult
to measure in terms of an absolute index. Stand-
ard laboratory tests, empirical in nature, are still
used to provide relative ratings for the different
explosives. Hence, the designer must rely upon
these until more precise methods of evaluation
are devised.

input sensitivity refers to the energy stimulus
required to cause the explosive to react. A highly
sensitive explosive is one that initiates as a result
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of alow energy input. All explosives have charac-
teristic sensitivities to various forms of stimuli
such as mechanical, electrical, or heat impulses.

The most common form of mechanical stimu-
lus is impact. See Table 4-1 for impact sensi-
tivity ratings of explusives. Sens«teeity of an ex-
plosive to impact is determined by dropping a
2-kg weight on a sample of the explosive from
different heights. Sensitivity is then defined as
the least height at which 1 out of 10 tries results
in an activation. The greater the drop height, the
lower is the sensitivity. Different apparatus yield
slight differences in resuits. There are two types
of apparatus commonly employed: one devel-
oped by the Bureau of Mines® and one by
Picatinny Arsenal®.

TABLE 4-1. IMPACT SENSITIVITY OF EXPLOSIVES
PA Impact

Drop of 2-kg Bureau of
Explosive Weight, in. Mines, in.
Lead Azide 5 1
Lead Styphnate 3 7
TNT 14 40
RDX 8 13
Tetryl 8 11
Composition B 14 30

Heat energy may be applied as friction. The
friction pendulum test measures sensitivity of an
explosive when exposed to a pendulum on which
a shoe swings and rubs on the explosive, This
test shows to what extent the « :plosive is af-
fected by friction and impact.

Another method for determining sensitivity to
explosive input is provided by a brisance test.
Bnisance is the shattering effect shown by an ex-
plosive, The weight of a primary explosive neces-
sary to obtain the maximum crushed sand from
the sample explosive is found. The standard test
uses a sand bomb holding 200 g of special sand.
A No. 6 blasting cap containing 0.4 g of the
sample explosive is buried in the sand. The
weight of lead azide (used to initiate the sample
explosive) necessary for the sample to crush the
greatest amount of sand is the measure of input
sensitivity. For example, explosive A is con-
sidered niore sensitive than explosive B if less
azide 15 required for A than for B, Other recent
methods for measuring output include tests of
detonation rate, internal blast, plate dent, air
shock, and cord gaf tests.

Stability is the measure of an explosive’s abil-
ity to remain unaffected during prolonged stor-
age or by adverse environmental conditions (pres-
sure, temperature, humidity). Samples of the ex-
plosive are removed periodically (annually) from
storage and tested for any change in properties.
Ordinarily the time required for such surveillance
tests is too long, hence accelerated tests are car-
ried out under simulated environmental condi-
tions. Weight loss, volume of gas evolved, time
for traces of nitrogen oxides to appear, tempera-
ture of ignition, decomposition, or detonsation
provide data from which the stability of the ex-
plosive may be inferred with a reasonable degree
of certainty.

Cempatibility implies that two materials, such
as an explosive charge and its container, do not
react chemically when in contact with or in
proximity to each other, particularly over long
periods of storage. Incompatibilities may pro-
duce either more sensitive or less sensitive com-
pounds or affect the parts they touch. If the
metal container is incompatible with the expio-
sive, coating or plating it with a compatible mate-
rial will often resolve the difficulty. The com-
patibility of two materials may be determined
by storing them together for a long lLime under
both ordinary and extreme conditions of temper-
ature and humidity. Table 4-2 lists compati-
bility relations among various metals and com-
mon explosive materials, The blank spaces indi-
cate no definite results to date.

Table 4-3 lists several physical properties of
high explosives, The densities are given in g/cm?
and the detonation velocities in m/sec. Other
properties are found in standard reference
books®*,

Table 4-4 contains a list of common explo-
sive materials. They are used, for example, in
primers, detonators, leads, and boosters (see
par. 4-3).

4-2.4 PRECAUTIONS FOR EXPLOSIVES

No explosive materials are safe; but when
handled properly, all of them are relatively safe’.
The first requisite for safe handling of explosives
is to cultivate respect for them. One who leamns
only by experience may find that his first ex-
perience is his last. The potentialities of all com-
mon explosives should be learned so that any
one of them can be handled safely.
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TABLE 4-2. COMPATIBILITY OF COMMON EXPLOSIVES AND METALS

Lead Lead

Azide Styphnate PETN RDX Tetryl
Magnesium N BNS
Aluminum AN AN ANVS AN VS AN
Zinc CN A B VS
Iron N A BS
Steel CN BNVS AVS S CH
Tin AN A AN
Cadmium C A
Copper DN A B N VS AS § AN
Nickel C A AN
Lead N A AN
Cadmium plated steel BNS VS VS AN
Copper plated steel N B N VS BVS VS AVS
Nickel plated steel N B N VS AN S AN
Zinc plated steel N B N VS AN S AN
Tin plated steel N A B VS
Magresium aluminum VS BNS
Monel Metal CN
Brass DN BNS AS S B VS
Bronze N A AVS
18-8 stainless steel AN A ANN AN N AN
Titanium N N N
Silver N N N

CODE

A no reaction

B slight reaction

C reacts readily

D reacts to form sensitive materials

4-2.4.1 General Rules for Handling Explosives

(1) Consult the safety regulations prescribed
by the military agency and by the local and
Federa! Governments.

(2) Conduct all experiments in the prescribed
laboratory space, never near storage spaces of
bulk explosives.

(3) Experiment with the smallest sample of
explosive that will answer the purpose.

(4) Keep all work areas free from contami-
nants.

(5) Avoid accumulation of charges of static

4.4

H heavy corrosion of metals

VS very slight corrosion of metals
S slight corrosion of metals
N no corrosion

electricity.

(6) Avoid flame- and spark-producing equip-
ment,

(7) Keep to a minimum the number of per-
sonnel at work in the same area, but one man
should never work alone.

(8) Be sure that the chambers for *“‘loading”
and “exploding” are well shielded electrically
and mechanically.

(9) Some explosive materials are stored wet,
some dry, and some in special containers, In-
sure that the special requirements for each type
are complied with in full,
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TABLE 4-3. PHYSICAL PROPERTIES OF FUZE EXPLOSIVES
Physical Characteristios Detonating Velocity Loading Pressure
Crystal Melting
How Denait Point, Density Used, Velocity, Pressure. Density,
Explosive Loaded g em °c g/em? m’'sec psi grem’
Tetryl® Pressed  1.73 130 1.71 7850 5,000 1.47
15,000 1.63
RDXP Pressed  1.82 204 1.65 8180 5,000 1.52
15,000 1.65
PETNC Pressed 1.77 141 1.70 8300 5,000 1.58
20,000 1.7
Lead Azide Pressed 4.80 Decomposes 4.0 5180 5,000 2.1
15,000 3.07
Lead Styphnate  Pressed 3.02 Detonates 29 5200 5,000 2.23
15,000 2.57
TNTd Castor 165 81 1.56 6640 5,000 1.40
Pressed 6825 156,000 1.52
NOTE: a 24,6, Trinitrophenyl Methylnitramine
b Cyclotrimethylenetrinitramine
¢ Pentaerythrite Tetranitrate
d 2,4,6, Trinitrotoluene
TABLE 44, COMMON EXPLOSIVE MATERIALS
Acceptable Use Only for
Use Normally Used for miztures Special Applications
Primer Lead Azide Antimony Sulfide Diazodinitrophenol
Lead Styphnate Barium Nitrate Mannitol Hexanitrate
Basic or Lead Sulfocyanate Mercury Fulminate
Normal Nitrocellulose Nitrostarch
Tetracene
Detonator
Intermediate
Charge Lead Azide Same as above
Base Charge Lead Azide Same as above
PETN
Tetryl
Lead or Booster RDX Pentolite
RDX/wax Pressed TNT
Tetryl PET!

4.2.4.2 Storsgs of Live Fuzes

effects of an explosion of the fuzes. For the pur-
pose of hazard categorization, ammunition is di-
vided into twelve classes depending upon their

Fuzes like other explosive items are normally  relative strength and sensitivity. Of these .tems
stored in igloo magazines covered with earth, fuzes are of medium hazard, hence are listed in
Protection is afforded against fuze initiation due  classes 3 to 8 cdepending upon their coatents
to external explosions and against spreading the  and packaging.
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43 INITIAL EXPLOSIVE COMPONENTS

43.1 GENERAL CHARACTERISTICS

It has been convenient to use the term initiator
to refer to a class of devices including primers,
detonators, and several special devices that are all
in"*ial explosive components.

A primer is a relatively small, sensitive explo-
sive component used as the first element in an
explosive train. As such it serves as an energy
transducer, converting electrical or mechanical
energy into explosive energy. In this respect,
then, the primer is unique among the other ex-
plosive components in a train.

A primer, which is loaded with sensitive mate-
rial, has a relatively small explosive output. It
may not detonate, but it may induce detonation
in succeeding components of the train. Some-
times, however, the purpose of a primer is per-
formed, for convenience in fuze design, by other
components such as an electric detonator.

A detonator is a small, sensitive, explosive
component that is capable of reliably initiating
high order detonation in the next high explosive
element in the explosive train. It differs from a
primer in that its output is an intense shock
wave. It can be initiated by nonexplosive energy
or by the output of a primer, Furthermorve, it
will detonate when acted upon by sufficient
hest, mechanical, or electrical energy.

Primers and detonators are commonly placed
into two groups, namely mechanical and electri-
cal, Electrical includes those which are initiated
by an electric stimulus while all others are me-
chanical. Therefore, the mechanical group in-
cludes not only percussion and stab elements
which are initiated by the mechanical motion of
a firing pin but also flash detonators which are
included because of their similarity in construc-
tion and sensitivity. As a group, electrical ini-
tiators are more sensitive and difter from the
mechanical group in that they contain the ini-
tiating mechanism, the plug, as an integral part.
The paragraphs which follow describe the com-
mon initiator types.

4-3.1.1 Stab Initiators

The stab initiator is a rather simpic item con-
sisting of a cup loaded with explosives and cov-
ered with a closing disk. It is sensitive t0 me-
chanical energy. A ‘rnical stab detonator is
shown in Fig. 4-4{A).
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4-3.1.2 Percussion Primers

Percussion primers differ from stab initiators
in that they are initiated and fired without punc-
furing or rupturing their containers. They are
therefore used in fuzes mainly as initiators for
obturated (sealed) delay elements. The essential
components of a percussion primer are a cup, a

. thin layer of priming mix, a sealing disk and an

anvil. Initiation is accomplished by a blunt firing
pin which squeezes the priming mix between cup
and anvil. Typical percussion primers are shown
in Fig. 4-4(B) and (C). In general, they are less
sensitive than stab initiators (12 in.-oz is a typi-
cal “all-fire” point). Percussion primer cups are
constructed of ductile metals, commonly brass,
in order to avoid rupture by the firing pin.

4.3.1.3 Flash Datonators

Flash detonatlors are essentially identical in
construction to stab initiators. They are sensi-
tive to heat, A typical flash detonator is shown
in Fig. 4-4(D). Iash detonators are considered
to be initiators for conveniencs of grouping even
though they are not the first element in the ex-
plosive train.

4.3.1.4 Electric Initiators

Electric primers and electric detonators differ
from stab initiators in that they contain the ini-
tiation mechanism as an integral part. They con-
stitute the fastest growing class of explosive
initiators (see also par. 4-4.5.2).

Several types of initiation mechanisms are
commonly employed in electric initiators: hot
wire bridge, exploding bridgewire, film bridge,
conductive mixture, and spark gap. Typical elec-
tric initiators are shown in Fig. 4-6. Electrical
contact is by means of two wires, by center pin
and case, or occasionally by two pins.

To describe the construction, let us examine a
wire lead initiator. Two lead wires are molded
into a cylindrical plug, usually of Bakelite, so that
the ends of the wire are separated by a con-
trolled distance on the fiat end of the plug. This
gap can then be bridged with a graphite film or a
bridgewire,

4-3.1.b Squibs

Metal parts of squibs are identical to those of
electric initiators, A typical squib is shown in
Fig. 4-6. A low explosive, flash charge is provided
to initiate the action of pyrotechnic devices (see
also par. 4-4.5.2).
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4-3.2 INPUT CONSIDERATIONS

When using primers and detonators, one must
consider both input and output characteristics,
The decision as to which characteristic to use is
often dictated to the designer by the quantity of
input energy available. For details on fuze initia-
tion see pars. 3-3 and 3-4. Sensitivity should be
no greater than necessary in the required appli-
cation.

Output of the initiator must be considered at
the same time as input. The system requirements
will usually determine the type of output
needed: a flame, a detonation, or a mechanical
function. While perhaps to a lesser extent in this
regard, the fuze designer is also concerned with
construction features,

Information has been published on the char-
acteristics of initiators that can serve as a good
starting point for consideration’’ >®, Functioning
times as well as sensitivity are readily available
together with sizes, mounting methods, and con-
nections. The exploding bridgewire initiators
have been surveyed in a journal article’. Many
explosive trains of different types exist that
have a proven record of performance ©

4-3.3 OUTPUT CHARACTERISTICS

The output of a primer includes hot gases, hot
particles, a pressure pulse which, in some cases,
may be a strong shock, and thermal radiation.
Measurable quantities which have been used to
characterize primer output include: the volume
of the gas emitted; the impulse imparted to a col-
ume of mercury by the pressure puise; the light
output as measured by a photocell; the tempera-
ture rise of a thermocouple exposed to the out-
put gases and particles; the ionic conduction be-
tween a pair of probes exposed to the output;
the pressure rise in a chamber in which the out-
put is confined; the propagation velocity of the
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air shock, the hangfire, namely the time lapse be-
tween supply of mechanical energy to the primer
output; and flame duration. Each of these meas-
urable quantities has been related to effective-
ness in one or another application by experi-
ment, theory, or intuition. However, no general
quantitative relationship of value to a designer
has been developed.

As its name implies, a detonator is intended to
induce detonation in a subsequent charge. The
two features of its output which are usefui for
this purpose are the shock wave it emits and the
high velocity of the fragments of its case. The
output effectiveness of detonators of current de-
signs is directly related to the quantity of the ex-
plosive which detonates, and to the vigor of
this detonation. These quantities are somewhat
less predictable than in most other components
because the transitions from burning to detona-
tion and from low order to high order detona-
tion take place in the detonator,

These transitions can require anything from a
hundredth of an inch to the whole length of a
detonator, depending upon such factors as load-
ing density, composition, particle size, confine-
ment, and column diameter. However, recent de-
velopments in lead azide production have re-
sulted in materials in which these transitions re-
quire so little explosive that the output of a
detonator can be predicted with a fair degree of
confidence.

The effective cutput of a detonator includes
factors of pressure, duration, and area over
which the pressure acts. Clearly a simple product
of these quantities is inadequate as a character-
ization because alow pressure of either long
duration or large extent would obviously be
ineffective,

Detonator output is measured by means of
gap or barrier tests, sand test, copper block test,
lead disk test, steel plate dent test, Hopkinson
bar test and in terms of the velocity of the air
shock produced

The output characteristics are achieved by
means of the explosives used. Primers are loaded
with one of a variety of priming compositions.
Typical detonators have three charges—a priming
charge, an intermediate charge, and a base
charge--alithough two of these can be combined.
The priming charge is like that of the primer,
The intermediate charge is usually lead azide
while the base charge can be lead azide, PETN,
tetryl, or RDX.
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43.4 CONSTRUCTION

Initiators usually consist of simple cylindricat
metal cups into which explosives ase pressed and
various inert parts inserted. MIL-STD-320 de-
scribes design practices and specifies the standard
dimensions, tolerances, finishes, and materials
for initiator cups. In general, all initiator designs
snould conform to this Standard. However, it is
not the intent of the Standard to inhibit the de-
velopment of new concepts so that an occasional
departure from the standard may be necessary
for special circumstances.

Initiaters are loaded by pressing powdered ex-
plosive into the cup at between 10,000 and
20,000 psi. When the length of an explosive
charge is greater than its diameter, the usual
practice is to load it in increments not over one
diameter long, After loading, the cup is closed
with a sealing disk and crimped. In addition to
the explosive, electric initiators contain a plug
assembly consisting of the plug, electrodes, and
bridge.

4-4 OTHER EXPLOSIVE COMPONENTS
44,1 DELAY ELEMENTS

Delay elements are incorporated into an ex-
plosive train to enhance target damage, by allow-
ing the missile to penetrate before exploding, or
to control the timing of sequential operaticns,
When the explosive train provides a time lag,
the component creating this lag is called a delay
element. The delay must, of course, be so incor-
porated in the fuze that it will not be damaged
during impact with the target. This feature is
most easily achieved by placing the fuze in the
base of the missile. If this is notl possible, the
delay must be buried deep in the fuze cavity in
the event that the forward portion of the fuze is
stripped from the missile on target impact.

Generally, delay columns burn like a cigarette,
i.e., they are ignited at one end and burn lincarly.
Delays may be ignited by @ suitable primer. Igni-
tion should occur with as little disruption of
the delay material as possible because a violent
ignitio. can disrupt or even bypass the delay col-
umn. For this reason, baffles, special primer as-
semblies, and expansion chambers are sometimes
included in a delay element. A typical arrange-
ment is that of Delay Element, M9, shown in

Fig. 4-T. Representative delays covering various
time ranges have been compiled in a compen-
dium'®,

Explosives for delay elements may be grouped
into two categories: gas-producing delay mix-
tures and “‘gasless’’ delay mixtures, (See pars. 6-b
and 6-6 for mechanical means of achieving delay
and par. 7-3 for electrical methods.)
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Figure 4-7. Delay Element, M9

4-4.1.1 Gas-producing Delay Mixtures

Black powder has long been employed as a de-
lay material. Formed in.io compressed pellets,
columns, or ring segments, it has been used to
ottain delay times from several hundred milli-
seconds to one minute. Black powder is easily
loaded and ignited. It is readily available in a
variety of granulations and quality. However,
since burning black powder produces consider-
able quantities of heat and gas, vents or gas col-
lecting chambers must be incorporated into such
delay systems, Black powder is affected by load-
ing pressure, atmospheric pressure, moisture, and
confinement. It has largely been supplanted by
other delay compositions, particularly in more
recent designs.

4-4.1.2 “Gasless”” Dalay Mixtures

Since pressure of the evolved gas affects the
performance of delays, efforts have been made
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to produce “gasless” delay mixtures''+'?, “Gas-
less” mixtures are superior to other types, par-
ticularly where long delay times are nceded or
where space is limited and escape of hot gases
cannot be tolerated. In general, “‘gasless” delays
are intimate pyrowechnic mixtures of an oxidant
and & metallic fuel carefully selected to yield a
minimum velume of gaseous reaction products.

Delays that are sealed or protected from the
atmosphere produce more consistent times and
have better surveillance characteristics. Hence,
there is a trend toward totally sealed delay
systems,

4-4.2 RELAYS

A relay is a small explosive component used
to pick up a weak explosive stimulus, augment
it, and transmit the amplified impulse to the
next component in the explosive train. Nearly
all relays are loaded with lead azide, a primary
explosive. The diameter of a relay is generally
the same as that of the preceding and the follow-
ing component but it is often thin. Relay cups
now used are made of aluminum.

Relays are commonly used to “pick up” the
explosion from a delay element or a black pow-
der delay train. They are sometimes used to re-
ceive the explosion transferred across a large air
gap. Subsequently, they initiate a detonator.

A typical Relay, the XM11, is shown in Fig,
4-8. It has a closing disk of onion skin on the
input end to contain the explosive but not to
interfere with picking up a small explosive
stimulus,
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443 LEADS

The purpose of a lead (rhymes with feed) is to
transmit the detonation wave from detonator to
booster. Leads are less sensitive to initiation than
either detonators or relays and are arranged ac-
cordingly in the explosive train,

Leads may be of the flanged type or of the
closed type. Flanged cups are open on the
flanged end while closed cups have a closing disk
similar to that of the stab or flash detonator
shown in Fig. 4-4(A) and (D). Flanged cups are
pressed into place whereas closed leads are held
by staking. The choice as to type is based on
considerations for handling and safety. For ex-
ample, the flanged type lead, having exposed
explosive on the flanged or output end would
be undesirable in designs where the lead pro-
trudes from the base or where dusting or flaking
of the explosive charge could interfere with the
operation of the fuze mechanism.

The input end, the solid end of the cup or the
closing disk, receives the shock wave from the
detonator, This wall thickness is therefore im-
portant. In practice, the wall is generally 0.005
to 0,010 in. thick.

Loading pressures for leads range from about
10,000 to 20,000 psi. For convenience in manu-
facturing, pellets are often preformed and then
reconsolidated in the cup. Tetryl and RDX are
the most common explosives for leads.

Because leads are used to transmit detonation
waves, their size and shape might conveniently
be set by the configuration of the fuze;ie., the
diameter is nearly equal to the preceding com-
ponent and the length depends on the distance
between preceding and succeeding components,
However, most efficient functioning is obtained
by properly designing the lead just as any other
component. The efficiency of the lead depends
upon explosive density, confinement, length,

and diameter. A common length to diameter

ratio is 1 to 1. The effectiveness of the lead de-
pends upon its in.iiating the next component
(booster charge) over a sufficient area so that it
too will form a stable detonation. Some con-
figurations demand duplicate leads so as to as-
sure reliahle initiation of the booster charge.

444 BOOSTER CHARGES

The booster charge completes the fuze explo-
sive train. It contains more explosive matei..]
than any other element in the train. The booster
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charge is initiated by one or several leads or by a
detonator; it amplifies the detonation wave to a
sufficient magnitude or maintains detonating
conditions for a long enough time to initiate the
main charge of the munition,

In common usage, the term booster charge is
abbreviated to booster, Actually, a booster is a
separate fuze component provided to augment
the other explosive components of a fuze so as
to cause detonation of the main explosive filling.
It consists of a housing, the booster charge, a
detonator, and an auxiliary arming device. A
booster is shown in Fig. 10-6 wherein part O is
the booster charge.

4-4.4.1 Explosives Used in Booster Chargss

The density to which the explosive is packed
iato a booster charge affects both sensitivity and
output. Thus loading techniques are important,
At present, there are three methods for loading
booster cups: (1) loading a preformed, fully con-
solidated pellet, (2) inserting a preformed pellet
and applying consolidating pressure with the
pellet in place, and (3) pouring a loose charge
into the cur and consolidating it in place.

The first method is the most convenient in
production and thie most widely used in fuze
practice. Pellets can be produced to close size
tolerances and uniformity. However, this method
is not acceptable with more complicated shapes
or in some high performance weapons. Conical
shapes, for example, are always pressed in place.
Each of the last two methods assures a firmer
mounting of the explosive by positively pre-
venting voids between pellet and cup. Hence,
one or the other must be used when the round
is subjected to accelerations sufficiently large to
shift, fracture, or further consolidate the pellet
since these conditions may lead to premature or
improper detonations, The tnird method is the
most convenient when only a few samples are
needed.

Tetryl and RDX are the most widely used ex-
plosives for boosters. Other explosives have been
used, such as granular TNT, RDX and wax mix-
tures, and PETN.

4-4.4.2 Description of Booster Charges

While the shape of the explosive charge affects
input and output characteristics to some extent,

the shape is commonly dictated by space con-
siderations. If the booster charge is extemal to
the bursting charge, extreme ratios of length to
diameter are {0 be avoided. For best output, the
length to diameter ratio should be greater than
0.3 and less than 3.0, Ratios in the order of 2:3
or 1:2 seean to be optimym. Shapes with an in-
creasing cross section outward from the initiating
end are more efficient, but difficult to load
uniformly'?.

4.45 SPECIAL EXPLOSIVE ELEMENTS

A number of special explosive components
may be found in explosive trains or as inde-
pendent elements,

4-45.1 Actuators

An actuator is an explosive-actuated mechani-
cal device which does not have an explosive out-
put. In an explosive train, it is used to do me-
chanical work such as close a switch or align a
rotor. Most present actuators are electrically ini-
tiated. They are discussed more fully in par. 7-2.

4-45.2 Igniters (Squibs)

Igniters or squibs are used to ignite propel-
lants, pyrotechnics, and flame-sensitive explo-
sives, They have a small explosive output that
consists of a flash or a flame'*. A typical squib
is shown in Fig. 4-6. Igniters are electrically ini-
tiated and are similar in construction to electric
primers, Igniters consist of a cylindrical cup (usu-
ally aluminum, copper, or plastic), lead wires, a
plug and a wire or carbon bridge assembly, and a
small explosive charge. The cup may be vented
or completely open on the output end,

4-45.3 Fuses

Fuses are tubes of fabric or metal which con-
tain a column of black powder or pyrotechnic
material. (Note the spelling of fuses as distin-
guished from fuzes.) They aie used to transmit
fire to a detonator but only after a specified
time delay. Delay times are adjusted by varying
the length of the fuse. Delay fuses were em-
pleyed in early designs of hand grenade and
pyrotechnic explosive trains.
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Figure 4-9. MDF Used in 37 mm Spotting Cartridge, XM415E7

4-4.5.4 Detonating Cord

Detonating cord consists of a small fabric or
plastic tube filled with a high explosive, usually
PETN. Detonating cord must be initiated by a
high iatensity shock wave; it in turn propagates
a detonation wave along its entire length.

4-4.5.5 Mild Detonating Fuze

Mild Detonating Fuze (MDF) consists of a
column of high explosive material in a flexible
metal sheath. Currently available MDF is made
with PETN as the explosive charge enclosed in
a lead sheath. Experiments are underway with
other shield materials and explosives'*,

MDF is used mainly to transfer a detonation
some distance away. It is available in charge
weights from 1 to 20 grains of explosive charge
per foot. Smaller :1zes of this material will trans-
mit a detonation wiih little disturbance to the
surroundings. A minimum of protection is re-
quired to prevent blast and fragments from caus-
ing damage,

A typical fuze application of MDF is shown in
Fig. 4-9'°, The problem was to simulate the full-
caliber Davy Crockett round with boom and tail
fin in a subcaliber spotting round. The figure
shows the 37 mm Spotting Cartridge XM415E7,
with Fuze, XM544E1. Operation is as follows:
On impact, the fuze ignites an XM64 Detonator
that ignites a lead cup assembly that in turn ig-
nites the MDF in the igniter tube assembly (1 /8
in. inside diameter by 5 in. long). The MDF det-
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onates rearward to ignite the black powder ejec-
tion charge through flash holes in the igniter
tube, The MDF continues to detonate rearward
to ignite the PETN burster charge in the boom.
The PETN burster charge functions before the
ejection charge because the MDF has a faster
reaction rate than the black powder. When the
burster charge explodes, it blows off the hoom
with the fin and opens the rear end of the steel
body. The black powder gradually builds up
pressure, ejects the pyrotechnic mixture from
the rear opening of the body, and ignites to
generate gray smoke,

45 CONSIDERATIONS IN EXPLOSIVE
TRAIN DESIGN

4-5.1 GENERAL

The explosive reactions employed in fuzes are
usually started by relatively weak impulses. It is
the purpose of the explosive trsin to amplify
these impulses so that the main charge detonates
at its stable rate. As described above, this proc-
ess can encompass the following steps or proc-
esges; initiation of a deflagration, acceleration of
the deflagration so that shock waves are gen-
er ted, establishment of a detonation, and propa-
ga. on and growth o° this detonation to iis
stable velocity.

Normally, separate explosive components are
used for most of these steps. If the projectile or
missile .> small enough, only one component
need be used. Larger projectiles have several
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components because it is too hazardous to
handle large quantities of primary explosive in
a single package. Hence, for safety in manufac-
ture and assembly of ammunition, the vxplosive
train consists of several small components.

In military items, the smaller, more sensitive
charges are isolated from the larger ones for
safety in handling until the item is armed. Again
as pointed out earlier, mechanical desigh ccnsid-
erations indicate the advisability of small com-
ponents, and chemical kinetics design considera-
tions indicate that the most effective explosive
material for one component is not necessarily
the most effective for another; these considera-
tions result in further subdivision of the explo-
sive charges.

In the course of the growth of each detona-
tion, discontinuities are met, Transmission of a
detonation across a discontinuity is affected by
a wide variety of factors including the proper-
ties of the explosive employed, the density at
which the explosive is loaded, the material con-
fining the explosives, the size and geometry of
each charge, the relative positions of charges,
and the nature of intervening materials. The per-
mutations and combinations of these and other
factors are innumerable. Data on all of the vari-
ous combinations of interest cannot be obtairad;
in some cases, because of interactions, data that
are available are apparently conflicting.

4-5.2 PROBLEMS IN EXPLOSIVE TRAIN DESIGN

In the course of designing the frain, many
problems arise such as determining sizes of the
various components, packaging each one, spacing
or positioning them, and, most important, mak-
ing use of the new characteistics created by this
train effect.

In fuzes employing delay elements, primers
which produce essentially a flame output are
used to initiate the d-flagration. It is some-
times necessary to initiate delay mixes across a
sizable air gap. Such an arrangement is practical
but care must be taken to avoid destroying the
reproducibility of the delay time. If initiation
from the primer is marginal, delay times may
become long. On the other hand, the delay time
may be considerably reduced if particles from
the primer imbed themselves in the mix (thus
effectively shortening the delay column) orif
the delay column 1 disrupted by the primer
blast, Frequently, a web or baffle is employed

between a delay and its primer to reduce blast
effects and particle impingement. In general,
increasing the free volume between these two
will make imtiation more difficult. Decreasing
confinement of the delay column will have the
same effecs,

Flash detonators and relays are sometimes in-

itiated from a distance by a primer, & delay, or
even another detonator. In this problem particu-
larly, precise performance data are difficult or
impractical to obtain, The alignment of the two
components is probably most important to suc-
cessful initiation. If the air gap is confined, it
should be at least as large as the detonator diam-
eter and perhaps slightly larger.
. Since quantitative da.a for any particular con-
dition do not exist, trial and error methods must
be used in design. A convenient method to de-
cide upon the adequacy of a given system is to
vary the charge weight of the initiating compo-
nent to find the marginal condition for initiation.
Generally, the designer chooses a component
with double the marginal weight,

After the amplification of the explosive-
impulse has carried through several components
in the train and a detonation has been produced,
even more care must be exercised to complete
the process. Initiation of a tetryl lead from a
detonator is indicative of the types of problem
encountered. Once again, confinement is most
important. A heavily confined charge can re-
liably initiate another explosive component,
whereas a charge of twice that amount would be
required if it were unconfined. Empirical data
obtained under various conditions indicate that
the effects of confinement are optimum when
the wall thickness of the confining sleeve is
nearly equel to the diameter of the colnmn. On
the other hand, the nature of the confining
material is nearly equally important. Data have
been obtained which show that a detonation
can be transferred across an air gap nearly
twice as far if the donor is confined in brass or
steel rather than aluminum Relative data on
gap distance for various acceptor- harge con-
fining materials are: steel—13, copper—7, and
aluminum—4.

In fuze explosive trains;-one seldom works
with unconfined charges. The explosive compo-
nents used are nearly always loaded into metal
cylinders or cups. Even this relatively thin-walled
confinement gives considerable improvement
over air confinement in transmitting or accepting
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detonation, Further improvement can be made
by increasing the confinement as previously
indicated.

When a detonation is being transmitted from
one explosive charge to another, the air gap
should be kept small for greatest efficiency. Such
a condition exists 1a initiating a booster from a
lead. However, a different condition sometimes
exists when firing from a detonator to a lead. In
this instunce, the output face of the detonator
(donor charge) is confined in a metal cup. Hence,
a thin metal barrier is interposed in the path of
the detonation wave. The initiation mechanism

of the acceptor charge may now be somewhat
different because fragments of this bamer will
be hurled at the surfu-¢ of the next charge. It
has been found that a small gap between the
components greatly aids initiation in this case.
So as a general rule, one can say that where det-
onation must be transferved across a metal har-
rier, the air gap between donoyr charge and bar-
rier should be negligible but 4 small gap (in the
order of 1/16 n,) between barnier and acceptor
charge may be desirable, Beyond the interrupter,
explosives no more sensitive than RDX should
be used.
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 PART TWO—BASIC ARMING ACTIONS

CINTRODUCTION

Part One deals with the fundamental prines
ples of fazes, P diseussion ineludes general de-
sivie considerations, principles of fuze initintion,
el e esplosive train,

Part 1'wo indleates and exemplifies prnclplos
imvolved and methods ased sy e arming proe-

The arming process provides a transition

between two conditions: (1) the safe conpdition
which is the normol for handling; 1if the sensitive
explosives of the fuze are initinted bofore de-
sired, the bursting churge of the gmmunition
will not explode, and (2) the grmed condition
which s the normal for functoning: if the
sensitive explosives are inftinted ot the seloeted
time and place, the bursting charge will explode,
See par. 9-2,.2 for safety requirements,

CHAPTER 5
ELEMENTARY PRINCIPLES OF ARMING

5.1 GENERAL

The primary purpose of a fuze is to function
the bursting charge in a munition at a specified
time or place, ‘The need for many types of fuzes
is apparent when we consider the varfous itoms
of ammunition in use ~projectiles, bombs, rock-
ets, guided missiles, and mines, The conditions to
which a fuze is subjected when used as intended
may be myriad, For the sake of safety, the fuze
must be designed to withstand the effects of con-
ditions encountered throughout the stockpile-to-
target sequence. Howevor, such environments as
pressure, temperature, accelerations, or electri-
cal fields provide forces which can be used to
arm the fuze when they are different fiom those
encountered before firing, The forces resulting
from the ballistic environment will be discussed
and illustrated in Part Two,

6-2 MECHANICAL ARMING CONCEPTS

The safing and  arming maechanism of the fuze
is placed at a point in the explosive train so that

it will be followed only by high explosive mate- -

rials no more sensitive to initiation than RDX.
The term detonator safe conventionally desig-
nates a particular status of the arming device, A
fuze is said to be detonator safe when an explo-
sinn of the detonator cannot initiate subsequont
components in the explosive train (lead and
hooster charge), ¥ig, B-1 illustrates a simple
arming device which includes detonator safety.

If the sensitive detonator accidentally explodes
in the unarmed position, the detonation wave is
forced (by the malalignment of the components)
to Lravel such u tortuous path that it cannot inf-
tiate lead or booster chorge,

The arming process consists mainly of the ac-
tions involved in aligning explosive train dlements
ot in removing barriers along the train, The time
for this process to take place is controlled so
that the fuze cannot function until it has traveled
n safe distance from the launching site, In terms
of personnel or materiel damage, dictance is all
{mportant; howevaer, it is frequently more con-
vonient to consider the arming action in terms of
elapsed time from launching, Hence, an arming
mechanism ofter, consists of a device tc measure

an:elapsed time interval, The designer must in-
suro that there is sufficient energy to align the
train and to control the action time in accord:

ance with the safety requiremontc of the puticu- .

lar munition. Occasionally, in‘high perforfmnce
weapons, an elapsed time inherent in the arming
process provides sufficient delay to meet fuze
safety requirements, More often though, the
fuze designer must devote considerable effort
to develop a suitable timemeasuring device
that has the required precision,

Arming mechanisms operate upon an input of
energy resulting from the launching environment,
This may come from a source contained in the
fuze itself, or it may arise from a potential cre-
ated by an external environment such as accel-
eration, spin, or pressure, The space in a fuze -

&1
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Figure 5-1. Simple Arming Device

is often small so that the energy that can be
stored within is much less than that obtainable
from a change in external conditions. Hence,
an external source of energy is usually more con-
venient, However, if the environmental change
is small or its effect is comparable to that created
by rough handling, the designer must incorporate
a power source in the fuze. Such a power source
may be triggered by ballistic forces.

5-3 SEQUENCE OF FUZE BALLISTIC EN-
VIRONMENTS

The three ballistic environments for which a
fuize may be designed c-e depicnd in Fig. 5-2.
They represent the instances when (1) the muni-
tion undergoes very high initial acceleration,
(2) the munition undergoes low initial accelera-
tion, (3) the munition undergoes a very slight or
no acceleration at all. Certain ballistic equations
are applicable to each of thes. environments but,

5-2

fromn a design viewpoint, ea:h presents limita-
tions which are best charact.rized by examining
the types of mussile used in each environment.

6-3.1 BALLISTIC ENUATIONS

"The subject of Lallistics covers both the gross
and the detailed motions -*f the munition during
launching, dunng flight, and at the target; hence,
the three divisions: interior ballistics, exterior
ballistics, and terminal ballistics. The following
basic equations are uscd to calculate arming
forces,

5-3.1.1 Acceleration

When a projectile is fired from a gun tube, it
accelerates in the gun as a result of the rapid ex-
pansion of propellant gases. This acceleration is
calculated from

a=£"44- g, ft/sec? (6-1)
where P is the gas pressure acting on the projec-
tile, psi; W is the weight of the projectile, Ib; 4 is
nd? [4 where d is the caliber of the projectile,
in,; and g is the acceleration due to gravity, 32.2
fi/sec?. Since 4,W, and g are constant, the accel-
eration ¢ is proportional to the propellant gus
pressure P, A typical pressure-travel curve for a
projectile in a gun tube is shown in Fig. 5-3.
For convenience in calculating forces, the accel-
eration is often quoted in terms ofg’s, In the
case of setback

a'ain%'i:g's

(6-2)

= {1} HIGH ACCELERATION

(2) LOW ACCELERATION
._Z (3) CONSTANT

------------- {greduel acesluration}

-

\
i
-

ACCELERATION —»—
2\
Y

-

-
-

0 —

INTERIOR
BALLISTICS
{during lounching }

EXTERIOR
BALLISTICS
{durng thight)

TERMINAL
BALLISTICS
(target)

Figure 5-2. Ballistic Environments of a Fuze
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PROFELLANT GAS PRESSURE
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PROJECTILE TRAVEL

Figure 5-3. Typica! Pressure-travel Curve
53.1.2 Drag

A missile encounters air resistance during
flight and decelerates. Various theoretical deriva-
tions have been proposed for the forces of decei-
eration of which Newton’s method is easiest to
understand. The drag is caused by the impulses
communicated to the projectil2 as particles hit
and bounce away from it. The formula is

Fy - Rpd? Ky /g, Wb (5-3)

where p is the density of the air, 1b/in?, d is the
diameter of the projectile; in.; v is the air velocity
of the projectile, ft/sec; and Kp is the drag co
efficient, dimensioniess, Fig. 5-4 shows, for a
particular round, the relation of K, to the Mach
number (the ratio of the projectile speed iv the
local speed of sound).

6-3.1.3 Routional Velogity

Many small arms and artillery projectiles are

" stabilized by the spin imparted by the rifling in

the tube. The angular spin velocity, a source of
potential for the arming process, may be calcu-
lated from either of the following equations

w__,l%i, rad/sec (5_4)
’ 12!1
©'= = rev/sec (56)

where n is the twist of rifling in ferms of the
number of calibers: of length in which the rifling
makes one complete turn (the projectile travels »
calibers when making one complete revolution);
vis the instantareous projectile velocity, ft/sec;
and d is the caliber, in,

02y
. F ! ooy
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Figure 5-4. Drag Coefficient Kp

Iig. 5-5 is a nomogram for finding the spin
velocity o of a projectile for any muzzle velocity
of several standard guns. The method of use is
illustrated with the example of a 40 mm gun at
2870 fps muzzle velocity.

6-3.2 BALLISTIC CONDITIONS

Three types of ballistic conditions will be con-
sidered: high acceleration, low acceleration, and
gravity acceleration,

6-3.2.1 High Acceleration

Projectiles fired from small arms, guns, howit-
zers, mortars, and recoilless rifles are subjected to
th~ ballistic environment called high acceleration
launching (see Fig. 6-2), During the interior
ballistic period, the acceieration of the projectile
reaches a maximum (40,000 g or more in some
weapons) and then drops to zero by the time
(2 to 20 msec) the projectile has traveled a few
calibers beyonid the muzzle of the gun tube.
Thus, the useful inertial forces crested are set-
back, centrifugal, and tangential (see par. 5-4).

In the exterior ballistic environment—iree
flight—the missile is decelerated by air friction
and resistance, The drag forces on ilie missile
produce creep of its internal parts (see par. 5-4).
Finally, at the target, the missile encounters
impact forces often of extreme magnitudes.
These are the ballistic environments for a fuze
and its compcnents which are launched with
high initial acceleration.

Two types of missile are used under these con-
ditions: spin-stabilized and fin-stabilized. In gen-
eral, fins are used for stabilizing missiles having
either low or very high velocities ard spin is

53
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used for stabxhzmg those. havmg amtermedlate

velocxtxes.

~“The spin-stabilized missile is subjected to all

R S -ueofmﬂreaforcec mentioned: above. Throughoutjree, -

eﬂxgl't . the spin of the mxsslle decays, but-the » rate
of. decay is so simall; in most.cases, that for. the
-arming -period. the deslgn‘er may {reat the spin as
constant: Spin decay in ﬂlght ‘may be used-for
self-destruction. but ‘it is not usually used for
arming the fuze.

Fm-stablhzed missiles that are’launched with
‘a hlgh initial- accelération. are subjected to all of
‘the~ forces mentloned ahove -except that re-
-sultmg from spm. These missiles do not spin or;.
if. they. do,. the spin rate is so -sraall that the .
fon,es usually cannot be used.

Grenades propelled by an infantryman’s rifle
or.by a grenade launcher are subjected to « brief,
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high acceleratlon followed by a shght decelera-

tion in flight. The .acceleration:or setback forces
are reproducible and large enough to be used for
the atming force.
5.3.2.2 Low Acceleration P
The second type of ballistic environment for
whlch fuzes may ‘be designed is one in which a
rYocket carries its own propellant, Since the.pro-

pellant is consumed during the. first pottion of
the missile’s free flight, it may be manry.seconds,

tather ‘than milliseconds, before the missile at-

tains, maximum velocity. Therefote, the accelera-
tion. is: much smaller than that of-a gun: launched

.prOJectlle’ Fig. 5-2 illustrates this acceleration

condition -also. There are no especxally large set-
back forces; in fact, forces created by ordinary
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vxbratwn and' handling may be nearly as large.

When the force-time relation ia.fl ight is.similar
to’ thut of nandling, integraiing rather-than dif-
‘ferentiating devices are used effectively. These
devices prevent-the handling forces from arming

~ the fuze (see pat. 6-5.4).

5-3.2:3  Gravity Acceleration

Airplane’bombs:are launchied - with an accelera-
tion nearly equal to that of gravity. hga 525l

Justrates this as the thixd ballistic environment,

Release from the bomb rack produces a stimulus

that is similat.in.magnitude lo ordinary hanalmg -

stxmuh, hence; the designer must resort to a
manual or mechanical operation to creates suit-
.able force for- arming. He may also utxhze aero«
-dynamic or' barometric forces .created as the
bomb,falls In-any case, txe‘fmmg prob!ems are
very different from thOSe in an artillery pro-

~Jectile,

‘Hand: grenddes r'gx‘qu; be armed manually by
removing a safety pin.-Thié.action is'positive and
hasithe. advantage of prowdmg a-visual’ sxgnal that
the grenade is.drmed. -

-Some fuzes ure used in ammunition, such’as )

lahd mines and boobytmps, that remains station-
ary - unnl enemy action. initiates-the explosive..
These must be armed bv fnendly forces. Sea
mines and depth charges have automatic armmg
-processes with elaborate tnggenng dev1ces that
requiré designs similar fo. arming devices.of other

" ammunition,

5,4‘ é’nwﬁaw*ewm "ei\i‘éﬁevfsfouncs‘s’f

So many forces -of dxfferent”hnds and dif-
ferent. magnitudes -act upén .a.. munition, from
manufacture o target impact, that fuzes must be.
des*eaed with special caré so as to discriminate,
.among ‘the forces, The fuze' must-be capable of
response to the desxred forcés.and mcapable of
‘Tésponse ‘to-thexest.. Forexample, -the: action-of
the arming mechanism may be controlled-sclely
or in combination by -any of the followmg
fofces: setback due to initial acceleratxon, ‘cen-
trifugal- due-to spin, creep due to deceleration,
wind due to airflow past the mumtlon, or pres-
sure.due to ambient conditions®.

5-4.1 SETBACK

Setback is the relative rearward movement of
component parts in a munition undergoing. for-

-setback force M

ward acceleration during launching, The force
necessary - to aceelerale the part together, with

‘the munition is balanced’ by a.reaclionh foree.

This is called the sethack force. It may -be caleu-
lated by determining the acceleration a2 of -the
projectile and multiplying it by the mass n, of
the part affecied. Dimensions must be kept
consistent.

s 1b (5-6.

SN ———
I R

Jf the acceleration «* (Eq. 5:2)-is. given in g’s;

one multiplies it by the weight W, of the- part

affected

O .
F - “p"' - “I,'-T;—-, b (5-7)

‘Fig. 5-6 shows the propeliant forcesPA and the

PA
W

Thus for a-0. 0014 ‘To part undergoing.an ae-
celeration of 10, 000- g (322,000 ft/sec?) the
force will'be

on-the fuze.

T e 08004 499000 = 14 it or (BB .
F= 55 x 322,000 = 14 it -~or
= 0.0014 x 10,000 = 14 1b (5:9)

(PRESSURE = R)

B s

1
e |
EEERR R

PROJECTILE
(WEIGHT = W),

v st s ]
[ e

B e ]

P . g

s

(AREA = &) ‘FUZE "PARY-..

(WEIGHT ='Wy)
Figure 5-6. Sethdck Forcé on a Fuze Part

5-4.2 CREEP

- Creep.is the tendency for compact parts.of a
mumtlon to move. forward as the munition slows
down. Thls is 51m11ar to setback but is much
smaller and acts in -the .opposite. direction: The
inertial force is calculated by multiplying the
weight I, ‘of thé part by the-deceleration of’

-the- mumtlon, .see-Fig, 5-7, By use of Eq, 5-3, the

creep force on a fuze-part is given by
2,2

12pd*veKyY p
g

(5-10)

, 1b
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. PROJECTILE
(WEIGHT =W)

DRAG FORCES

Figl;ie\5-7. ‘Créep Force.on.a Fuze Part

"5:4.3 CENTRIFUGAL FORCE

The most-cominonly used medns-of drming a
fuze is centrifugal force: Wherever frictiorial
forces are increased -during -setback, -centrifugal
arming forces may not prevaﬂ until the rota-
tional’ velouty increases sufﬁcxently or. setback
ceases:to exist. Centrifugal forces are- calculated
from:the equation

»
'Wpr W~
F o=

c

» lb (5_11)

8

whefé r'is the fadius of the'center of gravity of
‘thie part from the issilé axis; ft (Fig:5:8).

SPIN (W)

Figure 5-8: ‘C‘{%nf\rifug&) Force on:i;}F ;:e Part-

N ‘xl“ : .
5-4.4 TANGENTIAL FORCE .

Tangential forces' may be used in-sox .« fuzes.
For .example, spring-loaded weights 10cVe fn-
gentially under the application of -angular:aéec.
eération. The tangential force is-given by

Hor do

S

F, =
g dt

5

do

where ¢ is-the anguldr:acceleration,, It.can ba
obtained by taking the derivative of Eq.-5-4 with-

5-6 ’3;%}

t

£
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A )
pressure~tune curves are generally:more availabie
lh..n velocity-time curve:,

respeet to time .of

5:4:56 CORIOLIS FORCE

The Coriolis -force is seldora used:io operate
an arming device, but in.certain fuzes its.effects
may ‘be balanced out-to improve fuze- opemhon
It is illustfated in Fig. 5:9. 35 a force on a ball ina
radial slot that rotates al the angular.velocity o .
If the “ball is not .moving relalive to the slot,
there .is no Conohs force. ‘When the ball- moves

in the slot, there must bea Conohs force. A sim-

ple: explanatlon is a(forded by utmg the.Coriolis
force as that-fiecéssary- to change the tangential:
velocity -of the ball .as its distance from the cen-
ter of rotatxon changes The force: £, is calcu-
lated: by

(5-13),

A ~ 9
Fco = 2vm o

where v is thé radial- velocxty, ftisec; ol the part
of-mass: m, , slug, and .o-is the angular velocity,
rad/sec “The Coriolis force, as shown.in Fig: 5-9,

‘is-directed perpendicular ‘to the radial motion of

the part and in the plahe swept out by thé radius.

Feo *cORIOLIS FORCE
¥ VELOCITY
& *-SPIN VELOCITY

Figure 5-9. Caviolis Force on a Fuze Part
€-4,6. TORQUE c

Torque is- the product of a force and its
lever arm, Usually a torque causes an ang'ular ac-
celeration of a, ‘part, and the acceleratxoz\ is pro-
portional to the- torque above that hecessary to
overcome friction, For fuze parts, torque is asso-
Aclated with- three main types of-angular. accelera-
tion; (1) that experiericed by all parts as the

. munition increases or decreases its spin,: (2) that

caused: by centnfugal effects, and (3) those
:gyroscopic precessional auceleratlons present.in

.
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all spinning bodies.
Consider the first type. The: torque is equal to
the product of"thé -mament of inertia and the

.angular accélération, If-an accelemhng torqtie is

transmitted- throug,h a small shatt, the effects of
inerlis-are useful for.arming dovices-because-the
frictional countertorque is sinall.

The seconid type is more commonly: used. The
driving torque is détived’ from an.inertial force

. acting. at the denter of.muiss of the- moving pext

but not acting through-its pivot: pomt The pivot

_-axis may be pemend;euhr te thé spin axis, asin
the Semple ‘Centrifugal I’lun;,er shown in: Fxg,

5-10(A) or parallel to it as in the rotor shutter of
Fig..5-10(B)

The third.type is clnr'lcter'stxc of'all.spinning.

bodies. If the part. e\tpenences a torque about
'my axis other-than its spin axis, it will:precess,
., it will turi about still another.axis. The rate

and direction of turning may bé obtamed from.

the-equations concerning -the dynamics of ro-
tating. bodies. It is readily siiGwn that-the part

‘will turn.about an akis.that is: perpendlcular to

both the spin axis of the -munition .and the
torque dlrectxon If the torque is G, the moment
of inertia. is /, and. the: «spin is @, then the pre-

cessroxra.l angular welocity Q, both » and @ in.
-rad/sec,is

oG
-, (5:14)

54,7 FORCES OF THE AIR'STREAM

Air forces are uvsed to--turn. propellers Ay

bombs and rockets The-torque created' depends

qpon,,theralr flow past the propeller blades. The.
‘power developed ‘is a function of ‘area, angle of
attack, and mean radius of- the blades as well as*

densnty and veloclty of the air stream Usually an
émpirical solution “is developed from tests. ina
wind tunnel, Past work ‘has indicated. that the

_power output H, may be expressed as’

H, =C, po’(d} - d}) (5-15)

where-C, is the coefficient of power derived,, p is

-the air density, o .is the rotatronal velocity, and

d, and d; are the outer and inner diameters of
the blade: area, respectively.

54,8 AMBIENT PRESSURE

Ambient pressure is often used in sea mines

AMCP 706210
-~ MUNITION AXIS
PIVOT ~— -
RApiys- =2 ’
N _,;-_..9.;‘_0*_26,,.
CENTER
OF GRAVITY
(4) Semple :P/ungar
:MUNI"TION : TORQUZ « "FORCE X
AXIS "RADIUS

N\

RADIUS

(8) Rotor Shutter

Figure 5-10. Torque on a Fuze Part

and. depth charges. It may be used in bombs
dropped from aircraft, but the available pres-
:sure-differences-are-not-as:large:in. air.as.in.the

T.oua-ihie hydrostatic pressure P, is given by

P, = p,h (5-16)
where P, is the density of the water, 0.037
Ibfin?, and h is the height, ‘in.

s

¥
-~

5-4.8;' OTHER ‘FORCES

Two .additional environmental. forces affect
fuze:.operation, However, quantitative analyses
for their consideration do nhot yet exist. The
first of these is-called’ setforward . Thisis a nega-
tive setback—an acceleration in the direction of
prOJectxle travel. -Setforward occurs. when pro-
jectiles are-rammed into an.automatic weapon,
Present: -point-detonating, txme, and proximity
fuzes will withstand -about 1000 g setforward.
While weapon designers would like to double or
tnple the ram velocity, present fuzes cannot

57
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survive this force, excgept, perlmps point-detonal-
ing fuzes.

The second -of :these forces is a sidewoys
force. In practice, perfect alignment of a pro-
jectile and -gun axis prior te Tiring is not con-
sistently achieved. ‘Therefore;. upon firing, the
sideways. force results. as the projectite aligns

itself with. the pun tube. For example, the

175 mm field gun and the 120 nun-tank gun have
such high lateral forces that fuze ogives have
broken .off, Hence, special fu.zes had to-be pro-

vided, These force"s have not buen measured ox

calculated to date. In air-gun and: drop tests,
damage was simulated by acceleralions grealer
than 10,000 g.

55.NONENVIRONMENTAL ENERGY
SOURCES

‘When there is. no motion of the munition or
‘when the-motion is. tooc small to actuate a- fuze
mechanism, .an auxiliary power source must be
-added. This may 'be:a spring, a battery, or active
chemicals. ‘

5-5.1 SPRINGS -

A spring is-commonly used to. operate a de-

vice—such as a slider, a-detent, or a clockwork—

so as to maintain parts in their safe condition
prior to arming or o move parts after they are
triggered or released, Springs are discussed in

“par. 6-2,

5.5.2 BATTERIES.

The arming provess may involve the batiery
in a. mechanical or an electrical way: (1) the

;power may -be used to throw a switch or turn a

rotor, or (2} the batlery may be activated by
bringing the olectrolyte into contact with the
electrodes or by activation of:a thermal‘battery.
Of course, this batteiy may also- be used for the
functioning process (see-par. 3-4. 3).

5:5.3 METASTABLE COMPOUNDS

Active chemicals may be mixed to generate

heat. They may also generate-gas to expand. a

bellows so-as to move a fuze component. Since
this must be accomph.,hed rapidly, explosive
chemicals are usuaily used (see par, 8:3).

Many other Ipfinciples are’in use in fuzes and
many more remain to be developed.
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CHAPTER 6
WECHANICAL ARMING DEVIGES

6-1 .GENERAL

Historically, fuzes -have been developed by
improving an existing design. Arming devices
readily lend themselves:to-tihus.type of duveiop-
ment especially :those mechanically, hydrauli-
cally, or electrically ‘operated. Fuz-s operaled
by mechanical devices make use of springs,
gears, sliders; rotors, and plungers. Some typicai
mechanisms from among those now used in
standard fuzes are described below under their
appropriate heading.

62 SPRINGS
Springs. play an important role in fuzes. When

properly desighed and.manufactured, they pro-
vide a convenient source of stored energy wlhich

s;remaing:.constant over the 20-year shelf life re-
quired _or fuzes. They also dct as restrainers for

the various .parts of a fuze (detents, pins, bails,

_ rotors). The information. which follows-is a de-

scription-of the. springs normally folind in fuzes,
the motion of parts with springs.attached, and

the starting conditions: required- for spring-held

parts.

- 2.1 TYPES OF SPRINGS:

’I‘here are three genetal types of springs, all of
whlch are-used in fuze drming mechanisms. The
flat leaf sping.is a thin bearh which creates ten-
sile and compressxon stresses when it bends. The
fla& spzml spring is similar {o a clock:spring, i.e.,
a leaf .spring wound into a §piral. The helical coil
spring-is a wire coil in which a shear stress is in-
duced when the coil is deflected. % )

The general equation for a spring is an"expres-
sion of Hooke’s law (restoring force proportional
to displacement)

= F=-hx (6-1)
where k is the spring constant, x is the displace-
ment from .the equilibrium position, and the
minus sign' is an indication thatthe force F is in

th + opposite direction from the displacement.
‘fable 6-1 gives equations for the types of
springs mentioned.

The spring constant depends upon ‘the physi-
cal properties of the spring material.and the ge-
ometry of the spring configuration. The former
is expressed in the modulus (£ or G ), and the
latter is.its coefficient. Standard books of tables
contain values of £ and  * for various materials.

6:2.2 MOTION OF MASGES OF 3PRINGE

When unbalanced forces act.on a body, differ-
ential-equations can be written to express its mo-
tion. The simplest equation couples a-simple
force with the acceleration produced. Additional
forces can be ‘included such as spring constant,
frictional, viscous resistance, setback, and cen-
trifugal forces. These are all treated in an ele-
mentary fashion with solutions to equations
stated-as simply as possible:

6-2.2.1 Efementary Spring Equations

When a mass is supported and moved hori-
zontally by an attached: spring, the force dia-
gram is as indicated in Fig..6-1 where the spring
LR under‘anamltlal compression- equal to. x ..Fol-
lowing Newton’s second law,

7y ',

(6-2)-

F=m5c° N
-
Py

‘where % is the acceleration in the x direction and:
n the mass of the’bcdy, When the spring is com-
préssed, there is a displacement x..When measur-
ing x from the equilibrium position,

m¥=—kx (6-3)
By méans of standard methods;.the general solu-
tion of Eq. 6-3 is

I /%
=B:sin,£t+Ccos f-t

where ¢ is the time from the release of the body,
and-the arbitratry constants B and ( are evaluated
to fit the boundary conditions, At t=0 (the

(6-4)

6-1
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TABLE 6-1. SPRING EGUATIONS- g
¥
o Type Sample Equatiors Spring Consfapf. -3
General Spring - F ke k
Flat Leaf . ;
48 El AB.El ~
-(Cénter load, . —— x —1 s
-two end supports) » ?
‘ Flat.Leaf - iz £1 12 £
(Center Moment Goom2 9 -
-two end supports)- ! l
Round Bar G- - 86tn rm';g 864n 3G’ R
(Axial Moment), l 3 ]
. g Ent¥ b 1 Ent?
Spiral Leaf G ——0. - —
(Torsionat). 121 121
- G'd: '(1:
Helical Fowa—x e
8’ 8N}

E_ =Young's modulus, psi h = height of spring, in. d, = diaméter of wire, in.
:G* = shear modulus, psx t, = thickness of s;iring, in. ¢ =deflection angle, rad. f
I, =area. moment in* r o= ragl;us of round bar, in. (, =torqueyin.-lb E
1 length of spnng, in. N =nuniber of aétive‘cqili k = spring constant; Ibfin,
F = {force, Ib d -= mean diameter of coil, in. x = displacement, in. 3
15
start), x = x, which requires that B = 0andC = and the solution for x becomes ) ]
z,. Eq. 6-4 becomes . e v O | Y ,
k x=2x cos [=t 4= 1l =cos [=t] (6-7) "
X=X, cos [t (6-5) ° m k m ( 4
m :
This. represents an oscillation about & new rest K

At assembly, most fuze springs are given an ini-
tial displacement dencted by x .

When a constant ‘force Q is exerted on the
mass (mdependent of dlsplacement and- time),
the equation of motion is

point Q/k. If the setback acceleratlon on a pro-
jectile is constant Qin Eq. 6-6 equals Wpa .

If. itis- assumed that a-cyclic:motion:is-possi-

ble,. 9 (bemg unidirectional) is a driving force
for one half of the ¢ycle and a: resxstmg force

for the- other half. If Q-is to be a. esistance-

force for both halves of the cycle (not unidirec-

ni + ke = Q (6-6) tional), the equation must be written
= DISPLACEMENT mi+ ko= Q (6-8). :

and the solution becomes

T w \
t=x,c0 [t a2 (1mt0s |5 1] (69)
m k m J

kx where the proper sign, + or —is chosen.
Fig. 6-2(A) shows the displacement x» (Eq
6-5) as.the projection on the -vertical axis of a
pomt traveling on the circlé’ . Fig. 6-2(B) is the
same: as 6-2(A) except that the center of the cir-
cle has been displaced a ‘distance Q/k in"the posi- -
txve direction. In fact, all dlsplacements of point

F’guu 6-1. Basic Mass and Spring System

© 8.2
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Ahave. been ralsed by-the amount Q/k..
Fxg 6-2(C). shows the dxsplacement of the

point. when- Eq, 6-9 is- -used: For the first and

third halt' cyclés the: dxsplacements ;are .projec-

tions- ‘from the-circles dtawn with thexr center at

Q/k -for-the second half cycle the dxsplacements

'are ptOJectxons from. the circle drawn with it§
center-at -Q/k. Smce the: cu-cles must-match at

B-and D,.the radn gradually decrease untﬂ at Fa

-circle cannot be drawn as a contmuatlon w1th its

center at -Q/k. Thns illustrates the effect of’

~tnctxonal forces acting’ against the motxon At F,,

the resisting force -~Q/k'is greater than the spring
fome, which means that the body stops movmg
This is a fnctlonal type force that-always -op-
poses-the . motion.

Sometimes the mass m. moves through a fluid.
In this. case -a term representmg the viscous
resistance should be- added to:Eq. 6-3

Mm% = =kt -px (6-10)
where. & is the velocity and\ px is the damping
force of .the surrounding medium proportional
to the velocxty The solution to this eguation is-

= e (2')(5‘? sinBt + % cos Bt) (6-11)

whereS'is.

MOTV

This is a.truly damped. oscxllatxon, ‘whereas -that.
-expre.,sed by Eq.6-9. represents an oscxllatxon
with. stepped ‘damping.

6-2.2.2Examples of Friction.

At times theé compressed spring moves a body:
.in ‘spite of. small frictional forces. However, for
motion perpendxcular to- the munition- axlsg the
frictional forces- caused’ by setback are large
venough to pxevent motxon For -example, Fig.
6-3 shows a mass undergomg an ‘accelerating:
force such, as cetback W, is the weight of the
moving part and.a”is the’ imposed acceleratlon
expressed:in g (Eq 5-2), The force of: friction is
given by pl ;@ +.f. where is. the coefficient of
friction-and f is ‘the: friction. of the side walls. In
the cise of a nonrotatmg fuze the equation is
¥+ kx=F - (f+pWa’) (6:12)
where: F, ‘is the restraining force that disappears
when. the :mass moves. In fired projectiles,a ‘is a
function of ‘the time after firing, say g(t).. Eq.
6-12 then-becomes
mX + kx—-[f-uth(t)] {6-13)
which cannot be- solved without knowing g(t).
Setback' acceleratlons vary with time; how-
ever, the deceleratlon of the muhition caueed by

t=0. i:0

x e ag cos\F7m L.
(A)

X1 R COBNK/m t +Q/% (1-cos Nk /m 1)

X% xg CO8~NE/m t £0/k (1-cosh/m 1)

(8 1)

Figure 6-2, Projection of Spring Motion
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air- drag is -nearly. constant. Hence, the decelet:._

atmg”torces on-the ‘body zaii ‘be ‘assimed con

stant and: equal- to: ¥ «”. Then, b i chnsen
Jarge enough -to .move*the~body when thesé “fric-
tional .forcés caused by--the -drag are present
Fq 6-12. can be solved for x as.

A { vl al : \ R
R cos\/‘Es - 5 Pfx ( j.-rCOS /-—-—l> (6-14).
Vemt k . AU T

and the time to move:a- dlstance § is obtained. bv
solvingBq; 6:14 for ¢.as

[ (Bl
\Lcoa‘ kx ‘. ! it“'a“;
Fuze, M525 (Fig.. 1-6). -contains a spring-

loaded conmiponent that moves under two: condl-
txons (1) when the setback acceleratxon is small

(6°15)

enough to allow transverse motion in the gun

tube; and: (2) when ther drag forces are.constant
in- the air. The problem is- solved by a step proc-
ess w1th boundary condltxons (velocity, position;

and time) .matched .at thecommon point. The '

followmg isa sample sequence,

Condition (1):.

(a)-" Suppose the restraining force. F to be re-
moved. The compressed spring will accelerate the

mass to: the left (Fig.-6-3). The friction force-

w111 be reversed and resist the motion. By using
the-static coefficient. of fnctxon for , the value

of a”can be determined for whxch the mass' will-

imove to the left with the equation

mX =« kx+ (f+:y~l;,q') (6-16)

{b)- In -Condition- <(1) ‘the-projectile ‘is still

within the gun tube undergoing a forward accel-
eration ¢’ that is decreasmg As the acceleration

falls, ‘the walue obtairied ‘in Eq 616 will be.

reached and the mass will move, and the time
interval during which the acreleration-is present
-can be found from- gun data. 'Eq. 6:16.i is solved
like Eq. 6-12 to give Eq. 6-14 so that the dis-
tance the mass will move can ‘be determined and
called§S .

-Condition (2):

{(a) After the ‘projectile leaves the gun tube,

it is acted on by a drag forcé and the- parts ex-
perience a creep acceleration. From (b) in Condi-
tion (1).the remaining distance which the mass
must move-to complete its-part in the arming
sequence can-be determined..

(b) ‘Using an equation similar to 6-15 but
having the:plus signs replaced by minus signs, the

6.4

“SPIN- AXIS e - - -
4 g - T
NI L4 S :
W ) "1 i x: DISPLACEMENT .
LC TR DU I SPRING.
. R i FORCE
F‘
A ¥, RLE
X FRICTION /-
: i ACCELERATING -
3F0Rcs

‘Figure 63. Mass.and Spring Undei Acceleration

time to arm:can.be detérmired.

This' last calculatlon gives -the time after
launching for the mass to teach its. appointed
position. -

~6:2.2.3 Effect of Centrifugal Force

Centnfu'gdl forces caused:-by p'ro;ect";ﬂe rota-
tion are effective- in- moving sliding masses per-
pendxculax to the spin axis.of the projectile. The

force i§ computed as the product of the'mass of

the’ body, the distance from its center of- gravity
to the -axis -of rotation, and the square of its
angular velomty in-rad/sec.
~ Suppose, as-in Fuze, M48A3, ‘the. centrifugal
force is opposed by a spring. The equation of
motion is:(see Fig. 6-3}

n¥ = <kx & mo’ (x+ i‘o) ~f (6-17)
where @ is the spin of the projectile in rad/sec
and r, is'theradius of the ceriter of mass of the

‘body‘from the spin axis when the displacement

is.zero. With-an initial-displacement x, the equa-
tion for the dlsplacement at any . later ‘time is

nmzr -f

. mmz,.o - f R ——l\
v, -— COS [= —w’zl .
m

P 2
R = ey |

{(6-18)

L—rnm

and the time to.move a given distance S'is

1 L\-m«fs-nwr of
R cosl, - (6-19)
2 ka, - mu,‘.\"x - m(,.zlﬂ . i
m

In some instances, the.interrupter is made of’

two. parts which. séparate as they move: An ex-

ample is the slxder of Fuze, M48A3, In this case,
the inner part is not always under the influence
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/».of the ‘spring. Its.motion then-must be. studled‘ ‘

under two.condiiions: Eq 6-17 and the foilowmg
n¥ = Mt (X+ roh=f

16:20)

The:solution of Eq. 6-20'is

l»lf;m;",_,‘ t >] - M;“:.a \ -
) (62

-‘ﬁwz\’_,+ {=ne’t J

The total time for the inner part .to move is the-

sum of Egs. 6-19 and 6- 21, In. Eq. 6- 19, S'is the

dxstance the innér’ Jpart. moves while -the- spring,

force is acting.on it. I Eq. 6 18, x, isequal'to S,
and «x.is the total distance the part ‘must move,

'62.3 SPRINGS.USED IN FUZES

’I‘he -design of coil springs is covered above.
an 6-4 illustrates.the method of specxfymg coil

springs- “hsed in compression. Diameters, length,

type of ends, and wind must be specxfxed as well
as material. and any-special features’. Examples
of such features in fuze.design.dre Ievel of-impact
sensitivity- (max1mum is frequently specified),

'requxred functioning time, ‘ahd rain. sensitivity.

The Belleville spring.is a special spring in the

shape of a conical ‘washer that snaps.from one:

stable position- to another when the proper force

is applied. Thé spring’s equatlons are . glven and
its.application.is:illustrated-for-use-in-a-mine-in-

par. 13-2.2. In addition, fuzes make use of power
springs, hairsprings, and-constant-force springs.
Design formulas are given- below, Materials and

factors affectmg -spring hfe—such as wear and-

stress—-must also be considered™?,

6-2.3.1 Power Springs

Yower springs, alé called mainsprings, are. flat
splral sprmgs used to drive clockworks. The
-springs are usually contamed inside a hollow case

to which one end of the spring is attached; the

other end is attached to the.arbor.as.shown in
Fig. 6-5. It has been determined experimentally
that a maximum number of turns'is-delivered
when' the wound:spring-occupies abouit half the
volume avaulable between arbor.and case..Undet.
this condition, the length of the spring | is

~ - + FIE I S My v

7’{(6?2‘,2‘*)

whered;, -is:the-inside- dnameter of the*case, d is

- the outsxde dmmeber of*the arbor, and t, is’ the )

spring thxckness, ail dimensmns are.in mches
“The-nuniber- of -turns. N dehvered is
41l

Nt

.93*
= (6-23%)

where:
Pl 2 _ n
dt -

U=

6-2.3.2, Hairsprings:

Classicially, a hauspnng is -a -special’ spiral
spnng It differs- from a power sprinig by two
major factors (1) there is ‘a space ‘between-the
coils, and’ (2) the-spring is small. The number of
coils :is usually large and the outside- end: is.
clamped. The- number of turns N produced by a

 moment M:is given by

_6M (6:25%)
nE Bt?

where-b .is the width of the spring, in:; E is-the
modulus of elastlclty, psi; M is the. applied mo-
ment in.lb, ¢ is the spring thlckness, in.; andl
is;the.active length of the spring, in.
.!I‘hev:hairspr'ingferegulatesathev:masSesysterri::ot‘-
the escapement. Because of the various forces
acting on artillery: pmJectxles, spiral - springs are
not, suxtable. Rather, the escapement has: been
regulated with straight springs deflected by bend-
ing. or torsion. A typical example is shown in the
Junghans escapement Fig. 6-26. These springs
are .designed with the formulas -of Table 6-1
(see also par. 6-6.3.3).

6233 Ci)nsﬁnt-foree Sp&iiigs

Constant-force, also called negator, spnngs
are spiral springs so wound that a'constant force
causes a continuous- unwmdmg of the coile. They
are made by forming a spring of flat stock to-a
tight radius, the coils touching one another, The

‘Frnm Mechanical Springs by A.M,:Wahl, (‘czp)nght 1962,
Used by permission of McGraw Hill: Book ompnn).!nc.
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(4)-Unwound- (8] Wound-

Figure 6-5. Typical/Cased, Power- Spring:

7 ‘spring is placed over an arbor-of. diameter slightly’

- -greater-than the free msxde diameter of .the un-
stressed spring.

When a force F-is applied iria'radial direction
from -the -axis; the spiral uncurls as shown'in- Flg
6-6; the load bemg practlcally mdependent of de-
ﬂectxon .The-magnitude of.the force F-is

Etab Ik ,ﬁ 1;‘? 1
% | \r 'T,) N

where r, is.the minimum.natural (free-position

T s prare— P

unniounted) radius -of-curvature- of:the. conl and
r, is the ouler radius -of conl both in. mches

Deslgn formulas for constant-f.orce springs are:
given:in: Table 6- 2%, “The stress factor S»used'in
-the equations- depends ‘upon the matenal used
and- thé -anticipated: spring hfe For h:gh—carbon
:steel at-less than .5000 cycles, a value of 0.02 is
-suggesied. In- the fable, x is-thé deﬂectxon re-

quired: in. inchies, and E is-the modulus in- psi.
The other symbols areé: defined above

6-3 SLIDERS

Many fuze components, such as interrupters-

and: lock-pins, :nmiove- without- the aid of roller ox

bail ‘bearings. Since substantlal forces are avail-

able for:sliding . motion in- spite of fnctlon com-
ponenta‘ calle¢: shders can-be- mcorporated in
fuze design. Also, large tolerances can be allowed
in ordet-to-reduce the cost of manufacture..
Sliders are:moved’ by springs and inertial ‘forces
such as. setback -creep;:-of. centrifugal forces
Sliders.may be designed to travel along, nozmal
to or at an.angle with- the munition axis, They

are usually ‘held in their initial posmon by

springs.

"
A

TABLE 6-2. DESIGN.FORMULAS FOR CONSTANT-FORCE SPRINGS

Spri"ngs With
10<Coil5..or Less

Springs Wit?
Over 10.Coils

Variable, in,

Sorii widih oo 204F 26.4F RN 4 e 26.4F
~ Springwi B Bt
‘Minimum natural - fEbt} poa
radius of curvature Tn* . 56.aF ) “ETT
Maximum natural — bt}
radius of curvaturé Pp s o[ e—
-20.4F
Spring thickness. .2 ﬂ i > ﬂ
X " EbS? TS}
Arbor radius rg= L2r, ry=1.2r
Spﬂnllength . i.u 54 10 ry La.d + 10?‘2

,’.z'

ww oo &,

Y% T e
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(A) .Free -Position
Unmounted

18) OQperating Position
Mounted .On:-Roller

Figure 6-6. Negator Spring

'6-3.1 AXIAL'MOTION OF SPRING-DRIVEN SLIDERS

Components- designed t6 move. along: the di-
rection of motion of a munition are constrained
by spnngs and.moved -by mertlal forces. That i is,
in an impact device a a spring holds the part until
impact occurs; then-that part continues-its own
motion by sliding within the.munition-according
to Newton’s law on conservation of momentum,
Hence, there is relative- motlon between compo-
-nents accordmg toithe equatlon

¥+ kx= W o = f (6:27)

Under setback or impact conditions, the fric-
tional forces are much smaller than the inertial
force W’ and riay be neglected. The time of
action may be obtained from Eq. 6-7 where
Q=¥ a - f.

However, -under drag or air resistance forces
where the deceleration is constant, the solution
to Eq. 6:27 becomies

- _l<kS-H'Ra,'+f> (6-28)
t= [o=TCoOS A B

In this case, , is measured.in the direction of
motion and.denotes the amount of compression
of the spring,

6-3.2 TRANSVERSE MOTION OF SPRING-DRIVEN
SLIDERS

Components designed to move in a direction
nerpendicular to or with a component perpen-

6.8

dicular to.the direction of motion-of a nuunition
may be.driven.either by springs or by centrifugal
forces. ‘Usually .the sliders are held in their initial
_position by a lock pin which is removed-as part
of the arming process,-and Eqg. 6- 1" ‘applies. The
situation may easily become that of twc- -Separate

conditions with the time to act given by the sum.

of’Eqs. 6-19 and'6-21.

6-3.3 TRANSVERSE MOTION OF CENTRIFUGALLY
DRIVEN SLIDERS.

The motion of the slider under centrifugal
forces is.given by Egs. 6-17 and 6-20. However,
if the slider is at an angle othet than 90° to the
spin axis, setback -and creep.forces will also in-
fluence the motion: directly. This occurs because
these forces have a component in. the directioh
of motion of the part.

Fig. 6-7 shows thé centnfugally -operated
-slider in which =k¢ is.the spring force and iF s
the normal force (reaction) of the restraining

wall~ (F dlsappears when the slider is not touch- *

ing the wall). F_ is the mer’ual force equlvalent
to the centnfugal force mew?r where r is the
radius. of the center of mass of the slider from
the spin axis.

Let a’ equal the acceleration of the slider in
the direction of the munition spin axis, Then by
assuming.a forceF necessary to provide this ac-
celeration, the forces are resolved in the \ direc-
tion (slide motion direction) and-the Y direction.
Upon combining these two equations, one ob-

tains nt
Yo ka = mifx (cos’h = pcosd sing) -

..li'a'(sin«,& iy peoseh) - Ian.\'o (cos’h - HCOSASING)
i m(.)gro fcos ~ psing) (6-29)

IPPITS
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the slider will move. This equation is of the same
form as Eq. 6-12. Hence, the-time to move the
distance S is

‘where ¢ is the slide angle. Thls equation is ex-
amined’ to determine w and o’.at -which ¥ be-
¢omes positive;-this is the condition under which

- kS « Wa’(sinp + pcosd) mafxo(coszé) = pcospsuxp)
> mo¥, (cosd ~ psing) = mwlS (cos’P-~ pcosdsing) |

-'l >

kx,+ Wa"(sing +pcosg) - mw’ro (cose = psing)

m
=
\/f\ - m(u (con 6y — COSqS slm[))

(6-30)

o

only when ‘the missile strikes.the target; hence,
the, pin-is designed to withstand impacts resulting
from normal hardling shocks. The pm can. be )
sheared when an.inertia weight i strikes it exert- : =
ing a force Wa? tha@ ‘produces a: shear stress '
;! )

T o= T):I Y psl (6:31)
A is.the pini cross-sectional area in in? ; and the 2
is required. if ithe. pin -is in-double: shear (sup-
ported on twre, sides). The. area of the pinmay be
found ‘fur any decéleration o’ by-using the ulti-
mate. ehear strength, say 75, 000 'psi.

Hinge ‘pins-(Fig. 6-8)- are sligh.tly. different.in
that a larger clearance'is necessary | tor the mating
parts to move. Bending .of the pin then occurs
which'reduces the allowablé shear stress. A*max-
imum bending moment'is computed by assuming
thatthe whole load 3 concentrated at the middle
of the pin and that the pin is freely- supported at
the middle of each clevxs arm..

The shear stress r will. be

T = %— , Psi (6-32)-
Figure 6-7. Slider at an Angle where F is. the -force being transmitted. The.
- bending moment i willbe

. 6-4 MINOR MECHANICAL PARTS ' F ( w,
5 N M=o (W 4 —
. The family of minor mechanical parts used in 2 2 e
fuzes includes shear pins, hinge pins, links, where v, is the width of each clevis éye, w, is
detents, knobs; screws, trip levers, pivots, bear- the width of the eye, and.{_-is the clearance all
: dimensions in inches. The maxxmum fiber stress

ings;.etc. Each one serves a distinct purpose and
mayl be designed from basic principles. No con: o from the bending moment is (tension on one

v < ks

-
PPN ] SRV

FLIGHT DIRECTION

«

ey L
o S et oo v

& Satle 8 a0 e S e

+ i), in.<lb (6-33)

plicaled formulas are required; in fact, many

handbooks contain tables of data or nomographs.

for the designer’s use® »%,

6-4,1 PINS; DETENTS, AND LINKS:

A shear pin may. be intended to be broken

P ant

side compression»ioﬁ-/{tihe other)

ML
2 , psi. (6-34)

g =
A

where d, is the pin.diameter in in. and I, isits

second moment of area (nd;‘, ’61 for a cucle)
Therefore by substituting Eq. 6- 33. fo; M in Eq.

5-9




FSU = EPISE -

‘The shear stiess-is computed:by Eq. 6-32. .where
‘K is'the -whole load. The motx'on, of the detents.is
(comphcabed if they are allowed. to become
skewed; i.e. they ‘twist and j jam if the clearance
is too lar;,c or if the length in the guide is too
short. With a short rod, large clearance, and sharp
corners, friction is-incredsed because ‘the load is.
cornicentrated at the bearing areas so that there is
a tendency 1o gall or gouge the detent. Fig. 6-9
illustrates this general:problem.

6-4.2 KNOBS, LEVERS, ‘AND PIVOTS

Kr.obs-aré used.to. select or set fuze function.
Normal knob- desxgn can. be .applied-because-the

///////// O\

DN
<

N

////

//// //////4“\\\\

(4) Minimum Clearance - Adequate Length, ..~~~

‘i?/z F/z AREA A
“{(B) Forces on Hinge Pin . /1\
- - AN
Figure 6-8. Hinge Pin AN
L / e // e

6-34, the stress caused by bénding is found to'be

. 16F o v, i (6-35) /
= — 1)
o - (pc + . + ) ps1 /

ad3

2, /

'Both stresses r and o must beoless than the ulti- / //// / / / / / //’ / N

mate stxength of the pin for it to be safe. . AN
Linkages are bulky, and.are not used often

because space is limited.in<fuzés. erce links are

long slender mer.ibers that are pnmanly adapted

(B).Large Clearance - Adequate Length

to transmlttmg motion in one plane, neither they. Z\ N
nor their ‘joints resist lateral forces well, They . AN\
tend to wobble and bitd. Setback and centrifu- /// L L V4 / LLL / : \
gal forces dre nearly always at right angles to AR \

each other; heuce, linkages are not desirable in Q
fuzes for use-in-spin-stabilized: pro;ectlles They

are better suited to stationary or-low velocity 7/’/7//,/ S S ,Q\\
munitions. /N

Detents are short-rods with a‘length.to diam- . . _
eter ratio: of 2:1 or.3:1, Their-purpose is to re- (C) Excessive Clearance - Short Length

strict: moion by exerting their shear strength Figure 6-9; Detent Actions

AN

6-10
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-oniy conflicting- torque arises during angular set-
Jback. In th%f matance, the frictional - torque must

exceed the. sesback torque. By designing.the part

S0 thqt linéar. setback will increase the fm,tlon

(the kiob hearing surface has:a component per-

,pendu.ulu %to -the spin axis), the-effects of the

sétback torque may be defeated.
Al stnp iever restricts the motion .of another

part by a lockmg action.. Flg 8- 10(A) illustrates

a positive' lock in whxclv any -opening torque is
oa’anced ‘by a. deﬁmte closmg torque. Fxg

-GJG(B) ‘shows ‘a sensitive ‘brake in which ‘the

‘DESIRED

" 'MOTION,

— REACTION
FORCE

- 7‘\\ CLOSING

™

' TORQUE
‘DRiving
e T——
FORCE

(A) Fositive Lock

MOTION
~DESIRED

SPRING TORQUE

COIL SPRING

SPRING
FORCE .

‘COMPRESSION
SPRING

——
DRIVING
FORCE

(B) Sensitive Brake
Figure 6-10. Trip Levers

opening torque present is balanced by a closing
torque that depcnds -upon friction. These are

sensitive to small: motions by the dnvu g forc

bécause a sliding. actnon once- started will con-
tinue. The kinetic eoeffxcnent of ‘friction ‘¢, is
less than the: statxc coefficient ¢, which means
that the part starts.to move when . u,Fr< G
the equation:

G, - wiFr=10, in.-1b (6-36)
where ¢ is the spring torque and r is the friction
radius; i inin. (see Fig. 6-10(B)). At the mstant
when Wy -drops to #, ,.the angular- acceleratlon
¢ incredses with a Jump

Aiiother trip lever is operated by an inertia
type all-way switch for graze action. Fig: 6- 11
shows how an inertia ring will move a tngger
plate regardless of the direction of the force on

‘GUIDE —<, ,
B LEVER
INERTIA c :
\ ~ TRIGGER
RING [ _pLATE
Kej ‘
FINGERS T = GUIDE
J4) Unarmed
GUIDE
\%/ LEVER
. /\
; Z TRIGGER
JANERTIA PLATE
RING
',° 0 el
FIl-GERS )
: GUIDE
(8) 4drmed

Figure 6-11. Firing Ring for, Ail-way Switch
6-11
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the inertia ring. The fingers then.raise the lever
along its' guxde
Pivots are made from: hard steel rather than
from: jewms because the operating life of the
pivot'is;$o short. Thus the impact  zength nec-
essary to withstand:setback forces becotiies the

jmportarit requirement. Sleeve or. ball bearings

can be used when necessary, but simple sirface
contactis normally used.because space is limited:
if the bearing must be lubricated ¢orrosion prob-
lems arise, particularly afterlong storage.

6-4.3 SPIRAL UNWINDER:

The spiral unwinder ‘system.provides arming,
‘délay in fuzes due to the effect of projectile
.spin. The unwinder con51sts of a tlghtly wotnd
spiral coil of:soft metal ribbon, located: concen-

tric with the spin axis aroiind a fixed hub and

* surrounded by a circular.cavity (se¢ Fig. 6-12).

After firing setback has ceased, projectile spin

causes the free end of the ribbon to move out-
ward across the gap ‘to-press against the cavity

wall, Contmm_pg; spin transfers successive por--
tions of the’coiled ribbon progressively outward:

until all of the ribbon has unwound from the
central hub The time taken by the unwinder to
unwrap .provides the arming delay. As the last
coil: of the unwinder 1'1bb013 :opens, successive
members in the arming process are released or
unblocked. The unwinder has been :used to
block a striker in the safe position; to restrain
an explosive train barrier, and to provide elec-
trical switching.

The- tightly wound. bundle must ‘be free to
rotate . around the fixed central hub, either by a

loose fit or, preferably, a béaring sleeve onto:
which. the ribbon is wrapped. Correct direction
of coil wmcung relative to projectile spin is

(A) UNARMED ‘{8) ARMED
(Wound) *(Unwound, borrier displaced)

Figure 6-12. Spirol Unwinder.
6-12

mandatory. A light retainer spring around the
outside- of the coil bundle keeps the coxifmtact.

during transport or-rough handling.

Delay time can be varied from a few milli-
séconds to a half second: depending on projec-
tile spin rate, vibbon length (10 to.36 in.), and

-cavity diameter. Theunwinder requires high spin

rates, 12,000 rpm being ahout-the lowest applica-
tion to date. Unwinders have i{»en meade of'soft
aluminum, copper, and- brass ribbon, about
0.008 thck

The unwinder begins to opevute, and con-
tinues to operate, when the force causing bundie

rotation exceeds-.rotational friction drag forces.

See Fig. 6-13 for definition of symbols and
units. Thé centufugal:force F, of the-unbalanced

ribbon bridge is A
W oa Nr
I 4 r3

where I isithe weight of the ribbon bridge, 1b
and N is the rotation in rpm. The force tangent
to the bundle-at its outside diameter.is

SR 1)

F =F cosf, Ib (6-38)
and torque on the ribhon bundle
Gy =Fyr, dn.-1b (6-39)

Because of the many.possible varieties of inter-
locks and engagements, calculations for the fric-

tional drag on the unwinder are not given here.

The- calculated value of total frictional -torque
C should be compared with G for the appro-

prlate -values of r_,r, W, r, at several points-

in the unwmdmg action, specifically at its be-

ginning and ending. It may then be determmed?

from the results whether the unwinder bundle
will start to operate and fuily operate.

The excess of G, over G, will rotationally
accelerate the coil bundle. Rotation of the bun-
dle is necessary to transfer a speécific length of
ribbon from a.smaller diameter 2r, to-a larger
diameter 2r_ . It may be deduced that, the
larger the difference of G, over Gy , the’ less the
unwinder is influenced by variations in friction,
and the more consistént will be the time delay

-brovided by the unwinder design..

‘Unwinding should be smooth and free, with-
out cyclic variations. Folds or npples in-the un-
wound ribbon lying around the -inside of the
drum cavity will produce chatter caused byr
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changing length. of :the ribbon bridge and may
stop the unwinder.
The axxglxlar acceleration o of the ribbon bun-

.dle dué ta ((r'l~ GJ)is

oY (6-40)

T
where I isithe moment-of iné;tiz\

4

Ill

Also
b = ptous, b B (6-42)

where p is the density, 1b/in? ,and v is the rib-

‘bon width, in,

%Gn 40

o

a = —— ~ 3 = — ; X‘adllsecz (6'43)

7 (r} ~rymp di?

This angular acceleration will be reduced by
moments due -to both the elastic bendmg re-
tramt M of the ribbon and friction drag M 5

a =,.—g,((~l - M- M : , rad/sec® (6-44)

a (ry -1y )wp
Further denvatlon can ‘be made for solution of
the values of do ,ryand g—-forcmcrements of time,

yielding an approxxmatlon of the delay time
provided by the unwinder and diameter of the
coil’ bundle remdining. However, the-increase in
retarding frictional drag: with incréased rota-
tional velocity of the bundle will probably -be
unknown, ‘thus producing results somewhat in
error.

'6-5 ROTARY DEVICES

Somecomponents of the arming mechanisms
are pivoted so that they can turn through a speci-
fied angle. This rotation ‘may be-caused by cen-
tnfugal effects, by air stream effects; or by un-
winding springs. The axes of' the rotating mem-

bers may‘be parallel-to, perpendicular to, or at

an. angle with the munition axis, These featuxes
are discussed according .to whether the devices
are in stable or unstable.equilibiium, i.e., wheth-
er the munition spin causes or merely affecls

their motion. The devices follow the .general

principle that the rotors turn until the moment

)
% R

Fas

of inertia of the Totor with respect o the muni-
tion spin-axis is 2 mazimum.

6-5.1 DISK ROTOR

The disk rotor is forced-to turn about its di-
ameter thatl is coinéident with the inunition
spin axis. In this motion, the disk will rotate in
its own. plane about an axis perpendicular to the
spin axis according to-the above principle. The
rotor shown in Fig, 6-14 is in its initial position
with its-symmetrical diametral axis at the angle g
to spin axis of the munition.

‘When the anglc ¢ is zero, the disk has assumed
the pusition. of dyhamic equilibrium. According

‘to Fig. 6-15, the devlce may actually become

armed-before 0 = ¢ .. This is because the detona-
tion wave from the detonator may be:propagated
across the gap at the overlap of detonator and

Jead edges: This means the.fuze is no Junger safe.

. 3 RADIUS OF CAVITY INTO WHICH
¢ THE UNWINDER OPENS

T, = RADIUS OF OUTER colu
F, = RADIUS OF INNER COIL

I'm = -RADIUS OF MIDPOINT GF RIBBON
BRIDGE

§ = LENGTH OF RIBBON BRIDGING
BETWEEN BUNDLE AND CAVITY wALL

1, = RIBBON THICKNESS
ALL ‘DIMENSIONS. ARE IN INCHES

NOTE RIBBON 1S ASSUMED TO-BE STRAIGHT AND
TANGENT TO THE BUNDLE, FOR
SIMPLIFICATION

Figure 6-13. Nomenclature for Spiral Unwinder
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SPIN: ,AXIS

@ D
o= :SETONATOR

FIRING PIN :PORT.
,IP:

b3

WEIGHTS

FLIGHT  DIRECTION

LEAD CAVITY

Figure 6:14. Disk Rotor

Hence, for minimum arming distance, the de-
sxgner must -calculate the time for :the. angle.6
to reduce to 6 rather than to 0.

The important equation for a disk is the
torque equation :about the:polar axis. For the

disk shown in Fig. 6-14, the torque equation is °

=08 = (I, - I} o sit9 cosf'= - W, a’jir (6-45)

FIRING -PIN ————————]

—

DETONATOR

FLIGHT DIRECTION

_INITIAL
POSITION

SPIN AXIS LEAD

Figure 6-15, Detonator Overlap in Disk-Rotor

8-14

where r is.the radius of the disk, -0 is any- inter-
medxate position of -the' disk, g is. the angular
acceleration,. and:J, I, and I are- moments of
mertla about the three axes. !

If a’ js-zero, the fnctlonal torque is-zero. The
solution of kEq. 6-45 then becomes an elliptic:in-
tegral oti the first kmd a

[ Y 4]
ey fl 4, < == (6.46)
@ VY1 =K sinfp. ’
ing” & .
snio ac "2 and K. s,

Tables of the functxon can be used to solve fort.
The equatxon has been analyzed and solved for
the Ta70"series of fuzes’.

it o’ ‘is not zero, Eq, 6 45 must be solved by
mtegratmg once to give

where ¢; = -;ur‘

02w i-:‘lb_ 6sin%0, - sin®g) - 2”!3’ nr @, -6) (6-47y
J
This shows. that the: kinetic term must exceed
the maximum value of the fnctlon term in order
that the. disk may turn;’i.e., § must be real,

Eq 6-47 is integrated by numerical’ methods
'The value of § is obtained, by substltutmg vari-
ous angular values;from 6, 10 0.in this equatlon
Plo* the reciprocal of ¢ agamst 9 and meéasure
‘the area under the curve from 6, to ¢.. The area
will ‘represent the time for the disk to move
from 6, tog.:

[0’ d6

“Jo. 70 ; f6)= (6-48)

6-5.2 CENTRIFUGAL PENDULUM

This device is a bar pivoted at its center of
mass, In Fig, 6-16 the pivd$ axis is shown.per-
pendicu'ar to-the munition spin- axis. If the cen-
trifugal pendulum spms about an -axis perpen-
dicular to the-pivot axis, it will rotate until it
reaches the position .of mazimuin moment of
inertia with respect to' the spin axis.

This device has an equation of motioniden-
tical with that of ‘the disk rotor. There will be
very little fnct!on ) that ‘the friction “term
may be neglected and Eq. 6-46 will” represent
the time to swing the bar,

Note that for the disk rotor, (I, » I )is small
50- that 6 will. be small and ¢ will be large How-
ever, for the- pendulum, (I, - I) is large; 6 will
.be large and t will. be small.
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ANGULAR VELOCITY
8' v

ANGULAR ( 35% AXIS.
VELOCITY OF“8AR

FLIGHT DIRECTION

?
.' >
CONTACT

PLATE

Figure 6-76. éentri'fugql,Pehdu lim

. 6-5.3 THE SEMPLE PLUNGER

This device, shown in- Fig.-6-17, opetates by

centrifugal effects so-as to pivot, when released,.
into a- prefen'ed orientation. Since thie center of

mass is not ona line of symmetry of the body;

the moment of inertia T about the pivot point

must be ca!culated from the expression.

L=f rtdm ¥
0

. PIVOT
-PIN _HOLE.

(6-49)

BPIN:
AXIS:

Figure 6-17. Semple Plunger

T~ ’ 23 B 2 P

The quantities shown in Fig.’6-17 lead to the
torque equation:

W.r o
C/, ———”1—‘ {1 g.51n0) o? +‘Wi’a '1;,‘ cosf) = 19.(6-50)

where C is the frictional-torque which may be

very small’ compared to the centnfugal force and’

g I in: is the radidl distance: froin.the- pivot to
the cehter of gravxty of the leaf. If G,xs»known,
then the equation ‘niay-be solved 'by numerical
integration as-was ,Eq; "6-45.

. bu 0 - - d0 . .
0, /5
il m (cos(l -cos0,)
R (6-51)
2" a’r, s 2(:
v b 8 (5in0 - sing ) + L (0 a,)

Evaluate the denominator and. plot its.reciprocal

‘against ¢ ..Messure the area under the‘curve-from

0, to zero which.will be: sthe time-for- the plunger
to move,

6-5.4" SEQUENTIAL ARMING SEGMENTS
This device senses the velocity change resulting

fromn ‘a- continied-linear acceleration in ‘the di-

rectxon of the prOJectlle axis as. shown in Flg
6-18. The mechanism-consists of-a series of: va-
otéd segments, each held in position by a spring.,
When a sustained acceleration"occurs—as when
the projectile is launched—the:first segment ro-
tates through an angle sufficient to release the

-second segment which, after rotatmg, releases

: PIVOT
: PIN
2
°
PLUNGER — 1Y
w
x
o
- . b
PETENT DETENT 3
"SPRING : 3
w
% :
“ \ -
K
f
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~the thitd' segment. When this-last: :segmient Coni
pletes.its rotation, a lock pin dlsengages a spring-

held rotor..
The segmients are desighed to operate on set-

back. Any short-penod acceleration: such-as may

-ofcur<n a fall or a’jolt will-not cause- thu whole
‘sequénce:to be completed

Consider.<the sproblem. of’ designing a. sequen
tial leaf. mechamsm to-operate: when it experi-
ences. an acceleratmn of a éertain minimum- mag-

.mtude a"for a certaln minimum:duration t -t

'l‘he values -of a’j t,, and ¢ would be selected
fromi the setback acceleratlon curve, Fxg 6: 19,
sosas.to utlhze a large portion of the area: under
the curve (velocity change). 'The dlfferentlal
equation' of motion for a single leaf is.

Id= W’ (t)cos® - o)~ (G, + k0) - G, (6-52)
'The symbols for this series.of equations are

W = weight of leaf;1b

.g = radial distarice from pivot fo centerof
-gravity of leaf, in.

I = moment of inertia'zo‘;' ‘leaf:about:axis
of rotation, (lb'sec) in?

) “in,

¢ = angular displacement of leaf, rad

i = angular.acceleration, rad/sec*

a’* 2 design minimum acceleration assumed
constant, g

d’{t) = applied acceleration, g

a = angle between perpéndicular to direc-
tion of: acceleration and line through
center of gravity of leaf, and- axis of
rotation of leaf, rad’

LY
G, = torque due to prewinding of spring,
in.-lb
k= spring constant, in.-lb/rad
G, = friction torque, in.-lb

If leaf rotation is limited to- the rarge of
£ 22.5% from the horizontal, cos (0"~ «)can-be

6-16

ROTOR OR LATCH"

DIRECTION “OF"
.ACCELERATION
‘OF PROJECTILE

-RELATIVE
-DIRECTION.
OF INERTIAL
FORCE. ‘ON
LEAVES

Figure 6-18.. Sequential Leaf-Mechanism

assumed: equal to unity without introducing
serious error. Also, the. initial.spring torque G,
can be expressed’as Wr ga" where a’’< a” 'I‘hu"
. the equatlon becomes

I0 = 'Wr'__g %[a',(t). - a':] - ko ~ Gf (6'53)

Assuming a’(¢) = a] a constant, and

0(0)=6(0) =0, the solaition is:
Wi, (@ ~a”) - G’,'I" (6-54)
= p - J (1 - coswt)

E
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-where ¢ = L/ 1
leaf is-thus

e,

. The arming. time ‘for a single

ke,

arm

t'l"li‘l e cos"‘l 1“- 2,
* e Hzcgla -a )

]6 55):

For a-mechanism withthree identical leaves,
by apw = 3ty aru and in, the-case under consider.
ation, ¢ty ., = ¢y~ & anda’ = ¢”

For sustamed acceleratmn of a magnitude
above the minimum: magmtude a’, the arming

- tune .decreases with mcreasmg acceleratlon mag-

mtude A-colisequience of this is:that a sustained’
‘accelération of magnitude-greater than & ’mxghﬁ

arm- the mechamsm even. thougluthe acceleratién -

lasts-for. less than the time interval t, -.t, .:It'has
‘been- found that a carefully design ed-mechanism
can be made-not.to-arm-only for-drops up-to a
height. for which.the 1mpact vélocity is:one-half’
.the design- velocxty change. For drops-wheré the
impdct ‘velocity:isrequal to-or greafer than one-
half the design velocity change,-each drop pulse
must be.éxaniined:individually.

the setback -dcceleration curve, each leaf. would.
be desxgned to operate ata sllghtly different min:
imum acceleration. This can ‘be done by varying
the thickness -of the'leaves. Fig. 6-19 shows a
-typical. setback acceleration curve snd the por-
tions.cf the curve, utilized for operation.of each
leaf.

Frear N N
| no.t \:g‘f‘ LEAF |
AR Y

ACCELERATION, g's

(o} 0018
TIME ,. se¢:

‘Figure 6319, Setback Accelerction Curve

6-55 ROTARY SHUTTER’

This device is illustrated in Fig. 6:20. The
plane of a disk type shutter is rotated about the
spin axis of the munition. There are three pnints
peculiar to the construction -of this .shutter:
(1) it-is pivd'ted at the center of the semicircular
-part, (2) it is set to rotate in its-own-plane so
that: either the flash hole bofore,-rotatlon or the
detonator after rotation is centeréd-on the muni-

tion-axis (the flash ‘hole is a blind hole intehded:

mw‘“\m“«“

ey SV n

osrdunba~7

FLASH WOLE _. /
{on projectile oais )

CINTRIFUGAL /_-
PIN SPRING S

CENTRIFUGAL PIN

PIVOT PIN HOLE <~

MOTION TO ARM
e ————

Figure'6-20. Rotary Shutter

0 capture the burning particles; flash holes have
been found'to be unnecessary in recent desxgns),,

and (3) the center-of mass is- located ‘neither at

the pivot nor on the: mumtxon -axis. When the

fuze spins; centrifugal effects will cause the
shutter to .turn. after the . centrxfugal pin -re-
leases-it.

The .moment of inertia I about the pivot must.
-be found from ‘Eq.-6:49 and then the equation:
-of motion will be

I$= ~nofr; 1, sing + G (6:56)

Where m is the. mass of the-disk, r.andrp are
radii indicated‘in Fig. 6-20, and 96 ‘is'the angle as
‘indicated. The-solution-must-again-be-found-by-
‘numerical:integration of the equation

g

.95 Sy 2 A
‘\/——m(-oI—rs——(cosaS cos¢,,)+—I'L(aS 05)

't=[d>;9 : — dé«

(6-57).

This will be the time to rotate from ¢, .to

(¢, = 0). At this angle the detonator is-aligned-
with the munition spin axis. As before, ¢ may be-

larger than (¢, - 6) because the detonator
could be.initiated before‘it is exactly.on center.

6-5.6 BALL CAM-ROTOR

A device can beé.used that has a-timing.cycle

vmversely prono'txonal to. the rotati¢inal velocxty‘
:of thé fuze..Since pro;ectllef from .a given gun

6-1 7
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» have very nearly’ the same spin when fired uider:

‘1dentxcal .conditions, thu device produces a
‘nearly- uniform time delay.. ’I‘he device consists
-of three: parts (1).a bail which moves in-a-cen-
;tnfugal ﬁeld (2) & statichasy part with- -a.slot

‘radisl’ to~«’the fuze spin axis to guide the ball, and.

(3) 1 xotor wath a splral slot which xs«tumed as
‘thewball' moves»radmlly Fig: 6-21(A) shows:the
ball"in- the ‘slots -of the rotor and. stator. The
‘forces on the spnral ot are shown in Fxg c~21(B)~
and those on the ball dn Fxg -6-21(C). The
torque equation. for.the rotor is

‘SLOT | IN.
ROTOR.

Rotor Assembly

(C) Forces on the Boli

Figure 6-21.. Ball Cam Rotor
6-18

F :sin¢ n¥ reosd = jo' 36-58}

where ¢ is the. slot spiral angle and ‘g the rotation;
(The center of rotation is.on the fuze spih axis.)
The force equations (F = ma) for-the-ball are

nro® - Efcos +-psing) - pFyp = a¥  (6-59)

)ﬁ‘co &Fn(simf;—\-,p /COS(ﬁ) = O '(6.60)

where F., is-the Coriolis force necessary to-ac-

celerate ‘the- ball: about the axis because it has a

radial velocity: (see par. 5-4. 5) Comblne Egs.
6—58 '6-59,, and 6-60 to- eliminate I*',_.o ‘and-F, .
The equation. becomes.

[ ) -p/tang.
m,{gm« anqS _____.___...__) i (6-61)
1+ 2utand - p

To solve Eq:6-61-conveniently and obtain-an ap-
proximate soliition, define ras.r, + 30 where sis
the .cpiral- constant; recognize that r tangequals
dr/d@;let(1 — p/tang)/ (1 + 2;1tan¢)equal Cs
a constant -assume p < tang ; and -assume
ro?>> Y where ¥ is theradial acceleratlon of the
ball, Makmg the indicated substitutions, one
.can write the differentisl equation

15 - m?Cs% = me?Csr, (6-62)
from which is obtained
to— ‘\1.cosh"'»[/ro (6-63)

osyYyn

This- equatlon shows that:the time to rotate the

rotot is invérsely . proportional: to the spin of the
projectile,

5-5.7 BALL ROTOR

If the fuze:i in a spinning projectile requires a
larger arming delay than that .obtainable with.
some disk rotors,.a ball xrctor like:that shown in
Fig. 6- 22 can be used. The ball: -has a diametral
cavity for &hevdetonator In the-ufiarmed: posi-
tion, the ball is oriented and held by four detents
so that the detonator is out of line with the- finng
pin and the boostér. During the arming process,
the-detents withdraw from the ball as the spring
expands wheén the projectile reaches the proper
spin velocity. The.ball is then free to turn in its
spherical seat until it reaches the position of dy-
namic Pqulllbnum The detonztor is then aligncd.
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‘One approach to- tj\e equations of sriotion for

‘the- ball i is givertin. Appendxx L. Equations:are. de-
: 'nved for the startmg conditions, -and- the spin-

velocity-at which the-detents-drop out is found
to be:

wlr

mr;_'«iJ ~ 1) sina ctw)éu

(6:64)

The ‘meaning of the symbols is given in the
appendlx

Because the ball inevitably rolls in its spheri-
cal seat so .that the contact point varies with

time,. the. differential equations-become exceed-

mglyzcomphcated Usually, the practlcal solutlon
for. the- ball rotor is obtained by expenmental
-riethods.

The. factors considered necessary to ‘design a
ball-rotor are the moments of inertia of the ball,
-spin .of: the pro;ectlle, tlme delay requu'ed size
of ‘the detonator in relatlon to-the .firing -pin,.
and- Size - of the detent -springs: Some of ‘the
parameters that may be changed are diameter,
posmon of the center of gravity, and’density of
the ball. Itis suggested that the center of gravity
'be close to the geometrical center of the ball, the
preset angle of the detonator be near-45°, and
the detents. slmultaneously dlsengage sthe rotor

6-6- CLOCKWORKS

A clockwork may be used to establish a time
mterval from~the~mstant of launchmg to-the ini-.

tiation of the primer. It is not ordinarily used to-

‘measure--arming- times-- although the prmcxples
could be extended to arming.-Clockwork is one.
‘of the: oldest devices ‘used successfully ‘in‘fuzes
for.timing. )

There are many parts.of a clockwork but only
the escapements and gear trains ase- dlscussed in
detail, Design. features of gears, beanngs, and
shafts are covered in-standard design texts®.
Note, however, that conventnonal designs must
be used with care. Normally, the procedures ad-
vanced are for machine elements having smooth
power transmission. In contrast, the fuze clock-
work transmits.low levels of torque at low run-
ning speeds. In addltlon, the fuze has space limi-

tatic® =-that require the use of small pinions with.

few e b (usually 8). Remember+also that the
envxronr;xs‘.’ i tovere (see par. 9-2.1), specml
lubncatxonx g\roblems -exist (see par. 14-7), and
the relation of thé sétting and-indicating devices
8 critical (see par. 14-4).

FIRING PIR—,

SPRING STOP-~—. BALL ROTOR

STRING

DETONATOR’

(DETENTS CAVITY

(A)-Unarmed Position

) FIRING-PIN  ~
DETONATOR CAVITY

SPRING STOP

.SPRING

{B) Armed Position

. ‘Figure.6-22. Ball:Rotor

6-6.1 ESCAPEMENT " YPES

Escapements are the regulators -of mechanical
time fuzes.while gear.trains are-their: transducers
There are three types of regulatmg devices:®

(1) Group I - Untuned Two-center Escape-

ments: A’ pivoted mass driven by ‘an escape
wheel. Physically, .this is a mass oscillating with-
out a spring by depending on its own inertia.to
contrel its motion. Example:. rinaway escape-
ment,

(%) Group TI - Tuned Two-center Escape-

‘ments:~Arcombination of a pivoled balance-and-

mass restonng spring, pulsed-twica per cycle by

an escape wheel. Physically, this is a mass on a.

spring- executing simple harmonic motion. Ex-
ample: Junghans escapement.

(3) ‘Group III - Tuned Three-center Escape-
qnents: An intermediate link is placed between
escape wheel and oscillating mass to improve the
precision of impulse delivery-and to minimize
drag torque. Example: detached: lever' escape-
‘ment..

6-19
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66.2 umui}emwgox:;mé‘n‘ ESCAPEMENTS. '

Ancuntuned.or runaway escapemént is-zitim-

ing device with a-cyclic régulator that does not
-execute simpie harmonic motion. The system
-consists of three partsi:(1)a toothed wheel actii-
ated by an apphed torque,.(2) a pallet with two-
“teeth, and (3) a-mass oscillating without a. re-

storing .force, F1g '6-23: shows one:shape for an
escape wheel, It differs from that in the tuned es-
capemént ‘because:it raust always- perrmt motion

-of the pallet. When*the escape Wheel tums, one
pallét tooth- is pushed along the: -escape- wheel

tooth. The other pallet tooth. then ‘engages the
escape-wheel. A.constant torque.appliedito the
escapeﬂwheel will: cause-the oscillating system to
opeérate like a governor ‘because- the muiss of the
oscillating part must ‘be: dnven through-a ré-
stricted:path. -All changes ifi-this torque will alter
the frequency of o:m.llatron .of the runaway
escapement,.

The.frequency of pallet oscillation f, may bé

-calculated from. the torque .G on the eéscape

wheel if’ the following assumptions-are made :

(1) the half cycles -of the pa.'llet .are equal in-

time, (2) the driving-torque is constant, (3) the
impact is inelastic;, and (4). the friction is. negli-

gible. 1f 9 is’ the angle.between extreme posxt10ns=

of the pallet in radians and. /, is; ‘the moment of

inertia of the oscﬂlatmg mass mvslug»m ,’then:

(6-65)

‘where r, is the radius-of the pallet wheel; in.;

, is-the radius of the-escape wheel, in.; G is
the torque in.lb. Thus the frequency variés as
the square roet of the escape wheel torque. When
designing the gear train, the designer must re:

r

‘member that G_is-the actual rather'than the theo-

retical torque, (Use 30% of the theoretical torque
as-a first approximation.):

To meet safety requxrements the. fuze must
not become armed -until it has traveled a certain
minimum safe- dxstance from. the latincher. The
ideal device would measure this. dxstance directly.
In lieu of this-difficult if not impossible task, a
time. mterval is‘measured in such a way-that it is
directly:related to'the distance. A timing device
would suffice if the speed of the projectile were

constant. Timed' arming devxces -can be-applied:

with reasonable confidence to projectiles; how-
ever, the ‘behavior of rockets and missiles:is. too

6-20

4d1agram

SPRING
:MisSl| LE
*ACCELERAT!ON (- QE;AF. TRAIN
masé " =

PALLET

Figure 6-23. Runaway-Escapement

wvariable to measure arming distances.with timing

devices-even if the assumption were true that all

‘rockets performed normally.
This'is brought about by the fact that the ac-

celeratjon-tirrie ‘diagram for rockets is not the

-same even for all those of one type. Fig 6-24
'shows the influence of rocket motor tempera-

ture (at the time of firing) upon the.acceleration-
time dlagram Other factors such as air.. densxty,
velocity of the. launcher, and steenng actlvxty can

Suppose for example, that it is desired to arm
the-rocket ‘at: 700-plus or minus 100. feet-from
the launcher. F1g 6-25 shows that the -arming
time must vary with: the acceleration-of the rock-
et if -the arming distarice would be.held within

€ -
’ (40°F INITIAL MOTOR TEMPERATURE

3
K4

O*F INITIAL MOTOR TEMPERATURE

‘ACCELERATION,-g's
N
o

TIME, sec

Figure 6-24, Typical Rocket Accélerations
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the speufled tolérance. Thus, a ﬁxed fime.timer
would:not be. satxsfactorv

The problem.can:be solved:-with-a runaway-es-
capement. timer. If the escapement is driven:by:a-

xdevxce ‘which derives its power from the accelera-

tion -of the-rocket;.the escademént can be-de-
sxgned to effect ‘arming in- the' same distance
even -under dlffermg values ot,acce.eratlon Fig.
6-23 shows.a device in wluch the torque applied
‘to the escapement will be proportional -to. the
setback accéleration.
" The-tire-t t6-arm.can-bé expressed as.
1 .
t = ---— '6

KT (6-66)
Jbecause it depends-upon the nuimber of: oscilla-
tions-of the pallét and’ thence uponits frequency
Fne kyis a proportlonallty ‘constant. The dis--
tance- along the trajectory that. the rocket will
iravel during the arming-time, assuming constant
acceleration, is

S = ";'a l2 (6"6;7)»
The-torque is given by
G = mar, ky (6-68)

where m is the mass of the driving mass on Fig:.

-6-23,.a is the rocket acceleration, r, is the radius:
of.the escape wheel, and'k, is the ratio constant.

between driving -gear and escape wheel. Com-
bining Egs. 6-65 to 6-68, a-constant arming dis-
tance:can-be-expressed as

4I;;01

h 6-69
k2 nkgr,. (6-69)

in which all terms:-on the right are independent "

of the rocket ballistics.

The runaway escapement can.be employed to
establish a constant arniing distance in this cir-
cumstance. However, the analysis assumed that
for.any-one:rocket the acceleration during flight
would be-constant which. is not neceéssarily. true.
Some rocket motors-exhibit charactenstlcs which
make the rocket: accelérations vary with- time.
Fortunately, the total arming distance §;, is only
modetately: affected as shown in the equatlon

S =S4
= b Comm——
, T kya®
Sinceé both k, and q are large compared to S, the
second term-becomes insignificant.

(6-70)

Eq.6-65 describes an ldealxzed device and can-
not account for. effe(.ts of fnctxon or materials.
For a particular_one-second timer, the empmca}‘

equation for the average velocity 5.405 the escape
wheel i§ given by

0',_,:0 931»} 0.112 GO.S/I 0,612 (6'71)
where ., is.the momént of inertia of the-escape
wheel, the other terms. havmg ‘been ‘previously

defiried: This is of the same. form as :Eq. -6-65
because
f, = NG (2n)

is the number of:teeth in*the escape

(6-72)

where N

'wheel The -constant coefflcxcnt in Eq. 6-71 is

found to. depend upon variots factors center-to-
center distance between escape. wheel and Jpallet,
radius. of the pitch-circle of ‘the-escape wheel,.
friction- of the gear train, and number.of times
that the mechanism has been “run down.’"

6-6.3 TUNED TWO-CENTER ESCAPEMENTS

When masses on springs vxbrate the ampiitude
of.the oscillation decreases to zero accordingto
Eq. 6-11. Friction damps out the oscillations so
that a force must be:applied to maintain the os-
cﬂlatlons If- this driving: force: adds energy in

.phase; the frequency of oscillations will not.be

changed But theé natural frequency is dependent
upon the frictional fotces (ususlly undetermined)

50 that the desigher must. approach.the problem

carefully. )

The escapement is: the part of a timing device
which (1) counts the number of osclllatlons ‘exe:
cuted by the osclllatmg mass, and (2) feeds
energy to the oscillating mass. Thé pallet' con-
trols the rotation of the escape wheel while it

n
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3 ’receives -energy :that maintainis the oscillation.

upon the- fmeqqency -of -osrillations; ot the pallet.

¥ rduddeie > enanpgt

—

6:6.3.1 Dexcription of Escapement Mechanisms

Th. the recoil’ or:Junghans:-mechanism, the es-
cape wheel. recoils- or mioves backward after a
pallet tooth impact. Hence, the escape wheel and
the gear train are: momentanly reversed Any
, tendency to lengthen .the distance: the pallet
p swings is resisted by. the recoil -forces. The re-

SR e gt a3 e

at the -expense of accuracy. In: the deadbeat
Junghans escapement; the escape wheel stops but
does not reverse its motion.. Fig. 6: -26(A)- shows
tooth 4 failing on pallet tooth A’. In Fig.
6-26(B), ‘the pallet is passihg through the ‘equilib-
rium pmnt in its oscillation wheré tooth 4 is

'DIRECTION - OF
FALL iMPULSE a -

~
[}

" DIRECTION OF.
FALL IMPULSE

(c). Escape ‘Wheel Tooth Foiling oniPallet Tooth

6-22

As the pallet. téetl, trap and release escape- .wheel:
teéth, the rotahon of the escape whéel-depends

~coil -design lends itself to. self: stamng, perhaps -

(A) Poliet Tooth Sliding A/ongfscagg Wheél 7ooth Face

about 1o be released by thé pallet. In Fig.
6- 26(C), the escape wheel tooth ¢ has fallen
onto. the pallet tooth B’ which is the opposite

‘part ot‘ the cycle from. Fig. & 26(D) If the line

of action of the impulse passes through the vaot
of the pallet, the -motion -.f:the.pallet will not
beraltered As: tooth B”slides beneath tooth. C,
the -escape- wheel stops. In Flg 6—26(D), the

pallet has returned to its equilibrium position
and is being driven vy the escape wheel as shown:

in Flg 6-26(B). If the- energy: is- added as the
pallet’ passes through its .equilibrium posmon,

the frequency of .the oscillating mass (regulator);

isleast affected.
In order to save space, pallet teeth are placed

close to. the pivot but this is. limited because-
steep- ‘angles between' pallet. and escape wheel‘

teeth increase wear. Wheel teeth .are undercut
to allow the pallet to swing to its fullest exterit.
The Junghans escapement descnbed above

SPRING’
?ALLET/ @ \ /
TEETH ¥ SPRING
,. SUPPORT
)
y \;‘\\ T //
BASE QlR(;LE__\\BO ATION ,/¢%

Section -1

(0) Pallet &t Equilibrium

Figure 6-26. Action-of Junghans or Deacbeat Escopement
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. has been modxﬁed by Dock'® -and *Popoutch“

t3 glmprove accuracy 'l’he Dock modxﬁcatxon

_“uses.a Yound wire- escapement lpnngan place of

‘the bsr—shaped spring' of the -Junghans escspe

" ment.. The -Dock modxﬁcahon -reduces the-spin

sensitivity .of, the mechamsm and~also obvmtes

stmghtenmg ‘of the spring- after it A8 mserted’

ifito: the arbor. The: Popovxtch modnﬁcatxon is
‘ghown ‘in Flg. 6-27' 1. It -uses two- outboard
sptings instead.of an escape spring on the arbor
This modlﬁcatnon also réduices. the spm -sensi-
tmty of the: mechamsm :

s-s 32 ﬁosriétion of Toom'oaig"n

Escape -wheel teeth - dehver energy to the

pallet and’ thesideal: booth contour«xs the locus
of’ contact pomt as. the pallet osclllates Even
~4though the ‘oscillation .is- dsmpeéd; the impulse
should compensate for the: damping forces. How-
eever, such a-design is 1mpract1cal because the re-
aqmred tolerances are too small. Still, the toler-
ances are not 8o strmgent if the: pallet veloclty
and the torque accelerating the eicape wheel are
both constant.

e e FEEIA T . S5
e > “ N .
JTen . . ¢ s -SSCAPEMENT WHEEL

Figure 6-27. Popovitch Medification of
Junghans Escapément

Kelly and Zar derived ap~equation for the es-
cape wheel tooth' contour using the conditions
for maximum efficiency" 2 The x .and_ y cooidi-
nates shown in Fig. 6-28 are related by the equa-

tion
17 Gy?

X = ovm cmorsmmens

- (6-73)
vi]

-ARCS.
*FROM O

ORIGIN OF
COORDINATES

ESCAPE
“WHEEL

Figure 6-28. Coordinate System for Analysis of
Tooth Design

where r, -is equal. to the radius of the escape
‘wheel and G i8 the torque thereon, v is its periph-
eral velocity, andI is the total moment of inertia:
Fig.. 6—29 enlatges the pomon circled in- Fig.
6-28. The coordinate system consists of arcs
drawn with the pivot point of the pallet and the
rescape ‘wheel as respective centers; The origin is
notedﬂfor £=y=0.By assummg representahve
values, the -contour -shéwn in Fig. 6-29 was
plotted -rp.(the. radms of the.pallet tooth). is 0.1
in., r, is 0. 25\m., the frequency of oscillation of
the pallet is 110 cycle/sec, I is 107 slugin? , the.
minimum ‘torque ¢ is: 0.2 in.oz, and v is
9,65 in./sec. The lower contour curve repre-
sents 100% energy transfer with no allowance
for frictional losses in the escapeinent.. If the
losses are 20%, the ordinate y, being propor-
tional to G- %, must be increased by a factor. of
10%. !I‘he upper curve on Fig. 6 29.is the contour
allowing for these losses.

6-6.3.3: Description of Spring Design

The natural frequency f of the escapement
neglecting fnctxon is

I, = \471—“ cycle/sec

where k is the cpring constant and I', is the mo-
ment of inertia of ‘the oscillating system. For

:(6-74)

6-23
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1 b4
NOTE:- ALL. DIMENSIONS IN INCHES

Figurer6o29 Escupehrent'AViheel‘Toofh Design

stability, the*spnng forces should be large com-
-pared to thie inertial - forces- caused by the muni-
tion’ sacceleratxons, hence, 'k must bé large and
1, Small, Sirce a°watch spring. (hairspring) does
not satisfy these requirements, a small beam or
torsion bar is used. The ‘type shown in Fxg
.6-26 has been used for -many years. The flgure
shows that the spring -is doubly supported at
each end with:the pallet at its center. Table 6-1
gives the spring constant for a.flat leaf*spring,

A2E1,/1, whete | is the length, I, is the second:

moment of ‘the cross-sectxonal area, and £ is
Youngs moedulus, By. using this k in Eq. 6-74
and the data from a representatlve fuze—1TI 4, is
6.56 x 1071 in? 7, is 1:86 x 10" slug-in? ,

lis 0.953 in.; and Eis 30 x 106 psi—the fre-~

quency will be 184 cycle/sec: Naturally, the de-

sign includes & méans to change the dimensions.

of the.spring because an adjustment is usually
necessary to compensate for manufacturing tol-
erances of the timing mechanism.

Another type of torsion spring has been intro-
duced recently. If.a torsion bar ie placed along
the munition axis, the spin of the munition will

not affect'its action. The formula gwen in Tabie.

6-1 is good for a spring of circular cross section.
For other shapes the formula is given by

C kG

== — (6-75)

6-24

where (¢ is the torque, ¢-the angle in-radians, ¢’
the shear/nicdulus, { the length-of the spring,-and,
k”a=constant depénding upon the .cross section.

A standard text such as Roark should be studied:
before using this formula'?

6-6.4 TUNED THREE-CENTER ESCAPEMENTS

In.the-detached lever escapement, one end of:
a pivoted’l lever. acts, by means of two pallets, in
conjunction w1th the escape wheel. Tne other
end acts-on the balance mass. A - pin-pallet de-
tached lever escapement is shown in Fig: 6-30" .
The flgure illustrates the mechanism:as used'in
clocks, watches, and certam ordnance timers but
does not-show-thé-recent. modxf:catxon for artil-
lery fuzes that is still classified. The new escape-
ment ‘uses a torsion bar restoring.spring and a
folded lever. Tests have demonstrated. that the
accuracy of the escapement is on the order-of
0.1% of the ‘set time for flights up ‘o 115 sec-

-ords. In contrast, tuned’ two-center escapements
‘have achleved accuracies on the order of-0.5 to

1%.

6-6.5 CLOCKWORK GEARS AND‘GEAR TRAINS'

The design of the gear train depends uponthe
time interval to be measured. The .gear train is
signed according to the following equation

x = f t360/(ON,) (6-76)

where N .is_the:number.of teeth.on the escape

‘wheel, x is the total gearratio of the geartrain,

0 in degrees is the required anﬂle for the'last pin-

Jdon, t is the functioning delay, and f.is the es-

capement frequency. If f is'368, N, is.20, and
tis 30 seconds, then x would be 2208 if:the final
pinion rotates 90°.

N, must be designed to .place a maximum
nurhber of teeth on the escape wheel without in-
creasing the moment of inertia, { , should be high
for stability, and ¢ is set- by the requirements
placed .upon the fuze. The gear ratio must be set
so that,the above stipulations may 'be met. Nor-
mally, individual gear ratios are held to small
whole -numbers.

For the Junghans-escapement, the maximum
escape wheel torque is that at which friction
stops ‘the pallet. The minimum torque is just
above that at which the proper tooth. fails to fall




AMCP 796:210

onto~the dead face of the other pallet. Eq. 6-78
can be dsed fur thus type of escapement to de-

termine the tooth form when the escape wheel.

is turned by a constant torque.

‘When the efficiency of .the gear-train.is de-
termined, the ‘magnitude of the-applied torque
that can overcome all these losses and stitl main-
tain the necessary torque at the escape wheel can
‘be approximated. Usually, several trials are re-
-quired *before: all conditions of size, shape; fre-
quency, and‘torqué-are satisfied.

The disturbing effects 6f both linear and angu-
lar dcceleration of the munition are-minimized if
the escapement pallet is pivoted on the muni-
tion’s spin axis. As.in all other mechanisms, the
friction of all bearings and'the mass of all parts
should be kept as small as is consistent with pro-
per operation. .

Note that setback forcés will usually act-pes-

5 Hairspring —~.

“"Pallet Llever —

. 'Pullef’?in :
Escopement Pirion —\

pendicularly:to the plane of the.gears. This tends.
to bend them so that they will bind or even-drop-
Gut of>mesh with- their companion gears..Conse-
quently, the arming action.should be -designed

So ihat the gears-are not expectedoto transmit

high torques while ‘undergoing high sétback
forces.

Both involute’® and epicycloid.tooth shapes.
dre used, and the selection often depends upon

'the production facilities. available. The Wicken-

berg gear tooth- design allows greater radial tol-
erances because of the largar root depth.. A'mini-
mum of six teeth is used on small pinions in cur-
rent practice. } :

Tooth strength, wheel configuration, shaft
strength, and bearing size are calculated by the
usual methods' of-:genetal machine design with
due consideration given to the'pecuiiar condi-
tions stated above! ¢3! 7,

\— Safety Roller -

Safety Lever

‘Pallet Staff

Escapeiment Wheel:

Figure 6-30. Detached Lever Escapement

6-25
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CHAPTER 7
ELECTRICAL ARMING DEVICES

7:1 GENERAL

Eléétrical armmg actions include-both all-elec-
tncaI‘actlons (for e\:ample, closing a switch)-and
movement of -mechanical devices by electrical
means. Electrical devices ‘possess- many advan-
tagés under certain condltlons eéspecially when

'fast actlon is desired. Switches and explosive
.motors are common. examples

Electrical’ arming is ar..obvious extension for
fuzes. that, function by electncal means. It ‘may
be convenient to activate the out-of-line device:
bv electncal means’or add eléctrical arming as an

-extra safety device to.interrupt-the circuit’or, to-

short circuit the leads of the electric detonator.
An electric fuze always contains thelatter safety
feature, When designing an electnc fuze, the
order of arming.is important. Since electnpal dis-
charges may occur,. the electric circuit should be
corapleted” before mechanical arming -actions
occur.

In -addition to convenience, electrical arming
also: makes. possible some: features that are' ex-
tremely difficult to achieve otherwise.. For ex-
-ample,. long’ delays are easxly obtained electri-
-cally.

For ‘preselected arming, electrical means have
a pyrotechnic- train. Preselzcted arming 1mphes
{hat -a--fuze-has- seve"al possible: arming: delays,
one of which is selected prior tc launching. The
armmg delay is selécted by adjusting a resistor or

a capacitor, External power for the fuze can be:

applied in aircraft or-tanks, but unfortunately
£his convenience will not always.be available in
the field. Corimand® arming, transmitted to the
projectile in flight, must be electrical.

"Thé circuitry used for arming is often similar

to that used for functioning (see par, 3-4.4); For-

convenience, RC circuits are treated fully in par.

7-3. Some power sources and other components

are discussed in par. 3-4, while others are treated
in par. 7-2, Devices such as switches and explo-
sive motors are used almost exclusively in arming.

7-2 COMPONENTS
7-2.1 SWITCHES

Switches used' in safety and arming devices

‘faust be smalland rugged; must.close (or.open).in.

a -specified time, and must remain closed- (or
open)..long enough to . do their job, Switchies
may be operated by setbgck centnfgga; force,
impact,e or other. means. )

A typical- trembler switch (Fig. 7-1) is-essén-

‘tlally a wexght on a:spring. When a-.nunitions ve-

locity changés, inertial forces cause thé wexght to
deflect the spring:so that the weight makes con-

tact with.the case, The switéh. shown has-a:cur-
rent rating. of 100 milliamperes- and: operates-at,

accelerahons of 4G.to 100 z.

SEALING COMPQUND STRAIGHT LEAD |-
SWITCH- HOUSING g
INSULATOR

l 0.54 1n. MAX
'—“’—_-;g:. === \——
- -\
- 7 AN % ! l
- A\ M
- 7
&
0.185 In-MAX -1 CONTACT
CRIMP AT
Ll \"'x PLACES: \_ conmact SPiNG
-~ 3
- ~SPRING CONTACT TERMINAL:
‘ Courfesys IMOWAS INDUSTIRICES® INC,
K 'NIQI[ DIVISION

FORY ATKINSON, WIS,

Figure 7-1. Trembler Switch,

Fig.. 7-2 shows a mercury-type centnfugal
sthch As the munltlon spins about its:.axis,,
mercury in the nght compartment penetrates the
porous ‘barrier to open the-circuit. The 'switch
has an inheren! arming-delay that depends on:
the poros1ty of the barrier. Mercury-type switches
should not :be used at temperatures below:
—40°F,

Heat. generated in ‘thermal batteries may be

‘used to activate simple, reliable ﬁimg -delay

mechanisms that permanently close an ¢lectrical
circuit at some specified temperature. Perform-
ance of these devices as'delay elements depends
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Figure 7-2. Switch for Rolated Fuzes

upon: close control of the rate-of‘heat- transfer
from the battery to the thermal switch. Thexr
application is generally hmlted to- relatwely ;short
time: delays-(p to-a- few seconds) in applxcatlons
where- high accuracy- is not requu'ed Two
switches of - this type are. shown in Figs: 7-3-and:
7-4!, These fuziblelink thermal switches are
used to provide the électrical arming delay and
the self- destruction delay in the M217 Hand
Grenade Fuze. Both switches operate over an
ambient temperature range- of —40° to. 125°F.
The arming delay switch, Fig. 7:3, closes

-within 1.0 to 2:4 sec after initiation of the ther-

mal battery. The switch contains .a. cadmiuni-
lead:zinc alloy disk having a meltmg point of
about 280°F. This metal- dlsk is \adjacent to a
larger- Fiberglas -disk, whlch is perforated with
a-number of small holes Vvhen the metallic disk

‘melts, the molten>metal flows through the holes.

in sthe Fiberglas, bridging the-gap betweéen. the

‘contacts, and closing, the switch. Ceating the
'F:berglas insulator with a wetting agéent fo im-

prove flow of the molten metal gives-more uni-
form switch closure.

HEAT SOURCE
AND CONTACT

EUTECTIC

?
’
/
/

(4”" 'III”I///’ ) i

HOLES .
INSULATOR
(B} -Closed. Position

(A) Open Fosition

Figure 7-3. Thermal Delay Arming Switch
‘7-2

EEC - S T IS R s

The self-destruction switch.shown-in Fig. 7-4 :

has an' avérage functioning -time of 4 fo.6 sec.
Closure times range :from.3.5 sec at +125 Fto
7:05ec at —40°F. its-thermally-activated element
1sma‘presced pellet of mercuric-iodide, which has

msulz ting charactenstu.s -at pormal- temperatures:

but bccomea a good electrica). conductor at.its
melting point, 500°F. More upiform- svvxtch clo-
sures are obtained-hy. spring:loading-ohe: of the
switch contacts.. This ‘brings the contactmﬁ sur-
faces. together shaiply when the 1od1de pellet

melts and reduces contact resistance in the. closed.

switch to-a-few hundredths of an.ohm:

/—--céma\cr

. . ) ~—  TEWPERATUKE <ENSITIVE

N . / ELEMENT: (5g1,)
o CONTACT

HEAT SOURCE =~ INSULATION

| A, comcr v

B T
} al 'Eé.
i)

o r
¥
(B) Closed Position

>

. gpg'ggo% X+,
.
:?&g_ DoooU
N

4)Open Position
Figure 7-4. Thermal.Delay Self-destruction Switch.

Although other thermal-sensitive devices, such
as bimetals, may be feasible for.thermal switch
apphcatlons, the fusible link appears to possess
the advantages of simplicity, safety,. gnd reli-

ability. Its compactness:and.rugged design-make.

it resistant to damage or'malfunction caused by
rough handling, shock, or vibration. There is also

‘little variation in the temperature-at which.the

switch ‘loses because this is determined by the
melting point of the fusible link. Bimetallic- ther-
mal switches must often be individually calibra-
ted and-adjusted, and thereafter may be subject
to deformation or premature closure. Cost and
size also favor(the fusible-link desigii.

Amblent temperature variation can. greatly
affect the function: time of a thermal switch.
Ca.re should be taken .to install the switches so
that their ambient temperature is kept as nearly
constant as possible, The following-precautions
will: aid:in reducing the adverse effects of varia-
tions in-ambient temperature:

(1) Place the thermal switch as close to the |

heat source as practicable.
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(2) Minimize the mass of -thermal switch 0.292 DIAM. ey OiMPLE - 7
cemponents and.of any- components interposed WIRE~ _.‘ AFTER:FIRING i
between: the heat:source-and.the thermal switch. LEADS é ARE—=E L —)/
(3) Use materials with. low specmc ‘heat tE_—=,::zc:= '3:_“ ‘ % 1
wherever possible, - e S
It i§ also important to closely control the T L .
following. other factora that influerice perform- 2 - i ‘
ance: - (A) Dimplé Mator, M4: R :
(1) _The q’uanhtyr and-calorific value cf the . - 3
*hedt producing material. 16 CONVOLUTIONS —. -2 .DIAM; §
«(2) Thetmalinsulation of the assembly. ’ ooe ;
- {8) Manufacturing tolerance of.components. PSS con e AR AS(IA !
{4) Uniformity of assembly;mclgdmg assem- = — — q1H I i ;
bly, pressure on comf>onents, intimacy .of contact ’ . TEUD Y A !
‘between mating surfaces, etc: WIRE ‘LEADS — h s B! ‘
. ’ 16 g !
7-2.2 "EXPLOSIVE MOTORS (B) Bellows Motor, M6 i
$
Aa explosxve :motor, also called an éxplosive- NOTE:-ALL DIMENSION” \IN: INCHES .
actuator,. uses an electric mmator to provide a . :
small:controlled. motion. It is.a one-shot device. Figure:7.5. Explosive Motors ;
It-is unique among. the exploswe compo'aents In  this type are affected by high-ambient tempera- ’
that its output isnot-explosive. Just as in.a con- ‘tures, but circuits canbe adjusted to correct for
ventional electric initiator; the electric input  these variations. ’ '
~ stimulus mltlates release of explosive ‘energy: ) .
which is converted bv the motox to mechamcal’ 7-2:4 ELECTRICAL GENERATORS ¢ ,
force.. Thé charge must produce suffment gas- .
eous products to -deform the -case -as: desired. Small wind-vane-driven -or air turbine-driven '
Two types of explosive :motors are called gefierators have beén used in-some bomb; rocket,
dimple and béllows mictors, as shownin Fig. .and mortar. fuzes to prévide-delay and electrical’
71-5. The motor is initiated, ‘the explosive com-  power for arming!. Generators .éliminate the :
ponents burn to-evolve gases; and. thé. case de temperature and-shelf life problems- associated
forrhs. Dlmple motors have a travel -of abont with batteries. ‘For .additional’ details, see par. '
0.1 in.. and deform fastér than the bellows mc- 343 ’ ' ‘
‘tors that expand about-1 in. Each is- capable of ) , . t
" producing forces up to @bout.ten pounds. 7-25 RESERVE BATTERIES i
Explosive ‘niotors may be used to move, lock; i
or .unlock an-arming devic:, .or-they may‘be uséd ‘Resetve batteries are those that have an in- ‘
to. operate a switch. Dimple. motors are often. herent activation delay because -the electrolyte . '
used to close ar lectrical contact. An explosive  is riot in chemical or physical contact with«the 3 3
switch is a packaged: unit containing an explosive plates. Usually, an additional- interval of. txme is ;
motor and a.switch, requxred after the battery is formed before ityat« 'y .
tains its rated output. See par. 3-4.3.3 for more o
7-2.3 ELECTRONIC TUBES -details about these batteries. o >
The time-lag from the. time power is @pplied: 7-3 RC CIRCUITS i
to the heater of a diode.until-electrical’ conduc- 1
tion through the tube takes place has been con- RC circuits provxde arming delays- in many ;

.sidered to delay arming.-Delays of 4 to 60.sec are  .fuze apphcatxons »*, The circuits are simple, rea-
possible with commercial tubes of the heater- sonably accurate,.and economical. The desired
-cathode type?. Delays of from 0.1 to 1secccan delay interval may be easily set by varying’the
be obtained with fxlament type tubes. Delays of value. of ‘the resistor, capacitor; or .charging
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potential.

In simple delay systems, a battery is switched-
-on at- the start of the delay period to charge a ca-
pacxtor through a resistor: ln other systems, such‘
as-the Bomb Fuz&Systém, MQ90 a tank capacx»
tor-is- charged from-the aucraft power supply
“The tank capacxtor then chazges a second capaci-
‘tor through a resistor to obtain the desnred delay.

Six types of RC delay. cm.ult are’ discussed in
this. paragraph: the basic RC delay circuit, .the
tank. capacitor RC delay circuit, ‘the-triode RC
delay circuit, the three-wire: RC delay*»cn'cult
the cascadé RC’ delay circuit, and. the Ruehl-
mann RC" delay circuit. The equations for these
circuits -are-based: on the assumption that the.ca-

‘pacitors have negligible internal leakage currents.

Fer-circuits used over wide temperature ranges,
temperature variations of-the leakage resistances,
along.with temperature variations of other circuit
elements limit the lengths of delays realizable i in
practxce

The simpler ‘types of RC circuits have ‘been
used successfully for delays up tv a minute un-
der severe conditions. Cascade and three-mre dif-

ferential circuits extend .the delay range several,
fold. Under restricted condltxons, RC delays of a.
-few hours car: be obtained.

7-3.1 BASIC-RC'DELAY CIRCUITS

Fig. '7-6 shows a simple RC delay circuit with
its power supply.. At the beginning.of the opera-

‘tion, capacitor ¢ is assumed- uncha*ged Swrtch S

is closed.to:initiate chargmg and is kept closed
during-the-tifhing operation.-When: potential. E

of capacitor C is lowér than striking potentral
E, of the dgiode 9, current through the diode-is
about 10,1 3 ampere. This current’is too low. to

fire a detonator in load; L. When g, equals strik-

ing -potential £, , the diode fires. and, pérmits a
current through thecload.
Ih térms of time ¢, measured from swntch clo-

sure,potential £ of cajpacltor C.is given by

=, (= e=t/RG). (7-1)
and:
RC 1 £y
= n =, Sec
T -k ° (1-2)

where £ is in ohm, £"is in volt, and ¢ in farad.
Eq 1-% gives the time ¢ requn'ed for potent1a1

74
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E, torise.to-diode:striking potential : ﬁ By use |

of Eqs 7-Y.and - 2, any one of-the: five. -param:
eters .can. be determined when the: othérs are
known.

732 TANK c‘APAcnroa RC DELAY CIRCUIT

In Fig. 7- ’I tank capacitor-(| is charged t2.po-

‘tentlal -E, during the'brief mterval that switch. §,

is closed. In: the Bomb Fuze, M990, this mterval

is about 10- msec‘ If'sthch S, is _permanently-

closed -delay; begms ‘when capacrtor C, s
charged If switch 'S, is open at. chargmg, delay
begins when.it is closed. Since charge flows from
capacitor.-C; through resistor-f2 to capacitor- (J2 n
potential E, decreases “while potential £, in-
creases. The ratxo 6’,/6'2 must be considered.in
determining the(i:drging potential £, because,
at the end-of the desired delay; potential £,

must reach’ the value E, at which.diode stnkes'

to mltlate opératinn. of load-L:
In terms of time ¢, measured. from ‘the initia-
tion of the delay, potential E, is given by

Eo = G Ey (1=e

) (12)
Cl «{‘*Cz
and
’C,C,
T === 7-4
C, +¢C, (7-4)

T'is the time constant of the tank circuit, in this.

case the time al which £, equals approximately
0.42 E. Eq. 7-3 can be solved to give the time ¢

-requlred ‘for- ;.apacrtor Cs; -to reach-some- prede-

termiried value £, = E, .

. [RC\C; of:
= | — In{.
Cl +C, -

>

E ~ (7-5)

POWER
SUPPLY .

H

Figure 7-6. Basic-RC.Delay Circuit
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Figure 7-8. Triode RC.Delay Circuit

'7-3.4 THREE-WIRE RC DELAY.CIRCUIT

In Fig. 7-9, capacitors ¢, and (, are charged
to different potentials £,, and E, by a‘brief

This circuit ‘has less variation. in delay with
variation in temperature than the circuits men-
tloned previously, particularly-if E,, is hxgher
than &, . ‘Both capacitors.leak more at higher
temperatures, but the potential drops of the two
capacitors.caused by- this leakage tend-to com-
pensate each other. Wher the diode finally fires,

the difference in potentlal between the two ca-

pacitors is caused‘mainly by the decrease in po-
teniial £, .of capacitor G from discharge
through resistance R.

82 is 2 safety switch that is open at.the be-
ginning of arming--to prevent prefiring in case

7-5

T

ar A' M%MJ . - - “ - . A ey e PRI - -z . R - T LA PR RS S e e A ’
{ - g e
S AMb?’io‘t;'zid Bt
% jﬁ closure of sthchs Eotentml E,,Z .nay be elther .
= hxgher or-lower:- than ‘potential Fe) ,.but the dif- -
ference between Fj, and. £, ‘must be less:than e
< stnkmg potentnalf E, of diede D). Also, Fu must . i
i J be higher than E, . S
54 Potentlal E, " of-capacitor- C remains at the é , :
s constant: value E,; . When switch S, closes,ca~ A
2 T L . T ;facxtor -discharges through resxstor[i' At the A
}fa;c . Flguu 7<7. Tank Capacitor RC Delay Circuit end of.a delayt potential E,, ﬁnally drops to g
) 7-3.3 TRIODE RC DELAY CIRCUIT such a value that the potential ( £, <K, ) % y
s T : ACross dxode -D feaches its stnkmg potentw.l E,. I o
;W, ! In. Fig: 7-8, capacitor. € is charged’ throughre-  The. diode then firesrand initiates the desired op- % ’ i _'T
2 sistor /R Poténtial E, of capacitor-G at timet, eration of the load. , &
I measured- from- closure of switch. S, , is givén by ‘Potential. Ebg of capacitor {; is given by ¥ ,
e Eq. 7-1, and- the time requu'ed for capacxtor(' E. = E. e=t/hCy - F
i to attain -any potential-£ is.given by Eq. 7-2 c2 ~ "b2 (1-6)
{;‘5 When potentga] V reaches: {he fequu'ed p]abe onde D striking potential E at the end Of delay‘
potential of the tricde and switch-§, is closed, ¢ i given by o
A application.of:a suxtable s1gnal to the grid: of«the' , ) A _ : H
i triode causes it to conduct. .Capacitor ¢ dis- E, =Ey ~Ey =Ey =Ey (671/F2) (7 7 { .
% charges through load L to initiate the des,red 3
< operation. When this equation is solved for delay ¢
& This circuit is used:in the arming systeri of E 2 ?
X some proxmnty fuzes. watch S, may be omitted t = RC. In — b2 (1-8) "
s . if a resefve battery ic actwated at’bomb release; 2 p L E \ i
iz 0 Switch S, -may ‘be omitted of it may be-ciosed s 8 ’ ‘
" <.’ by an auxiliary-arming syst,em*at:the» end of-its i
N delay. When delays of-both -arming systems are S - f QJ: - ; ,
, completéd, a signal to the-tricde grid fires the | Fower |. | &y ! S *
\ triode. ’ R e 4 !
;‘ This circuit may. be used as.a two-event arm- i %
. ing -system, ‘The first-évent closes swiich S, or e 3
activates-the battery .source. When capacitor ¢ ' i ’ 3
¥ is.charged %o the réquired plate potential of the .Figure 7-9. Three-wire RC'Delay Circuit i
30 -tnode -the second:event: tnggers :the triode: Load- ¥ ;
¥ L is an éxplosive switch orexplosive motor that Figs. 7-10 and 711 show the- discharge. be- i ;
& aligns the. explosive- train, closes functioningcir-  havio:. of this circuit, In Fig. 7-10,’E,, ishigher 1
i . cuits, or,erperforms .other operations to complete  than &, ; in Fig. 7- 11, &, is lower than.E,, . ! :
L the arming: In -either case, diode. D strikes when Yotential s }
] E, falls to the value -of £~ E, :
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switch. §, does -not- close 'both circuits-at' the
same instant or if there .is-a:break in the cir-
cuit which would -prevent one capacitor froin

charging.

7-3.5: CASCADE RC DELAY CIRCUIT

Fig: 7-12:shows=aii-extension: of the basic.RC

delay circuit. (par. 7-3. 1) to lengthen delays sev-
eral .fold, while using components-of compmable'

values. Delay. "begins when switch S, is closed.
The. switch. is kept closed" throughout the opera-
tion of the system.

The solution is snnphfxed if

R:"—Rl=32 andCﬁCl=C2

Figure 7-12. Cascaile.RC Delcy Circuit
7-6

switch-closure is given-by

2k, .
Ec2 — \:" [e—-af (eb! - e"bt)]('].g)
1.3C ‘
w3 -)
Mxé;ei
L8 . L fac 1%
2RC Fioan PV

In. Fig. 7-13, tank capacitor C, is added: to.
provide instantaneous charging. Switch S; .is
closed for a penod of‘less than 1 :sec.to charge
capacitor C, to potential- F ; Delay:starts when
switch S, 1s closed. The«smtch remains closed:
for the- duration of the delay operatlon Since

‘the potential of tank capacntor Cr fallsag charge
leaks to capacitors ¢, and C,, the delays are:

longer-than those using 1 the cm.ult of Fig. 7-12

4¢ SOURCE. |-

Flgure 7-13 Cascade-RC Delay Circuit:With

lastantaheous Charging.
7-3.6 ‘'RUEHLMANN.RC DELAY CIRCUIT

Three tank capacitors give the Ruehlmann.
circuit advantages over simpler RC circits.
The diode striking potential,.on which RC delay
accuracy depends, is-stabilized’immediately be-
fore delay begins. Therefore, wide powei supply
variatiotis.can be tolérated. )

7-3.7 TWO-DIODE RUEHLMANN CIRCUIT

Fig. 7:14 shows a.circuit that gives accurate
delays from 10 .to 20 sec. This wide range is ob-
tained by ‘varying charging potential*£, . Varia-
tion of &, in this circuit is permitted .by the

‘charging. diode 7, -

Resistances #, and R are set for the desired

.delay. The ratio of E, to & 1» onewhich delay de-
pends, then remains congtant even though, sup- ;

ply potential £, may vary.

_ ‘The value.of potential £, reached at time. 6aftex ) &

o
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‘tial £, -at-timetis £, = Eje

R S

-AMCP 705:210
or, on substitution of valires
. ;“"""lc‘-l . . P . P =
yhbE - ”%sl = AE) - fkbl + Esl = 0(7-11)
Then
AT Y (712)
from which-
R . ]," . ) —t if c d
-Figure 7-‘14 Two-diode Ruehimann Circuit. e 7 ' < --?—b-) (7-13)
\ TE,

Capacxtors Cy» (,'2 ,»and C, are charged during
a brief' closuré of switch §, ..Capacitor ¢, -is
charged - through- mode D to a potential (£, —
¢2), where £, is the e‘ctmctlon potentlal of
diode D,. Capacltor C, then discharges through

.diode ,[) ‘resistor iZ, and capacitor C untﬂ po-

tentxal E 2 equals ( 1 —AF ), where F,I iz

diode 2, stnkmg potential. If- C, <<€, AE

may be- of the order of 10- mxlhvolts The param—
eters of: the diodes, and potentlals E’, and E,
must ‘bé- choserr so that the potential .across

. \dzode D, does not-again reach-the striking po-

tential. The -resistance of diode’ D, can be con-

mdered infinite . after extinction. The relaxation

operation-is completgd in-about 0. 25 sec.
Delay begins when the gang switch §, closes

-the' series cu-cult shown in Fig. 7-14 giving the

¢gircuit shown in Flg 7-15. The initially hlgher
potenhgj Vy ~ &, opposes ‘the-sum of poten-
tials 72 and V,.Potential V, = E, = kE,, where
k.is-a-function.of-resistances.R_ and-Rj . Poten-
“/MG | As stated

previously, £, = ( Es, — AE) . During the period

‘that potentlal V, is high enough to dominate the

senes icircuit*but not highenough to cause diode
D, to strike, terminal m -of the diode'is at a
hlghér Jpo’ential than terminal n, and-theé sum of
potenfials in the circuit is

E:'l - EC\Z\- Ec-L

Finally, potentlal £, drops to the point at
which £, equals zevo, -and- with ‘further de-
creasés of £, terminal m of diode D, bécomes
more 2nd more negative, At the potentxal E. =
£, + the tube fires, and

-E; =0 (curfentassumed-
zero)

Ecl —'ECZ "‘Ec4~ + Esl =0 ((7'10)

and:
! AR
t = :Itlai‘ An- ( - -E——) (7'14)
. =1 7

When AE is neghglbu, with respect. to £, Eq.
7-14 very neaily equals
£

k

Sio -l
T > 1+ i ) ) N +
:' Eczlcz\, ET. ap— T T -mc.
s 0. . .
— - S?j
- . '——oq*’f—-—
T 5 S

-Figure. 7:\7‘& Circuit-AfterClosure of Switch SZ

— L
ey

7-38 SINGLEibiODE'RUEHLMANN@iRCUIT

The single- -diode circuit shown. in ‘Fig.. 7-16
compares in-performance with the two-diode cir-

cuit of Fig. 7-14 except that a smaller variation:

range of chargmg potentlals can be tolerated.
This circuit is particularly suited to applications
in whxph the leakage resistance Rl can be ad-

Justéd:to vary the delay.

o

N rcas PR ',,,‘ _ o
5 : , ] A +
Epls SRe- E 1 -
© 2 LoAD cz[f:
= 0 p o faed
E v o
~ $R
» E|k3‘| + t R
L e b s o
0 - ;R| |~z +
1
L . Yo Ee3Cy oLt
Péwm.' { -
SUPPLY 'j

Figure 7-16. Single-diode ’Ruehlmann Circuit
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Capacxt;ors C'l, 0.,. and .C, are.charged during
closure. of switch 'S, . After discharge of capacitor
Cy. througn Dy, By, and 63 . sthch §, is thrown
to initiate the delay by estabhshmg -a.series.cir-
cuxt sxmllar to that shown in-Fig. 7- 15. Equa-
tions developed for the two-diode circuit apply
to ‘thé: single-diode ‘tircuit _also. When other
perameters of the circuit cre fixéd, R, .can be
found-from. Eq 7-14 to-give the desired delay

139 ACCURACY OF RC GELAYS

Delay' errors are -due primarily to errors in-
measured value of°compone‘1ts and variation of
dlode stnkmg potentxal The delay ervor is ex-
pressed as-a; fraction of the desireéd delay time,
At/t. By. summmg»all the-errors due ' to compo-
.nent ‘tolerances, there results a-maximum possi-
_ble .errot. ‘The probable- fractional error would
ibe thg square root of the-suri of the -§quares-

At AR AC
TLRLT (7-16)

At /AA)(_[E—)j . (117),

probablz \ aax

The. methods of calculating errors are now
illustrated with the Ruehlmann circuits.. The

fractional error is computed by dlfferentlatmg
Eq. 7-14 with respect to each. parameter. In
éach case; an equation. is obtamed of the form
Al - M S AFThe termy F represents-any one of

tbe parameters, Table 7-1 contains formulas for
determmmg delay .errors of. Ruehlmann circuits

-due to-errors in component values.

Table 7-1 also contains the formula‘to deter-
niine the delay error: due;:to variation in stnkmg
potentlal Thé formula is. denved from Eq. 7-11
by substituting E,, + AE ‘(the actual- potential at
the time-of ﬁrmg) and ¢ & At (tne actual timeé of
firing) for £ .- and t, respectwely, and solvmg for
At/t.

For a. circuit .using. a-diode of fixed striking,

potential, the delay may be adjusted by varying'
-either chargmg po tantial. £ or one or more of the

capaditors -or. resistors: An. analysns of the équa-
tions governing delay-érror theory points. out
that a much greater deldy range can be.obtained
by varying the charging potential.

The. charging;potential can.be varied by suit-
dble charging gear. Capacltance and resistance

values can be changed dn'ectly, or controlled

remotely by applymg radlo-frequency pulses

from. control equipment to exploswe transfer
switches in the fuze. ‘Resistors reqmred for

such 4 switching system. are ifiexpensive and take-

little space. ) :

TABLE.7-1. FRACTIONAL ERROR RELATIONS FOR THE RUEHLMANN' CIRCUIT
" Type of Paramete?, “Multiplying Factor, " Error’
) Error _ . F M ; Equation
: At AR,
Component Errors 0 1 raln l—R_
1
At AC
c —= 1 ]
L 1 A
1 M1 Ak
R Ink t Ink k
" Variation cof -1 At -1 AV
Striking ‘Potential Ey &t kink E|
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- CHAPTER 8
UTHER ‘ARMING DEVICES

'

8-1 GENERAL

While mechanical arid electrical approaches are
the amost used arming techniques at.the present
time, there-are other devices that can:be used'in
arming syste'ns These includé fluid, chemlcal
afid motion-induced arming devices. These addr—
ficnal- devrces are useful pnmanly in provxdmg
the arming’ delay that is necessary .to permit safe
mechanical separation.

82 FLUID DEVICES
8-2.1 -FLUID FLOW:

Matter is fluid’if-the force necessary to deform
it approaches zero as the.velocity. of deformatlon
appfoaches zero, Both liquids. and gases are
classed-as fluids. Their. distinguishing character-
istic concerns the.differencesin. cohesive forces:
gases expand to fill any.volume; lxqu1ds coalesce
into the-lower regions of'the volime with a free
surface as their upper:boundary. In-addition to
true fluids, there -are certain materials:such as
tiny glass ‘beads or greases:and, - ‘pastes which,
while technically* not -fluids,. behave- very much
Tike flui*'s. These pseudofluids are frequently, use-
ful under particular-circumstances.

In general Sluid- operated devices ¢za-be-used
to- transfer motion with an amplifieq force or
dlsplacementﬂprovxde arming or functioning de-
lays, and:‘program events for complex -devices.
The field of fluid mechamcs is large and complex
But well covered in standard texts!»2.

8-2.2 FLUERICS
8-2.2.1 Fluidic and Flueric Systeris

While the use of fluid devices with few or even
no moving parts can-'be traced back to-ancient
history, it is only in recent years that a spe-
cialized-technology-has grown makmg extensive
use of such devices. This technology. isnow desig-
nated: by two names: (1) Fluidics- the general

fleld of fluid devices and systems. with -their:

associated peripheral equlpment used to perform
‘sensing, logic,, amplification, and control func-

tions; and (2)-Fluérics - the area within the:field

-of - fluldlcs, in-which fluid components.and sys-

tems perform sensing, loglc amplification, or con-
trol functions without the use of any moving'
patis. The terminology, symbols,: -and'schematics
used-with flueric systems are contamed in a pro-
posed MIL-STD?.

The application of flueric techniques to fuze
arming systems is.in its infancy. However, a stazt

‘has-been made: to apply these devices to fuze de:
sign®~®. Much of the original research and devel-
-opment was concerned with the -invention and

improvement of flueric.comporients. Present pro-
grams‘are more and more concerned’ with the de-
velopment of. complete ﬂuenc systems with: in-
creasing numbers of the. mdlvrdual components
being: available off-the-shelf However, ‘the: ‘fuze
designer will st111>fmd it necessary to have some
of. his components specially developed Present
technology predicts that many of the control and’
sensing ‘functions, now.primarily in the domain
of electronigs, or .other nonﬂmd power tech-
niquess can be- accomphshed by flueric systems..
In fact, flueric .analogues exist for most elec-
‘tronic devices,

’8-2,2.2 Flueric Components Used for Arming

In a typical electronic fuze timer, the .funda-
mental components are an oscillator anda bmary
counter. A flueric timing-system can'be built ip
in the same nianner. In a present flieric timer,
the oscillator consists of a proportional- fluid
amplifier- with modified sonic feedback loops
coupled toa digital fluid amphfxer F1g 8-1%isa
diagram of the amplifiers. The.digital amplifier,
as -do many. flueric dévices, depends upon en-
trainmernit in which a stream .of -iluid flowing
close to a surface tends to deflect towards that
surface and, under proper conditions, touches
and attaches. to the surface. The attachment of
‘the stream to the surface is kiiown as the Coanda
effect. The proportlonal amplifier uses the prin-
ciple of jet moméntum interaction where one
strearii-is deflected by another. ,

The digital amplifier (Fig. 8-1.(A)) consists of
a fluid power supply S, two control ports C, and
Cp, two attachment walls. ¥, and Wy and two
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output ports 0, ;and- 0y, . The output ports serve
as conduits for du'ectu‘r!r fluid. pulses-to. the'suc-
ceeding: -element -in the fluid circuit. In this de-
vice, a-gas supply Sof constant pressure is pro-
vided to form a jet s stream through nozzle.N. The
jet stream will entrain fluid from the space be-
tween the stream and the wall, lowering the pres-

sure. The bxgher z\tmosphenc pressure will force-

the stream against the wall. The geometric con-
ﬁguratlon of the fluid amplzfler cdan ‘be con-
structed in such a manner that the jet stream- will

always attach 1tself to one preferred wall, Thxs is.

accomplxshed by placing the preferred wall at-a.
smaller angle with the.centerline:of the flow of
the jet-stream. than the nonpreferred wall

The figure. shows a jet stream attached to.wall
e and..n output jet stream from output con-
durt 0p Litis desr.redcto provxde an output Jet
stream from condult 0, 08 control jet.stream' to

control conduxt Gy -will Causé the main-jet stream:

to become: detached from wall ¥,. Entfainment
on. the opposite side will cause the jet to switch
over to become attached to wall W, The physi-
cal relatronshlp which occursin accomphshmg the
switching functions is that of momentum intex-
-action between the control jet stream-at 'C; and
the main Jet/stream at nght -angles toeach other s
dn'ectlon offlow. The fluid amplifiér is properly
.called an amplifier because the switching of the
main jet-stréam whith has mgh momentum can
‘be -accomplished "by a control jet stream with
relatively low.momentum. The ratio of momenta
or gain of an amplifier can-be ag;high.as 20 or
above, depending.on. design requirements. The
higher the-gain, the less stable- the attachment
of the Jet stream-to the attachiient wall.

The proportional fluid amplifier (Fig. 8-1(B))
has no attachment walls The main jet stréam
flows in a symmetncal pattern through the noz-
zle to the vent so that no output is provided-at
either condiit O, or 0, when there is'no con-
trol jet-siredmn in either conduit C, or«C,.When
a control Jet streaxr is apphed at C the main jet
stream will be’ deflected toward output conduit
0, in proportion to.the momentum of the con-
+trol jét stream. Correspondingly, the output jet
stream through-conduit 0, will be proportional’
to the deflection of the main jet stream. Ina sim-
ilar manner, an output jet.stream in conduit O,
will be caused-by a control jet stream in conduit
C,.

AA fluid oscillator can now be made up-of-a
fluid circuit using these two. components as

8-2

{A).DIGITAL

(B) PROPORTIONAL
Figure 8-1. Schematic of Flueric Amplifiers

shown in Fig. 8-2%. The lower portion, of the
circuit consists of & proportxonal amphfle;t having
sonic feedback paths P, and P connected from
the proportional amplifier’s om.pl,.cs 0, and 0,

to its control ports: C, and C s+ The purpose of
the sonic feedback paths is'to make the main jet
strearn oscillate from -gne output port to the
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other. The rate of oscillation depends on-the
speed (somc velocity) at which- the portion of
the- output jet strear travels through the feed-
back. path: back to interact with ;the main jet
stream, -causing it to deflevt «¢ the-opposite out-
put port. For example, when the jet stream 1s,

-deflected to 0, of this proportional amphfxer,

the portion of the Jet stream in the feedback

.path Py, which-is causing the deflection then.be-

comes zero <However, the-main jet'stream being
deflected over to 0, now provides an output to
path 0, end feedback>path P, ."Part of this out-
put is now diverted .back along p 4 to interact
with the main Jet stream, .causing the main jet
stream to oscillate to the opposite side. The fre-
quency of the oscillation is‘directly. proportional
to the velocxty (speed of sound).of the outputs
in the. feedback paths.

The outputs-of -the -proportional-amplifier in
Fig. 8-2 drive a.digital amplifier so that the out-
puts from the proportional amplifier are con-
nected directly to the coﬁtrol@ports of the-digi-
tal amplifier. In'this manner, the:main jet stream
of the digital amplifier is switchedto follow-the
oscillations of the proportlonal amplifier. The

purpose of connecting the two types of amplifier

in tandem is to provide an cscillator (the com-
bination) which has an oscillating frequency that
is relatively insensitive to variations in the com-
mon supply pressure (S, - S,) The proportional
amplifier will mherently increase its oscillating,
frequency with increasing pressure, and the digi-

% _oureurs ©

DIGITAL AMPLIFIER
ATTACHMENT WALL'(Wg)
GAS SUPPLY (Sp)

VENTS-

PROPORTIONAL
AMPLIFIER

"~ VENT

GAS SUIPLY (S,)
-~SONIC FEEDBACK PATH (P, )

Figure 8-2. Schematic of Flueric Pressure-
compensated Oscillator

tal amplifier will decrease-its switching frequency
with- increasing pressure. In-addition;.a small de-

gree -of. compensation for tcmperature vanatxonx

is- obtained' with the combinations, As a result,
variations in the-frequency. of. osclllatxon are +10
percent for-variations in ptessure from 6 to 18
psig ‘and temperature variations .from: —65° to
165°F. )
Although the accuracy: of this oscillator is suf-
ficient for some safing and afmj\ng applications,
other applications often-require a gréate'r degree
of acct.racy,,partlcularly over the above military.

température range..An oscillator,-which:is insen-

sitive to both pressure and temperature varia-
‘ticns. is descnbed\m par. 8-2.2,3..This oscxllator,
which utilizes an R-C-R (res1stance-capacxtance-
resnstan(,e) feedback network, exhibits frequency
variations of less than +1% over the above pres-
svre and temperature ranges. -Even-greater accu-
racies may be achievable with simple moving part
types of oscillators. i

The -binary counter or frequency -divider for.

+he timér can’be-built up from a number of flip-
flop- stages A completv counter. stage is:shown

in Fig. 8- -8%. The ports Bj () and Pgy, .are used’

to preset the'counter. If this'were the flrst stage

after the -oscillator,, then the’ outputs- from- ‘the

oscillator would be- connected to the two control
ports.I, p) :and' Iy (p) of the buffer amplifier.
This. would ‘¢ause the main jet stream' of the
‘buffer amplifier to switch back and forth be-
tween its two attachment-walls at'the same fre-
quency as the oscillator. One output of the
buffer, amplitiér is vented so that pulses are sup-
plied to input I, of the Warren loop:at half the
frequency of the oscillator. The outputs O, )
and:Qpy) of the jet stredm of the counter are
connected to the two control ports of the buffer
amplifier of the second stage in the same manner
as the outputs of the oscillator are connected to
the first 'stage. Similarly, the second stage is con-
nected to the third stage, and.so on until the
last stage.
The operation ‘of the counter-is as follows;
A jet stream of gas, supplied by pressurized gas
ifrom power supply S, , is caused to flow through
the orifice and will attach itself to one of the
walls, Fig. 8-3 shows the stream attached to wall
Wacw) after being switched by the buffei ampli-
fier-signal applied at input I, . When the buifer
amplifier signal is removed from input I, a par-
tial vacuum will now be formed at the attach-
ment wall Wicw) (Bernoulli’s principle), causing

8.3
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an entramment flow of .gas from- the control

pokt of the wall Wy, around the Warren
loop in a clockwise direction. When a signal:from
the -buffer: amp‘mer is’ reapphed at I, it follows

the preferred direction setup-in the Warren loop
[clockwise)and causes the mam streamsto switch
to Opewy - When the buffer amphfler -gignal is

reinoved, the entramment flow in :the Warren
loop: will reverse ‘to ‘a couinterclockwise direc-

-tion. The.buffer amplifier sigiial, when reapplled

will be directed around the "Warren. loop ‘in a
counterclockwisée dlrectlon and. sthch the main

stream back: to 0, () » a8 shown in *Flg 8-3.

Oxiw)

ol

Each counter stage receives pulses at. a specific
frequency,, divides that frequency by two, and

-provides pulses at this reduced frequency 1o- the

next counter stage which, in-turn, repeats the op-
eration. For-example,.the first counter stage-re-

ceives.an' input of 640 pulses per second from-

the oscillator.. 1t divides-this frequency by-two,
pfoducing.an output of 320 pulses pér second

which are provided-as input to the second stage

of the counter. The second:stage:similariy pro-

-vides pulses.to the third. stage-at a frequency of

160 pulses-per.second, and'so on.
While other devices are required-and:are heing

Og(w)

Paw)

DIGITAL AMPLIFIER

Paqw)

- WARREN LOOP

BUFFER ‘AMPLIFIER

VENT

VENTED
OUTPUT

VENT

Waiw) 5\

Late) ?g

/

Sp

& Wa (w)

INPUT
CONTROL Ipg

'Figure 8-3, Schematic of Flueric Counter Stage
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~ SETTING GAS: SUDPL‘I""‘*\

- SETTING. CARD:

POWER'GAS SUPPLY
OSCILLATOR

-Ournw poRT
GAS.

‘ BINARY COUNTER
(12 STAGES)

&= VENT ponTS
) ~AMPL. POWER JET
|~ AMPLIFIER. PORTS

- R

‘ aVOI.UME 5 CUBIC INCHES

FLIP FLOP “SETTING: 2 0200 SECONUS
 POWER JET |

\FREQUENCY DIVIDER (5 STAGES)

~ 0.1 SEL INCREMENTS

Figure 8-4; *Flueric Timer

developed for a complete arming system, those
discussed dbove are- the basic building blocks.

Fig. 8-4® shows a timer constructed from: units.

of this type while Fig: 8-5% shows sample ele-

ments used. The oscillator of this timer has a fre-
quency of 640 pulses per second. The oscillator:

is followed by 18-counter stages. However, the
first 5 stages-are not settable -and act as a’fre-
quency divider. The last stage is always.set one
way because, when it switches, it delivers its
output to whatever functxon the timer is to trig-
ger. In between these two end packages are 12
settable binary-counter stages. The counter can
be built up so that if n counters are connected in

series; the output frequency of the final stage-is-

reduced by a factor of 2" over the frequency
provided to the first stage by the oscillator.
Therefore, if the frequency of the pulses pro-
‘vided by the oscillator to the first stage is 640
pulses per second, .the .frequency of pulses. sup-
plied by the seventeenth stage .to .eighteenth
stage, causmg the eighteenth.stage to provide an

output, is 640 divided by 2! 7 ,or0, 0048828125

pulse per-second, or approximately 200.seconds

per ptlse. The 12 settable stages can be set by

means of a card which allows a preset signal to be
applied to the desired control ports and blocks

the preset signal-from the remaining ports, Any
time from 2 to 200 seconds can be preset, in this
manner, in '0.1-second increments.

Thevolume of the flueric systemeis 5 in.® of
which the timer (1/2 x'3/4 x 1-1/4 in.) accounts

‘). R

~Farnd - P

Ko
OSCH.lAIOR ouT PUT 10 OSCILLAIOR

OSCIL{LATOR
AMPLIFIER

PLATE DIGITAL

’ROPOR!IONAL

COUNTER PLATE

0 SEPAKATION
AMPLIFIER PLATE FEED MEMORY
& NPUY BACK LOOP ;
SEPARATION OSCILLATOR OSCILLATOR
PLATE SEFARATION FEED BACK LOOP
OSCILLATOR’ PLATE

Figure 8-5. Sample Flueric Timer Elements
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,for about.’1/2.in® ‘while aif supply system occu-
pies the restof the space.

82:2.3 Relaxation Osciilator

A relaxation oscillator'(Fig. -8:6)? is_besically
an. R-C-R feedback type; some of the fluid from'
the power jét is returned- to -the control port

through the- feedback networkzcausmg the unit.

toxoaclllate The amount of fluid entering the ca-
pacltance 18 -determinied. by. ;the xesistance R, ,

-placed in the upper portion.of. the capacitance;.

and the fluld leaving. it by the resxstance B,
located at the bottom of the' capacitance Hence,
R,, R,, and the capacitor volume determme the
filling time o ‘the cagacitance; whlch will i in: turn
determme the frequency -of che oscillator:

The oscillatory mode-is excited- only for pres-
sure ratios for whzch the jet spreads to occupy:

the full w1dth of the output channel. This, i is nec--

essary to achleve -a feedback process that wﬁl in-
duce: osclllatlon The spreadmg of the: ‘power jet

is a function of the- -Anput:pressure-and the pres--
-sure-of the field into which it is operating. If the

pressure at-the outpui: of the oscillator is atmos:

pheric, a high pressure at the mput isrequired to

achiéve the pressure ratios-necessary, for oscilla:
tion. Such behavmrsls normal and.is charactens-
tic of jet ﬂow

v o e

F:gwe 8-6. Fluenc Relaxation Oscillator

In this-particular case, the oscillator exhausts
into.a binary device, (Fig. 8-7)° which has a pres-

-sure below ambient in its interaction region: The
amplifier control srea sets a fixed load on the os--

R - Lo N . PR S

cillator cutput which causés a-back pressure: The

back: pressure-induces-the- oscﬂlator “power Jet to-
;spread and’forces a portion to feed back into the-

R-C R’network mntnatmg oscxl‘ahons

The bmary amplifier-and. the oscﬂlator have a
common»supply so that a. change of mput pres-
sure .in .one is- accompamed By a change:in the
other.. Thxs -action:is needed because some of the

:increase in flow thtough the oscxllator» nozzle-is
conveyed to the lower pressure ‘region in the-
‘binary amplmer controi ports.

In addition, theé "binary - amphﬁer .is.provided-

with a-set of bleeds, located.in the separation
reglon The function of the bleeds is'to exhaust
any increase in back pressure that arises, when the
amphfler is’ loaded “The.binary amphfner isused

as'a buffer. because «n appreciable gain'is needed’
to amphfy the oscxllator output.

The: compensatlon in-the network takes place

.as _follows:. As the temperature rises, the resist-
ancé of the - network increases,:causing- the bias
flow to diminish. ‘If this increase in resistance.

were the only- change in: the network, the fre-
quency ‘of osclllatxon would drop However,the
tank capacitance decreases with higher tempera-
ture with a consequent rise in frequency. Hence
by adjusting the size of the resistances and:vol-

-ume of.the. capacltance so that one compensates

the other, temperature insensitivity can be
achieved: Pressure independence is achieved.in-a
similar manner. With proper design, temperature
and pressure msensxtmty can be achieved simul-
taneously. As a result, variations.<in the fre«

‘quency of osclllatlon are +1 percent for varia-

tions “in the frequency of°30-psig-and-tempera-
ture variations from. —65° ‘to 200°F.

8224 Arming Considerations

Thie size limitations that fuze arrning devices

place upon the designer create a special problem
with ‘respect- to flueric systems, namely, the.

problem of the power source. To drive a flueric
system, one must have a reservoir of fluid-of suf-
ficient size to delivér the proper amount.of fluid
for the desired period of time. Most of the pres-
ent thinking has resulted in the use of self-
contained’ pressunzed gas bottles, If times are
short and space is not too critical, then gas bot-
tles are-a valid solution. If times are longer and

space problems are critical, small volumes must’

be used-with the fluid at high pressure. Since op-
erating pressures for typical miniature flueric
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‘RELAXATION - OSCILLATOR CM‘A;II’OR TANKS

“ASSEMBLY

BLEEDS

COMMON- INPUT
UD‘PLY

R=C-R OSCILLATOR

BINARY'-AMPLIFIER

‘Figure 8-7. Flueric Relaxation Oscillator-and Digital Amplifier

.devices are 1/2 to 20 psi, rather sophisticated:

pressure régulating equipment would. then be

,requ;ed

One of the more promising possibilities -for
military applications is to-make use of ram.air
after the projectile starts moving. This source of
enetgy will be widely uséd withixi the atmosphere
on,gprojeetile‘s with velocities in excess of 400 ft.
per sec.

Table 8-1'° compares ‘the fluidic .approach
with the other: logic .and control' techniques.
Problems still remain. in fluid systéms,. but the
promises - of -flueric -systems-appear-to- outweigh
their .problems and to offer an effective timing
and control mechanism for. fuze application.

82,3 PNEUMATIC DELAY

Arming delays can ke achieved using the prin-
cipleof a fluid dashpot. Industnal dashpots-often
.use oil in a plstonocyllnder anrangement where
the oil is bled through-a small orifice or through
a.porous member. Oil dashpot units-cannot be

,applied to fuzes because of leakage problems.

and variations in time with temperature. When
air is the fluid, leakage is eliminated, and vis-
-cosity changes can be mlmmxzed by various de-
sign features,

8-2:3.1 .External Bleed Dashpot

Fuze, XM717 is one of a family of single-
action, superquick mortar fuzes that has a siider

assembly: which provides for. an: armmg delay

-after firing. The delay, 1-1/2 to 6 sec, is achieved

by an external -bleed dashpot'®. The fuze is-
shown-in Fig. 8:8!2, After the setback pin (not
shown i in-this view) has moved rearward and the.
bore-ndmg pin (G)has been ejected, the slider (F).
is driven into the armed posmon by a musjc-wire
spring. However, shder motion is-retarded: by‘the
cap assembly.. This assembly consists. of alumi-
num cap (R), aluminum plug (S), and a-sintered
monel alloy restricter .(T). A rubber O-ring.(U)
is-fitted on the slider'to provide a seal so-that air

-can- pass -only--through-the-restricter. -A--plastic

disk covered with pressure-sensitive tape (V) pro-
tects the restricter during shlppmg

The present design was empirically developed
for interim-use due to the need of mortar fuzes-
with a delay function to provxde for-the safety of
mortar crews. Additional developmental work.is
required ‘to improve its storage-and temperature
characterlstxcs.

8-2;3.2 Annular Orifice Dashpot

An annular orifice dashpot is shown:in Fig,
8-9'3, The “orifice” is<the minute clearance be-
tween piston-and cylinder. By selecting materials
for piston and cylinder having different thermal
coefficients of expansion, the orifice will change
with.temperature, thus affording a means of ap-
proaching a ¢onstant flow in spite of air viscosity
changes with temperature' *, A glass cylinder can
be accurately producéd-and the piston can -be

8-7
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;ground from ceramig-or metallic materlals
‘The piston is pushed by .a.spring. The holder,
of srl'cone rubber or 3polyethylene, ‘holds and:

. seals the parts. Models. havé been made from-

1/8 in, -diameter and 1/3 in. long to 1- 1/2 in.
dlameter and 6 in. long: Timeé delay varies be-
»tween 011 second and one-hour, The -dashpot
has .been used in experimental. fuzes and is
planned for incorporation in Fuze, XM431 for
the 2.75-inch rocket! 5.

A - STRIKER

B - SPRING

€ - -FIRINGPIN

D .. HEAD

E-PIN .

¥. - SLIDER

G - SAFETYIPIN

H - GUIDE-PIN

J - DETONATOR

- - BOOSTER 'LEAD .
‘L - TFTRYL BOOSTER
-PELLET

RESTRICTER
- "0" RING
'L SEAL

......

v
~S
T

;/\M \ g

A DER /

o
PISTON

{A) Betore Delay (8}:4tter Deloy

Figure 8-9. -Pneumatic Dashpot for Arming Delay
Theory of operatlon is baséd on the com-

pressible flow of air through the orifice. The
annular orifice, in this casé, acts the same as a

rectangular -duct :of the same d'nensxons, ite.,

‘width -equal: to clearance and length equal to

cxrcumference The. clearance

C,’II r 121) 3.1/3
h = fe————ee |
t (P 2 - Pf 2) ]
where h is the.clearance from piston.to cylinder,

in.; g is the viscosityof the-air, slug/ft-sec; r is
<the radxus, in;; Lis the, ‘ength of air-travel, in.; P,

(8:1)

-s-the:pressure in thescylinder, psi;: P is the am-

bient pressure, psi; and ¢ is the desn'ed time de-
lay, sec.

'8-2.4 DELAY BY FLUIDS OF HIGH.VISCOSITY
8.2.4.1 Silicone Grease

_Thé}. viscosity. of silicone greases and .gums
offers resistance to motion. The -temperature
viscosity. curve of silicone grease-is flatter than
that of. other oils and gréases. In the past, use of
this .substance ‘has therefore been attempted to
provide time delay. However, the leakage prob-
lem was severe: the grease gummed up the arming.
mechanism so as:to render-it useless. This prob-
lem was overcome in Grenade Fuze, XM218 and
XM224 by sealmg a silicone gum-in a plastlc sac
made up- of heat' sealable'Mylar tape. This fuze
.provides safing, arming, :and functioning for.a
number. of grenade.,and bomblets. The fuze arms
when a specified spin rate is achieved.by the de-
scending grenade. At that -point, centrifugal'
forces disengage  from four lock welghts to per-
mit 3 detonator rotor to turm 90 to the armed
position. thus releasing the delay assembly

Fig. 8-10'¢ shows the sac and rotor delay
mechanism of Grenade Fuze, XM218. The sac

sembly, consists of a metal backing disk and a
plastic capsule, abput 3/4 in, in dlameter and’
1/8 in. thick, containing silicone grease. The
periphery and a segment of the plastic.disk are
‘heat sealed to the metal disk to form a pocket
for the-delay ﬂald The sac assembly is pluced
against the delay rotor assembly (the space be-

tween the two assemblies in-the illustration was-

introduced solely to show the -sac assembiy
clearly). In operation, the delay is obtained when
the four blades of the delay rotor, by virtue of a
torsion spring, slide over the surface of the fluid
sac, thus displacing and metering-the fluid from
one side of each blade to the other. After rota-
tion of the delay rotor, a firing pin is released to
7
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initiate-the explosive train. The design described
Was, obtamed by empirical:mieans, Tae. analysls is
.complex because. the flow:in. the nurd sack. pas-
sagés varies as afunctron of rotor: radius. Analytr-
cal techmques relating to. the interactions.of
timer geometry, srhcone fluxd proputles, and
fnctron levels have' not yet been completed.

SAc

.ROTOR *@-SAC-~
ASSEMBLY.

/ \noron‘aube'
ROTOR “DELAY ’

Figure 8-10. ‘Delay Assembly of Fuze, XM218
8-2.4.2 -Pssudcfiuids

It has been found that small glass beads flow
somewhat like a fluid. Hence, their use Has been
:investigated for arming delays and safety detents
in fuzes and S&A’s'7°2°, Glass beads-are em:
ployed as follows: Motion.of a piston caused by
acceleration .is regulated by the flow of beads
through an- orifice. Either a central holé or:the

Aannular space surroundmg the piston-can.serve as

that orifice,
.Glass 'beads have the advantage that their op-
eration is much less temperature dependent than-

‘that” of ‘true fluids. Glass*bead  delay-mechanisms-
have been successfully: tested in mortar ‘fuzes

with launch acceleratrons from 500 to 10,000 g.
Other glass bead safety switches have been used
in missiles and rockets under accelerations of.
10-50 g.

Factors that affect the- ‘performance of glass.
bead accelerometers include:

(1) ‘Orifice, piston, and ‘container configura-
tions

(2) Bead size and'material

(3) Bead shape

{4) Moisture content

(5) Surface lubrication

(6) Electrostatic charge

No design parameters ‘have been established
for the size relation of orifice, piston, and con-
tainey;. past designs have been empirical.. Beads
of approximately 0.005-in. diameter formed

8-10

from. crown:-barium type- glass have 'been used in

thiese -devices. It.is ¢ritical thet beads are near
perfect spheres or they tend to mt.erlock ‘Pre-
conditioning of parts-and* assembly areas with
controlled at mosphere ‘are required to exclude
moisture which-causes. sticking. Properly apphed
dry surface lubncants such’ as molybdenum di-

‘suplhrde, improve performance Atlow. g valuel,,

difficulty ‘has been experienced*with:static: elec-

dricity. -Genérated by the rubbing beads, ‘#tatic

electricity- tends to-'make the beads stick ana
impede  flow. Sllver platmg the glass beads mate-
rially.- 1myroves the dlssxpatxon of statlc charges

8-3 CHEMICAL ARMING DEVICES

Chemical reactions are-used to-provide heat,

16- dissolve obstructors, ‘or "to-activate-electrical:

batteries. The first -example, heat processes, in-

- volves explosive reactions described in par. 4-2,
~and the-last example,- -electrical battenes, is-de-

scnbed in par. 3-4.3.3.

Time. borpbs may contain a chemical long:
delay fuze. One form.contains a liquid that dis-
solves.a link in order to release a firing pin: Thls
is usually-termed a functlomng delay. The liquid
is kept in a glass vial that is broken to activate
the system. Fig. 8-11 iliustralés a system .in'
which a' plastic collar is dissolved in acetone so

that -the firing-pin will slip through and strike

the detonator.
This delay is relatively s1mple to build but the

-time mterval is hot .consistent because the rate

of reaction is so strongly-dependent.upon ambi-

ent temperature Further, if the solutron is:

stlrred or agxtated the reactlon rate mcreases,

= ==}~ SPRING
i‘::—_:§ =] - ACETONE
= F
- - ° =
SOLUBLE = | ‘L =F
PLASTIC =% =
RING = o =
M
1\ \F!RING
STAB ‘ PIN
OETONATOR

Figure 8-11. Chemical-Long Delay System
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and ifthe original .concentration. varies, the.re-

action:rate varies accordingly. For simple reac-
tions, the Aixrhenius' equation is a4 good approxi-

nation for the rate of reactlon2 !

{ = -H/RT
K=K, o

where- K in reactions/séc and /l in cal/mole
are constants R is: the: umversal gas~constant,
and T is the. absolute tempetature For first
is approximateiy 10 re-
actions per second- and for second: -order ‘re-
actions it is about 10°, (A fu:st order reaction is
one in whlch the rate of reactiou i is. dnrectly pro:

portional to the -concentration of the reacting,

substance. A second order reactlon is one in
whgch the rate of reaction depends upon the

.concentration of two reacting substances:)

_ For first order’reactions, the-concentration I
after a-time ¢ is

° (8-3)

.where f‘o in moles/cejsec is the initial concen-
+tration and K is.given by.Eq. 8-2. Although these:

equations are valid, they should be used only as
an apptoxlmatxon Then, empirical methods
should be employed to set the dimensions. These
tests .involve measuteme_nts of, concentratlpns
which can be done in any of the following ways:
(1) measuré- the solution concentration-by quan-

. -titative-chemical--analysis- (the-most reliable-but

expenswe), (2) measure the volume. of gas pro-
dticed (simple but-greatly affected by tempera-
ture); -(3) correlate.the:concentiation with light

-absorption (continuous measurements), (4) meas-

ure the density -of the solution (comparatively.
sm1ple and widely used}, (5) measure the -re-
fractive index {continuous and not too depend-
ent upon temperature), (6) measure the viscosity
of the solution (slow, inaccurate, and incon-
venient), and (7) -use radmactlve ;sotopes as

‘tracers. (expensive and notas wellknown). Once

the -rate of reaction is detérmined, thé approxi-
mate delay time may be found by calculations.

8-4 MOTION-INDUCED ARMING DEVICES

Moving arming devices.are possible in certain
cases. They require high relative velocities or

(8-2)

signals.
guided missiles: in which other signals are re--

very strong. interactions. They ‘have- been used

mainly for the initiation of fuzes but they could:
be .applied’ to arming. process. Also commands-

could be-relayed to _munitions:to control their
fuzes
FI ECTROMAGNETIC INDUCTION signifies
that an electromotive force is-inducediin an elec-
tric circuit when the magnetw field., about. that
cifcuit is changed. ‘The basic equation is.
do

E = -N=

P TS (8-4)

where E ¢ 18 the induced voltage, in volts; N:is the
number-of. coils of wire through. which' the mag-
netlc flux ¢, in webers, changes.

"This is useful in_sea mines as shown.in Fig.

'8-12.'The earth s magnetic ﬁeld is shifted by the-

iron ship-so. that the magnetxc flux threading the
coil is’ changed as-the ship passes over the mine.
The electnc voltage mduced in <he coil actuates
a sensmve relay which closes the detonator ﬁnng
circuit. (Sée also par. 3-4 3.2)

COMMAND FUZE S operate by réceiving sig-
nals from an operator. For example,-harbor de-
fenses have been operated thusly; an observer
notes when enemy ships pass through mine fields
so thathe may explode the mines by remote con-
trol (see par. 13-3).

Munitions are sometimes opérated:-by. radio
Usually, this method is reserved. for

ceived via radio-as-well as arming and initiating
signals.

.
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PART THREE—-FUZE DESIGN

INTRODUCTION

There-are féw,..1f-any, meclianical devices for
commercial -or ‘military use that must satisfy as
‘many stringent requiréments.as the fuze.for am-

muniition. It must not.only withstand the rigors.

‘of:transportation, field storage in any:part of the
world, and launching under a multitude of condi-
tions, but also.it' must function as desighcd upor

the first application of the -proper stimulus. From:
the gssembly line at the loading plant until uses

on ithe battlefield, the -fuze must Le safe to
handle.

Thus, the fuzé designer’s.problem-is.twofold.
He must d851gn a fuze that first will.amplify. a
sm’lll stlmulus 50 as to detonate a hlgh exploswe

will contain a,safety.mechanism so as-to.prevent
premature functioning as described in- -Part 'T'wo.
In Part Three, considerations for fuze demgn are

discussed and then appliéd-to simple ‘but repre-— -

sentative fuzes. Subsequent chapters are devoted
to sample designs of specific fuze featur/es -and-to
fuze festing:

It should be stressed that the- examples given
aré not meant to restrict the.principles-to the few
described. That is, examples of sliders and rotors
are given for fuzes of spin-stabilized munitions,
but' such fuzes .are also armed and functjoned-
with-sequential arming leaf systems, setback ac-
tuated deices, and clockworks, To avoid repe-
tition, different items hdve been.discussed with
various munitions to cover as-many types as
possible.

CHAPTER ‘9
‘CONSIDERATIONS IN. FUZE DESIGN

9-1 GENERAL

A designer’s ability to develop a fuze is con-
tingent on his knowledge of exactly what a fuze
‘must do and of all énvironments to which it will
‘be exposed II‘he purpose of this Chapter is to dis-
cuss the more basic safety and énvironimental re-
quirements; to present.a general plan for the
major phases of development from first pencil

sxetch to fmal fuze acceptance for production;

.and"to illustrate the,sequence of design and thé
application of the principles developed in'Parts
One and Two.

9-2 REQUIREMENTS FOR A FUZE

Fuzes are designed for tactical situations. They
are used with various series of ammunition items;
artillery projectiles, aircraft bombs, sea mines,
-small arms, rockets, and guided missiles. Each
series has its own set of tactical requirements-and
launching conditions which govern the final de-
sign of its fuzes. Within a series of ammunition
items (artillery projectiles, for example) a fuze

may be designed for a spécific round that is used:

with one particular weapon.or it may be désigned
for assembly to any one of a given type-of pro-
jectile, say all HE projectiles used for guns and
‘nowitzers ranging from:75 mm to 175 mm and:
8 inch. The first:fuze satisfies a set of specific re-
quirerients, whereas the second must be opérable
over a range of launchmg conditions, muzzle ve-

locity of 420 fps: (105 mm howitzer) to 3000 fps

(175 mm gun). In addition,.the fuze is designed
for different tactical situations—for ground de-
molition- (on the surface or after target penetra-
tion) or for air burst.

These illustrate the scope of target and firing
conditions. that may dictate design considera-
tions for .only one series of ammunition items;
similar lists could be made for the fuzes of other
series. Therefore, before undertaking the develop-
ment of a fuze, a designer must be thoroughly
familiar with the tactical requirements of the
fuze and the conditions prevalent i the weapon
concerned.

All fuzes, regardless of tactical use, must
satisfy definite basic requirements of environ-
ment.and safety.

9.1
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_- 82,1 ENVIRONMENTAL FEATURES

Tactical requirements vary :for specific fuzes,
but every fuze-will undergo a nuinber of-environ-
.mental conditions:from -assembly to.use. While
all fuzes do not undergo the sameé environmental’
conditions, the more common- areas' have-been
standardlzéd and grouped' together for c¢onven-
ience!. Accordmgly, the specifications for new
vfuzes can be written simply by teference. The én-
vn'omnental conditions influence choice of mate-
rials,; method of sealing-and’ protectmg the fuze,
Jayout and desngn of component ‘parfs and

-method of" packagmg Many of -the. widely used:

features: are mcluded in. the following list (for.
more details, see pars. 15 3 and 15-4):

(1) OPERATING TEMPERATURE The fuze
must withstand temperatures ranging froin an air
temperature of 125°F (ground temperature of
145°F) in-hot-dry climates to an air temperature
of —-50 F (ground temperature of —65” F) in
cold climates! - Températures can drop to —80°F
in°bomb-bays of high flying dircraft, and aero-
dynamic. heating can raise the temperature of
‘missilés launched.from-high speed-planes above
145°F.

(2) STORAGE TEMPERATURE. The fuze
must be capable of -withstanding storage temper-
atures from =70 to 160°F and be -operable
after removal from' storage'.

(3)- HUMIDITY. The fuze must withstand
relative humidities up to 100%?2

(4): RAIN. The fuze muét function as in-
tended even when fired in a rain storm.

(6) WATER. The fuze -may, in certain in-
stances, be required to be waterproof, showing
no leakage, and be safe and operable after immer-
sion-in ‘water at 70° * 10’F under 2 gage pres-
sureof 15 * 5 psi for one hour.

(6) ROUGH TREATMENT. The fuze must
withstand. the rigors of transportation (mcludmg
perhaps parachute: deuvery), and rough handling,

(7) FUNGUS: The fuze must be able to with-
stand fungus growth.

(8)- SURVEILLANCE The fuze must remain
safe and operable dunng and after storage in a
sealed can for 10 years (20 years are desired).

9-2.2 GENERAL SAFETY FEATURES

The basic mission of-a fuze is to function re-
liably, and to:receive and amplify a stimulus

9.2

when subjected to the proper target.conditions.
The tactical situation often requires:the use of a
very sensitive éxplosive train—one that responds
to small impact forces, to heat, or to electrical
energy. Another of the designer’s important con-
siderations is: safely in-manufacture, in-loading,
in transportation, in storage, and.in assembly to
'the munition. In some cases,-the forces against
which-the fiize must be protected may be greater
than. the target stimulus. Safety then is a real
challenge for the designer. No .phase can-beig-
norec because an unsafe fuze may beeome a
subtle weapon for the enemy.

A fuze designer knows the saféty require-
‘ments; these govern the approach he takes. At
each step-in design-and development.of a fuze,

he-must be conscious. of -safety. Safety apphes~
not only to the complete fuze but also to each:

step during processing and assembly of the vari-
ous components of the explosive-train, If the
requisite detonator cannot be manufactured

safely, then the design of the fuze- -maythave to-

be changec:

"Safety enters every facet of fuze and compo:
hent development In addxtnomto the broad as-
pects, there are safety features-in.fuzes that are

mandatory, desirablé, or' both. Frequently, the.

desirable features can: be included at the de-
signer’s discretion without interfering with the
basic design. It should be noted that these
‘“extra” features represent the demgners com-
petence and-ingenuity.

A .cardinal requirement for ali fuzes is that
they be detonator safe, i.e,; functioning.of the
‘detonator cannot initidte subsequent explosive
train components prior to armmg An inter-
rupted. explosive train (mechamcal separation) is

the basic method for attaining the.detonator safe

feature. Examples are out-of-line eleinents such:

as a slider or a rotor. The interrupter should.

have'a positive lock while in the safe position.
The detonator must be assembled’in the safe po-
sition so thatthe fuza-is safe during.all final as-
sembly steps and durmg subsequent -handling.

Artillery projectiles, mortar projectiles, and
rockets must-be bore safe . The fuze must be so
designed that the detonator will not initiate a
burstmg charge whlle the projectile .or rocket is
in the launching tube. Hence, it may be neces-
sary to add a device to delay the arming of the
fuze until after the munition has left the
launcher,
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The fuze fus* never remain-in the partially

armed position. As soon as the force that caused.

partial arming is removed, the fuze must return

to the unarmed position. For example, if a fuze-

that became partially armed’ during transporta-
tion<were loaded irio a gun, that fuze might be
neither bore safenor.detonator safe,

Fuzes must haveitwo tndeperident saf g feas
tures whenever po»slble, either of which is.ca-

pable of preventing :an unintended detonation.

before the munition is projected of emplaced.
The phxlosophy is:based-on thie.low. probability
that two features will fail elmultam.ously Af pos-
sible, both.safing features should-be “fail safe”
and-each should be actuated by a separate force.

The safety requirements for Army fuzes are
contained in a MUCOM Regulation® while those
for Navy fuzes aré contained in a MIL-STD*.

An .arming indicator is an example of a de-
sirable safety feature for fuzes.if it can be seen in
the assembled round. The indicator clearly shows
whether the fuze s safe or armed. Some bomb
fuzes and safing and arming devices'aiteady have
this feature, and.it is becoming more popular for
other fuzes. An anti-insertion feature is also con-
venient. in the field. Some fuzes- cannot be in-
serted in their fuze cavity unless properly
adjusted. ’

Some fuzes and fuze .components are assem-
bled in.production by mechanical spin‘assembly
equipment. To insure that spin-actuated fuzes of
37 mm and above are not armed by this opera-
tion, the fuze must at no time be spun in excess
of 300 rpm nor can the:fuze be accelerated to
300 rpm in.less than one second® Thus the de-
signer must insure that production methaods can-

:not compromise -the safety featurés of { .uze,

9-3 STEPS IN'DEVELOPING A FUZE

Development of.a fuze is considered successful
and complete -only: when pilot lots have passed
all tests and the fir.. .nas been accepted as 2
standard item ready..for mass production. Many
steps are involved between the fir~¢-preliminary
sketch and' the- production of standard fuzes.

“Throughout development, the designer must-con-

sider a myriad of details at each of four basic
phases: (1) preliminary desizn and laycuty(2) di-
mensional design and’ calculations, (3). model
testing and revision, and (4) final ucceptance,
safety, and'proving ground tests.

AMCP-706-210

93.1 PRELIMINARY DESIGN.AND LAYOUT

Many times; tactical:situations:in ‘he field es-

tablish ‘the need.for a new fuze or a revision of
an existing fuze to.extend the use or lethality. of
a weapon. In either case, the first step;in‘the de-
velopment of a fuze.is a thorough analysis: of
what firing conditions the fuze will encounter
and precisely what ‘the fuze must do. “Further-
more, the fuze designer should maintain -(lose
liaison. with- the designers of the complete
weapon systeny just. in- case specifications are
changed. It is discouraging buttrue that impor-
tant chianges have gone.unnoticed until it was all
but too late.

A good fuze design includes the followmg
features: (1) rellabxhty of action, (2) safety in
handling and use, -(3) resistance to.damage in
handling and use, (4) resistarice to deterioration

in storage, (5) simplicity of construction, (6).ade--

quate strength in use, (7) compactness, { 8) safety
and ease of mgnufacture and loading, and
(9) economy in' manufacture.

With the knowledge of what the fuze must ac-
complish, preliminary sketches.are prepared to
depict the coraponents of the explosive train and
arming revice.

Present manufacturi. g policies dictate layout
and design of all components. A design, even in
the preliminary stages, is subject to severe criti-
cism if’it is.not kept in mind that parts must be
mass produced.economically.. For assembly ‘line
techniques, the comporents.of a fuze must be
relatively simple, difiicult to omit or malas-
semble, and, of course, safc to handle.

9-3.2 - DIMENSIONAL DESIGN AND CALCULATIONS

After the preliminary design. has been ap-
proved, the required e}'cplosive train has been es-
tablished, and the.basic arming actions have been

selected, the detail drawings are prepared from.

which prototype models can be made. Materials
are considered. As was done in the prehmmary

stage, all tactical, environmental, safevy, and de-

sign requirements for fuzes -are reviewed criti-
caily. Other similar fuzes already’in production
should be examined for typical parts that might
be used interchangeably (screws, shafts, and col-
lars); this step frequently reduces manufactdiring
costs.

At this poini, the designer evaluates forces

9-3
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acting' on the fuze, selects materials, and. de-
termines component sizes. External forces to
which a fuze may be subjected are shocks and vi-

brations that occur/when a-fuze is transported or

when a(.cxdentally dropped. Acceleratmg forces
on different fuze parts occur during launchmg
(setback), during flight ((‘entnfugal and creep),
and- at the target (impact).. All these ‘forces the
fuze must-bé able to withstand withcut changing
its operatmg charactenstlcs Forces must bs com-
puted in detail. Fmally, -the choice-of materials
and dimensions for the parts depend-on elastic
modulus, stretigth, corrosion resistance; machin-

ability, availability in. times of emergency, and’

cost.. During this phase, performance is calcu-
lated and reliability is estimated.

Secondary effects that might necessitate a
change in shape or ‘balancing of parts-are reso-

nant vibration frequencies, Coriolis effects, .and

overweight. Those who are familiar with hand-

{ing, storage, and tactical requirements may sug-

gest other changes
“The fmal drawing-board layout should include

-different views, so that mterferences may be de-
‘tected:and the correct motion of every part may

be assured. The failure to make such checks is

often responsible for costly delays in the model:

shop- and -in scheduling’ proof tests. See also
Chapter 14 for additional guidance on design
details.

93.3 "MODEL TESTS-AND REVISIONS

The complexity of forces acting and the strin:
gent.requirements imposed on a fuze.emphasize
the need for extensive tests after the prototype
or inodel has been fabrlcated The actual schedule
used and the number of items tested for evalu-
ating"a fuze design depend on the type of fuze,
severity of requirements, available time and
funds, and related factors. On cne hand, the
evaluation must be reliable. On the other hand,
it must be realistic, must permit design revisions
at various stages of testing, and must allow short

-cuts when indicateu by the particular £pplica-
tion. The tests are described in- more detail in-

Chapter 15 on Fuze Testing.

While .most tests are perforined on the com-
plete assembly of the prototype fuze, mode!l tes»l,
during the preliminary layout stage can be most
helpful .and may save many headaches. For in-
stance, a novel idea for an arming action could be
evaluated’ by subjecting the pertinent compo-

9:4

nents- {0 the required setback and -centrifugal
forces. Model tists of parlial assemblies and sub-

-assemblies in the early.$iages of development will

often reveal' flaws that.are not evident on the
drawing board.

Model tests at.each stage and detailed layouts
of the design are important [or the successful de-
velopment of .a fuze. They permit early.evalua-
tion-and revisicn of component parts before the
design has progressed to the advanced stages. It
is possible that a change i one componert might
précipitate .a- series of: changes ‘in other -compo-
nents that are already being fabricated ‘in the
model shop.

9-3.4 FINAL ACCEPTANCE, SAFETY, AND PROV-
ING GROUND TESTS

A fuze that has passed all of the preliminary
model tests satisfactorily is ready for rigorous
safely and surveillance tests and for proving
ground acceéptance tests. These are genpxauy\ner-

‘formed on samples selected from a pvlot lot,.and-

thus are nearly representative of’ prodpctlon
quality. The safety and surveillance tests are
described-.in pars. 15-3 and 15-4.

The only completely reliable test for the éffec-

tiveness.of.a fuze is the firing or proof test that
is made under actual conditions of use. The fuze,
if it functlons, is destroyed henée, desngn fea-
tures must be judged gocd-or bad by the applica-
tion of statistical analysis. The: evajuation of a
proof test is extremely important. Sometimes

‘the results are surprising and perhaps-discourag-

ing. Accumulated tolerances and compromises
by designers of other components-of the weapon
system (projectile, gun chamber, and propellant)
cause the operating conditions to differ ‘from
those on which the fuze designer’ based his calcu-
lations and. thus can cause -malfunctions. This
should encourage the fuze designer.to learn more
about the complete weapon system and to main-
tain closé liaison with the designers of the other
major components to arrive at-a well integrated
system.

The proof test may indicate the need for basic
modifications to the fuze or an area for compro-
mises so that the fuze can be tsed througheut an
ammunition series. Linewise, the pilot plant.pro-
duction run may suggest other refinements to ¢n-
hance the ease of manufacture. These changes
must be made and evaluated‘by additional model
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and . firing tests. In the end, the success of the.de-

sign depends on-whether the fuze is practu.dl and
its cost- rcasonable

9-4 APPLICATION.OF ‘FUZE-DESIGN PRIN:
CIPLES

A review of .the foregoing parts of this Hand-

book shows that .concepts. and formutas have

‘been presented: for-functioning.and arming of a
fuze. The-purpose now is to- develop and 1llus-

trate the.rudiments-of a design procedure. Such
a procedure could be -illustrated in two ways:
(1) the volurminous notes, sketclies, calculations,
and:drawings of a fuze could be edited and tran-
scribed' as an example® or (2) a commentary on
the }nghllghts of a step-by- step development of a
fuze could be presented; The latter has been
chosen. The discussion will tredt the problem-as
though it'applied to a.new.fuze for-a new weapon
system.

The fuze selected for.development-was chosen
for its-simplicity. It illustrates the design princi
ples.discussed above and-lends itself readxly toa
step-by-step presentation: However, it-does not
necessarily meet all-of the current fuze require-
ments-nor use the latest avaxlable components.
Hence, the following presentation serves as a
sample--design procedure rather than asyan ex-
ample of-current fuze'design. Design features of

— = ~ -~

a current-fuze are summarized.in par, 9-4.4.
,9-4.1 REQUIREMENTS FOR-THE FUZE

A new weapon system can evolve in.one of.
-two ways. Either a combat element determines
a.need to meet certain tactlcal situations or it
capxtahzes on a bnllxant idea (desagns in some
cases) for a new. weapon. In either case, the tactl-
cal requirements-provide the input-data for ex-
tensive ballistic studies: from which the general
size and shdpe of the complete -projectile or
missile are derived. Assume now that-a fuze fora
Pprojectile is"i:e'quired. With scale factors in-hand,
the. theorist allows.space for the fuze based on
-existing standard projectiles. (He has already es-
tablished the outsidesurface of’ the fuze by- fix-

ing length and fadius of the ogive. ) All these.are-

shown on what s termed a cahber drawing of the
prOJectﬂe, Fig. 9:1. At the same time, the theorist
‘has calculated the'amount of high exploswe to be
carried by the projectile, Additional data avail-
able are ballistic curves for the weapon in' which
the projectile will be fired (Fig. 9-2). From

these, the fuze designer.can determine the forces’

available durmg pro;ectlle travel in- the gun tube
and-at the muzzle. The tactical use establishes
the minimum arming:distance,and’ how the fuze
should function.
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The requirements. ‘which govern the fuze de-
éign for-the ilhistrative example are summarized
in Table 91,

In addltlon to -the specific tabulated require-
ments,vthe desxgner miust keep in -mind the gen-
eral requxrements (par. 9-2) and.the acceptance
tests (pars. 15-2 to 15-5).

The fuze designer has his assignment; the re-
quirements -have been outlined. In-essence, ‘he

has -been’ handed a chunk of:metal with’the limi-

tations shown in Fig..9-3. Into. this space he must
fit'explosive train and arming mechanism.

9-4.2.DESIGN CONSIDERATIONS

The- first step is to make a series of sketches,
-of whlch Mg, 94 might-be one, to illustrate the
components of the.explosive train. It is firstnec-
essary to apportion the. available. space among
‘the components. At least a bGoster charge, a dét-
onator which can be moved away from the open-
ing- to the. booster charge, an ariming devxce, and
the firing pin are -required. Thus, the design of
the fuze will'include three-basic subassembhes-—
booster assembly, detonator assembly, and mx—
tiating assembly—all of which must bé fitted into

<o EEE TR e Py

TABLE 9-1. REQUIHEMENTS AND DESIGN DATA
FOR SAMPLE\FUZE

From the Ballistic Curies

Maximum Gas Pressure 40,000 psi
Gas Pressure. At Muzzle 9000 psi
Muzzle Velocity 2870 fps
Rifling Twist I tum in30 cal
Bore Diameter 1.575.in..(0: 1312 ft)
Projectile Weight 1.9851b

-Ot her
Arming Distance “Bore-safe
Booster Pellet Material. Tetryl
L{‘ype of Tnitiation Impact
Functionipg Actiori PD’?SQ

L
»

e

the space allotted ThlS space can bé machmed

.out-of smgle block for:the fuze or it.can be gen-

erated by assembling: Separate -pieces: For- this
small fuze; a dié .cast ‘block may be cheaper to-

.manufacture- than any other. type. Then for con:

venience in the loading plant; booster, detenator,
and mmatmg assemblies should be-encased: in

A
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Figure 9-2. Ballistic Drewing for 40.mm Gun
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NOTE: ALL DIMENSIONS IN INCHES

‘Figure 9-3.. Outline of Fuze Contour-

their .own housings.. A descnptlon of these as-
sembhes follows.

9-4.2.1: .Booster Ascembly

The booster :assembly includes the booster
pellet the booster. cup, the lead,.and a closing
«disk. From start to finish, the desigrer must al-
ways consider, in addition to fuze functlonmg
and -operating requirements;. the manufacturing
and loadmg technigues that are in common use;
One: :may.decice that:5.4.grams of tetryl ata den-
sity+ 0f0.057 lb/m are required:to initiate the
burstmg charge®. For best-output, the lengi;h to
diameter- ratio- should be greater than 0.3 and
less than 3 (see pat, 4-4.4). Two standard tetryl
pellets (each 2.7-grams, 0. 56.in, in diameter, and
0.42.in. long) could be used. This.will still leave
enough space for a stab detonator between firing
pin and booster. )

The above figures-are based on the assumption
ithat the péllet is allowed:to extend into the pro-
jectile cavity to increase the reliability of ‘initi-
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PELLET

Figure 9-4, ‘Preliminary Space Sketch

ating the bursting charge. Enough space must be’

‘provided for metal side walls on the booster:to

properly confine the explosmn )

Since.the booster-should be held in a’housing
as described above, Fig. 9-5 shows the fuze-with
the: booster péllet -encased in a cup that.is
screwed into the fuze body. Since the cup is:
open end out, a closing disk has been placed over
the output end of the booster to retain the tetryl

‘expiosive filler.

The bottom of the booster cup at the input
end of the. booster, however, must have a thick
wall, so that if the detonator should ‘explode
prior to arming, the booster wﬂl be- -adeqnately
protected For mltlat)on at the target stimulus
when the detonator is aligned; a small central
hole is plerced in the cup. Another. complica-
tion now arises: -the detonator cannot reliably
initiate the booster if the gap (hole through the
booster cup).is to0o.long. To assure reliability of
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the explosive-train,-the same.type-of explosiveas
the booster-pellet, tetryl, is inserted in the hole
to.carry the detonation waveto-the booster. 'l‘hls
is termed-a- lead 'I‘lns component is initiated by
ffie detonator and’leads the. detonation into the
booster.

"9-4:2.2* Detonator Assembly

In this simple fuze, the detonator converts tfle

kinetic energy of the:firing pin into a:detonation
wave: Thus a stab detonator is required that will

be sensitivé:to the results of the expecled target

lmpact and yet will have an- output; -that will're-
liably initiate the tetryl booster.

In accordance with. the desire -that standard’
:componems be- used wherever possible, a-stab

detonator is sought that will ‘fulfill the require-
ments. For example, the MARK 18 MOD 0 stab

.detonator has.an input sensitivity of 24 in.-oz.

The explosive .components part of ‘the Army-
Navy-Air Force Fuzé Catalog® and the volume
on Explosive Components' list additional -data.
Output is given as an indentation -of i least
0.090 in, in a lead- dlSk This output -has -been

shown ta be sufficient to initiate a tetryl booster

and the input sensitivity is' great enough for this
fuze (shownlater),

In order to provide detonator safety, the deto-
nator must be moved. out of, line with the lead.
A simple-device for doing this is a: disk rotor that
carries the detonator In the unarmed position,
the explosive train is completely mterrupted be:
cause the firing pin is blocked from the detonator

and the detonator output end is not close to’ the

lead. In the. armed position, the disk will* be-ro:
tated so that- both‘ of these safety precautions
will: be: remeved: Fig. 9-5 shows these featires.

‘The rotor -diameter must. be just larger than
the length -of the detonator (0.41: in.), and- the’
rotor thickness. (the detonator has a diameter of

‘0.11 in.). must surround ‘the detonator thh

enough material to provide adequate gonfxnve-

Amentw(_s‘ee'pz}r. 4-3). Thése considerations fix the.

dimersions of the ‘rotor. Detents are added to
hold the disk in the unarmed position; the detent
springs are-held.in place by the detonator assem-
bly housing shown.in“¥ig. 9-5.

Flg 6-14 shows a representative disk rotor.
The approx1mate dimensions-of the rotor will be

DETONATOR ASSEMBLY
HOUSING

DETOMATOR

| ROTOR

DETONATOR H .
ROTOR HOUSING

; g///'7~

gy ASSEMBLY g5
w4 v W s e e
’ ‘—4;;1 ASSEMBLY : 2_' .E% . BOOSTER
: HH TR = 11 cup
; - M HT [ 1 F T d s
¥ L %tt: -L:E:E-, - [ s ad i-l:r:- -
. i g S —avsrer
rH ::iﬁ HE=T s i. TR <
kgt i =1,

*CLOSING DISK

(4) Front View (B) Side View

Figure 9-5. Booster and Detonator Assemblies
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i ,f se]ecj:edas 7/16 in. in diameter and 5/32 in. ‘Table 9-2 lists the various moments.of inertia

thick in-order to. properl'y House the-detonator,
Rotorvmatenal is selectéd on the basis of den-
sity, conﬁnement and safety An alummum alloy
that can be die cast would be conveniént.
Next the designer determmes the arming
Limits, Whlle in theory a ‘fuze-arms. at a certain

'mstant in practlce, allowances-must be made for

dlmensxonal tolerances and variations in friction.
Hence, both minimum -and ‘maximum. arming

limits must ‘be selected. The specified arming

levels are converted intoé: units-applicable to the
particular desxgu, sich as setback or spin- levels

The minimum arming level (must-not-arm- value)«
must be suffluently hlgh to assure'safety. durmg.1
~handlmg and testing. The maximum arming

level (must-arm value) must be well within the

.capability of the weapon .and must fulfill: the

stated..requirement. The spread between these
two values must-be. reasonable from a viewpoint

-of manufacturmg toleranices. Expenence dictates
which of the many- valués'that meet these broad:

hmlts are optimum,

For the sample projectile, the spin at the'muz-
zle is found from F.g 5-5 as 730-Ips or 44 000
rpm. Reaaonable arming hmlts based on -the
above conSIderatlons, would be 12,000. and
20, 000 rpm..

With .the equations in par. 6-5.1, the time to
arm (the ‘time for the rotor to- turn..into. the

-aligned position) is calculated For a first approx-

imation Eq. 6-46 may be solved for ¢ by negléct-
ing friction.. This value should be the minimum
arming:time.

Note. from Eq. 6-46 that the time to arm de-
pends only upon the ratio of .the. moments of
inertia of the-disk. However, dens1tvels not an ig-
norable factor. The individual moments of inertia
depend upon density of rotorand its comiponents.

for the .rotor and ils parts as calculated. by the

.usual’ formulas. By using Eq.’6-46.with 0, = 55°

and 0° = 0, the-limeto arm at the spin for;,;he
muzzle velocity (Table 9-1) is found.to be.about
8 msec. ‘Since the friction present always de-
creases the-velocity as-evident in Eq. 6-47, the

dime to arm will be greiter tha'l 3.msec. While

the lcad weights decrease the arming. txme, they
also increase the stabxhty of the rotor in the
armed’ position which increases.the rellabxhty of
the fuze to initiate the bursting charge.

To. restrain the disk in the unarmed’ pqsitipn',
detents are inserted that are held by sprmgs
If friction between detent and rotor hole i is.con-
sidered neghglble, these $prings are set with-an
initial -¢compression equivalent to the centnfugal
force produced by the detents-at the minimum
spin to arm. At the latter spin rate the detents
will ‘be in equilibrium whijle at any higher spin
rate they will' move radially outward to release
the rotor. Eq. 6-17 «definas. the motion for the
detents. 1I'wo.items are important: (1y the spring
force increases.as the spring’is compressed, but
the centufug'll force i increases at the.same- rate;

therefore, once the part moves it will continue-

to move radially outward;.and (2) the fnctlonal
forces arise from the torque induced in the rotor.
The resisting torque on tlie rotor is represented
by the second.term on the left-hand side of Eq.

6:45. From the ‘vanie of .the. dlSk assemblyin-

Table 9-2, the torque is found to.be'3.72 x 10"
Ib-ft and the ‘frictional force on .each detent is
0.15 1b. The centrlfugal force on the detent,
weight 4 grains, is calculated from Eq. 5-11 as
0.37 1b.. The initial spring load, according to Eq.
6-17° must be at‘least 0:22 1b to prevent arming
below the spin of 12,000 rpm, The spring design
is explained in par. 10-%.1.,

TABLE 9-2. COMPUTATIONS OF:-MOMENTS OF INERTIA, Slug-F¢?

J L 1, I, - I,
Solid disk 1.174x 10% 1.042x10® 1.042x10® 0x10?
Hole for lead 0.078 0.082 0.0092 0.073
Hole for.detonator 0.151 0.014 0.151 -0.137
Hole for detent 0.0046 0.0032 -0.0019 0.0013
Disk 0:830 0.836 0.858 -0.022
Detonator -0.0954 0.0106 0.0954 -0.0848
Lead weights 0.322 0.340 0.088 0.302
‘Disk assembly 1:569 1.527 1.029 0.498
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:9-4.2.3 . Initiating Assembly

Thxs assembly, saown in:Fig. 9-6, contains the
firing. pm, the firing pin extension, two. detents,
a firing pin housing. :andithe Bpll‘al spring: Ore
notes -that the fmng pin+ wﬂl be subject to.rear-
ward motion on setback. Smce this is highly un-
desirable: (the point will be damaged), some
‘means are usually: provided to' prevent such-rear-

ward. motion, Fig: 9-6-indicates two hourglass.

shaped detents between firing pin shoulders and
‘container to prevent rearward motion. These

detents are subject to the. saine consnderatxons as’

rotor detents ‘relative to: length and clearanoe
(see par. 6-4:1). The hourglass shape providesa
more positive lock than a cy_llnder because set-
back -tends. to:cock the detents to restrain their
‘motion. 'I‘herefore, these detents will be'released
-at a:higher spin than-the rotor detents This ar-
rangement assures :that the fmng -pin cannot
move.until the detonator -has rotated into line.
Once ‘the setback acceleratlon is removed the
detents are free to move radlally outward just as
the rotor detents are

For this geometry, a spiral (Wwrap-around)

FIRING -PiN
"EXTENSION.

(o
A B \
/Y.

b #FIRING PIN'
/)

% .

SPIRAL _/‘_"’“‘*T“' X
SPRING :J ! y D PN l,\DETENT

‘FIRING PIN
HOUSING

| SRR

Figure 9-6. Initiating Assembly
9-10.

spring is convenient to hold the firing pin: det-
ents.inward. See par. 10-3.2 for the- caiculaixons
appropriate for sucha spring.

Ercm the specmcatxons provided for the ogive
shown on Fig. 9-3, an enlargement of Fxg 9-1,it

8 noted that the.nose of this particular projectile
is rather long Hence, the’ designer should use.a
'hght firing pin in order to decrease the inertial

éffects. A plastxc fn‘mg pin- extension on -the
metal’ firing pin will*suffice if the two. parts are
ngldly connected to prOVIde for oblxque impacts.
The firmg pm ltself can be reduced to a welght
grains,

Will"this-firing pin assembly provide the neces-
sary .24 in.-oz to imtiate the detonator” One

.could calculate the ‘kinetic energy for a reason-

able firing, pin vélocity, say 130 fps, making the
necessary assumptions, for: friction. ini the firing.
pin motion for both.-square and obhque im-
pacts. However, such computatlon 4s not of
much value: It is more reasonable to assume
that the firing pin stops (in effect)} on impact,
and that the énergy of the prOJectlle is available
to fire the detonator Hence, the. detonator has

‘a satisfactory.input sensitivity for this fuze.

9.4.3 TESTS AND REVISIONS

Finally, the design .shown in. Fig. 97 is
derived. Parts.are manufactured and assembled
into the fuze. The design must now meet. proof

st .standards. Whetr the fuze-passes the appli-
cable tests of pars. 15.2-to 15-4, the designer
has: achieved his goal.

9-4.4 DESIGN FEATURES OF CURRENT FUZES

9-4.4.1 Example.of Current Fuze De:ign

‘Fuze, XM539E4, is, a point-initiated; base-
detonated fuze for the XM409 HEAT Cariridge.
It has few moving parts (no clockwork), as-a:
matter of fact, ‘has few total parts. It meets
stringent safety requirements-through mechani-
cal and electrical safety. It i§ spin armed and has
delayed arming. The point-initiating element in
the nose is ‘the 'piezoelectric Power .Supply,
XM22E4 (see par. 3-4.3.1).

The fuze is shown in Fig. 9-87. During storage
and handling, the explosive train—that consists
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of:the XM65 Electric Detonator, alead, and the
booster . pellet—is :interrupted by the out—of line
position-of the rotor: The‘rotor is lockedn the
out-of-line, or unarmed, position by two.-op-
posing and spring-loaded .delents that engage

SRE ) F\ g into holés at each endof the fotor.
/ o Two set screws serve as thrust bearings on the
\ énds of the rotor shaft. A return arm assembly;
[V W—— = consisting of a weight brazed to the return frame
© OETONATOR is pivotable abouit a return pin and is held against

Asseuay the rotor stop pins-by the rotor return spring.

, . All are contained:in an aluminun die-cast hous-
N ing that in turn-is contained:in the body,. and
A held by the booster cap assembly. A plastic’
plate carrying the rotor stop, terminal post, and.
‘contact leaf is held between body 'and rotor

housing,
Assewy Centrifugal force, gerierated by the. high spin
velocity .of the projectile, acts on the detents
foréing-them to move radially outward; unlock-
ing the rotor. Setback and céntrifugal forces;
also acting on the return weight, -cause the re-
turn arm' to ;pivot away :from the rotor. The
rotor is then: free to afm. Spin forces acting on.
the dynamic unbalarice of the rotor induces the

5

W Eow n
jansek PR uR] ssesy L
T+t ¥

o

ROTOR-HOUSING BOOSTER:DISK
SPRING PIN- - ‘~BOOSTER PELLET
N (AusNME T)°
o ISEMBLY woes YMes Ei.zcmc
) : e : LETONATOR 9’
ROTORRETURN. . . e
WEIGHT 7 - * oot . Q
. PLATER,  jacinne. - CONTACT,
: MACHINE: . | SEMBLY v
. SCREW: As“ _\0 = v
TERMINAL POST ) N “a
ASSEMBLY. A . g '\
. A3 . \——LEAD CUP ASSEMBLY

TERMINAL INSULATOR \°
' - ';;- ROTOR RETURN PIN

+—SPIN DETENT (2
- SET-SCREW P @

| (YHRUST BEARINGI2Y o
“USPIN DETENT

72

_ROTOR RETURN :SPIN:DETENT WASHER(2)
FRAME l 6 (2)
= ey, AN
A\ Y SPRING
\ PLATE X RoTOR STOPI(2)
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X CONTACT LEAF ASSEMBLY

\ (FUZE ORIENTATIOM

: TERMINAL POST

Figure 9:8. Fuze, PIBD, XM539E4
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rotor to rotate -until the detonator contact is-
against the stop, and ‘the .detonator is aligned

“with the lead cup. In-this position, the detonator

makes electrical connection with' the contact

’ieaf ‘Electrical’ energy. transmitted froin the
‘nose:element upon irapact or graze initiates the
-detonator that-propogates: fhrough the.explosive

train:
The return: arm will return the rotor in the

-event that-the fuze does not function if the spin
-drops below 2000 rpm. This-i -nsures against fiting’

of a preatmed: fuze and provides for safe disposal
and handling, of. spént prOJectxles that were nct

-destryed by ‘target impact.

9:4.4.2. Example of Rain Inseiisitive Design

An. effective empirical rain desensitizing fea-
ture for point-detonating fuzes:consists of a re-
cessed cavity in front of the superquick element
(which consists of firing pin, firing pin suppott
cup and a detonator).as shown<n Fig: 9-9. The

:head. assembly is the one used ‘o make Fuze,

M557A1EL rain insensitive. The: cavity dimen-
sions can be varied so.as not to seriously .affec:
fanctioning against normal.targets.. Difhensions
of the cavity illustrated are 1/2 in, diameter and
3/4 in..deep. The-recess is baffled by three cross

bars of different depths and:orientations:in the.

holder. These bars effectively break-up rain

WA =

DITONATOR SITAINING SEatw- o, hssmmy e
M24 BUTONATOR ==
/ HEAD
v / R CROIS BAK HOLDIR
¥ wd . Sy Ea WAt

o

CUSHON

HOING PiN wnouJ _/ k.
-MIRING PIN Aumsu
wdisse /

\.- CROSS BAR (31

:Figure 9-9. Head Assembly for Fuze, M557A1E]

(Rain Insensitive)

drops' 4 mm and larger in diameter and’reduce
their momentum.to a level sufficiently belowthe
threshold energy for initiation. Four drain holes,
spaced equally around -the base of the cavity,
expel by centrifuge action any accumulation of
water.

'This type.of-head is-also effective in desensitiz-
ing fuzes for more effective penetration of jungle
canopy. In this type of environment, the bars
and. the recess -serve to- cup up- all foilage,
branches, etc:, encountered, filling the cavity

while providing a delay .beneath thé canopy.

When the cavity is.completély filled, the fuze
functiois.in the regular impaet riode.
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= CHAPTER 10

FUZES LAUNCHED WITH: HIGH ACCELERATION

| 101:GENERAL

As stated in.par. 5-3, munitions. are launched
with a. high.cr-slow acceleration. Mumtxons are

'norma}ly called pro;ectlles if fi red- from guns,.

howitzers; and zecoilless rifles. The .projectiles

~p¢uts must wzthstdnd great setback forces and
=yet retain their operabxlxty This requires strong
‘parts. Whlle the projectile is in the gun tube; set-
-back forces aﬁl> parts rearward-along thé muiiition

axis, Motion -in the tangential-dizéction-for both
armmg and functioning can begm -when the scl;-
back accelergtion is sufficienitly reduced after

»the prmectlle leaves the miuzzle. Mechamcal
arming and percussion initiation are the. sxmplest:
for the fuzes,

This Chapter contains design exanmples of parts:

found i in projectile fuzes Springs;-rotors, sliders,
16ck pins, and sequential leaves aré typical parts.

"10-2 FUZE COMPONENTS FOR FIN-STABI:

LIZED.PROJECTILES

Fin-stabilized projectiles either-do not spin-at
all’or spin at a:rate below that required to stabi-
lize projectiles. The centnfugalfforceoAactmfleon
the fuze parts:cannot:be used: for arming because
they' are not- suffxuently dlfferent from those. of
normal handling. ail fins on, these pro_lectlles
prevent tumbling; f;mng fhght A1 ming is-accomni-
plished by means of springs’ and’ ‘Initiation by, the
effect of ‘target 1mpact The spnngs may :move
sliders, hold lock pins;-or turn rotors. Each must
be designed according to its purpose.

10-2.1 COIL JPRING DESIGN

One comqur;problem» fop a fuze designer-is
that of designing-a spring ‘to support & certain
load Usually the designer calculates the-load and
then fits a-spring into the available space that will
support - that load. He-determ.ges wire size and
matérial, number -of. coils, and free héight neces-
sary to fulfill the requirements. An approximate
design is made that may be modified later, if nec-
essary. The following example .illustrates the
procedure.

10-2.1.1 Restraining Motion

Assumg the following problem: Desxgn a
striker- spring for:a fuze head assembly as shown
in-Fig: 10:1. The spring-is required.to prevent the
forces experienced in ilight (exterior ballistics
forces)+from driving lhe {iring ,Jm info the deto-

-nator until the target i struck. .z Approximate di-

mehsions.aré.scaled from fhe outsxde d:mensmns

-of:thie head.

r\'*'ﬂh}!lﬁfﬂ!{'

~STRIKER SPRING,

ERING ¢ P
PIN !D\JS X
p!“

\-stamen

Figure 1041, fﬁg’z’ga Head Assembly

The drag force-on the striker is calculated by
‘Eq. 53 in which. k -OSo d -082m pe=
0.0806 lb,‘ft3 y-and the veloc;ty, = 700 fps. Hence,
the drag force i is 2.0 1b: Note that; because of the
streamhmng of ‘the- prolectllm the -overall drag
coefuuent 50,066 -for-the 60 mri Mox’cal Pro-
jectne, M49A"‘ To prevent firing | pin; motion, a
:ﬁnng\pm spnng must be.designed to have an ini-
tial compressxon load-of at. 1east 2’. 9 1b.

If a-helical wire. spring.is’ used,;the wire diam-
eter may be es!:xmated from the: empmcal formula

] (10-)

d = 3/ =, in.

’ 0.37
swhere F is the'lvad'at solid! hesght say é‘b dis

the mean. diameter of the sprmg, in.; and 7is the
safe:shear stress'in the wire, pSl I‘rom Fig, 10 L
the allowable mear diameter is 0. §5 i in, Lot this:

be d and the allowable stress be 90, 000 psi. Eq
10-1 indicates the wire diameter to be:0.049in.

Although. the spring formulas take intc .ac-
count-only torsional stress, the stress caused by

10-1
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transverse shiear may be accounted for by in-
cluding -the Wahl factor A . This correction fac-

.tor depends upon the ratic of the mean diameter

of the spring to.the wire diameter.
‘For this spring

Codid, - 13 (10-2%)

The Wahl factor K is estimated from

K 1'7 6.36 0.5 ;
K, = l;—C—fF-%r—:;— (10:3)

so that K = 1.12. The designer calculates the
actual. cheéar stress under the given load by the
equation

8FdK,

7d3

T o=

»

which-is within.the allowable limit.

Theé following.parametérs.are needed.to com-
plete the solution:

(1) Pitch py-of theunloaded helix. (0.14-in.)

8Fd

Ph= o=y d + h,, in (10-5)

G'dY

where-h_ is:the clearance between coils (usually
10% of the wire diameter or of the first térm of
Eq. 10:8) and G’ is the shear modulus of the
wire;

(9) Number of active coils ‘N for a closed
end coil®

=

5.9 1 1s. .
N= 2, coils (10-6)

"d: )
where h_ is the solid height, 0.60 in. (the hnlght
at- loadzmmua the dead coils d1v1ded by the wire
dlameter plus the clearance). For this case, N is
13 active coils;

'(3). 'Free height: h of.the coil (1.94 in.)

hf = i\p}“ + 2, in, (10-7)

The formula:for ‘the spring constant is given-in
'I‘aole 6-1 from whlch the constant'is found to be
3. 1 Tbfin, Therefote;. if the: designer speufles an
initia! compression of ore inch, there will'be a
safety factor of 1.6 hecause the load to be re-
Sisted was -calculated. io be 2 1b. Usually a fac-

-
TS

“From Slwhnni‘c&l Springs by A, Wahl, Gopyright 1963.
Used by permissien of MeGraw<Hill Book Company.

10-2

= 80,000 psi (10-4)

tor of sifety of 2 is preferred. However, if a-high
safety factor is required; the-sensitivity of the
fuze wili. be decreased:

10-2.1.2 - Controlling Motion

Helical springs may .also be used to- control
the motion of. a mass. As.an example, tke Jock-
ing action of .a setback pmn- on. another pin w1L
'be discussed. A suggested. mter}ock is shown in
Fig. 10-2.

Durmg launching,. sétback forces drive.the'set-
hack pin rearward which releases the safety pin.
so that-the safety. pin spring can:pull the pinGut-
ward. Since the.sétback:pin is free to return fol-
lowing' launching, the- designer. must :be certain
that the safety pin moves far enough during or
just after launching to prevent the cetback pm
from re- entermg the locking hole:aftéer- sethack:
forces cease:

“The motlon of the safety pin is. controlled by
the frictional force 1 a” ,where pis thé coeffi-
cient gf friction; ¥, is the weight of the patt, 1b;
and a” is the acceleratxon g. During setback; a”1s
large.so that pif a” >°F which predicts that the
safety pin does not move dunng launching.
“Therefore, it must move fast enough after iaunch-
ing.so that the setback pin.does not re-enter the
locking hole. (This is the marginal condltlon )

Let tha design set the condition tha: th a safety
pin will move a distance greater than: 1/4 the
diameter of the setbdck pintbefore.it returns-to.
lock the safety pm "The; mass of the pin.is 0.455

x 107 shug, its spring constant is' 1.21 Ib/in., and.
the coefficient of friction is assumed to be 0.20.
This safety pin issacted.upon by the spnng, the
friction force resulting from: creep' ul a” , an&
the: frictional force fcaused by the slldeg shutter

FIRING FIN' PORT

SHUTTER .
7 / =
. / a’
et =
/ / B\ + N Aa’ 3
—T Bodsin - wWed' &
1r~ . 4 i F ‘Q
A lleoigsin  }  HWH® M
« - . .-
WIPZZ XYY A
/ > =
o P \u
SETBACK PIN I \-LEAD cavity \
{BOTTOM POSITION / .
SLFETY~PIN SPRING-
079 in, FROM & SPRING
SAFETY PIN) LSA?ETY‘PIN

Figure 10-2. Inierlocking .Pin
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pressing on.the pin. The equation of amotion-for
the pin-is-similar to Eq. 6-12 where § is 0.25-1b
and a”is 10 g. To solve for the:lime to move the
distatice v, - S, the initial compression of the
spring I must be known. This 1s typical of de-
sign problems assumptions are made, computa-
tions are performed, and:thenr the original dimen-
sions are corrected if necessary.

Hence, if x is 1.5 in. and if the pin must
move 0.029 in. (1/4 of 0.116 in.}, the time-inter-
-val will be 1.1 ~ 10™ see from Eq. 6-12. How far
will the setback pin move in this time? Fig, 10-2
shows the pertinent dimensions for the setback
pin. Let the spring constant be 1.31 Ib/in. and
the pin weight 0.0022 lb. To obtain ¢the greatest
distance that the .pin will move, lthe effécts of
friction are -neglected; in that case Eq. 6-5 will
servé-in which. ¢ is-approximate’y 0.45 in. Thus
x = 0.39 in. which 'means that the pin will move
-0.06 “in. Therefore,, the Setback piit must be
. * bottomed at-leasi-0.060 in. away.from thesafety
pin.

The setback pincwill strike the safety pinsome
time later-than: 1.1 msee, and the pin will not be
able to re-enter the hole; hence the fiize will con-
tinue to arm;

30-2.2 SEQUENTIAL LEAF ARMING.
For ‘projectiles that do not rotate, arming is

'usually accompllshed by setback forces. The mo-
tion of sliders and rotors that is impéded by eet-

back:can be:used-to- achieve:bore-safety: Acceler-
ations-resulting from a drop are higher (Fig. 15-5)

but are not sustained-as long as those resulting
from: firing (Fig. 5-2). ‘Hence, many. devices are

built to discriminate between firing setback and:

impact forces due.to drops.

Perhaps the easiest way to discriminate be-
tween -the two is.to build a device that is-actu:
ated only by the accelerations present under fir
ing conditions..:An approximation to-this accel-
ération. tan be obtained with a sequentxal Jeaf
meckanism?. The main featuxe sin its design s

the requirement of an extended accelération,.

much longer than that present.in a-drop impact
into any medium usually encountered. With ‘a
provision for-return to the unarmed .position,
this device can withistand many drop impacts
without becoming committed to arm.
Sequential’leaf mechanisms are designed to re-
spond t6 a threshold acceleration sustained for
some period of time. The product of .time and

acceleration must be greater than that resulting

from a drop but less than that produced by a

properly fir:d projectile (see par. 6-5.4),

Te three-leaf mechansm used as the safety
device in the 81 mm Mortar Fuze, MB32, iy
shown in Fig 10-3. Operation is as follows: Upon
sethack, the first leaf turns against its spring.
When it rotates far enough, it permits the second

leaf to rotate, and that in succession releases the

last leaf. The last leaf moves out of the way to
release the arming rotor.

The mechanism utilizes a large porfion of the
area-under the acceleration curve hecause succes-
sive leaves are assigned {o successive portions of
the curve (see-Fig. 6-19). Each leaf is designed to
operate at a slightly different minimum accelera-
tion:level by:using identical springs with geomet-
rically similar leaves of different thicknesses.
Each leaf operates when it experiences approxi-
mately half of the-average acceleration occurring
in the-interval to-which it is assigned For exam-

‘ple, ‘the -first leaf is designed to operate when it

experiences an acceleration of approximately
450 g for 2.5 msec. The total design wvelocity:
change is approximately 110 {t/sec.

‘The mechanisi- has been shown to be safe-
when subjected to 40 ft drops. This safety re-

~su1ts from the fact -that the 1mpact velocity in a

40- ft drop (about 50 ft/sec) is less than half the
des1gn velocity- change for the mechanism. How-

-éver, the parachute drop-imposes the moststrin-

gent requiirements on thié. mechanism®. 1t speci-
fies that thex fuze must: vnthsfand the ground im-

.pact forces that - result when: it i5.delivered by
‘pardchute. The mechamsm ‘will prevent arming

when the*ammunition:is-delivered by<a-properly.
functioning parachute ‘because the.impact veloc-
ity is less than that ‘for a 40-ft free-fall drop.

However, if the parachute malfunctions during
delivery, the velocxty change at.impact is greater
than. the-design velocxty change. It is, therefore,
p0551b1e that a’fouled parachute delivery could
produce .the-minimum desxgn acceleration for a-
length of time sufficient to arm the mechanis.

1C-3 FUZE CCMPONENTS FOR SPIN-STABI-
11ZED,PROJECTILES

The arming.operations of munitions stahilized
by spin may ‘maké use of the forces due to
the spin on the fuze parts. Sliders ¢ah'be moved
by the centrifugal force field, rotérs may be

10-3
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repositioned-by turning, and detents can be with-
drawn against spring pressure.

10-3.7 SLIDERS

Sliders form a corvenient way Lo hold the

-detonator out-of-line. Here the- designer is in-

terested -in the time -interval, after firing the
projectile, during which the fuze is safe or the
slider ha~ not moved. e caleulates this from
estimated dimensions of the slider. The time
interval requitfement may be stated in this fash-
ion: (1) the time interval for sliders must not
begm-untd after the projectile leaves the gun be-
cause the fuze must be bore safe (the separate
time delay, required. while the fuze is in the bore,
is usually achieved by setback), (2) the fuze must
not arm below a certain spin velocity (the cen-

trifugal field is too weak to cause arming),.and-
(3) the fuze must.cefin tely arn: above.a certain-

spin velccity. These concepts are discussed more
fully in'par. 9-2.2.
1f the:slider is'placed.at ati angle less than 90°

to’the spin axis, setback forces will havea com-
ponent that opposes radial outward motion of
the slider. This provision can satisfy. requlrement
(1). For a:nose fuze, a convenient angle is that
which makes: the stider perpendicular to the

LEAF-NO L8 SMAET
ASSEMBLY

/
ogive. An angle of 75° will serve as a. first ap-
proximaiion. The final angle depends on the
ratio of sethack to centrifugal“forces.

A retainer spfing can. satisfy requirement (2)
as well as the-rough handling.requirements. 1t re-
mains to adjust-the spring constant and ke posi-
lion of slider mass cenier with respect to the
spin axis, Fortunately, requirement (3) is ob-
lained with the same calculations.

Since the slider will generally continue to
move once it starts (the spring force is balanced
by the increasing centrifugal force and the ki-
netic friction coefficient is less than the static
one), the designer needs to know the conditions
under which the slider will move. Set » = *_in
Iq. 6-29 and reduce it to

W = ~kx  ~ Wa'(sind 1 4 cosd)
(10-8)

v mwtr, (cosp = psing)

For requirement (1) % < 0 for all possible
values-of @, for requirement (2)x% < 0.fore" = 0
and where » is<the lower spin specification, and
for requirement (3) ¥ > 0' where o’ is the creep
deceleration and w is the upper spin specifica-
tion.

As @n example, suppose it is desired to find’

the angular-spin velocity necessary to arm a fuze
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Figure 10-3. Leaf Arming Méchanism of Fuze, M532
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having the slider shown in.Fig.-6-7. ‘The data are
$-=15%, x = 0.300in., 1, = 0.062in., ¢ = 0.2,
and the spring constant k = 1.0 Ih/t. Table 10-1
shows a summary_of the conditions and caleula:

tions. For ¥ - 0, .ktu ¢ W’ fsnd o jreosy

A
Rw ™t (cosd = pwsind)  which implies that

ke, v Ha” t>mne « prcosd)

w? — o (10-9)

mr, (cosep = i)

The specifications state that this fuze .nust not
arm at 2400 rpm but .must arm-at 36060 rpm.
Calculations show that the specifications are
satisfied.

10-3.2° ROTOR DETENTS

Another device used in fuzes to obtain detona-
tor safety is a- spherical - ball rotor as shown in
Fig: 6-22. The ball in a spinning munition tries to
align its polar moment of. inertia axis with- the
spin-axis (see par. 6°5.7). Tlns alignmént must be
prevented’ both before fmng and until the pro-
jectile clears the gun. Usually. detents.hold the
rotor in the unarmed position. In turn ‘the
detents are held by a spring.

A 57 mm recoxlless rifle projectile will serve as:

-an example. Ballistic- constants are the following:
muzzle velocity = 1200 Aps,. weight = 275 1b,
rifling- twist ‘of 20 cal/turn, and'a propellant pres-
sure at the riuzzle of 2000 psi. Eq. 54 states
that the spin angular ‘velocity. is 2014 rad/sec
while Eq 5-2 shows that ‘the- prOJectlle accelera-
‘tion at the muzzlesis 2876 g, -

To keep the rotor dynamlcally balanced, four

cavities are drilled radially-into it for the<detents .

Because. of ‘the rotor’s small sx'f », one tutn of a
‘flat spiral spring serves to hold the detents'in the
ball. How-long should the designer make the det-
ents and’how far should they,penetrate into the

ball?

Suppoese the detent speing is a beryllium
cupper sirtp 2.505 in. long, 0.115 in, wide and
0.005 iu. thick. This L wound.into a coil 0.65 0.
in diameter when untoaded. Therefore, the rotor
unit will appear approximately as shown in Fig.
10-4, A spring stop is needed to prevent the
spring from walking around the ball,

By taking advantage of the axis of symmelry

through the spring stop, deflections need be cal-

culaled for only two detents. The deflection of
the spring at detent B will.be calculated because
if B can move far enough to release the rolor,
then 1, being closer to the open end of ithe
spring, will also release the rotor. The spring de-
flection at B will be caused by three effects of
centrifugal forces:-(1) the cantilever action pro-
duced at B by the motion of detent 4, (2) the
motion of.detent B, and (3)-the expansion of the
spring itself.

Spring an lysis shows that the radial deflec:
tion of the spring ¥g.at the detent B by a-force
F, at the detent 4 on Fig: 10-4-is

SPRING ' STOP

SYMMETRY
AXIS

Figure 10-4, Spiral Spting for Ball Rotor

TABLE 10-1. .SUMMARY OF CONDITIONS AND CALCULATIONS

General Conditions dctual Values
. Spring | a’, K, “:u{;,
Requirement x . a’ @ Arm inlse g b 1o ‘mmn
( 1)\ <0 very large seil;ack reasonable value  No No V1§,600 0 $9,000
. <0 muzzlevalue setback:  muzzle spin No No 2,500 0 25,000
(2) <0 0 muzzle spin "No Yes | 0 0.300 2,980
(3) >0 < 0’(creep) muzzle spin Yes Yes | -10 0.300 2,520

10-5
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Terms are dedined in the figure. This eguation
can be used for effects-(1) and (2) but a; «,

for effect {2). The third effeet, the expansion of

the spring Y, , is caleulated with the equalion

Y
L Lere {mc\“ (—;-—) } (10-11)
Er? -t

where
E -= Young’s modulus; psi
I, = second moment of the cross-sectional

area, in?

Iy
.

density. of the spring, 1b/f®

t

>

spring thickness; in.

r = radius of the spring loop, [t

Note that F = mrcgw'z for the detent-where
;g is-the radial distance to the ceriter of gravity
~of the detent. Fig: 10-5-8Showstwo-extremes for

“the length of the detent: The> ball dlameter is

0.563 in. and the spring, diameter is (0. 136 +
92:505)/= = 0. 841 dns Therefore, the length of

.détent extending outside of the ball; is-0. 139 in,

The-distance-to.the:centzr of mass- for:the- de’gent}
is :

= (0.281 + 2139 - ':?->; ). in. (10_12)

and

y: (l - 0.139)) in- (10'13)

where | is the length of the detent, in., and y is'

the radialdeflection. of-the detent, in.
‘Since the detént mass is m-= p LA ; the force F
is

) . AW
F=pla, <0.o353 - §> o, b (10-14):

where p is the density of the brass deteit,
Ib/in.3, and A is:the cross-sectionsl area of the
detent, in’ ’I‘hus by combining Eqs. 10-10,

10-6

F - = = D136
SPRING Y DETENY SPRING .+ DETENT
STOP Y B
‘ CsTOP M )
P ) -
s

,/}

4 .
J
SPRING

o 563 g
"\ oiam I

* BALL SPRING ™~ T BALL

ROTOR ROTOR

(A4) Long Detent (8) Short Derent

NOTE-~ ALL DIMENSIGNS IN INCHES
Figure 10-5. Effect of Detent Length

10-171, and 10-12, the-length of the detent can:he
determined as a function.of the spin velocity o
Yps + Ypg + V¢ = Ylw) (10:15)

The foliowing data apply.

@y =120°
' e =.60°
r = 0.0360't
t, = 0.005.in.
p = 531 slug/fi:3
E = 18 x 10°psi:
L= 1,2008°10% inf - i

A = 8.62x 107 ft2 : -

The expression for.l-as a function-of-w becomes

[ ~0.0116 =
90,7361 .~ 10.3812 + 0.00155) w® x 10~
(10-16)

The rotor must not arm at 2525 rpm. Hence, 1
can be 0: 246\ in. The sprihg.has been-deflected
0.432— 0. 650/2 0.107 ‘in. during assembly so
that the detent will not move- until. the spin

‘redches at least 2525 rpm: ‘What spin‘is required. -

with an initial‘spring deflection of 0.107 in. if 1 is
0.246 in. long? According to Eq. 1016, the
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detent will release the rotor at a spin. of 2560
rpm which is in the specified range.

There is one feature that has been neglected:
the torque of the ball rotor squeezes thé detents
laterally. This will' put a ‘friction force on the

-detents, which will hinder Ltheir tendency to

move outward. Therfefore, the spin- must be
greater than the value calculated to cause arm-
ing, or the length of the detents can be less. In

the actual fuze, the detent is ohly 0.208 in.

long which according to ‘Eq. 10-16 would re-
lease.the rotor at 2370 rpim.

10.3.5 ROTARY SHUTTERS

Since the bursting charges of ‘high explosive
projectiles are relatively insensitive to shock, a
comparatively powerful detonation is nécessary
to initiate them. This is provided by a booster.

For example, Booster M21A4 is used in certain

fixed, semi-fixed, and separate loading projéc-
tiles. Fig. 10-6-shows this.booster with' {wo ma-
jor parts: (1) the booster cup which. contains a
tetrylcharge, and (2)-a brass-body- containing-a
tetryl lead and a detonator-rotor assenibly. The
latter prov1des an out-of-line feature-within the
booster in ordér to make it safe, if handled’ alone.
The rotary shutter is used to pivot the deto-
nator into alignment with the other- explosive
elements in fuze and booster. The- center of’
gravity -of the rotor’is not on the-center line.of
the rotor pivot and not on- the-spifi -axis. The

.centrifugal force that is developed will there-

fore ‘rotate the rotor. Detents are~used“to lock
the rotor-in both unarmed and’armed positiofi

The shutter action is described in' par. 6-5.5
andlustrated:in Flg 6-20. The torque caused by
the: -projectile ‘spin is-calculdted with Eq. 6-56.in
wliich the driving” torque term:is~

2 rr sin"s (10?‘17’)

G= mo sTp

where m is the mass of the shuttet, slug; o isithe
angular velocity, rad/sec; ¢.is an angle, rad; and'
r and r are fadii, in., all defined 1 Fig. 6-20: In’

.order for {he shutter.to turn, G must be greater

than .the frictional torque G (after the locking
detents are:removed).

Whén the -angle -becomes- zéro, the driving
torque ceases; therefore, the detonator amust
move into alignment before ¢ becomes zero.

Fig. -6-20 shows the actual rotary shutter.of

-

A=~ BOOY J=ROTOR LOCK/PIN LOCK
0 - COVER K= CENTRIFUGAL" PIN

£—ONIGN SKIN PAPER  L—ROTOR’ PIVOT PIN 1
¥ —ROTOR STOP PIN M- LEAD
6 —DETONATOR N-BCOSTER CUP

© H=ROTOR 0=BOOSTER CHARGE

"1~ROTOR LOCK<PIN

P = CENTRIFUGAL. PIN'LOCK PIN

Figure 10-6. Booster, M21A4.

Booster,. M21A4. Basically, the.shuttér.is.a.disk. . __

with two large segments removed. Tt fits acircu~
lar cavity. The segments are cat out to create an
unbalance so as to shift the mass center to a‘point
dxametncally,opposme to the detonator. This will
insure that the detonator can move- toward the
spin axis. Since these rotors can be sliced from an
extruded ‘bar or-made by -a smtered meta.Ltech-
'mque, it is' not diffizult to produce ‘this: shape

With- ‘the limited space allotted to the rotor,r

:and r will be small (on the order.of 0.1 in.). Bq:

6-56 indicates-the torque required ‘to -accelerate
the wotor: -Suppose the frictional torque effec-
txvely acts at the center of gravity; it will be

Cf = I““ a’r p 1b-ft (10-18)

in which a” is setback or creep acceleration, and

10.7
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# 15 the weight of the rotor, b, Table 10-2 hiats
the various conditions for ¢ = 0.2

JE.the totor moves, & must be-greater than «
or

o , nLagd R (10-19)
For the above cases, = 0.22 in.and 115"

TABLE 10-2. SUMMARY OF CALCULATIONS

o,k : I T TR A E

2 ¥ . #
Seftack 20,000 0050 0.2 0.008353 L66
-Creep 10 0050 02 000833 833 10°

At what spin will this condition be true? By solv-
ing’Eq. 10-19, w is found to be 550 revisec for
setback and 12 rev/sec for ereep condifions. Thus
-the booster will not arm during setback bat will
arm orce the projectile is out of muzzle. Araing
probably occurs largely in that interval when set-
back changes to creep and g forces arc momen-
tarily zero. -

Tre order to obtain a rough - estimate of the

time to arm, the designer may use the expression.

(b, - ) =2 t? (10-20)
where (¢, - ¢) is the angular dlsp‘act’ment rad,
and the angular acceleration, (b, is assumed con-
-stant for the-time-t. From. Lq 6-56=-with the
conditions m = 0.0016 Ib.slug, ©.= 12,000 rpm,
and.]. = 1.4 x 10° slug-ft*—the uvtxal accelera-
tion ¢ is 0.154 x 10° radfsec?. If (¢, - ¢) =
1.71 rad then ¢ 'will'be 4.5 msec.

Once the arming time js found to be within
the proper order of-magnitude, the designer may
solve the problem by numerical integration or-he

may :build.a model-and test it. Usually a-certain-

amount -of computational work will. be worth-

-while;*however, ‘this- depends-uponshowvalid the-

assumptions are and how closely. the. matheinatics
‘will. describe the actual conditions.

10-3.4 SPECIAL CONSIDERATIONS ‘FOR ROCKET:
ASSISTED PROJECTILES

When .designing fuzes for use with rocket-
assisted projectiles, certain factors need to be
considered. Mechanical time fuzes for these

10-8

wunds require longer run.ing times and might
dndergo angalar aceeleratioa-dearing flight. (while
the timing nechanism is in opersiion). Also, the
levels of setback and spin in rockei-assisted pro-
jeetiles wiil normally be lower, {r the same
runges, than levels for regular serviee projectiles.

In addition fo designing the fuze so that it will
liave Lo sense two different environments before
arnung, special considerations are necessary to
provide safety in the event-of rocket moior mal-
function. Rocket mowrs malfunction if the
motor fires when it is not desired, producing a
projectile with a longer range than planned: Al-
ternatively, the motor may not fire when de-
sired, produciog a short-range projectiie. In-the
former case, asensor would.be desirable to func-
tion the projectile in the air before it passes be-
yond the infended target. In the latter case, it
would be desirable for the fuze to dud any pro-
jectile-that falls short of-the target.

10-4 MECHANICAL TIME FUZES

Mechanical time fuzes are used to provide a
presel functioning time. They are dpplicable to

antiaircrdft projectiles, ‘boml s serto-burst above:

ground, or-artillery projectiles set for air burst.
They are initiated when they are launched rather
than when they sense the target. A large number
of timing mechanisms has be€n employed in
fuzes in the past*. Note.that rocket-assisted pro-
jectiles will' require longer running times and

might undergo angular acceleration during flight
-(while-sthe -timing mechanism. is-in--operation):

For details: of -clockwork ‘design, see par. 6-6.
10-4:1 CLOCKWORK DRIVE

In current fuzes, the clockwork is driven by a
prewound clock-type power spring- (see par.
6-2.8.1):-Older-fuzes in spinning projectiles were
sometimes driven by thevaction of two centrifu-
gal welghts in.the centrifugal field produced by
thevspinning prOJectﬂe Althqugh this drive is no
longer used, it is described here to.illustrate a de-
sign-approach.

Fuze; MTSQ, M502A1,is an, example of a fuze
having a centrifugal drive: Its tlmmg movement is
shown in Fig. 10:7%. The centrifugal weights at-
tempt to'move radially thereby &pplying a torque
to the main pinion which is geared -to the es-
capement wheel and lever. The safety lever plate
locks the.escapement lever in position until the
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HAMMERS =A%
SETTING PIN —Sor ;

SETTING LUG ~—s=".J\

TIMING DISK -~
SAFETY DISK

UPRIGHT_into FIRING NOTCH

WEIGHT
N

FIRING

ARM

FIRING ARM- SHAFT

¢ FHTRIF UG th(:HT

- Lintil RN \ 4!,
, / \ \

o

s

A3V SAFETY '.EVER
2\l PLATE

1

1

|}

O
e

o .
ESCAPEMENT LEVER

FIRING PIN SAFETY PLATE o

Figuie 10-7. Tiiing Movement of Fuze, MTSQ; M502A1

fuze is spun-at a .ate approaching that produced
dunng launchn,. ;he firing pin is sprmg -loaded

but is held: i Pes mon by the firing pin- safety

plate until“the fmvw arm rotates into the firing
niotch on the timing: ~usk A setback pin prevents
premature rotationy oﬁ the firing arm shaft until
it shifts on setbag.‘ The timing disk is rotated
with respect to safet; :disg and'main pinion when
the time delay is set. .pon launching the pro-
jectile, the hammers depress the setting lug.from

the setting pin and the setback pin drops away

from the {iring arm shaft. As.the projectile spins;
‘the saféty lever plate moves-so that the escape-

ment levet is free Lo swing. Release of the es-
capement lever allowsthe centrifugal weights to
move the main pinion (the gear train is free to
move) aid hence to rolate the timing disk.

When the upright of the firing arm indexes
with the firing notch in the timing disk, the
firing arm shaft rotates and' releases the firing

10-9
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pin:safety. plate. The firing pin spring then drives
‘the‘firing-pin into the primer.

10-4.2 DESIGN OF ONE COMPONENT.

The fuze can be-used ouly in spin-stabilized
projectiles because centrifugal force is required
to drive the timing mechanism. The .centrifugal
weights, acting as the power source for the-.es-
-capement: move radially. outward: thereby creat-
ing a ‘torque on the’centrifugal gear about its
center shaft. This, gear forces the main pinion-to
turn. The torque on the centrifugal gear is ex-
pressed in-Eq. 6-56 as:

G“: m(;,?' l's!'p Sih('b (”10'21)

where ¢ is the torque on.the pivotshaft, m is the
mass of the gear segment with its center of mass
at A; the radii. r, and r, are shown in Fig. 10-8,
and d'represents the angle through which the gear
could be turned by this’ torque.

For thls gear, the mass is 0.014 slug; r ;and r i

are 0.48 and 0.16 in., respectively; and ¢ is 135™.

Let us assume -this prolectlle and:fuze are fired.
from,;x 105 min-howitzer with-a- velocity of 22004

fps.dc aspin of 225 rps (see Fig. 5-5). Thls pro-

duces an applied torque of 39.5 in.-lb. The gear’

-ratio is 275 so that-the toxque on the escapement
shaft is decreased to 0.0144 in.-lb. Howéver, be-

MAIN PINION

SPIN AXIS

INTO
PAPER
CENTRIFUGAL ~ CENTRI”FUGALX
WEIGHT. GEAR
Figure 10-8; Centrifugal Drive
10-10

cause there are friction and bearing lusses within
the ger train, only 28% of the theoretical.torque
will appear at the escapement shaft or 0.0040
in.-1b. Since two-centrifugal:gears are always used
in a drive-system of this:type, all torque values
should- be -doubled. This value is of the same
vrder of magnitude.as quoted.in par. 6-6.3 where
the cluckwork escapement is discussed. Particular
attention is given to escapements in thal para-
graph -because they represent the heart of the
clockwork.

The timing. disk .rotates with the mnain pinion
su that the centrifugal gear rotates the timing
disk at-a rate controlled by the escapement lever.
Thus the clockwork measures the functioning
delay becausecthe explosive train is not initiated
until ‘the-firing pin is released. The firing arm is
spring-loaded and counterbalan(,ed to assure that
it will release the fn:mg pin- when the firing
notch presenfs -tself.

10-5 SMALL ARM FUZES

Cal .39 and cal .50 ammunition do not'require
separate fuamg with out-cf-line detonator safety.
The quantity-of explosives and incendiary mixes
used in them is so small and the damage possible
due to propagatlon is mmlmal The chemical
compositions in these bullets react on ‘ifpact.

For example, mcend;ary, and spotting charges:

will ignite-themselves upon impact. Tracer-and
some- incendiary cartridges are ignited by the

‘propellant through a pyrotechnic: delay®.

‘On‘the other hand, 20 tnm and 30 mm rounds

~Yequire-fuzes -havirig all safety features -just-like

la.rger projectiles. There must be two mdependent
anuing -actions?. ‘Small avn rounds differ.from

Taxger cahbers in three main respects:

.(1)- -Obviously, they are‘smaller. The initia-
tion and arming. mechanisms must be compact
because little space is available for-them. Arming
devices most commonly used are disk rotors (see

Jpar, 6-5:1), ball rotors (see par. 6-5.7), and

spiral unwinders (see par. 6-4.2). While .the
booster is: small—because the main. explosive
filler is small—it nevertheless occupies a signifi-
cant portion of the space allotted to the fuze.

(2) Spin rates of small arm fuzes aré higher
than those of larger sizes: Rates of 35,000 to
100,000 rpm are communs

-(8) Small arm guzes are subjected to addi-
tional forces while being fed into .the weapon.
During feeding from magazine or belt into the

oy
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chamber of the weapon, fthe cartridges, and:
therefore the fuzes, are subjected to aceeleration
and impact in both longitudinal and transverse
direetions, High rates of fire require considerable
velocities in the feeding operation that leads. lo
severe impact loading onsudden checking in the
chamber.

Fig. 10-9 shows a typical smali arm fuze, the
20 mm poini-detonaling Fuze, M505A3. The
fuze is used in the M210 and:M56E2 Cartridges.
Its. construction is simpie--consisiing of a fuze
body with windshield, a firing pin thal shears on
impact, an unbalanced rotor that holds the det-
onator out-of-line, and a sealed booster assembly.
The rotor is restrained from tuining by a C-ring
detent that will release the rotor after setback

ceases and a spin.of 70,000 rpm is reached.

<L RING HOYOR- DETENT
IMX BOOSTER /

!
\:nmcf ;

- PERCUSSION PRIMER
SHEAR COLLAR
FIRING PIN

Y ~WINDSHIELD
Y
\pisK ROTOR

Figure 10-9. 20 mm Fuze, M505A3
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CHAPTER 11
FUZES LAUNCHED WITH LOW ACCELERATION

11-1 GENERAL

Chapter 10 discusses examples of -fuzes:under-
going high accelerations during launching, Accel-
erations on the order of 10,900 to 50,000 g and
-rotational rates of 106,000 to 100,00C-rpm are
common in those items.

Munitions having accelerations of less than
10,000 g may be classified together:for purposes
of describing the force fields useful for arming.
-Examples are-rockets, guided missiles, grenades,
and some mortar projectiles. Rockets have ac-

celerations in three ranges: up to 40 g, from 40

to 400 g, and 400 to 3000 g. The last are usually

obtained by virtue of an: assist (gun-boosted-

rockets). Guided missiles generally have acceler-
ations of less than-100 g. Hand grenades have but
a few g’s, and-rifle grenades may experience ac-
celerations up t0,1000 g. On the other hand, the
acceleratxon of mortar prolectlleSJdepends upon
the amount of charge used. Hence, their fuze de-
sign is'more conlplleafed

Therefore, the forces available .to move fuize
components for armifig in mumtlons launched
with low acceleration are smaller than those for
high-acceleration prOJeCtlleS Fortunately, the
time duratlon of this acceleration is compara-
tively long, from two to four seconds in some
rockets. In ‘these rocl’ets, accelerations 6f 90 g g
may be developed at Jaunching. The bulk of the
munitions Jaunched with low acceleration are fin-
stablhzed ‘With-a few.exceptions, therefore, cen-
tnfuga[ forces are not available for arming.

A differentiation will be made between rockets
and guided missiles. In military use, the:term
rocket describes a free fl ight missile, merely

pointed’ in ‘the intended direction of, flight, and,

depending upon a rocket motor for propulsion.
Guided ‘missiles, on the other hand, can be-di-

récted to their target while in flight or-motion,.

either by a preset or self-reacting device within
the missile, by radio command outside the mis-
sile, or through wire linkage to the missile, Note
also ‘that a ballistic missile, while commonly
grouped with- guided missiles, ‘is guided in the
upward part of its trajectory but becomes a free
falling body in the latter stages of its flight

through the atmosnhere.

11-2 ROCKET FUZES

Rocket fezes usually cannot depend upon

.spin for stabilization or arming. In general, the

fuzes in modern high-g rockets atre of the same
general type as those used'in- artillery projectiles.
Arming methods suitable for rocket fuzes are
discussed-in Chapters 6—8. Two- types of rocket
fuzes are mentioned because they are of histori-
cal interest.

11-2.1 HISTORICAL FUZES

A
)

Early ‘rocket fuzes had-wind-driven generators
or were gas armed. Wind-driven .generators de-

-pend upon air flowing past the round while it is

in flight to turn a generator which supplies the
voltage decessary for fuze operations. Wind-
driven generators. were popular for electronic.cir-
cuits contained dn low acceleration, nonspin
munltlons because they were small, rugged; and
had a long shelf life. Howevér, while. thiese gen-

-erators. were theoretlcally very suitable for.
rocket fuzes, they introduced proklems of sealing'
-and position- -dependence i in the round which have

caused.them to be prachcally drcpped from con-

.sideration. The fuze of today is entn‘ely sealed,
‘has no external pull pins or: vanes, and in-many
.cases. can be located anywhere in the round.

Gas-armed fuzes used-the pressure developed
by the rocket motor to-operate some device. For
proper design of such a-system,, one must deter-
mine the available pressure as.a function of time
in nrder to know how long:it would take:to com-
plete a given action. Gas-armed- fuzes can and

have been used-eifectively, but their use.make:
the fuze dependent on the. detailéd motor design

and closure pressure. The tendency is to-elimi-

‘nate fuze mechanisms that can be used only with

one motor and warhead. While it1s true that a
fuze, as such, is designed for.a particular round
and ogive, modern fuzes are becoming .rauch
more versatile. Hence, gas-armed fuzes are now
practicully obsolete,

111
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1122 SELF-DESTRUCTION

Self-destruction: devices -are added to- guided
missiles (and prmectrles) designed :for.defeat of
aircraft. Suchi- devices are to prevent armied-am-

‘munition from fallmg to the ground and:causing

damage-in friendly-territory. The following mech-
anisms, many of whichvare also used for arming

and’ have-been: descnbed elsewhere in: thls hand-

book, are used to provide self-destruction:

(1) An ordinary mechanical time. fuze con-
taining a clockwork that will detonate- the burst-
ing: charge:at the-end of*a preset time mterval if
the’ target range‘is foo short, the missile will ovér-
shoot, in which case the clockwork acts as a self-
destruction device (seé par: 10-4):

(2) A pyrotechnic delay eler it that is usu-

ally designed. to be initiated or.. setback with a.

separate firing' pin; the output of the delay ele-
ment ties.in with the-explosive train' (see par.
4-4. 1):

(3) ‘In case of a spinning rocket, spin- decay

devices may be used; the dévices may consist of”

sequential lever mechamsms (operated by cen-
trifugal. force), of detents -or of centnfugal
welghts that release a sprmg-loaded f1r1ng pin
‘see .par. 6-5).

(4) A barometric device which will 1mt1ate
the weapon when it has fallen belowa predeter-
mined height:

11-3. GUIDED MISSILE FUZES

Guided rmissile fuzes contain an arming mech-
ahism.and an explosive train‘just as other fuzes'.
Howsver, the various fuze compohents may be
separated from the warhead as well as from each
other. The term for the: separate arming dev1ce is
the safmg and armmg (S&A) mechanism. The i ini-
:tiation sources'may be physically. separated from
this mechanism, The S&A mechanism may also
be separated.from the warhiead, the only connec-
tion: being a length of detonating cord or an
electric cable. "S&A. mechanisms are the subject
of a ¢compendinm?.

The guided ‘missile ‘is a large, éxpensive item
with high functlonmg probability required so
that wmultiple fuzing is commonly employed. The
advantage of the multiple paths is that’the prob-
ability. of failure decreases exponentially, For
example, one warhead detonating system of.a
missile consists of two paralleled S&A mechan-

isms, each contammg a detonator. Then five:

11.2

«sion F=kxe

lengths of detonatirig cord- fitted with PETN.re-
lay -caps. connect the output-of these mechan-
isms to: three warheads. Only -one of’the paths

need’ be conipleted for successful .missile zopera-

tion.

‘Even though several-of -the-fuzes described in-

the .foregoing text might operate in guided mis-

- siles, the conditions on these: ‘mechanisms war-
rani designs peculiar to- them alone. At the:
present time, missiles are limited-to-an.accelera-

tion »f about 60.g; therefore, the arming mech-

anism must.be designed to operate with this ac-
.celeration. Although a wound spring might be

used as a source of.power, as-a. general rule any
arming system-that uses stored énergy. is'thought
to be undesirable. Perhaps t the best power source
for these low accelerations involves a time accel
erdtion integrator.

Suppose an arming device is required for a
hypothetical . missile that has the followmg char-

-acteristics: (1) it shall arm when undér.ai- ‘accel:

eration of 11 g if. this-acceleration’ lasts’for five
seconds and- (2) 1t shall not-arm when under. an

acceleratlon less than 1¢g for a period of one
second Consider the arming device shown in
Fig. 11-1. Setback forces encountered. during ac--

celeration of the missii€ apply an inertial force to

‘the. slider. Thus after a specified time, the det-
onator will be-aligned with the booster-and the*

latch will drop down to lock ‘the slrder in the
armed position. If at any time durmg this proc-
ess the acceleration drops ‘bélow 7 g, the slider
must be returned-to its inifial position by a‘re-
turn spring. Becauseé ‘of its- weight, the slider
would move too fast under these accelerations;
hence; a restraining force-is necessary.;It is-possi-

‘ble that a clockwork escapement may be used to

regulate the motion: The following data.and:as-
sumptlons will help to determine the size - -of
springs and weights:. (1) neglect friction in. the
system, (2) a‘tangential force is needed to over-
come the initial restraint -of the clockwork,

(3) the weight t6 be found includes the. inertial-

effects of: the whole system, and (4) the spring is
not stretched beyond its elastic limit.

In order to prevent r motion of the slider under

setback accelerations- less than.7 g, an initial ten-
‘ is given to the assembled spring.
The differential equation of motion can be used
to determine the restraining force £,

.u_k‘:: W= ke - F

z r (11-1)
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11.2.2 ‘SELF-DESTRUCTION

‘Self-destruction: devices are added to-guided:

missilgs (and’ projectiles) designed:for:defeat of
axrcmft Such devices are to prevent arnied.am-
‘mumtlon from falhng to-the giound and: causing
danmge in friendly territory, 'I‘hehfollowm(r mech-
anisins, many of whichuare also used for arming

and have:been desciibed elsewhere-in. this hand--

book, are used to provideé self-destruction:

(1) An ordinary mechanical' time fuze con-
taining a.clockwork-that will detonate. the burst-
ing; charge:at the-end of:a preset time mterval if
the target range-is too short, the missile- wm over-
shoot,.in which case the clockwork acts as a self-
destruction device (see padr. 10-4):

(2) .A.pyrotechnic delay eler it that is usu-

ally designed- to be initiated or.. setback with a.

separate fmng pin; the output of:the delay ele-
ment tiesin with the explosive train (see par.
4-4.1):

(3) In case of a spinning rocket, spin-decay

devices may be used; the d3vices may ‘corisist of'

sequential lever mechanisms (operated ‘by cen-
lrifugal force); of detents :or of - centnfugal
welghts that release a sprmg-loaded ﬁrmg pin
‘see pdr. 6-5).

(4) A ‘barometric device which will mltlate
thé weapon when it has fa len-below-a predeter-
mined-height:

11-3 GUIDED MISSILE FUZES

Guided missile fuzes contain an arming mech-
anism and an explosive train just as other fuzes'.
However, the various -fuze' components may .be
sepatated from the warhead as well as from each
other. The: term for the. separate arming Qevme is
the safing and ar’ming (S&A:) mechanism. The ini-
itiation sources may be physically. separated from
this m echanism. The S&A mechanism may also
‘be separated from the warhead, the only connec-
tion being a length of detonating cotd or an
electric cable. 'S&A: mechamsms are the subject
of a compendinm?.

The guided missile 'is a large, éxpensive item
with high functioning probability required so
that multiple fuzing is commonly employed. The
advantage of the multiple paths is:thai’the prob-
ability of failure decreases. exponentlally. For
example, one warhead detonating system of.a
missile consists of two paralleled S&A niechan-

isms, each conhzlnlng a detonator. Then five:
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lengths of detonating cord-fitted with PETN.re-

lay caps connect the oulputi-of these mechan-

isms to-three warheads. Only one of the paths

need’ be completed for successful missile<opera-

tion.
:Even.though several of -the-fuzes described i in
the foregoing-text. might operate in guided mis-

- siles, the conditions-on theseo mechanisms war-

rant designs peculiar to-.them alote. At the
present: time, missiles are limited to an.accelera-
tion nf.about 60-§; therefore, the arming mech-

‘anism must.be-designed to operate with this ac-
-celeration. Alt!rlougll a wound spring might be

used as a source of power, as:a_general rule any
arming system:that.uses stored energy. is'thought
to be undesirable. Perhaps the best power source
for these low accelerations involves-a time accel:
eration integrator.

Suppose an arming device- is required for a
hypothétical . missile- that has the followmg char-
acteristics: (1) it shall arm when under an-accel-
eration of 11 g if this-acceleration- lasts*for five
seconds, and- (2) it shall not-arm when under an

acceleration less than 7 g for a periéd of one
second. Corisider the arming device shown ‘in

Fig. 11-1. Setback forces encountered during ac-
celeration of the missiie apply an inertial force to

the slider. Thus after a specxfled time, the det-
onator will be- aligned with the booster: and the:

latch will drop down to lock ‘the shder in- the

-armed position. If at any time dunng this proc-

ess the acceleration drops bélow 7 g, the slider
must be returnedto its initial position by a‘re-
turn spring. Because of its' weight, .the slider
would move too fast under these accelerations;
hence, a restraining force is necessary.:It is-possi-
ble that a clockwork escapement.may be used to
regulate the motion: The following data and*as-

’sumptlons will help “to .determine the size - «of

springs and weights:. (1) neglect friction in the
system, (2) a‘tangential force is needed to over-

-come the initial restraint -of the clockwork,

(8) the weight to be found includes the inertial

effects of the whole.system, and (4), the'spring is.

not stretched beyond its elastic hmxt

In crder to prevent motlon of the slider under

setback accelerations less than. 7 g, an initial ten-

sipn F =kx_ s given to the assembled spring.

The differential equation of motion can be used

to determine the restrainiiig force I,
—;55'-.- JW < kx - Fr

7 (11-1)
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Figure .11-1.. Safing anJ.’Ar_m,ing;Mechaqi_sn:«

where ¥ is:the acceleration of the weight with re-
spect to’ the- mechamsm, a’is the acceleratxon of
the mechanism in-g, and k is the spring constant.
By -assuming that the velocity -of the weight
reaches a-steady value qulckly and then remains

.constant. until the arming process is completed a

long arming time can be realized. The expression

for the velocity * may take the form

im, (L-emt/T) (11-2)

in which the velocity is zero at t=0 and ap-
proaches v , the initial velomty, as t becomes

infinite. The time constant of the equation T _

fixes the tifie for'x toreach837% of v .’ By mte-
grating Eq 11-2 to obtain x, dlfferentlatmg dtto
obtain ¥, and substxtutmg these three (x, %,and
x)-into Eq 11-1, F, is-determined as

F = {a] W~ kx, + kvoTc)«- kv t

r

v
_(t ., AR (11-3)
g T,

This équation-contains three terms: a constant

-term as expected, a tlme-dependent term that de-
creases’ to. compensate for the increase in the

spring force, and a transxent term -that is neces-
sary to allow the wexght to accelerate ‘to the
velocity v, . The: txme-dependent force is typical
of the forces produced in-an unwmdmg clock.
Hence,. a clockwork escapement is applicable.
‘BEq.11-3 determmes the design of the clockwork.
With this force fum,tlon it will produce the re-
qun'ed arming delay

At-any-other acceleration «; ‘the.time to arm

'wxll be different. By: substituting: F, in Eq. 1.1

and using a. new:-acceleration- o] , the time o
move the. distance S may be found: by solving the
transcendental equatlon

W ik
S..—-—-(a—a)cos/;t,-—-(az.-a,)

‘-;-(;ITC

o ta v T, (e - 1) (11-4)

Since :solutions of these equatlons are obtained
by interpolation formulas it is- best to: eshmate
slider. weight-and spring: constan*s (note that W
and k always occur as-a:ratio);- then to calculate'

- -arming-time. and adjust as _necessary.

In some fiize apphcatlons, the slider.is made
light.and separate weight is coupled to it with
a-spring so-a$ to cushion the clockwork. against
shock loads. This additional sspring ¢hariges the
equation of motion for the mechanism.

An example of* this type-of mechanism is the

.Safmg and Arming Device, GM,.M30A1 shown

in Flg 11- 2; This device is, of course, much
more refined than the example cited. Some of
the data.for the above example were taken from

‘this device.

“11-4 GRENADE FUZES

11-4,1 HAND GRENADES

-A hand grenade is a munition hurled against
the. enemy. Its functlon is exploswe (blast orfrag-
mentation): or chemical (irritant, incendiary, or
smoke). Unlike projectiles that strike on their
nose, the trajectories of hand grenades are-un-
stable so that the direction of-target impact can-
not be set. They experience no -unique.forces
that can 'be-used for arming, none that are not
also present during normal shipping and hand-
ling. For this reason, therequirements for out-
of-line detonator safety and an independent arm-

ing force have been waived for all past grenade

fuzés: While there are no. present grenade fuzes
having the detonator safety features, it is highly
desirable that a practical detonator safety device
be developed -and incorporated into future de-
signs. Grenades are treated more fully in a sepa-
rate publication®.

Fuze action. is either time (4-5sec) or impact,
Impact action fuzes also contain a 1:2 sec arming

11.3
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Figure 11-2. Sofing.and,Arming-Device, GM, M30A1

delay. and.a self-destruction feature that -will ex-

plode the grenade in 4-5 sec. Since timing accu-

racy is not critical; a pyrotechnic element is.the
simplestand most widely used method to.achieve
delay The explosive train consists of a percussion
primer, an obturated delay element and a flash
detonator or- blastmg cap ‘that wﬂl detonate the
grenade. The détonator ‘base charge ‘nay be

omitted in chemical grenades where the maii

charge is merely igni‘ed.
Since. the grenade’s orientation to the target
at the time of functioning cannot be predicted,

impact action-is difficult-to achieve by mechan--

ical means. With an eletitnc detonator, dn omii-
solve this-problem, Two

trembler switches (F:g 7-1) at right angles to
each other perform the desired action; but this
arrangement:is probably too bulky. The M217
Grenade Fuze (Fig. 11-8), for example, ‘has an
all-ways ball switch. Energy is' proyided by a
thermalvbattery havmg an activation time of 0.5
sec. This interval plus that- of a thermal’ armmg
sw1tch closing in 1.5 sec,, provxdes the armlrg
delay. A self-destruction switch closes in 4.5 sec.
Manual arming of grenade fuzes occurs in;two
steps the operator pulls a safetyxpm (pull.ring)

‘and a safety latch (hand lever).is released when

11-4

the grenade'leaves. the operator’s hand. The.trig-
ger mechanism of hand grenades is similar to. that
of. :the firing .device shown in Fig. 13-5. The
M204A2 Hand Grenade Fuze is shown'in- Fig.

11-4*. An example is given:in par. 13-4 in which.

the desngn features of ‘the striker spring_ are:dis-
cussed

Let us .design. a typical hand grenade fuze
using the ﬁrmg device and: other standard com-
ponents with a functioning delay of 4 to 5 sec.
The énérgy used to initiate- the percussion primer
is-derived from the potential energy H, stored in
the spring and released when the striker swings

H, =GO = [T korde. (11:5)

o
-where.G -is the torque.that is proportional to_the
deflection (= k), and r is the radius arm of the

striker that swmgs through 7 radians (180 ).
Since' r is 0.5 in. and k is 28/7 Ity'rad

Hs, = T a lb-in.= 352 in.-o0z (1].'6)

If the device is 50% efficient. because of fric-
tion, the energy available-as the striker hits the
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‘Figure 11-3. Hand Geenade Fuze; M217

percussion: -delay: -element is: 176: ini.-0z. The-

velocity of impact is nnportant too, but the
speclflcatlgns are not so easily set (see par.,3-3)

A suitable obturated, pyrbtechnic delay is se-
lected in. rogard to time, size, input sensitivity,
and output “The outpiit would be a flash that can
ignite & standard flash detonator. A. standard
blastmg capvwﬂl then be sufficlent to initiate the

'burstmg charge.

11-4.2 RIFLE. GRENADES

It is recognized that the current standard serv-
ice riflé is not designed to accommodate a rifle
.grenade, The mcl@mon of fuzing for-a rifle gre-

nade is for the record and to make.the handbook

complete. Rifle grenades are used by the infantry
to hurl larger charges of explosives longer dis-
tances than can be thrown -by hand. They are
fired from a rifle by use of :a grenade adapter.

-Unlike :those-:for .hand- ,grenades, -the-.fuizes: of
explosive rifle grenades must contain all of the
-required arming features. Fired at a velocity of
about 150 fps,-the grenades are subjected to set-
back accelerations of. 500 t0 1000 g, about mid-
way between hand grenades and small' mortar
projectiles. This setback. force in combmatlon
‘with an escapement timer can serve for arming
safety. Grenades are treated more fully in a sepa-
rate publication®.

Rifle grenades are commonly used today for
HEAT or chemical rounds. Chemical rounds (s1g-‘
:nal or Smoke) are set off by a simple 1g'mter.
HEAT rotinds require a base-detonating fuze
(pomt—lmtnated) to. make room for the shaped-
charge cone in.the nose. Mechanical fuzes (spit-
back- or firing pin backed by ahigh-inertia mass)
are no longer used-in rifle grenades because of
their low reliability and slow action. The best
‘design -is.a piezoelectric nose element that ini-
tiates an electric base fuze (see par. 3:4.3.1),

11:6
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SPRING. 11-4.3- LAUNCHED GRENADES

—PULL A.grenade launcher has a function similar-to
‘RING that.of: a rifle-grenade, -namely .to propel a gre-
nade farther than it can bé thrown ‘by hand:
‘Grenade launchers 'have a range of -about 400
ST RIKER meters, The launcher. differs. from-the rifle in
“ assemsiy  that it also-imparts spin:to:the grenade; Ilence,

agrenade launcher. o

Fuze, PD, M551 (Fig. 11:5)is used for: gre-
‘nades launched. from the 40°'mm.-XM79 Grenade
NON=GASEOUS =~ ¢ y

-POWDER S s oo Lo . ST

‘DELAY:CHARGE R : requires-the following-four-actions to.arm:
' : i (1) The-sétback pin retracts froni the rotor.
-against its'spring retainer due.to setback, and the
pin locks into' the.retainer at the 4 leaves, in.the
‘rear position.

(2) The hammerweights of the wagon-wheel
centerplate assembly pivot: outward against the
‘hammerweight spring’ under -centrifugal force
allowing the- firing pin and spring assémbly. to

push ‘forward on thé push.pin, thus disengaging

Figure-1i-4. .Hand Grenade Fuze, M204AZ . the firing pin from the rotor.

—~FIRING PIN & CENTRIFUGAL LOCK-
‘SPRING. ASSY" "~ "8 SPRINGS

STARWHEEL ‘ HAMMER WEIGHTS
/i

" LHAMMER. WEIGHT SPRING -
\ \-CENTERPLATE
LDETONATOR

SPRING RETAINER—
. 'SET BACK PIN:
| ROTOR GEAR-

Figure 11-5, :Grénade Fuze, PD, M55]
11.6

both setback -and-spin can be used for arming in-

‘Launcher. It functions byimpact or graze -and
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(3) At 3000 to -60C0. rpm the centnfugal:
force is suffxuent to cause'the centrifugal lock to
compress its spring and unlock ‘the starwheel;
‘thus allowmg the eéscapement to-operate,

(4) The rotor spring rotates the rotor:gear

-assembly (contammg the detonator) into the
-armed position, -but its: movement is. .slowed”

down. by the vefge through-the scarwheei -and

pinion assembly. The verge: osculates w1th ‘a
:regular ‘beat governed by. sits welght)and rotor
spring, torque, -releasing one-tooth of ‘the star-

wheel on-each- oscillation. This dction provides
an-arming-time of 66 to 132 msec;. correspond-
ing-t0-60 to 120-ft in range of ‘the-lemperature-
extremes.

Upon ifipact, the hammerweights pivot inward

“due to themmertla and strike the-push:pin-which
4in -turn; strikes -the - fxrmg pin. The Hiring-pin initi-

ates. the ‘M55 Detoiiator - :causing detonation in
turn of the booster. On. graze 1mpact one
hammerweight provides: sufficient energy to-ni-
tiate-thé detonator
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